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WD 2005/ 108439 PCT/ US2005/ 009669 1 CATALYST SYSTEMS
FOR PRODUCI NG POLYMERS HAVI NG BROAD MOLECULAR VEI GHT

wWOR@FRIEEN T ONS AND METHODS OF MAKI NG THE SAME BCT/US2005/009669

CROSS- REFERENCE TO RELATED WAPPLI CATI ONS Thi s
application clains priority to U.S. Pat ent Application
Seri al No 10/ 829,550 entitled "Catal yst Systens

Co r| a nda n-Tra S|t|on

vbtal C %ﬁﬁ?gf%& PEP NG eV ERS i

Appl i cati onB bARIYE IiTé?WIﬁTBII%HTIOBSI YNer s

Havi ng Broad MONBMEZHORS BﬁtM‘H@FﬁW SAME and

Met hods of Making the 10 Same", both of which were

filed on AprROSSREFERENCETD RELABEDHAITIIGABENS cd by
reference herein.in their entirety. FIELD OF THE

| NVENFRORPPHg#10p redaiah pnplﬁwﬁ t§-SnP 2 palicajion Serald¥o. 11§/829,550
Efdied yé%tg‘l t Aystef né‘g. GRS caR9d ang%rﬁon-Transmon Metal

particul a o cata yst- systens conpfising a
Gmmwudaﬁmmatelastélay@w Sirithteat Applicatigh SeréahNot 164329 B42a¢ntitled

U6l e SRR Pl R RERAS by LT v e
pand”j ath af Which memaﬁlydmn S\phib2,12004 eddadre bethyndorpmmﬂed by reference

Iecu ar _wej di stributions and net hods of - maki ng
ﬁ%eem? h% ?P&‘F?%g a chrom um based catal yst and a non-

transition netal al yst.
BACKGROND OF THE .%@&Wﬁ@@@éuc% on of

efins using chrom sed ca s wel |
oo e Riiof el TeBAS 56 REOASTR' Rulhetfing glotp, and
nore @u@hlaﬂlyrt@ matatystb@s&dls Ccﬁtn@hs'fﬁg 9. chfgrhi@ebas@URPAYst Snd a non-
have ri sed o their abilit t? form
Rime D el FirloheRee et el The sty pemtion bty furthe roates
RXARhRS 288 nfoid patibifarty Rtpdhdves PRAR a1y oafoaa Whdlecular weight

chrom um based _cat al ysts i nclude al um na and

aistbitioap MsSpehedsol nulingdhe wmeaRing ficlfANpE dased falyyistugd a non-
@élsfe@ﬁﬁletapwo@lﬂwdﬁ&pé&x@gst' n sol ution pol ymerization
processes. ‘However, “slurry pol ynmerization soon becane
known as the nore econon1ca| route to nany comrercia

grades of pol yol BACKKGROUND O¥CIHE #eEXIION A
pol yol ef i n exhi bits various physical and, in

partigcul ar nical. properties that, are hi )
Pt cclBarsefpcoaob el e e SRR PR in the
dhe viBbec ki mmmmeen Ihptbiyed brosHch Q;Bro‘izﬁtﬁinlbﬁsed catalysts. Silica
det er mi ned ans of .a curve gbtained

TePSHs PO PP gt By to (trgpicgbility {o 1R hb%ham? pefwgerization

QYalRisP 2 OMER LeREmEIBO WD s@shokl) Gfha@ aydibeehsht thr WRh chromium-based
2005/ 108439 PCT/ US2005/ 0096
catalysts include alumina and alummophosphates Supported chromium-based catalysts

were initially employed in solution polymerization processes.  However, shurry
polymerization soon became known as the more economical route to many commercial

grades of polyolefins using such catalysts.

A polyolefin exhibits various physical and, in particular, mechanical properties that
are highly affected by its molecular weight distribution (MWD). The molecular weight
distribution can be determined by means of a curve obtained by gel permeation

chromatography (GPC). It can be described by a parameter known as the polydispersity
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2 index (PDI), which indicates the breadth of the
nmol ecul ar wei ght distribution and is equivalent to

wWo besmessght - aver age nol ecul ar wei ght of a pol yPeT/US2005/009669

di vi ded by the nunber- average nol ecul ar wei ght of the
polymer (i.e., MNM\). A broadening in the nolecular
wei ght distribution of a polyolefin tends to inprove
the flow of the polyolefin when it is 5 being

prdee ¢EBBd “@!Chhinéﬁatﬁﬁﬁ]@sb@ﬂdth tedathe itteculan [waight Idaﬁ!tﬂmbmn and is
g ul\%!le%t 'tcpﬁxe %él%iﬂ- Qﬁé%%b‘l@&@ﬂsv@ﬁ%}mg %‘f% oﬁﬁer'd'f’vuggdtlgpthe number-

P rformed presence of nto
p‘cﬂra,gelr@(ﬂeqwr iepighh g1 the| relsimes 1Giye. | Mw/MniL ezﬁthl”@ﬂdem iththe .molecular

Ok B A5 A 3 o A b0 bt i

téing priotrsseid @hhiglf rages pbsheart ef in tends to be linited by
the choice of catalyst. A 10 need therefore exists to
devel dpe polpatrizhtiet ofjefing pyitdettrornivuH-rhséecatedysts it often performed in

Bl JUER RANALEL] A% rodBY bOGoRERA0CH: TRLELH! AL MEIRL weighss

Fithaghl lgﬂrog\ﬂmcglhtbedussd rd breguiladd sheofnplebyiad @bight, pn@dte@aﬁ of the

T“RA? chr ugjr%g ﬁ(‘jﬁ?ﬁ’t% ai% E“HIQS ggggghglh%%@%gfcatalyst A

ﬁébﬂ&h@(&bre%kﬁfs&ﬂﬁeﬂe[b@ AlshtaRgt Systeml tBdt\e6i1d b%ﬁsdéQHdedﬁdzé(}ﬂ) olefins
hromi um and, a cocat al ystb are advant agequsl c?’
ﬁﬂ@g%e@%m@fu a1, Wiaghl G LR o S Heed e oS to'broaden the molecular

%@Hﬁﬁiﬁhﬁdﬂfbﬂﬂof@@[?ofeﬁﬁ’sﬁﬁbddc&ﬂus’i@t(ﬁionﬁ%ﬁlb%é Riigiceny !
compound he non-transition netal Cp conpound

conprises a Group | nmetal Cp conpound, a G oup II

metal Cp conpourdESGRIBTION OF I THEINVESFIONTPOUNd, oOf
combi nations thereof. The Cp group of the cocatal yst

conprjses t adi eny.l oup fluorenyl. group
an 205 SERY y]in}%ﬁ Su gﬂ ]freseél(t) ﬁ%ve ?ni Ji ﬁt@g’f hOF %815 %ﬂg«%ng 2" Catalyst
catalsingt chadrainme amp rai S(festaﬁsts aie patvintigeousiyh @rovﬁ,‘da:ﬂ onfTlMcocatalyst

h
BIFU@E%H i sgluée Iagllésﬁb of Su‘g%ﬂ?ﬂ’é H?N“t{aatdt qo pglftadéqnyl compound

(GPAS The Ren-@hiRftion ndte Cp&ﬁﬁl@ﬂﬁrﬂ%ﬁiﬂﬁ&éé aGRMp HeftaSp compound, a
én‘oodl men s of the present_invention. The nethods of

Fapdf ms é:OEBP‘éﬂdy aCrpypc 1 metad GAtcaBwowY, & eondyistions thereof
mg 8p Cghﬁg rHif e &e&talwtcamﬁnge@a ?él%bﬁtahieﬁﬁ Zoup!E Rbrefl group, an

npoun In partlcu ar, a ca st contalnln
@ﬁ?lb’thaﬁU cemtpgiony theresf. aé&hﬁ\/@tab’ét algy ceralpraﬁem iargyppart for the

gnd then optionally at
I&He}%st partéllszainl y ?ag]ﬁrUCI ng &t in a redﬂc: ng at ?/mspher e.
The %Etﬁ!)&ésé r%gpua%ggré &Pail}’sﬁﬁﬁec og’bl el‘?zaﬂgﬁ of 'étafé§§t o'th(r:E){lj{eri]in are

ne e € Ssup
wa@t@gﬁmﬂx @ﬁowdedh%aﬂgmdlmcm of éhep presént gnvdngon. The methods of

Db BT on R B PR by S0V d fhesiton

B CGSRgHHeD Slﬁ@&tlcﬂale mbahaiysﬁemttamlhgl chramniuinvailedupport is activated

lg;aédff‘%xy 1§g it %negn AL mﬁé a osp Ier%nam en opt%%al?y S %Jtnp%aﬂy re%ucmg it in

a reducing atmosphere. The catalyst is then contacted with a non-transition metal Cp
compound. In one embodiment, the support can be contacted with a solution comprising the

non-transition metal Cp compound prior to entry into a reaction zome. In another
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separately to the reaction zone. Methods of
pol yneri zing at | east one ol efin are advant ageously

w@rasilodsde as  enbodi nents of the present invenPCDUS2006@09669

met hods of polynerizing at 3east one olefin 5 include
contacting the olefin with a catal yst conpri sing
chromumand with a cocatal yst conprising a

non-t{ransjiti on mnet al cl opent adi.enyl ) conpound.
sRedyBM; ¢ {Astefeg rpatalysfyandoh %P%awraﬁ%rr@nwp&de%ebe added

§8ﬁa1ﬁbé@ft@ﬂﬁ&each§ﬁ£lﬂet he cocatal yst in conjunction with
catal yst increases several properties, such as

the hwahodsoaﬂ pOBeriking e 1éédLMné,oléﬁhe atdNadvafieecufl§ P¥bVided as
of the polyners produced by this ynerlzatlon

erabqdpents  of the PrefERtiPHEI. o i ethadh of RFlymerizingr &deast one olefin
inBM@@EérfM& T%‘tﬂe%[@ﬁn GRAROS AP Bsinsfig cﬂlﬁa\fﬁﬂxﬁ Ovb'ﬁl E cocatalyst
provi d e pol yner conpositions produced %

?ﬁi@%@g 3d’%§§’c‘?4nb‘€@ln megl syloneaipdienyh (Foueoninepedie The polymerization
%Q)@%Eltfbrﬁa%d int fhe ?Jfk@erﬁggpg}}dﬁgg% ePE‘?%%%%y%‘B%BH‘ co Jrlflgftlon v&&th the

onposi tions have a
@atalﬁmncmsea sqvarabjpropdrtigsy smh 0s ¢ high 1exd et lndﬂxiHLMIl Ghe MW, and

e e
shear Vh&cu@o?{a{}m{agﬁ%mﬁt?%% tﬁJn‘,g{l: seh?In \P 2R, R BRBLARs are

enbodi nen i ons
advelﬁhgwglu&ﬂ:)apromdethdi'hﬂ Hﬂﬂmm?bmposgﬂoaapwducteﬁ by sOchlietaodd described

gt el S s T R G Ran SR B D oMion have
Isliet grealtﬁfsthamf 6005000 fgﬁﬁdilum& aHLMDh dip8gast freh em@rmmh to 10 g/10

fromthe. for mer conpasi tions. BRI EF

O B PR RAUINGS ST BT ok e eipaih flan 400,000
#/loli S fkérd Ghéah @isosMite ¢BY) agss Rk At Palk St kUinb@BSerfodiment, the
}g{g}lfn)é/et hyl ene resins forped using a chrom um based

FryrotPaHeTyi ey e A dhtolasisal breadis Pripwgtehgieaer than 0.15 and a PDI

g¥abonentadi aytiosd CMAtMRhE ﬁﬂﬁ’de%ol?m&o LMﬁgdgﬂoﬁ@ Raving other
resin formed using a chrom um based ~catal yst but

ReRaAtiey gud artislss mfgmamifaglups et sndh vgs asisles |fpqur ﬁ@mn@e tfer@gomg
Whdpostnght distributions of polyethylene resins

formed using a chrom um based catal yst and different

concentrations of a dicyclopentadi enyl nagnesi um

cocat al yst angrpfr PEBCRYPTION ©reTHEDRAMANGR using a

chronlun}based catal yst and a triethylal um num

cocaé2 3@{ WD 2005/.108439 PCT/ US2005/ 009669 4 Fig. 3

depi egickrererh Hlestang themolesularoweshl distribpip sl polyethylene

@Bbisd bl Qs of dhyuammﬁa%ye%t BMlﬂ?{ieaﬂcﬁ%ﬂe‘ieﬁtoﬁ&ﬁﬁmkﬁbﬂ Ometal
a chronlun}base cat al wheréin one is fornmed wt

wyelopgriadisiaheasaialypsy land i0¥ RiPalPEress iy dormeddispae clgomlum-based

Gopghob halys cocatalyst. A catal yst system
suitable for use in polynerizing olefins is

advanageppRish RuVilteeding the molecular weight distributions of polyethylene

resins formed using a chromivm-based catalyst and different concentrations of a

dicyclopentadienyl magnesium cocatalyst and of a polyethylene resin formed using a

chromium-based catalyst and a triethylalwminum cocatalyst.
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5 as an enbodi rent of the present invention. The
catal yst systemincludes at | east one chrom um based

wa@adahysB9 and at | east one non-transition metaPCT/US2005/009669

cycl opent adi enyl (Cp) conpbund as a cocatal yst. A
nole ratio of the non transition netal Cp conpound to
the chromumin the catal yst system canrange from

0.001_to_20; .altern fromO,001 to
al te;LFrfﬁt F’vg S fr a]IO ﬁ'ﬁ?@i‘i“@ 35 mﬁeF‘éi‘rngie}gtéld}f‘mW% of two
Qol%h)ﬂﬁle 3esn&ffoﬁﬂ1§dafsﬁ1§tal e nYium bhe cQtangt {feréin okl isHd8med with a

gme (g Héloln netal Cp conpound typi cal | y constitutes
f W@ﬁﬁtﬁw apdprgtie forged Wﬂ@“? %%R?ﬁ'iabﬁ zone
conte alternatlvely, fromO.1 to 20

pm
al ter ﬁ%fﬁwwstenﬁ FHtebls far usem PPb’n}S’Eﬁ%S?le@éi lgh@vamagwéy provided

6OR @MbSdibnteoff BaGhéseR ARRGod. N T‘ﬁ@'c‘éﬁlffs@:?ys&ﬁlt Blodals at least one
systemis used for _polymnerization he "non-transition

REpmumchpsed cafelysty and @bt aRe aombepsitionneeel cyclopsntattienyl (Cp)
hOa %oca@a?ysppA%QlU QatloE{}atﬂP h@nc‘trﬁfﬁ Hih B! co compound fo the

non-transition netals i1 nclude a metal °s
Fliremjugnin the cptalisbisystien canranigafiom . 0@1 au;o altenmwdw, fsarsh.0AG to 10;

ﬁ%l%rﬁo%\(@b@?a f@% eﬁa @B:ﬁj 556{0% orAifel] aﬁxzeé}é ﬁ‘é)m 0.02 to 2.

umnu | es o Sul groups et
?5]9@11@;1‘@1151a@1 mnb;d Cy pommpund alpfcblll;ocroast;thteagﬁmup 0 1do 5appm by weight
Eﬁg%{?ﬁ%m : ?ﬁ%g(tont E& atterd Sfb P%DZ%UbSt ! t da’tjigctly, from 0.1 to

st by weighit (yﬁthdﬁccmtenalolfy Ireagtlkmtmne mm}am/me ga[tﬂsm sys@din is used for
al )I%I art?(l 20 group, an al koxy group, an aryl oxy group,

%(H G | yl group, or conbinations thereof. In an
enbodi,nent, the ne at al S .

cycl opEriPadiaBtivam 1Inlstlgin?]& ﬁ?c(‘@B’E 3°n¥aﬂﬁuad§98rt@ﬁgﬂ?faalﬁ@h‘gﬂnded toa

ORGNep) leﬁahﬁﬂba NF)snitébld héhiratiRitioh wisdM Mckie hoGRG adh&NYduch as
If the nmetal is a

ﬁﬁ{‘J al éf)t ﬁ\(&m nati ons ther eof
gl SOipi YA TR Hmetlshg asFrepRsuE AMB), and a Group 11
AGEOBRARYalthiguED EA5EHNE oﬁhh@aﬁle% %@l!lﬂs qlﬁr'fude %l c@&éﬁéﬂ%ﬁmnﬁ group,

organi ¢ radicals. For exa

%8%%{?15{# ?@Ppac‘&rﬁﬂdp@f‘éylbﬁo‘ﬁyc }%?p@hgfﬁkl@ éawbe wh@ﬁ@tgd omymsubstituted.

( r ( C4H9)1 iz% Hirtiahe 8‘%”5*2‘3 H)th“il%%*‘ SO P Youp, an atkytaryt
F PR BCREORETOUD, PR eyer Ommdkﬂﬁlhﬂ gesup cerrvoabdetidye tzereof. In

£ONRinsat b R fu e t%alcéc(af (éﬂé%ﬂ%eﬁklg “ﬁtﬂ%ﬂ&}? (CpLi),

cycl opent adi enyl " trie
&byclopeniaditnas sdgresival (GpeMghal litbies: anmiommunyclopergadisnpipeintkyl, or

arri 30,.for .the .chrom he .
olBaffls: B8RP e bl is At Sint (R gt el GBeE quigrs can
ai:sompalnyd& Cp gloujisneh as&ialidiﬁsj’lﬂhhm&@,hﬁlto@nlcaékﬁcaﬂﬁ Xid#fegmple, the

i}glﬁg | n.an embodi.nent, the_ support cont
By R oAyt san 3P digngyelopgntadionyt magngsipgy ke (GoMgOC2HS),
Bd@st Simb AR (ind Al(C1EA) &m&wnﬁf&hy@fmbﬂ en¥¥ie (FuBCIC2HS).
%‘5 5/%08439 PCT/ US2005/ 009669 port. The support

(PrROPARIFRE ICRRIEISRRR Someie Sa]é éﬁﬁ@ﬁéﬁ%lg suchees HBGR@minum
@dwﬁén%heﬁyl%&ﬁﬁt(m&l@?(c@ﬁtsﬁbySt system such as

titania, zirconia um na, boria, thoria, nagneS|a

and ming tabRfim-bied efflyst mﬁldm{mt&ﬁﬁ s g%mﬁ tgér(f‘es as a carrier
surface area and a specific pore volune effective
for the chromium. The support can primarily include an inorganic oxide such as silica,

alumina, aluminophosphates, and mixtures thereof In an embodiment, the support contains

greater than 50 percent (%) silica, alternatively greater than 80% silica, by weight of the
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provide for an active catalyst. A Quantachrone
Aut osorb-6 Nitrogen Pore Size Distribution 5

wo pesnosment , which is comrercially avail abl e frPOMUE1085/009669
Quant achrone Cor poration of5 Syosset, New York, can be
used to deterrri ne the specific surface area
(hereinafter "surface area”) and specific pore vol une

her ei pafter "pore vol N the s ort.

PaTh cehesPRReTigan fiffgher @ﬁﬁ"ﬁ%@t@aﬂ CPlgﬂaEgﬁs rﬂ&trfici e@f adygrsglpatect
R CAR41Fst Bfent)s0eR 4R, ZAronta, AURITILD&Ha, BbHEMAENS |aMd mlxtures
frog‘lzoo n2/ g to 800 er/ or alternatiyvely, from 2

t Bhe7epet Ay, 2 MRFHN e@ﬂrfaqer?éeap‘«aadea WFoifip PgFRevIHme ﬁﬁecuve to

ROk an hotive catal?fﬂ A@ﬁaﬁ%%ﬁﬁm@hub@&bﬁ'mﬁﬂéeanoré sQUDRribution
it can ab Sor can range rom 0.5 cubic Centinmeters

Igtrunegnts ihich &y epynreesciallysavaidabls: fros ﬂ@@émmqm@@vpomﬁmf Syosset,

ReB Y68 ChntR 1636 abtormild Ve GREATLHRC G, BiErelAfEOdBlde kP and
sup ort using any In the art. Tn one
g@pm rvolume (da@pmeﬁarp'poratvehhmb)g@] the fupphurt.o fihe sutdaved acsf of the

%El?%? Eol % 00 oo REREEH ok PR 1O MRS ey

fyeh 200 ma/g 14 BO(bfnZtgv\nr diermatively, Gompsoensto 100 naigt F'Ilﬁ‘lfher the pore

di re i regn th an.aqueous
TR T eantrar e PR e T oteBIof 8 " T AR e fom
X eubyid c&ﬁumétem@é@'ram $oelg)ind 25 cdig, @rhikematioshn donds 8 icerg kasle:/g.
chrom um oxi de, chrom umtrioxide, chrom um acetate,

c hr orfiha Rhmoitivra tam baibadedmshitlmpm&lsﬁhanﬁ @fethol tknyeid in the art. In
anot odi nent, .t he suppo IS i eghated with a
G orBRTh 8 PR RERCH SRRRGhiAh Cofiohdnre <ipport
dﬂ)lr@smﬂn’tsﬁdma@e akd e¥ed herely ¢opgl fé@is&b ﬂferp@dﬂubﬁlesﬁﬂigﬂﬂfn‘i theselation
@g spr ay ’%or azeotropically dryln%

RoF T%Forﬂiyp&fi % alh#pthepe 1> &My BESURPOE dhirBRIRERsted with an
dqﬁédub' @ﬁluﬁ&{ Eérﬁilﬂmg Wt W hteCIMBIBLRomBAm gdlﬁﬁo%ﬁ@ @éﬁmey@f water-

ou i scycl opent adi enyl chrom u ), chromum
nEyF@@@I‘%h seepoundy inchiisi cheamipHsoxidre liughigiogige uglromium

L e

13 impregriated ity a hffcirgmr@ ution B9/4vhigh a c,h@naumemmbmweis ydissolved

S R B Sy OGE T, SRR S, i i

BExaepksbf hgdrodad)oobbhbheﬂrdmmncamyomdﬂmmde tdrtissp butylechromate, a

BE AR oo Pz cBdubime Mo Tagelonace

drieombinatihathesb s T}&mmlumsof I&@roﬁiilrmmekﬂm m)thdﬁlsﬁlu@ Pl dan range

[ rosit tit n| a scrl
5 0. Qo2 T RRE ooty 6 T snli ELOeR gt v o
alfein@iivedl; G oM ROTVAL ed by refer ence her e| nin their
entirety. By way of exanple, the support can be

pr Odlﬂﬁi@ldelhb(ocﬁmmﬂ dhadigiabhShasicdatalibi @Rd89638, 964 LH69, or combinations
%ﬂl a, and chromic. Such gel l'ati on can be’ perfor ned
thgyect Gt b P LA CLIO Y SR FOBLESUT PR G MsS OB BN civision of

WK @ithceBl @dnpth I0f @oRinHE M APl dEéﬁ&lﬁl‘l}‘ hRabe aY’é IRshtalysts

aCId sol ution contalnlng a titaniumsalt such as a
couIPTising elrgmivan pxifde myppord yaa bigh pbiesitosilicactiiania as ang described in

@.@.r ng.éﬂ{ Rost g%@?ﬁﬂ EJ‘H gjl E@,S@, %chgoq'l which are incorporated by reference
herein in their entirety. By way of example, the support can be produced by simultaneous

gellation of silica, titania, and chromia. Such gellation can be performed by contacting an
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al so known as a hydrogel. After gellation, the cogel

can be aged at a pH of from7 to 8 for several hours
w@003A@439t can then be azeotropically dried i PCBDS2005/009669

organi c solvent such as 5 hexanol to form a xerogel.

The titaniumcontent of this support can range from 1%

to 10% by weight of the catalyst. The surface area of

this support is typically 550 nR/g, and the pore
il gtal sflicpts sudy g5 s dinm; sificatg yyithzmny a\ywh sqlutipe cqar&ﬁ@«@g gftitanium salt

SUEIPIR PouBinGCAcil {itBny? sufafeCeb BitioN it dirli QN @korfinSC JLh@l%H\f forming a cogel,
agqoﬁqnédl ng chrom um based catal ysts supporf ed

WP 6 b Aieeel c ARergslitioun e Fhgel pra eGBROM: adgﬁ pﬁﬁ@ﬁ f/ge 8 for
1 oG lzoNeS 1 &mAleh 60 éz&@t@%mé%lﬂ’ ggi%cg ﬁ?m}\b}ﬂ‘%bﬁb sotbcht such as

aetothe agl nhg proce :
Mzcat@lsto%ﬁn amtogqls ghe ﬁ@ﬁmmmmeht af dhisiswppoid cdPrange from 1% to 10%

cal ¢ci,ha Pat nt No 4 081 4 . and 152, 5
R L P "o R Syt Pt PR P e pore
vidhtnendf tidauppbria8 ﬂypﬁally in ltheSangEaﬂf &otn 2Kos/g t8 25%4/[g7 24,
4,382,022, 4,402,864, and 4, 405,768, and 4, 424, 320,

whi cddeloail eisclosire tepaingahtondmd-bhked Satall?ﬂt eppofiaisby silica/titania

Gh g5 s oy BTt b it Nop s 50T gud pagnpss, which

rala%e t@fthelﬁgmgqﬁoée@i agsi Pugenp Ao 436[363 AR U BSDH) hmicﬁﬁelbbé to N2

er.en rein.int umnop osp ate

&fisplitt s e b ot B AT B s et b Ao RS dring

ﬁm%@éxagg}%u S. ‘ﬂ’atéﬂt‘N&ﬁ@Sl 2] 1361% $5témt %5%46%;4 382, 022 4,402,864,
, eacC 0

@ﬁ&o‘}%aé%ua@é W4é%?,ewléﬂb@1%toemtﬁlaﬁlﬁmu and lé%tﬁ’at@f ;Nos 2,825,721,

£hophal a5 SZELIUMWG%Uﬁ RSS $9d3 gas 9645 %)thtcch%ﬁte t6e3es-HARd an of
in U S Pafent Nos. 444,966 5, and

the ofpoesying, p@ta@th b¢mgmme¢rp¢rgted by i W&W}Q@r h@r@a iy their entirety. -
Ash&h g‘gl{%ﬁ% e rtb&‘ da{aﬁis nérbf&‘éséhbec'{ h@ By, Ot S’ssezﬁaszt 842,

cata act I vat’ed usli ng nown tec

BHAS05, 1o, &@ﬁ;cfi pef.a38e 4@6&@54 uﬂrﬂ‘lr‘b9€t4h et Bldeor teachl nf ovhéch is
1Bcn?1?1 rat??t?y refetre | nﬁ%nﬁlon)(x Iscsdlen eﬁg Cf’fl sPahage I%Lﬁ'x%ma %_ugalpgrlte% éagrsts are
cemm dén U. &eP&emdeSst 4R 956, 4 Bﬂﬂalééd andh 4{900,704, eein ¢ voHfich is

t t ff 400C t
lﬁ‘c'oéref%%wa%e e P PERA BB 600C to 9000,
. be f b )
rectudh soapaPefe Rl E b Safe oSmene dep e ate

1b&/odufnag ﬂ@@fﬁiﬂn@m th &af Jupgbrt. "B ohd RABbdimem, the REtaREES @EAted via
of .carbon_nonoxi de (CQ), at a tenperature in the range

@eingighby bepting 4t meRoexidipne sAvEwEIENe i aAle; therupport can be

Heatedlhy $tte 155 Bseéd bf/ &t a\’tbxﬁpéilatﬁl%% Ghd P Rd ﬁroﬁpld)(ﬁ@tﬂooﬁoom
process. Suitable reduction and reOX|5at|on processes

adiematiiele frometPO°@ o). ®O°(Pat@pttom‘nllys the3 Calefndtivn, ch@ 2be followed by a

1ol s i iy B Rt b, Tofpciblytait ud bpon n

thépRENOE B ab&Y noadade(T®) fed %mibeﬂaﬁllrd inSthe Rhde edfYfroMV200°C to
2005/ 108439 PCT/ US2005/ 009669 7 In an enbodi nent, the
8087t A Aaqthgr @ﬁlbﬁéwnt the eatnbiat isl ApEvateds via - redhsien @ad) reoxidation

Je§§ t Plﬁ abfehlre oa ! ea%cf’?e%gldﬁ Zﬁr}ﬂcc’etsses med 55%!:1 11% S, Pafent Nos.

cocata onto t er activat I Ng
4,151,122, 4177 162 4,247,421, 4,248,735, 4297460 4397 769, 4,460,756, 4,182,815,

4,277,587, each of which is incorporated by reference herein in its entirety.
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it. The Cp cocatal yst can be conbined with the support
by, for exanple, inpregnating the already activated

W@ boosmssse based catal yst with an organi c (pref peBbE3005/009669

hydr ocarbon) solution 5 conprising the netal Cp

cocatalyst. The resulting C/nmetal Cp catal yst can

then be fed to a polynerization reactor. |In another

enbodi nent he activated .chroni bas cat al yst and

e B AL ERD e R A oL i QP DRy St hePiRprid with the

a@bmﬁﬁm Z&éd dafilysZ OTR mdtzm qp@b cabilyRt 1 BladeESHOME BRIpbit afiéi@ctivating
ﬁ h st landn% nd c n ‘bot h, be conti nuously

Fodtie ko sbcug) ‘ioﬁf&} g s the et PRy amele: Fgreggating the

Behdptioded sRshitm 888 @tatyst vhth MVEHic (ﬁféférsz‘lﬂ@d&&ﬁfb@n)]sgluuon

the contacted ingredients are fed into th

fromnyiTRe itheapstal - engatalystn & he {hsu g démetalCh Fﬂ!i‘éysé gan then be fed to a

?Hé&bﬁdnyreﬂfﬂ& GR Bl J ikt QMBI HmERNhE dchadd gh%in‘ﬂﬁn Eﬂ%d catalyst and
meri zation to determne the correct nolar / Cr

&Stnpa-ﬁawwwnﬁtﬁ I ERere tomeiel &d jopynebmmepizaisar sopes In et another
L RnNGY, m@mmmpsttsana%ﬁ Q@m})&ﬁiﬁaéaﬁsﬂotﬁ‘%%a%ﬁ hidhusly fed into 2

reci pe can be made as yners are

mafaghg vessshiybar they ﬁ@cfcfaha b@od@f frew luymptmt«y A houts,and fem there
1€ A1 ta PR FRALHE brel B4 1lithe 1)51 ASRBE Softl ’flget\gg?éﬁ%g Qérpgms be

catal yst system conprising a rom un base
anaetaiglyremd- continnously conirofted émnn@pthe: polymetization tOE‘iGiﬂ'pinESthc)bonrect

| ncl turated rocar bons
i QOICF R, AL B LA, PR . D R o e
piadpytenalystiredipe @nde nibde pahd woienerd arb prodned.
3-met hyl -i -butene, 4-nethyl-i-pentene, 1-heptene,
1- octRetyamer Tomposivgs canlbaloomeaieyy Iwilydnemzmgwt &asttdne membmer in the
im0 HREDRR 08 R BB b Gl blR! i a non-
mnpmbiy meetsl Cp elchylysne Bxmnglee bf a;mﬂable Iﬁ&memas include unsaturated

LA AT 350 e S R AR, s, -

ps@teﬁe;dn-lmxem 3reehyl ﬁﬁbuteﬁﬂ,w-ﬁidthglabb&temej }/-[’[Qﬁhd:rléal-lo@(Fne 1-nonene,
t hods nQ | t t n e. us uc, as, so utIO

Bt cttops Anrres Taraar, Fob cRomarTo kel gaabs g Padier BitaSUADle for
@@aucﬁigwoz;ew@ﬁb hoMdpo BRI TBId copéliRErs of hylBRCGhSonteR @MY -hexene

in the art that is capable of pol yneri zing olefin
soEaEes The pelgaercdenst eoﬁﬁﬁ% SeROmSs cy b epollefe by varying the

BRmbBaH nldgEBEaf B theGBRpE used. Such reactors can
conprise slurry reactors, gas-phase reactors,

sol UtA@%uftﬁﬁ@ﬁ&ﬁﬁer%hMetﬁm&% {fofle bR e us@%ucﬁ%%@luuon

reactors can coniprl se fluidized bed reactors or

RAbBUATEAtione sletrp PRlYMSTiZafipy and gey Rhese miﬂner@ém i 4@y polymerization
M8 168bm | iR WS arP Fhal) grdagﬁﬂé & pcl aut %ﬁéﬁht MOl E R Fbuce the

can conpri se stirre ave reactors.
Iggeopolymatston p@omrmeswn@hw@u alsgtam bewsed. (Sueh reeetors oan comprise

SEDPIRR " B et bR o0k iy fihluiolhacor, Gas ptase

nehxéorarqan camphise @nidized ead troactxmmoactmbuﬂdn erezntore meSumy trbactors can
c t | a5¢ o) nentioned ..
\1}1|seo ﬁ gﬁéay f%oHse Qrc Ooglggﬁtgl Qops. . Eﬁﬁg%n Eegc 15 0616 ﬁ)%%rlse stirred tank or

autoclave reactors. Such reactors can be combined into multiple reactor systems operated in

parallel or in series.
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with the catalyst, or it can alternatively be
separately introduced to a reaction zone. Suitable

wa@ oovsaacg43aret hods i nclude fluidized bed, gravitetT/0§2005/009669

bed, and fi xed bed nmethods.81n one 5 enbodi nent, the

catal yst and the cocatal yst streans are both

continuously fed into a pre- contacting reaction zone

prior to addi t he xture.into.th ol ri zation

P ot i Rkt B B St ot g el Rthes Bisanononir with the

tardbysc mnt‘pe e=NeiTenl zroﬁacIAs Mehtiorea @fbvibhﬁ?,fth@l&ochﬁm@ted’aﬂtb@ re@Supported
from.-10C to d rln residence ti

bt Bt S gt Rty SR BTpticRd (i easkppapnq fuitble

¢opRce ABPOME Mt A AMRLARO bed Chredtafal Ped hh@ fixbPbed Athods. In one

specified dur tion, the 10 conbination is then fed

83 P13 404 fe GOGHISHRS STSRS| %0 bptB £epiguously, fedrito a pre-

&hesligTeition L& phltl ¥ Hkin Efﬂe' BRtukSinfothé {)ﬁ?{n&%tl&?ie@&o@ In this
plurality of stirred tan reactors either, in series

FECMAERE TeACtM Aien i BiRsconmepeist Teagh Wifle pacht othfée?étt¢rm¢ratures

EbRN$0
B KOASCA0 10T ngil LR die] A1 shERE OER e o -

hpurso ofpfter dbec i compPAgtsshaye entastsidyenely pthertfpothe sSuifiedtshuention, the

4 AsElle ent Nos.
7 e e R SR

I nconpehedmtha¥ent, he cﬁﬁﬁe@lz!&%% Surriddbut REH ﬁlﬂfah{ye&%mred tank
Wthin the | oop reactor, the catal yst an

reesicts eifhys in sgries. Buelisbrad eombinations thersef tDﬂfereu‘femct@netondmons can
1%9155@1{:1% &1&61@&%@&%@ I'h m}éh %mg&?ﬂgﬁsfhggolgggﬁ%ggg ﬁtcoﬁcﬂlgted in

pol ymerization process.
ankiop hezchee using ysivery ey mgizhigmmesuidblesoooteactemdirt ydlsclosed in US.

' . ' di,| b .
S 8o b7 88300 s 05 ) Bl el R ARR e et

inthedrentietyu Sittisin thetlo olsreamo‘kelhs tcamigﬂst tahdithe @bdaedlysclink lsl@pélﬁied inan

. e utiliz s deened riate.b ki ||
R0 ek SRS SRR aaf I Ho R wlgPaR 4R potnecrizaon
m@deysme"lf‘ha dithennis 4 hedaoh wiec t}@rpol}tnliw baiﬂglmfm@lf does not readﬂy

e pr t is inp the.r e . to 2
Fisive i REBE T Hen b 5o i which Rl 1B tbayel less
than ﬁP/@tthmmleatscomm QIABErstoME thaB Sthdr bﬂueﬁ@ecan% BilDEX &5 Qeemed
is used, it ﬁadddtothe reactor.in_an anount
aBRiOPrAS By prie Ipf & the grtp &t Immbogsnanbip; ichsetpdene itpplymerized in

{Hensh EééctoW‘th&:hnélﬁlt uﬁemﬁéﬂé frésehtli® i B8 %gs’fof FoRAMop to%% By the
0..96 reactor this anmount is typical

In
Yeieht HgﬂlF dterat 8? albPTgy Fomb30piofi0s Wihete FQRnoBTer fugh as 1 | Butene
FilngBe is v itSik UAded B Qﬁé’f@ﬁé’tbrzlﬁtahoaﬂloﬁﬁpﬁfﬁdl&@g ?fég %golymer

sel'ected to ensure that the polymer being produ
hewing aidesived slensiisl whiph ispevally és thamange of fromth22 b giéc. In a loop

retdr %@Qﬁ&dnﬁb%ﬁn gﬁl th@l%h ﬁloﬁfad &\?\%io%/ﬁ g}??{ {gﬁp(%@fhe diluent.

carried out ure a
swel t 0,

o e Oy BB Ww ot G4 P
raddueech hes V@ta;n dpsl preprvgféss ofndf is om tB@@omo oﬁscﬁd plttieles. The
; one
Y G SRR ASHH B 1 b a8 vt o
ghed inensolatiod. dHor lerasile, ahepolimenizatidn Mﬁp&@@ﬁ ded 873 8ss than 110°C,

CT/ US2005/ 009669, . 9 the nonaoner _in the |iquid phase.
Fraptively n dhe éa?ﬁﬂésfsﬁis’mé%tt% LH Ehdhe a%fblwéé%% fs C@awcts%vvlth the

at least one monomer at a pressure sufficient to maintain the diluent and at least a portion of



mai ntai ned in the range of from 110 psi (758 kPa) to

700 psi (4826 kPa) or higher. Suitable slurry
w@obogmessBzat i on processes are di sclosed i n U SeCPRas®0$/009669

Nos. 4,424,341, 4,501, 855, @and 4,613,484, 4,589, 957,

4,737,280, 5,597,892, and 5,575,979, each of which is

i ncorporated by 5 reference herein inits entlrety

he acti vi.t nd.th roguctivity of the cataly

b ediims ot eRSiid DEL" PEECE M Rhesdiye afat e o reactor can be
m:;a:nieuyn the fraige of @orhheo gsim 1@&) tﬁcbwﬁﬁr@azswhm&dugh@f Suitable
our

B R s SREsgr BIES g Nyt 24 g o di0adss, and

pe:a w@mw 95504, 73l7 130t 51,59’75892053@59559 97¢\<égdhtdf%@dh i9RE&bdiBted by
g{gar di ng, chrom um based cat al ysts and/or slurr
I ?WEPF@%&”P &h ent!l?Btypr aeyily the peodugliiy qfﬂﬁewa lyst system are

%@%12%192 S. As?’us%a 11614:914 thei’ac%gi% 143@?9 to3th§ gFanﬁ?tﬁ" polymer produced per

aralzgé S@lesilcataayseqler@éﬁer pusGud ﬁrs@rodmctgm refars o the e polymer

990, 4,397,765, 4,402, 864,
and 4, géér%%aﬁs@gggﬁé él\’}ﬁ?e%h i ncor por ated by
r ef er eiiGonlPaRAR 1 -
erbodiTn tn h&éclir I %ﬁ&ﬁgﬁlﬁ&ﬁlhﬁle&a&d é%@ gfg Elﬁrr?ﬁolymenzatlon

y g ) can be intr o
ProFssoes ropn heifownd msU.Sy Balenti Nes. 2885849% 3cﬁ9ﬁ1466| 3,9401488 u.853,436,

%819167 4TBF1$‘? 4530 758 féﬂ%'o@i’eﬂ/szgstosgoﬁ%%i‘é 9at4' 3%51%4?f4 364,342,

toor Téss than 3 ased
ﬁ@l%@i‘h 61‘36%5%§1,3ﬂ2 P0et 7, 168n #4018 &, land g, 405,é9bt€@ph of which is

ﬁxl«, lgsaéaby?éf&e de%ih 2}1}111'5911& to 2 mole %

nerizing t In in the presence of the

t
S\glc gl{t@&gﬁﬁn{g@@ g]b %I?%)rﬁﬁ% t ?ﬁ%ég{ @‘%ﬂ&ﬂ%e E‘g‘%g‘ggr%é (r?oa g gglymenzatlon
ieagiionvzere toheonpelopeletulas sveight.t ﬂ”he pblcymhc employedeatanuptedirations of

505 438180 b0 698 SLUE I 3R FASLADSHURN M B By oo

@adort M&ntatlgd’ly frbmadl mvlet%s tdﬁiﬁmle(/HLMI)Iméﬁmﬂgl‘tﬁe plefily the presence

the .M the HLM h I
B B R BB o R e S e o
mdeg:eﬁmﬂly Mtdvesume propertiel gTghe fobmtee Fdriicirgsle e dsh %@ﬂﬁ! cocatalyst
t he r esence of, the cocat al

18&8%’8%“ ‘PH g %eeely%wen el s, A1, frgkepse;ip the el nfex éwé@ high-

noawvmmlmul(ﬂmw bohe g@glméfr@fodh&dcwﬁéf%tthé RAICHE RO HE M| of the
%{5 sites that reject the gom)nomsr ., hexene, and

oD whshdhs rriale it pied yaep! A yska s Prsgens o Mg thaplysiending
foDel el @? @he’oﬂl, ithevarval ﬁﬁ%th@})ﬁ%kﬁé@ @fdcg@gocﬁﬁlygn,%uses the sites on

react or t he presence of en, the wei ght

the stalyd ﬂﬁ’é mél@uy arodigs lthmqlmjar W heolyeerytaspnvertde whigmocenyl
4@%@&%&%&%@%%& eheB;Bﬁ‘e aﬂrslpe:fp?@gsqrsﬁl%mrﬁ' ecul ar

wei ght "(MN) decr eases ubst ant as corrpared to

usi Noytdaehs MeRI @?E@Jabﬁ%’st £ Yrehi8d mUhe Ua@zﬂ% s§s%ﬁ1 &f’c’ig@ to the reactor

reactor 30 conditions in the presence
igripipresaste Ry lydogsn, thouveight teaege mblecuiast \a«tlghthw) of the polymer

953 B B Sy A GER) LSRR RGP g

dﬁ@mﬁiﬁ)@%/cﬁﬁﬁﬁw to ilﬂngeﬁpa abme oatalysgfmmtdmaﬁ th® ¥gmefeactor
rn b to or ter than 8Q9%

(iOHélflglgzltélls dsenth o%atﬂe same amoun o%%ygrogen, %ut W?téé)ut the metal Cp

cocatalyst. Typlcally, the My, can increase by equal to or greater than 25%; alternatively, by
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equal to or greater than 100% al so can result,
dependi ng on the catal yst type and the anount of

whyasagss and nmetal Cp catal yst used Further, PaEUNN0S/009669

can decrease by equal to onogreater than 20%
alternatively, by equal to or greater than 40%
alternatively, by equal to or greater 5 than 50% or

alternatlvel occa SI on by e to or greater than

Gohid B ipudin R S RBSHAN HD G akin &° gats b Hrb lseies of

¢qaalreas gemecﬁgﬂ tw%rmgoadan CRult, @OseAtiAL 8 khel cBtaBAAGSE 4@ theBnount

fgl tor t V\hlag %froggg i s.al so_added, as conpared

i et} Spyraiafystae BRTDFT hR dhecapdeqease by equal fags ereater

ﬁlhez(%rme@mtyow Q@iaﬁtbtok BREteMin 40%}2\!&&11@@1%3}”%%@%1 toloP Breater
cocatal y The M or HLM t@l cal

?lﬁbf?oe’a%élt%%a“@ﬂ&a]n qcepsign by e teror gwatﬁr @1@6%

al ternativel Q or_qgreater than 100% or

alte li?eﬂ% M%“defgﬂw 0% el gtodpoed iperase ghisn theragial Cp
A1 A addBE (0OBS Rabidr 18GAdh HyBroEn BR88ded! AAANERA to the same
fol d, .depending on the catalyst type, the anmount of

pebagr mege wish teapys catalygandes fie Sﬁméreaﬁ@mwdl@@mﬂw@md@&sabsence of
tﬂg‘ ﬁgtal 6? C%E[Rﬁ , MBL i/ﬂocfr A1 %gﬁ%ﬂ};nlmlﬁgse? ﬁg e&pal td 81' é’rnﬁer than

sitions gsjr resins pro
iﬂ%, @ltﬁmmmb'sbyjecmal mloygteaﬁenthmm AR o |akb¢ma/uvelbx, Itsmqual to or greater

ban t|o net.al cat al yst, t
BAaRe oThsePl o Bre Sy AL BB 8 bR Eoendiog on e
daradysptye:s thiefandons of adetal€p canatapsisised, aindbthe mabwid ef hydrogen used.

pol yet hyl ene honopol yners and copol yners of ethyl ene
monoerensbudlitherte xéﬂhe pﬁ@ﬂﬁbﬁ@émbn pobimee ¥@nftsitiond dr&esins produced

ol ynger conposjti ave a we ht - average nol ecul ar
\%gﬁg ﬂ*? g D357 72 %, BosoBNmIP il iy App-{ransjfion; mgtal Cp

M&tﬂ?&lﬁ tbﬁ Kiveain@fne 656%6359& Q8RnLERkly Bbligédatdxeh¥s of the

greater than 400,0 /ol ; alternatively, greater

ROBERFT 26BOBHRS 0 grdroPS y%hyl%aetlmpspwéwndgfc@akyem piapihylene

1BGnRP ehd-Rikne Gﬁhﬁ)ﬁ@m&rh @opé%laﬂlﬁﬁrthéﬂélﬁﬁ&' dohPBstiond ‘EW% awe1ght—
broad MAD' s as i ndi cat ed pol ydi spersity i ndex Dl )
Ay glpgesolgpatvesight geeatep than in 009 grrole ﬁ’ﬂt@mam he Mmcan be greater

C V,
B RGOS U By SOS pREA
508400 5ol air ahmwéwﬂy,@rga,ter@raeét)@;ﬁo& ghanl. 7050, ¢re polymer compositions

SRS SRETLED, Sy ST Rk e e

somkey mpbodipenty othiet poimela rcempdmitamm elthvel sH’IDﬂg valuW;t gesterl?olﬁhn 30,

er msa | op ar hI 107 ob _
Ottt e A SRR G o
dtetnetinedy, gﬁeamlethmwo 14OC The TCB is st ab| lized using
2,6-Di -t-butyl -4-net hyl phenol (BHT) at a concentration
of 1The ghdlecufn Wweipkist dndnthy ahaleomlaofweld® didteidibhs 6f $hel folymer
used with a pom nal polyner 30 concentration of 0.3
cgrposiiions sEeroPlapd r“é‘P&rae atefre 1 HoCynesl RsEmgatien jchromatograph with

telEiGObenehe (MCBY 8P tHel s RNt u-EﬁE DFoW 8 bNY nil/m@f atlORnbBrature of
170 C for_ 20 hours while Ber orm ng occasi onal gentle

MBC 00/ T 31 sybitiesr) wisg G5 P btloéd g-mathylplsne BHID At agpacentration
el o par, n%{ lug&ueﬂ RO SN nhidGhidGS u‘ééQPWYt\ﬂtaeﬁénﬂa_l BSymer

colums (7
concentration of 0. 3 g/L at room temperature. The polymer sample is dissolved in stabilized

TCB by heating it at 160 to 170 °C for 20 hours while performing occasional gentle
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mMx300 nm). The colums are calibrated with a broad
i near pol yethylene standard (Chevron Phillips

weh@siiesBo Conpany Marl ex(r) BHB 5003 resin) forCmoBDNS/009669

the nol ecul ar wei ght has béen determ ned. 5

Rheol ogi cal breadth refers to the breadth of the

transition regi on between Newt oni an and power-| aw
rate for a Qr

h the f
et et permeton SEBSTIOPDh Melide: it A PGS colummns (7.5
mAsebeaimRl ThE R8RS e BalforRG WA aOfrobd ‘ﬁnéa?lm&?u?e standard

time distribution of a polyner resin, which i'n n
(Gegron Phiflinsgphegtical Kempanyi MW@}@B &0 tesing, farrvehicly the molecular

@Eg ﬂg%gﬁrgﬁ um ng the Cox-Merz rule, the
ol rea

ogi cal th can be calculated by fitting flow
10 c
%%?%F%ﬁ??é%%éﬁ%*ﬁg&%@S&E%‘éﬁ%"ﬂ%{% {ip B BWeti Newionian
ansdomiee Bwnper shoar Iattaﬁlldepotyﬁwy ontbtdﬁbquendm dbpendsnce of the viscosity of

@8 %5?1%%{' T‘ﬁlge) Ik?%%ltogl%af elic%lwlls r:‘a&ugc?@ % (rﬁ;ayéa}lon ﬂgﬂﬁ éiéﬁmbuuon of a

patreer(bdiss )whictym tidreislaofghdiah ob ﬂf%&dinh lnﬁﬁdcﬂﬁfﬁﬁfctu}_e’l or-architecture.
ocation L n tilne

| of
B8 g Sk HF Romea) bieaaie B8 b, skl by Tt flow
iRes ) gehdabd Me finéah&isMRM:aN ?ﬁm‘i’d BicERttry 2qiknT B@W edp@¥¥nents
al sl op

const ant (geél nes_the fin e of the hlrg shéar
Vih @ pg aftgay-Yasuds ((GYe mﬁsiabw}flm is Frpresemiied pyvibe following
éﬁyh&pnstant is held at a constant value. Details of
significance and interpretation of the CY node
and derived paraneters can be found.din: C. A Hieber
and H. H. Chiang, Rheol.EBA® g+ ("zgsl 321 (1989); C. A
H eber and H H Chiang, Polym Eng. Sci., 32, 931
(1992hereand R B. Bird, R C. Arnstrong and O.
Hasseger, 25 Dynami cs of Polyneric Liquids, Volune 1,
FI ui & Meistesity @&:5) 2nd Edi tion, John Wley & Sons
(1987), each of which is |ncorporated by reference
hereUhiﬂmﬂt%ﬁ@hiirety The pol yner conpositions have
rheol ogi cal breadth paraneters, i.e., "a" paraneters,
gr eatgr = Heald gidal bbcadtpaBeP05/ 108439 PCT/ US2005/ 009669
12 determned at a tenperature of 190C. Alternatively,

the "= roatAeR HRE &) fdeScrBEE@E REatlh dtimf i
altegﬁaglvely, grggpirrt han O. %9 o?nafggﬁggFF$gﬁﬁmm

greater zTeI'?S vi\%/gqsgié gl)a%gﬁf Ex‘heQ the Iﬁ&ﬁolﬁﬁgp‘iatéé% ar

VISCOSIty itions are
T IR

To facilitate model fitting, the power law constant is held at a constant value. Details of the

significance and interpretation of the CY model and derived parameters can be found in: C.
A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989);, C.A. Hieber and H.H. Chiang,
Polym. Eng. Sci., 32, 931 (1992), and R. B. Bird, R. C. Ammstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley &
Sons (1987), each of which is incorporated by reference herein in its entirety. The polymer

compositions have rheological breadth parameters, i.e., “a” parameters, greater than 0.15, as
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5 108 Pas. In yet another enbodi nent, the Eo val ues
greater than 105 Pas and | ess than 5x 107 Pas. In

wateshossot her enbodi ment, the Eo val ues are grPe€BUSL005/009669

than 105 Pas and | ess than12107 Pas. In anot her

enbodi nent, the Eo values are greater than 105 Pas and

| ess than 5x106 Pas. Pol ymer conposi tions having the
10

revio descri be d can_be fornmed into
Hidrtal d e d o AlirityeR uf i Pdlep i ereder than
0.e% hhérgatRslykarome: than atpeomﬁemamnz, g®ateletiid 0130.0n, bl ow
mol di ng, injection nmolding, fiber spinning,
t her nimfa(a]ﬂmoﬂ,gthe @adtshewg visodsity CBeYDValuRs,i oInBe pdlﬁhéiocfoniﬁ@ﬁuons are

I anp mer r an be extruded 1nto a she
R 1Pt P2 B o R AR 8 B e e B /o Ehoiheciaed e than
B0gahsadn @etcanaﬂlaﬂ éiﬁifo.duﬁen@ t] 7% E@vﬂﬁ@)grea&r Bah165 pad aﬁd)héss than 5x

Bl 57 B S B PR i 168 g s

he frakc.mesl ahdiker %ﬁ@o&hﬁﬁﬁ theOdHBues fatd FateBid K ®SPas and less than
fi bers and so forth. Additional end use articles

%30 Bebe apparent to those skilled in the art. In an
enbo%@ Di pes are formed fromthe foregoing
pol y BSTPBh VTSI thrgprevieusty dexaitpt ETOP@”Q?Sr% pefprmed into

MﬁesdQﬂﬁiaﬁth&ur@fort 8 el iR RINReRcHARSE Kh&wiMiD t82art such as
g/cc to {cc, Aternatively, the densities range

FHHHD . @@Ngyl@ g, mipctigrs mpiding, et spinaing  Gesmofping, Faging, or
M%aﬁ&lsttﬁer&f 9 @oﬂé}&ﬁ’gleoﬁ @fyltn@f 18 Ic¥ehY ex &lfu[i&:mnﬂw gé}éetr which is

ol ymner enS|ty IS term ne

t .
fg@lgtﬁﬁﬂg&me@mt%am@dmm@h such Ag & Jongatnes, acupy teaysa pallet, a toy, or
%ﬁt Ing ﬁﬁ%l ﬁlgfr &gguc't SE)‘EaSi'RJII«% %f a‘ﬁleljeﬁguséjﬁﬁcf‘lgsoﬁi{o x%ﬂgx the polymer

ours roomte
ra@nsdxau he temed mhlusdﬁi‘msoﬂrua&ﬁilma rbdtt]AS'ﬁMrE)bﬁQ 8 foptho Additiveal end

: e R b BBl b I o 58 Phaﬁﬂgﬁsigt ori 11 ce
O g .
o 619 Qgénﬁo%&}eng,&)ggg%l% I{‘ﬂfﬁ? ﬁ%oﬁﬁ?%%%ﬁ%gmﬁtpglggl&r %&1? 03180ns using,

2,160 grans a
tbndcampbf exarupimll yhieerdensitisisof the polgmenhpestrhge frained. 9f g/éd oW 97 g/cc.
en r SI n th

e, of .0.082

Rherf 00 b Ber B8 hnb BB Feo 0 bBES B8 e, bR e e
12 906. g/c'Eh@?f d!ﬂemuﬁ&e%eﬁoﬁf 0. 945%/¢1ﬂb )OWBIS glek. pPSlyﬂlEﬁddnBlt}als determined
range rom0
th 8RR 02 s il (0 e Py e e sqhinté i eslgf o 15°C
Iie?m}waﬂwmdmmd/a&gr 40, bult%Qut fg@m/&i%ﬁera_\tﬁje lﬂﬁ;ﬁ:tcérﬁaﬁc? Qzlﬂhaﬁl B1D1505
0 ntobs5g mn; alternatively,

ﬁé\ﬁff%{rﬂi?%’%mgﬁllwﬁo 1.0 g/ 10 nin; or alternatively,

[10 mn., The M values are

fr o mnpto, 0.5
g@( Tﬂg&r e)g%b?%@o%@@nml%e de of Alowedf # grolten resin
t&%ﬁiﬁﬂ QﬁBﬁﬁceV\Mt 6‘08@31-1%};)&131%&& %H&l APl o R 8RS JT@VI%O grams at

valueS|n ange of from0.1 to 100
19070 Byrther, 1g}161p§d mp],t ¥ of qpolnn@/rq_snnremespnts t e rate of flow of a

Iﬁélieﬁ E‘&ﬁltthl\bﬁ%ﬁ/ an &‘)ﬁﬁb@o%o k%5 ﬁ& c%h&emﬁbin séé;%&éd‘t%t ' f&%k ¥g21.600

from?2 or alternati rom
Zmpt APHC. The IHLﬁlVPS Q/ﬁh@l@éym@lp@mremmgb ¢frfrom 0. 01 /10 min to

RGP HRANGEa1 ¥l AN 814238 0 6P Nhefmatidell, the polymer pipes can
have MI values in the range of from 0.05 g/10 min to 5 g/10 min; alternatively, from 0.1 g/10
min to 1.0 g/10 min; or alternatively, from 0.2 g/10 min to 0.5 g/10 min. The MI values are
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5 addition, the shear ratio (HLM/M) val ues of the
pol ynmer pipes are greater than 80; alternatively,

w@e@atiess3s han 100; alternatively, greater thanpdB0S2005/009669

alternatively, greater than3 200. Charpy inpact
testing is one nethod of predicting the pipe's
resistance to rapid crack growth at |ow tenperatures.

n th| t est, ression npol ded plastic bars _are
é 3y accqiganpg i AS 10 &t Ledolymen Bipsiive EL&H alpes in the

f&ﬁgd dfiFRet 0.1 85100 glteminEAmRE g, Groat 1 1NI0GMN 0Ang] ﬂféhlah%ba from 1
Eog,{(’) transitions fromductile to brittle failure

B lierghysly, drom o 304/ ) miny, e ey vl diom 4 fo 15 ¢/10 min

TRITPENAL VHhess I £26] WeteBinddD i h@BkahRewRRASTNE tsi 38 ceﬁdlh&eE In
test can be found in ASTM F2231. Results are usual

#ihion, e shearuiy HELAIAE [eines ofytha pYer pines greogrenter than 50
AIRAREH, Lﬁeeate}_@l&n(lloo Calternbfdfely, SRatPhak 156;1 & Alternatively, greater than
t enper at ure), 2) the spécCific energy of breakage
%W a certain reference 15 tenperature, usually 0C

t he Charpy inpact energy). The lower the Tdb
and t¢h@rn¥1@ne‘ft tesfingds pwa@thodeqf@rqg}ctmgrhépwetStrwstztm@to rapid crack

ér@w%kﬂ"at%%%hﬁér?cﬁr‘é? 9 i@ s ce&aeésl&r@%m%hegﬁaﬁ Lo %rg%oled 0

pi pes described herein ave a s than
gustcmperaiyies) avp setectadde gyingaeidesé r Thetamp@atureat which a crack in a

lﬂrt‘cﬁfl% Yio ducfli%eco Eﬂﬁle fﬁlu&%%%ectg?ﬁﬁ %11 .the ’fotal ener%y at each

ternative €ss Pelnative
ﬁemaﬂaﬂmuwdtte tbreak ithechay., Detpds Cf thepysticaphe 1fouad ém gy TivVE F2231.

85 000 il AR AAELTBRA Sl BRI B0 . o

Clegpys tritiveletemperatuys),pad 120 tied s;mclﬁw ackgyge fwedkage atne astamadference

BtalhR W% e BECHD  Brach Bl "Eio BB e e isher

the irsp aotenery Athéb @tedthie hesirgs ogbthncs ltdlﬂpﬁd:ra%kl droskak gﬂl&rﬁogﬁher pipes
r owt

C the resjstance tq_ sl rack g of

%%%@’ @#‘E%]ﬂ}é&age rﬁ&w Ddess fnR°e aed & ARy TRBck ERArgy sreater than SO
fernafl@4y, @RST akd by)

t he st arting r esdlg% 1€§s¥ pFo%(%}tE%?t{aV@tgrr%%ttgg?qg h% T gftematlvely,

ledsatban b2BHE i ﬁ@emﬂmllws tiren IChey ampamee@rgy i gteaebubdnons Jm;

%@%&%ﬁ%%%%es LSl detnged deltshfa O 0"
( PENT; ASTM F1473
Conpr G TP FLARBE et SEMHGS ey el i iessurizing a setion

(Sﬂ,d)pcedieédnp‘edASTNDRMEmSO @a@9ﬁt TE@stwtﬁﬁdd of o 16y material to slow

finall ri bed herein

ey i ol oo R RockRhiel P olodly. Wtren e goge Rl srowth

@ﬂ Iilpa’ piliote infproess egitte nciehaily HORUISUN SightD ﬂecreasmg crystallinity (or
ig%rvel reater than 1,000 . hours.

9 8 @sﬁ@o@mb@le@gmﬁqt shagt %methrerclnng in the molecular

\ﬁéfgﬁ diisiRyution. t e Rh&VAQELSHICE Sﬁé?f)?@ eFs1H0 MR erowth i 1s measured in
conposrtlons are bl ow nol ded o bottles. The

ot uweh o thee Pennswlivarid dudchsdtansiles tesk PENT; aSTMn §é47e’>9 using
Jo'frfﬁi@sgmgﬁlold%@ sﬂe@m&ln& Osdfidle b 8§ ardls &@E&fﬂttb \éecb?( b {387080bC until

Al ternatively, oW nD
ﬂa@t ﬁmaéls bmh Ffav polimenpipesalssarhed lmem displey bfghfPremmame_s_ of greater

tﬂé]fLQOdT}rcﬂlr& %lt&m%v%& E]regter ﬂlaﬁ &oh %Eﬁr\é,eé)ryaltemanvely, greater than 1,000

hours.

_l'F




10

15

20

25

30

- alternatively 8reater t han 500; a

5 from0.15 g110 mn to 0.5 gl110 mn; or
alternatively, fromO0.18 g/10 mn to 0.4 g/10 mn.

wqadb@shbsase nol ded bottl es al so have HLM val uesP@¢musies/009669

range of froml to 1,000 g/120 mn; alternatively,
froml to 10 g/10 mn; alternatively, from5 to 100
g/10 mn; alternatively, fromlOto 80 g/IO m n.
alternatiyely, from15 to 50 0O mn
al terl ﬂa?PPR\ﬁ%q §mbadirggnt. 1the P%PV@BSIY giﬁqce“b?ﬁ Pplyqzer compositions are blow

Iﬁsmed RANBME! TR Mesaus At b@%ﬁhﬁfd@&‘@@cﬂés’%?@ﬁ)thﬁ%ﬁge%f%m 0.01

polynmer's resistance to chem cal attack and can

faeltoe%/ waY op ditsrgptindynign 893, 10hfamin onltcapasiely, the blow molded
E‘d@ﬂfh@'cﬁ]’l aveByr vzﬁﬁ’crs ik gl (ﬁk%rrp@tl té/ 1®Smipay! lgl (ﬂnM altematlvely,

val ues ranging from15 to a/ mn and nsit

e &ilere/ 1%@141 f@rO %afaalmm,oor@lt%@veboﬁmqwb‘i g 1<EsttcA0 3 g/10 min.
Vi) 169 nRta hBRled e Bt wiens ﬂfﬁf rzﬁhg@ @f‘ ﬁSmtlht@ri 086710 min,

?gﬁe@atltqu, tikpah 1 8009 250 ming aligraasivelst ﬁmlSyto 1@9 ﬁtoemnt labigrnatively,
&or{? g@ to PRI HiFe £1te?ﬁag€él R Ps t’o%o%)’ﬁ d&raitél'gatRJelg/V\‘fr 18 t0 35
D % the

I ng extrusion ent wel gh nmeasur
glhbmin the nolten resin expands i medi ately as it
exits the die. It is a neasure of the "nmenory" of the

pol yrReriretednd Stiesstthagk Rasistanceo ESERA xucasucks tamedymeTsgesistance to

PRIl SRR b 08, LRGN b gnion
Tron Stovbmolded bxsttladlatrmg bItIMl vdlesranging framt 1 Sth 0 |ge Oweih ghd densities

S GNP 008 ISR, g8 B v e

gredtegrhthan | 23508 azltdmatngly, igreatdr | than r5equ alt@ndtivelhie ereatef s 800, or
ush.the resin t ugh the die than a | ower weight

a@'ﬁﬂ’la Veryeg'feﬁteftﬂ%ré@% swell is defined as the ratio of

t he dj fin bot l t hj ckness

wor ot Pt o e o s ARSIy G dpigent Weight swell

wesoed tedihane ihe mbl&nuﬁsiﬁ%kp’anﬂﬁiﬁméd‘iﬁﬁlyﬂéck exi8Sthe die. It is a

alternativ les n50 al ternatjvel |l es thn
eso5Te 3 e EURY | b POTRSSIRHLR BEDSceka ISR TP the
olipied chepe. twaelgm @;wemsl AP BRBK phradneer ShUE HAE AN Hee tigﬂs the die

it eventu or exp %rlences a so-called

2P st b ‘}SFFdaFPu PEWB’Gd‘i Gomsiant boile werehh r If g gewn h%thlgm@elght swell,
RO AR gap FEquiel twifl 'b@cifglsﬂt"eﬁ tof ﬁ’lﬁket @1@ pﬁl‘é\?ﬂpw 28: PR s)b”&ﬁﬁg 1t will

are greater than 22,000/ sec. Ively, the sh
TEQHIES %heé S§¢Sé de awsh Parresiy ﬂu@@ﬂhs@@ dicathere anlawen weight swell resin

A e 20 a8 6 SR AR e e

ey ebvalmof th@xp@bmeo porhpogitions deewibed) bereinatd ysually less than 700;
agtglﬁl ﬁ‘}egﬁ ger %%5 d:?? %@% %%E 50, %{ glteglaﬁ éy Zi‘egs than 400.

_.
&5

X

nven

dem)rA @%lg%%f]lt@ IJQ&‘%‘ld ﬁqnﬁgﬂpg%ﬁ&mrﬁgseéurmy&ﬁ&s%n it éventually

| S un e exanp S are lven
stipg Qrsﬁxp@:tenms agocdalladenalidractrd. ihen dmdochmeﬂt; the Ehemhetes at the onset

os.t‘?rfeﬁiﬁfaktﬁﬁttjoptﬂe Blow Iﬁﬁd&p%i}%r ate érocliter%v )) O%B)éecn%{émahvely, the

shear rates are greater than 24,000/sec; alternatively, greater than 26,000/sec; or
alternatively, greater than 28,000/sec.
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EXAMPLE | A grade 963 chrom um oxi de/silica-titania
catal yst obtained fromWR Gace Conpany was

wa@edosuesseel i n air at 800C. To activate the catrpdpEE2004009669

grans were placed in a 1.45 inch quartz tube fitted
with a sintered quartz disk at the bottom Wile the
catal yst was 10 supported on the disk, dry air was
bl own up through the disk at the linear rate of from
1.6 to 1.8 standard cubi®BXAMPLES). 045 to 0.051 cubic
neters) per hour. An electric furnace around the

quar t Zhd idRtiv@Bavinpeiteh HédRRMly AvscAPEY, the FollRREEAIS tax\Q??ven as

rai.sed at the-rate of 400C our to the indica
Hﬂgﬁ‘ra‘ﬂh"éﬂn‘iﬂ tsgof the @W@ﬂﬁ%a%@ﬁat cpeRsiateathe PEactipreand advantages
ﬁﬁie@f Y %t is Wa8eratbd PR the teRarfyb 164 Q‘ezg%/efl%ry XMV §Fﬂﬁ%§n 'aﬁ‘d are not

t he dre/ air. The tenperature was | owered to
e fpdimitfhe &eFlﬁG\ﬁ]émPT s Rlansde fOIthﬁ AP RARER 1 0ge n
and then the catal yst was reduced in the presence of
car bon nonoxi de (CO for tes. After a final
flushing out of the CO wmp Jgen t he catal yst
was col |l ected and stored under dry nitrogen, where it
was pAogredst €6 fehwmitrheoxidetsifivstiltaiaecatalyst | obtaeedy fréar W.R. Grace

et cbiR B R, £F Soney Bibal VE etersrsiaeed na

/7P e} gzt cOfitted ShifhfeiRettd quaRs disP attRt VoW, Z®hile the catalyst was
et hyl ene. The polynerization runs were nade in 2

a 2.
PP Eited sl difte 44 B Waslovperithiquen ths diskat the ligear et from 1.6 o
1 9RtndEd dlbid @R (oS 1J D8sT @tﬁ)‘fct REtedPFer Ht. OMﬁ‘ e Ctrib Yurface around

steel jacket containing boiling Tmethanol and
teanaé wbe was %aelstt@@d ongind dresemperative v irhisedgpt fhei mite of#00°C per

h ont r ol nitro
8 o S bR AR g o
peftuiditd fo thede mnﬁcm ge dedp GT}&ttbthpéraI@rﬁtvfa@ lkheh Qowdrédo350°C where
&%If a QE%%ﬁe Ceﬁél r ade, qﬁ hel p of electronlc
e TReE opth €Y rivneiew g fhice M b8t Wiswrgcucsd e presence
ansatbvh nfoRexiaR(dqQ) Ok Wimieed . Afkr @ FaAEuskhg bR BRI ¥ff nitrogen,

was fjrst chg qed under nitraogen to the dry reactor.
FC

N epiatyStgvas Bt andsiwed BPeT AoRieesRe Y hers didwes Rrpteptpd from the
518§ Hefe unfiPleh@RE téé‘ﬂnga 16 @hdthdvenaloQRl & BipRGerch @ny exposure to the
non-transition netal Cp 30 cocatal yst, and fi ndl by
0.6 liter of isobutane liquid. Then the
react or was heated WO _2005/108439 PCT/ US2005/ 009669
16 upthesalyst Wisoheoemarloysd e faw dffsret sws o pdpopiegtyog The
d
PR B E R AR, o Fho i el oo ISERE 110% B e
(8792 ak BEY 1pmheThe eeacpi vms mixqundesl hias wed jacke ¢antmbollmg
r th e}

Hxﬁt‘ﬂ%notl 'r%‘éd r%é%%e'c%{f %? V?iasscee(f %?Igd‘én ”lrﬁ% boﬂ% %on%.r%f n\ﬁﬁjanol was
eontrollddiby varsngTotregin p;essum:appli(tdtg tltervencﬂdnsm/amd jacket, which permitted

L N T MEEILE ———

mﬂohnmpfenltsand the reactor was sl owy

Unless otherwise stated, a small amount (nonnaliy 0.01 to 0.10 grams) of the catalyst
was first charged under nitrogen to the dry reactor. Next 0.6 liter of isobutane liquid was
added to the reactor, followed by a solution containing the non-transition metal Cp

cocatalyst, and finally by another 0.6 liter of isobutane liquid. Then the reactor was heated
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depressurized and opened to recover a granul ar pol yner
powder. In all cases, the reactor was clean with no

wo pabsaes43on of any wall scale, coating, or otheeT/8I005009669

of fouling. The polyner pawder was then renoved and
wei ghed. The activity was specified as granms of 10
pol ymer produced per gram of solid oxi de conponent

char r hour. Run. 1 s performed in the absence .
B 05t ek by the,pddivion ahaP BG40 KEahot lurgen gas (H2). Finally

-~ ethflbRr @4t adaBDtoNhe réctol REequal a fixed pressure of 550 péig (E_792 kPa). The
- Cp- Li

tripethylsilylcgyc] opentadienyl 1ithium (TMS as
reactign gpgpvnga,s stitggdfor ons hauianls sthyieng 32 @onsumed, more ethylene flowed

BicShY ed-0Re B RdinRRYihe PRINES |t {EREMIs AtePb P REFURLYRL flow of
Table 1 Dbelow provides details regarding €ach run and
tthdenginto (hepactopfounpaigain thmset mgssutgnd PDI 15 val ues of

the pol yner resin produced in each run. The nethods

used 24 des dlatied dmsythy ethylgne dewawas siorped aad the gpasics waaslowly
SpeUBri-8 ﬁﬁ]bép%r\}\%d tolB&vM 2 llﬁll-ﬂ\glyrﬂéi‘lpH?ﬁclari ggraﬁacig‘eg, the reactor

substantially when a non-fransition neta
vaceen yih nodrdiepsien) ofiarh welk scajfs spatingeor othfrt foons offouling.  The

}%Jiﬁn&?otﬂdgmgsxth@‘f }éﬁﬂJvls%’ afll ?v:’n faid, fﬂé%ﬁﬁm% éapitegiﬁgé ergrams of

heory that chronocenyl sit&s formon
pienerprsiuessaost eegef seliddxide cempongsteliargedpeaddiirt i on, t he
breadth of the 20 MAD, i. e., the PDI, increased when
t he dotiak #hsperfopaed insthg ahsenee R caExalyRl Fmg 2/mdGoWRE Tun using
EPEER Loy oL P T RSB RS L6 A s,
and rde4 ovas pedusing tscaetppestadienyltmagaesivnh €Cp.Medl ax & docatatyst HEsble 1

RSP BAERPID Bl D8 RS RS oo

eliey [of tie @ilyrdS Gesis prbelsaedi ihedch mnEXEephethdds ublabto detrmine such

not all ,of the runs re perfor in.th ence .of

es 3 S0ord i s RO BT g s OVE GRS S TS fipreased
@fbmﬁamﬁh szhgné pa_lomafa}hlgiﬁdsmmetjs iopgc_oa:tﬁﬁélﬂ vfasa_ﬁE@Wt?ErkIIEzA;) Mhen used
0 ch, a t.i pna use triethylal um num
‘@’61&0241 %’wﬂ? el iR AL aié?PléedpE‘P? ShEREmg élilené\ems (fhat chromocenyl
fiecRira by He.catalligdol1en Zhdrobaxwp ERMILARS ule! Bl dd8idoB R WhA%h of the
each run and the M, HLM, HLM/M, W, My, 30 and PDI
Mihré@a Fangeasydrisheny the sasatalist seag uisd With leach run. The
nmet hods used to determ ne WO 2005/ 108439
PCT/ US2005/ 009669 17 su&Mﬁﬁ% are di scl osed above.
As shown in Table 2, the LM val ues generally

i ncreased when a non-transition netal Cp cocatal yst
was us@dOMPI lerdd. Civsilicadifantid omalydtheas bistaiaett Hronf W.IRe Grace and

: a[l\ﬁlg\xgdae%llaﬁ a _Oh%%ﬁaé%ﬁé%%sag%gw E%Htg ?ca:%&% ?t ?tl\%/ass’tthe\lllv?gduced

iPiePréskrcd of Chad 'aQen‘(a}ﬁ%ﬁlrh‘ 8t 3700t arRe A PAMAER ebneﬁ’lé’ﬁﬁ in several

Corp., was cal cine in air at 650C ds described "above

10ps Epakypledzelethylenewh 85 Cras descrokdor Example he Mustlse notellaff the runs
enperat ure of 0C.. The catal yst was_then

‘gér?% P%?/Oe etli Hlnfﬁ%%aelnf? of e, fgolnffr{gnst%ere per?o eé usmg no cocatalyst, and

some runs were performed using Cp;Mg cocatalyst, one of which additionally used

triethylaluminum (TEA) cocatalyst. Other runs were performed using CpLi cocatalyst.

Table 2 below provides details regarding each run and the MI, HLMI, HLMI/MI, My, Mw,

and PDI values of the polymer resins produced in each run. The methods used to determine
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pol ymeri ze et hyl ene as described in Exanple 1. One run
was perfornmed in the absence of a cocatalyst and in

wo b@sabsience of H2. The other run was perfor TEBCTIEE1095/009669

Cp2My as a 10 cocatalyst and in the presence of H2.
Tabl e 3 bel ow provi des details regardi ng each run and
the M, HM, HM/M, M\, My, and PDI val ues of the

b B A B e o el e D s

inéredsad e a noht@ndionaunetaHCMcosabdlyse vak ngerdaaﬁle @, In addition, the

it el o SERD vt B 0 @ Nt P el St

PDI i ncreased when the cocatalyst was 15 used mnth

H2. EXAVPLE 4 A 969MPI §%®§é§é ilica-titania

catal yst was obt ai ned fro ace Corp. and

calcined in air at 650C as described in Exanple 1. The
cat aldy863 aide GusilpmtismiaCramigyt oldaoetk fny 3Y.Rb@wed Corp., tvtae calcined

%PgSOO& al ?&&é%ﬁ%%&qg Egggeﬁg t1 W was ttl{%g%at%ﬁgd 1%?{1262%%5%%0&: of CO

ree runs meri z hyl enée
@fa Wenpatatdd Cf amoPcso The i ogtaly@i0wak H’f&h em'ﬂlt@red ah atvy sdiffas runs to

f 71
SRUEES = LSRRI Shn Y hd STSFENE O Ao

coRgalyal 8 tin Was alﬁ@ﬁ’detd)tUH{i' e WERE mmw@éﬂselﬁ-fm%@%mg rdfmg as a
The catal yst and the __cocatal yst(s) were suspended i n

CoRRiFISS A Bl BRFSCERET Hot (RIS 32 }ﬂwowé%splevaé%&egaﬂma GRobrign and
thé F/ﬁeHLgiIfIfIE‘M@MI M Sy, Ilﬁpi’ﬁl éaﬂé@ |o?¥He %B%eg?e%mqﬁ&ﬁlbécﬁm each

regardln each run and t val ues

19p. ChempBedsised fo dsierming Flt?li creleéﬁ wmdlecé@nd ehgrve. Apghown in Table 3,
I

B B e vt

el Ao i bt of 6 NEWDwye clke APjSnercive mhes eodsalyst was

‘ygﬁd &hn HQe catal yst had not been reduced beforehand,

the catal yst exhibited little activity. For Tables 1 -

4, activity is W 2005/108439 PCT/ US2005/ 009669 18
expressed in grams of repkRAnppoglyced per gram of

catal yst per hour. Productivity is expressed in grams

of resin per gram of catalyst. WO 2005/.108439

PCT/ Us2e04) c%%ééf’sﬂtaaﬂwa@aﬁw o @tamledrfrqm OB §pace Corp. and

c@icn@d in Myt B50¥s Fdsbrivedlin Mxfhple 17 THE caBIN Yhd ¥lppfd M cpMe

cocatalyst based on the weight of the isobutane added were then employed in three runs to
polymerize ethylene in the presence of H, at 95°C and 30 psig (207 kPa). The catalyst was
reduced in the presence of CO at a temperature of 371°C before two of the three runs. A
triethylaluminum cocatalyst was additionally used in one of these runs. The catalyst and the
cocatalyst(s) were suspended in an isobutane diluent within a pipe loop reactor during these
different runs. Table 4 below provides details regarding each run and the MI, HLMI,
HLMI/MI values of the polymer resins produced in each run. The methods used to
determine such values are disclosed above. These values improved when TEA cocatalyst
was used to supplement the CpoMg catalyst. In the run in which the catalyst had not been
reduced beforehand, the catalyst exhibited little activity. For Tables 1 — 4, activity is
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10 that of the polynmer resin produced in the absence
of such cocatal yst. They were also shifted to, the

wo edos/10842i cat i ng an exaggerated effect of H2 BPOBEUSINO5/009669
the influence of the Cp compound. EXAMPLE 6 A 969MPI
Cr/silica-titania catalyst was calcined in air at 650C
as described in Exanple 1. It was then reduced in the
presence of COat at re of 370C. The catal yst
was then 15 enployedﬁgﬁﬁiéﬁgﬁal runs to polynerize
et hylene in the presence of H2 at 95C and 30 psig (207
kPay3 gageiwsitta-tiesis chtbigd was cBicanpineaid at $UOPC rauch sedperd in the

o AL U5 P2 SRt S e e
emplof‘e?(iﬁ“t@éey Gibre@htQ0Es ¥ domiehiSe etfRed¥in GROFHERhESIE. HoFit 987 andi 30

['ustrates the nolecul ar melggt di stributions of the
psig (200 kDaypagainesidascribest indxewpleiln A Fstam wis periogsd psing RS-Cp-Li
br cagih | i 5 tikd QhhGRSaf 2 thbie
as the %;a%ij Py r%rtes‘?ézogl égl’lﬁl ng%]pfe gfgll}g%iddygig iq'ﬁ;gzlvft%haé ﬂ?léoérﬁéttrgnsi 1 i%n_ mn
was pathiratd Gingoiocatcathlyst Figwe & irstateethe minderulan seight distyiptions of

e oG BB BEASER, | B EAPIEREG kB G i

of the gsu?lheﬂteﬁmprbme@ﬁs‘me abn-trihsitEx AL Ep FosatdBBVRire greaigethan
silica-titani a,catalyst s cal ci i |
oot i ot pOsSuSChE Bl RS b s B SR
the 1ef@indRa01e MexagentddretctioNHEhatpite iiluthe of dedlpysmporesl
then enployed in two different runs to polynerize
ethylene in the presence of H2 at 95C and 30 psig

(207 kPa) as descri be®XAMELEMI e 1. A first run was
performed using CpLi as the cocatal yst, WO 2005/ 108439

P . ‘ - .

CECRSERCRURANR ROl AGERANG B LS opgrher Bl
1. It wRliRaubaked it resetldestfIO0at tal temnseratdre bfiz7(36! Fire patalpd ivas then

produced in these runs. The breadth of. the yml ecul ar
crplole Iy REveralge 14 BRTTGHE ShYIFHan S RERCe LR i G b (207
kPa), ‘l:d.%éal]{l] %% #dlgsﬁié%ﬂ&ﬂ BRGANIAIY SIVRSs Bhi B W¥redbeREBE L@ Cp,Mg

yner resin produced in the absence of,
cocatadyst; ndorcatiditigmd runAgps iperformed wike & pprp pEEEA gocatalyshaongayith the

i ndi cat | t hat. . .
cr AR P el g nbtana g v
produtedl nothesd 1iuns. prigeing ¢heploreadttesr off t imdedutir aveight @istrugipns of the

reactor. .Larger guantities
polsie 1S piod e B aay arpSen e POy PRGis v greaer ot of
the pol@hie® resiirbdiécid tipabsakeofisath anatalystailheyawere plecstifiad to & left,

L. in 23-qgal).on |l oop reactor. Then 1.5 pounds 10 (680
nﬂw%m%ﬁ§f§630¥ ® catal yst were charged to a 6-inch
di aneter stainless steel furnace, which was heated by
el ectric heating coil ing it. Dry air rose up
through a sintered nEf%gggﬁﬁJ gplate at the rate of
0.12 to 0.20 linear feet (0.036 to 0.06 neters) per

s gcoesRI@rdde rdilze titdnia cataystaivgestalcinpt én gigtabﬁ(gﬁg’p anéseduced n
e prEyents %}agertnge?atgree%lf LRt S TRERHYE Bxankp1€1 TR Wetydivas then
employed in two different runs to polymerize ethylene in the presence of Hy at 95°C and 30 psig

(207 kPa) as described in example 1. A first run was performed using CpLi as the cocatalyst,
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over a period of five hours. It was held at that
tenperature for another six hours. The catal yst 15 was
wa@Rwsnosa3d i nal treatnent in carbon nonoxi de ( QET/D81005/@9669
bei ng di scharged fromthe f22rnace and stored under
nitrogen. This was done in order to reduce the
and a e BN &YPE PEVRTBIEH Uping BO pacatalyeh agvemd steates, thermolecwlersweight

dlsm“tﬁﬁ&ﬁ%ﬁ tHe%B%epYeSBQBJOHMd ﬂpﬂ‘i&e%’\i}ﬁ FAL ﬁleélcgﬁ of h© H?o@?r:ﬁ& H&eht

lurdizing the catalyst In
dlsmbarlqm w%tbe pwmerr ®pin @E@GC®WSMtth%@@ﬂ cpeﬁtams@ms alughas greated than

hat o A8 o SR ) TR g B b Sl BRI it
the lefs dndidaiing thakibe ¢fFegtifatt vok empewhichbnite cmgmlystf or 1 hour
and cool ed down to roomtenperature and stored under
dry nitrogen until being used. 65%to 85% of the
cat al yst wei ght char gdXAMPLE&cover ed. The | ost
wei ght was water and very fine material. Wile the

oThg fdllahnﬂgemvaiu&nwas: BIRWES 15 pr&tee Polv@kl YesRE aRge tplant
|Valent cat al yst app eare B

t hi
feact%?oﬂl%ﬁﬁ &Wﬂhi}gﬁ# g‘bﬁqamartym%@f?h@k @cpr%owgfwies were
activaik@ bgféﬁciﬁﬁﬁdn\/]ﬁtaﬁ*dat &8¢°dl %5 ﬁseviﬁ% BRLSY REp E&cﬁéﬁr TRYS1.5 YBshds

ferent ampunts of Cp2My cocat al yst to

(680 gpsms} fethp gatalyst Wreeqhergpmta rinch diametetivtaialess steel fumets, which ovas
heatedaﬁ}”éﬂ: éahﬁ’%l:als th ﬁ%uggg a‘p gﬂeagsas‘cere&J P}%al grid

fractionatio r|e over
plate afithamate of Orh2 tor @3¢ finear iees (03650 D. Qﬂlmdueﬂ)‘rpéresecqmdae ﬂuﬁﬁm the

i R AR T B0 R0 ST BP0 U

over alpl@a?d offive hoeac ftowasthelipt itat empera@ft fommotar kie diom eﬂ‘hé mlyst

C.to 94C. The.r erate
was el e el iR o0 it ST e TP DB BT S Ggghe papace
and stofed In®% nhtigers . THbevag agr&l M&irdewz@ reddéetetle hEaOMER clrothidh to its
ec eder. state

, | at bal | t ead
aivaefiSiafi (15 CHORLSl b Ao e ot e sy Hagr LR o7 G e
fluidizérighiyd @Eh@ysf @ekly At BhevdSyad Ghen |r§>$dc€c[ bk difeofenktal! lrﬂ)rr}nnut-g@ @nd then

10% G Pugiomp F Blariel S natisd T CohEERDRMAREA Toahghsghich
the cafalySi43. ffhsﬁé@l clea% vﬂﬂﬂ BirdeR ISEOr AR abd €oot1é§it (ﬁ)lwanQ &S WmpePfire

di | uent. Cp2My cocat al yst was

5
and St%%\é@ﬁlt %W@ﬁ?ﬁ wih heipgused. oﬁﬁ"/@) top85% of the qatﬁmt M@Igbmharged was
recoverdd IT’th)stb\)fel 'WQE {Va@f aﬁdh/%gﬁhnle Uehk The Cp2My cocat al yst

was ad rocarb stream into a

PivBIE BIt i BeV al%aaﬁ ﬁ%&aﬂ}s WAL G %f&%a %k}gfaﬁmﬁﬁ@k 3L&Red

added conti nuous sobut ane
dlvalelﬁrcéta]c’airapmarqdrb@le\ﬂ@é shemilnpinesatil beghdly vdon exmmsed thexyment act

ti me between the catalyst and cocatal yst was 20

nt iisuacEwnteshcatalst waeemplpyed rin wiripus sume sith doffereritmmounthef Cp,Mg

cocatagﬁtrels ﬁglg@g%geoet Bla¥? ha B 625 yc 13 a?ur}n{ﬂ%eL rqg% o%{l&le

prevent static UI
that hagd be@rcbgass@rmuﬁwuc(naﬁommduﬁd chict ateming mﬁ uSTADINS diadit,
antistatic agent sold by Octel Corp. was  usually
ablgaenctoT vas pab. ywmdlm@emniv@ﬁlfqdomlﬂtqmdraaddmﬂng avolame of

23 sl 7 ) P R recle s 0oL (3R, SR RFER ot

was vapied yvee theunnerof SR1Q tooye@. The ﬁ@ctdmwﬁ(bﬁerated to have a residence time
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15 The pol yners produced in these runs were blown into

1 ml (0.001 inch)-thick films on a high density
w@e@sassBng |ine. The |ine used was a 1.5 i nchPdi/arBD®009669

Davi s- St andar d ext ruder mﬂﬁh L/ D of 24:1, having a

rrel e ture f fro to 23 eed
of 123808 ThETRELA Vit Bl 955 £ oy aﬁ&aﬁaﬁ ek fhger . At
steadyfsfawuﬂhgltlansZthF ﬁlstQ)Butdlhe’ﬂilaail ﬁ%e @@001%0%%210155&1&%13 Bﬁl Ené%ﬁed Efalté was 30
0 Di ca i nc
o/t 0% . R, @arapng e Gigntas (A polre ycrogen

was ad@ied ifcdicamiatéisatngdigt Rodfo. 68 11 fididws Yakéasdd ihB %tﬂ%&&t Sf the
were usually 14 inches. After cooling, the f

diluent a@@éawmceiﬁéq%yséwaﬁa#dﬁé HeCofFeuiTations Engme Giem §. %tq khpayts per
milliot'b§ tRighf oflie alhhéi‘@ h?ﬁe R}E@% b&b!t%ly&r%ec{dﬁécﬁi éjflycfr&%rbfohlsf@am

produced usi ng ocat al yst were, tested and

into a %ﬁﬁl&ﬁ%g tVeSS%l Hléto é@rrpé thir @bt Wessalsgfadgedicopsinuopgdy. gBhe isobutane
flow thf(‘)ﬁgﬂ tﬂeh;%reJEoﬁthétﬁ{g We%gpg‘é‘% acflj(ﬁﬁéﬁ b G’ fdn@ict 8Eie%tvvc—ien the

density Imresin sol evron Phil em ca
catalystang egeptalysiovasip iningtes |onen§eees Agfer afrmmw tinees the. cotitagied

catalyst %?&J‘I;otcﬁfiggt a}é’]ﬁéﬁgatdqﬁtb%eafeg %rév@ S%l uﬁ \Jg%;ﬂ){% reicﬂ)r a

ticu ensi t eX (0]
small ﬁ@@lnh (Yoappml of ilwinheaf STIARIﬁe"rSﬁamhﬁIthC%sIursobbw Octel Corp. was

usuall;P Eu?&é!io uﬁley 01)51?& r\xzasffe%méﬁaﬁorﬁ lf%! %%ﬁlﬁf 6 %%g _%9 g§ Iﬁsr/]lé)ur (11.3

ct te I N acCcordance
kg/ houa{)aamﬂ reqomyed:m at fesh chasnbar. sA Yuttan dryeiesas used foally the polymer under

Lng the inpact resistance of polyethyl ene
nﬁmg??#ﬁgpkpégls t he energy needed to rupture a one

clwo b Rbi bSFa er A b o5 neRehfis mon

a high @éﬁﬂp etbcksREliae. Eieght u@d‘d xﬂ& al ﬁﬁféﬁ‘ Fiambltk DRvisSAUHBHd 2R Weder

he sanples to break. Al but one of the Cp2My

with Lﬂ? @8 et bdhavne psbarieh pgiefirg AR 3107Col @30T drscw speed of 30

om BSR4 DT SRS Syt g
mil gap.o lgmaed é}’n‘lf@llr R&0EH&ReR inch th&c .5 I‘I@QI thicknesewers| dovik w1
blow-paﬁtlé Qﬁ &Waie@?? ﬁ?/m mif! [ﬁ%@t?é e&l&?ﬁe@ﬁ&%ﬁf ?14 h‘éﬁ?e%.c %fter

resi sta ce of each

cooling ¢heditnipassed thyaugh an\STiinE: WitPOresullag Satteret wadth of 12 himches.
Cp2My produced fil ms were higher than or simlar to
t YaatouppropértiesTed the Glmy prddused| ufing the p.Mgoiocdtalystiweastested and

L T L (R Y p—

high d¢regy filmetdsindsofddyy dietvermrithillipsClidheicad Comppaat ILIoD aﬁdaﬂf hcensees as

RSN N R ALY WOCIG U

and meéleindendhesh fihe ratewageet@neiedin the r@[nﬂéfﬁdeﬁtﬁ‘iﬂ)@d bﬁdlohﬂy Each

ro at e tear. throu h 2.5 of filmint
film wh, hjeiied ds the, o imngpt B &FPO(%W Bih ST 1 2975 "Fhe dar
1mpactdtbsft e€ bis@d4rd st afthiod dbiC@di@BhininENe :hgp i\fpr@ﬁ%ngpof B&l5ethylene
tances of the 2My produced filns were

films. df; tfsfisleﬁ%qr@r pseded gnBIPUEh A gne PHEgetep fhigk,BlnyRpopgigapact of a free
falhng Riagdupgd nfetﬂoﬁ‘ esﬁﬁﬂh@s Thedl Sht St QH@ dérh @rogg&.p fro}noaagel lpt of 26

nper es and di e pressure 1 n h% er at ed
mcheswlaefee@mé%ef the samplestiepreakdil bﬂeonte therfemivie m*f)duced Fims

had daftSRpadtERisker i FFUohpRabR Y BRTRII S uced film. Another measure
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agai nst the screw. One can see that the polyners

produced with a netal Cp cocatal yst in 15 general
wee@sassied With greater ease than the control POI/YREN35/009669

even t hough many of them had higher nelt viscosity

val ue | ower i.ndex val ues). The ease of
of filgy t?&:‘%@‘?g “@srﬁ"e PEREE FWP% resigiapce £3l%0 KROWph A% Fhef panghtigmnimpact
strendk). pThESﬁeﬁe& Iapectt lasistaida & f Qe@cﬂﬁﬁhﬂ Wa@fals@ detebinkd A€ accordance
thgéﬁgﬁégz sho i n Tabl e 6, ilica-titania
wi 29 50LHE Codde wrpewd/\ﬁlmsevqae bigherghageor gimilar to
thatoﬂmed"Rtp,o@,madyéaqnﬁol ymer resins in a pilot plant
react or as descri bed above in Exanple S. The

cauel fiBt WayRiBetdibjov@l el a adar ﬁ@@&@n@ht@ég&oﬁaﬁéé Qedsti D
cases by reduction in COat 370C. The reactor
1922, FEE% &estis grstanglard tesh mefhog forcdetermiming th proprgation teevesistenesrof a

polyn¥éd ilrh Qindl @s 4 ddifR¥tion O @8 E‘Bﬁeﬂdaﬁ” tgzlrltt':k@ l%ed f%p ?r%;?éi]e The method
hydr ogen concentration was 0.3 to 4 %Db ?

dete“?ﬁés H‘IelaN@fﬁEe eneagy 1%%&F%EP¢1’CO1EBP%&$ a @alqlmagh 2.5 inches of

film if YAhANHR xRS GRL bR ( Mﬁﬂyr Hgns%é?ge Jﬂé@ﬁcﬁ Q'D%ag 1ndlcé1ted The

concentrations 25 ran rom 51to

MD and el Td¢ag mesistpmeeshel @il Mg prpfwed Sims were substantéedly higher than
thoseeﬁﬁlgqqzng@ \%&utged‘l@gpocat al yst and anot her run was

perf or ned Wlt as the cocatal yst. The pol yner

r i

#0053 00 BSOS A g

while prpgessmgies filiy B@yy@hqﬁh}d the empait béﬁe&smmdhmHOMmﬂmer offered
d i

agam% P%g%g@a O Q%fll g%cf %I'Flgglu ?%%e??@gguc%& i | A Sfa? gljy Wg?tglyst in

generd propgzsed wyh igreater 2ase iz tBasingoRhdymar evelitinglel nay efwhem had

nigherg8h YRSt RG R SRl By et Moo e

the ratiabwhith éilis aayiegqmoocteved ank thosithe dapatityl&Q: it/ e, Usi ng a
Barrier screw. The nelt tenperatures ranged from 232
to 238 C. Atw inch die was used. To cool the pipe
and "freeze in" the d&EXAMPLA Trensi ons, cool i ng was
acconpl i shed by the use of several vvater t anks where
t r terlgr
ThosORh BSE ARt WAL e NS, PR T L Oroce

were ysed forodugs pdlamsmeslas:m a pihxt plaamabtdrss desda]mdl above in Example 8.

The ca_?ﬁgsi?ﬁn\g%r %Q@d tcH'00°(5r B%r f{gﬁ‘% %Sl ol %aa%}@{cgise% F(ci;ilggtgm n CO at

maxi
370°Cedbe maptbtﬁemperawremwnd% 1) theaednyﬂnnarbmca:htraluyn was ﬁ%o 1¥heby

eS| i n ts fel
moles Vo\ﬁ?ﬁiﬁ:?lﬁu%ﬁ%gg %\%%ygrso 619%11‘['?3 &%cé%p %;fs&ef ﬁ% 6034 ﬁ dpellesb?/f the diluent.
As indffedrio T aﬁlgld Ia:j(h&l\/@lmmtﬁil@ét v@@ﬁi@@lﬂﬁd acke oﬂ’ﬁﬂ&uﬁsr ﬁrﬁolﬁcenﬂc&hons
. CIH om e at st. was, tes St econtro.
fangl%%osﬂ 03 PeLE @t ﬁw@nwelslgs? e la by HestRgh gie T was
perforfbd Wwith ﬂ@cd@ﬂl@l%t(éﬂﬂ afgUER Ay WPErfdrBSY Q4th 3B BAs %%Eﬂi#%st.l t

was made using a Ziegler-Natta catalyst in a bi
Prieqessner fesinbpioduded M thede rin@Shdie M@ARIRN ARG lﬂﬁiﬁg ’Fﬁé P18k &t8sion

t al st but a djfferent cocatal yst

was PESTEEH P B 18pe aneh somswag pohiethplsse pelisteinte en a@nulmh@ape and
solidifih® @ifat ‘é@ﬁ)@ dufted 8 QoolRDrbRRe. T &R YieSrOduckNEd& hoRk S0y Svere

shown in
made using a 2 inch Davis-Standard Single Screw Extruder (smoothbore) and a 220°C set
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15 Table 6. The HLM, density, My, M\, and PDI of each
resin, and the Charpy critical tenperature, Charpy
wep@sgys43and PENT of each pipe were tested usi POI/URE05/009669
met hods described previougby. Normally PENT increases
as the density of the resin decreases. However, one ,
tempezafyre og ghe ?W%@n@ S5 eTherapley wetesiredsd 2hépQ, fodirgising a Barrier

screwd 96 e eEmptederedan SEISRIN 83@vzRechixoRRrndeis whi &Rd. To cool
al sg _have hjgher PENT val ues than the caontrol resins

the pipt el “Spere &V e destisd dimentions.opling W ReRgEP ligied i teoise Fpeveral
water lt@#kk Rehetdhth€ ?AR& 288yl vhiftl Fhtbd of fle PRK@xRRGL T PRI AE gﬁ;@ was
into pipe. The Charpy critical tenperatures were o)
cooledrffer tﬁ‘b%éﬂfi? Brfachto @@ [mpidesurfares &t Badl 3HSiaiard Spkdifitation for
Therrﬁoﬁ%t@cat?as hbg8urer BHES t’[‘ﬁﬁ‘iﬁ% by FRRhgL CHRC K RLARAYHT BRkness
The total energy adsorbed (at 25C Charpy Inpact) was
eccenficiyy s/ 3% apd dhe Marmgm) ovslityt ih & Ypo Mhereesins geaducédowsing metal Cp

cocatdhRlsGtilwiteh dlos¢ el the control resins. Standard PE-100
screeni ng hoop stress tests were also run on these

PRl YRBES pipk Bedilbcid b¢ %hteﬁ%ﬁ Phiftigs Wheh DAl Cl)l%ﬁ%f;{]aﬁxg;mﬁe Hfom a

was pressured to the indicated pressure a
chronivpprb pss@ gathlpist avas Vigstedras et donteedt Adso, e 851 golgeth@ehe resin sold by
hevib§ : ' iRy MR icoer-
Che RS e TSN 1 Q0 1 S PRt s
catalygegnnvPimo daliprécesy: adl ¢hidaent@l resinl wasgpradutahisingaind ameshtalysicom a
ed to duce polymer 30 resins in a

. ! ce [
dﬁﬁﬂ%¥ﬁ%?&%@éh?ﬁﬁég@ﬁg'm3§5g§§Cribed above in Exanple 8.
The.. tivated,at 2005/ 108439 .
p R bR e Btk Rl bl TR e n e
Tabled @Be dLMI, tdenyityy dMwr BIn0 EnB POC.of Eaeh esinalayd tther@Sarpy critical
I wth diff t. anpunts of the 2
tempefiiRL, ARy oty it 1B 0 P HBS Byt ustit b mphahdeggribed
previoely.t Noﬂnﬁhﬂ@g’iENTt ih&e@léﬁa’s&hﬁidbnﬁfy S BI5 ﬁeiﬂn Qectlean®| %olvl%v&a&%d:an
.. gn.the. isobutane diluent. . The et ene content .in the
see In ﬁ’éé%{feo‘ihafvég%w ig&ﬁﬁg%ﬂsré ﬁﬁﬁcgh%ﬂ%%fé EI%/nge A NG depsies, also
have Highet/BPNT valnes thin he Sortiol RGin elay i e enddd@livhiBR tb the bimodal grade
roperties ar ed%gom in Tabl e 7. The polyners produced

H516 zesm, ydich jF moge dBRERN toonelierad 4p processtinioriide. BIlbeChaspyicrtical

tempe@WAesURért QRS MEheloRaNEHY Qﬁegﬁod%?(el_r%@@s\%ﬂl% ﬁesriaﬂ,gwgﬂl}] Iggfgcate high

. (105.1 grans) bottle on
resstafeoinrini rmelgprBRERiate The el oyE RSBy (o DARET Gerpylamioct) v
also véts hidl £@ aff oPthk ﬁg{ﬂlmglls HIRL B hegéir?reglgige tg(?l%rc%gtr(%lrgs?r[sg! ng
accu a .5 se I

die,” 32% tor position, con ow tine,
0 ) res I .
N A R i U

test, agpe &t tehgh D pipewes prasoeet] toghoindiditedpresniesod textimusisedin a
ear, ' h 00/ sec .t hrough t

water i S8 eIl THIe BBOCHE RS gl R st Aed ane

averagaof @ireelywestbendetaadedi ned usi ng known neasurenments. The
first neasure, listed as "Qutput” in Table 7, was
calculated fromthe cycle 15 tine of the machi ne and
the wei ght of the botEXAMHNGE 10 ashing. This measure
describes the rate :

A grade 964 Cr/silica-titania catalyst from W.R. Grace was used to produce polymer

resins in a pilot plant reactor as described above in Example 8. The catalyst was activated at
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of bottle output in Is of polynmer per hour at which
the resin in question was bl ow nolded into bottles
walewosngs4sor mel operation, and it woul d descri bECT/I82005/009669
commercial rate of bottle pﬁoductl on The second
measur.e vvastheccletlrre [ he tinme needed to

650°ChaneeTer s o e areadie A0 r%fe&stﬁrﬁlé%atlﬂﬁ of et/ORels . Thenestatest was
emploYERS4th &ifreRt! é}ﬁcﬁﬁé' Wthga%ﬁl\/igs cde gskeﬁ&h 8%%5‘1{ sCto efm)'rrﬁé?lze

fmeasures 20 the maxi num pressure
ethylegigiati Mdo tlhié’Cemtﬂmmfsagmeoff Ot3rte 0k§101101P/eH2 basedtoh ¢lxe mixudmc; dlhtent
f bot tles
mhe ekl BSRACE B8 5 B0 AR AR LRE RIS e
resultiugpelpsert and thbiemppdaryﬂmnresshdwn imritpbkd oW nol di ng were al so
deterni ned as shown in Table 7. Anot her neasurenent of
t Flee polginkrsi modured dreeusﬁélfbr b}ow tobingi @phtaelbnsvveﬁldaw molding

evaluaglﬁflés rE %oﬁdﬁlgteﬁs g}g E@ (j)']n% @8§] % di anﬁ% 3@6 ona WLSJYGZOM

single shbahhﬂawdnmidmgmachladz (sblddwy Uniloyi Mgagpel ined hyihgae.5 @sh diameter

. own BN reSL n i ch S obt ained

aie, 2 AL B crelf S, o1 pd s REHoR, R i ey Seap 1 fecond
blow dedy} 0.75 seohid predlove dellly &iisd 45°Papl@icalpuiatues] A RedificafiadBrew

UNI LOY machi ne by, opening the die gap and extrudi ng
speed PRE> FRIR W3S USadePOKIdHIE NABTol QREESIOT#lsBes defessgradien thgn BR,000/sec
throush By &&aSi hg the screw rpm e onset was the rpm at

oh h Th h

whi ch the parison showed visible signs of 30 nelt

fTRCHIHRers' Sfelo oe%ss%ﬁgad iRy /B

di st%rt ed surf a%g hi's ra?e d\;‘\}V/as %@%&Z%g%%&gﬂ%mom
measupamenisSTHe Gr9 0TEws, 11%?‘1 5 "Shivb tie d abla  oweashesl oy kedrfroma the cycle
time olfﬂt%tn%hlh@ aﬁr@ﬁls %velght é¥ thd sk ﬂd%ﬁﬁﬁg Btk ﬁl@asjilgea(% s&ﬂ@s thF trate‘

t‘5)0 yrrer coul pr ocessed rates'wt
of bottle gydnug inglbs Efmlm pernhoat atsyhighghe msxamkque@mlswarbdcew mkied into

s 5P Bl A IR R By

The segend nfepdureewasmtehcyale 11086, Qev uiss- #ine Sedled ¢o geiit tisxobaitlé ami was
' Bottl e f.ai.l
measu?eﬂ?]g?ego (ﬁ ngngl!h%(}géa%idrg ﬁ%rg‘cfeg % e% e is 816 %(dé)%eSSlgg aNl‘gé}SIgg/asul‘eS

Hed eac
the magrimaum prassinerag the |dresplam¢urmg Itlteualxaum dfdite betleh Iis@her widaés, it is the

pressupe S ga,eagg/ DgeShh kB, 92! ' on bt ngzcrﬂs
Rt St SNt SRRELBles od pe ot fubed 1ok motdine

were a&b&l@teﬁmnécbaismhdwﬁ @1 TSI Andibdr tnhe@sur bk BLHS sWYIL fsithd diBGwell
al | bottles conpletely full of water and

t.he
or the tdf?é‘}?%% SWFI e @ hotatie & ey %?é‘gh@a@?teratos@? diy Higpeter. These
numb e'ﬂ"@&@ réferemted td 4 kthlﬁﬁr%hhﬁe@éal\bﬁfv@mhﬂﬁ@ ﬁ%[}@ﬁ’@%ﬁ‘e fePndwn as

ergical position onto a flat surface from
MARI@P% gt 83BN vestny which R obtaiped Gony GhevsomBhillipethaspieh Corpany.
til the bottle ruptured upon inpact. A new bottle
Qs @Y st Teesrs frcah TeEa gaa SR Aeeon tbe AU maghine

by opeh@dfd! Be Gie g‘éﬂ hlﬂuémﬂﬁﬁig%é }e8®. Ofhet Jh@arbx‘a{et\klfssm@xre%&' %Fe ily by
using 15t Cp2My cocat al yst ( he polyners disc g
increasifg th¢ mewm Tbmmettwkﬂ@ 90 hish thetrapisoncheed wisiblegigns of

r I C o]
melt %thrne;g?@gl %A QR E%% 'rs)ﬁﬁ ekl S ALQHICEERLS Ok NGt was then
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5502BN pol yet hyl ene resin sold by Chevron Phillips
Chem cal Conpany. This resin, which has been sold for
w@32003a08439 has becone a standard of the industPgT/US2005/009669
because of its excellent pf/ocessi ng characteristics.
one can see in_Table 7 fromthe cycle tinmes,

translasg gt fhe OB G Bec B TeDIE o o iflEvelfdaTicatel e i g sanid be

proces@éd%ﬁfgﬁ?atés%ihoﬁthﬁelpﬂcﬂﬁr@rS di scl osed herein processed
ter. One can also see that the polyners disclosed

h]@ﬁv‘ﬁbﬁm&ﬁﬂ streke Qfabl@fesﬁt% V@E@‘:ﬂsb Ra3RE busikE RAA [éaﬂ@ﬁb otﬂ%hﬁdd% as
|ues_were nore than ten times greater th

descrﬂtq@lc?@%vw YENIEGY 108 Mhemsxzflas botflgwese GPERwR K 107 Bres K
deterggrﬁmé?ﬂlﬁ%n',o\ca‘ggcc&: Eﬂﬁﬁgceﬁ &f £140° }f Hcgtr&?ﬁ Bt Eﬂﬁl@gwére L OWE Each day

mrer ci al avai e resin known
until aj\badTaGReny andla@&ﬂ@@@ntfmhmcjmhe westarplaigdifoteacie®ti s sol d by
Equi star Chemicals, LP, was al so conpared. This

KT iedatdtle toeadinessiof thenemA-ghlion bottes hiag iea@STRDy Tk dzadeisphet dest

t h p
o kel B0 | SERERSIR 8 Bl TGP ARARP Srer
toughtieSCR o inest, tedthwermatsp peddrimed toem@Sik/bEBER ughleselsy Sliing the 1-
gallontsl’agglg% ?(gr{t’q}hlétgly?@g%f gz%tc?} ?En% %1 x? geaﬁnne%le bﬁﬁf S 8}9 umetane's of a screw cap.
These rliqui;i dillbd bettlef werhehgqoairgpped ﬁomra)@hnmmﬂpmsmongmtdm flavestiethceGpm

proarc R B L RUP s Gob B oaRbme o ERRReT tpuoay oyt v

bottle@ﬁ)sedvfok/bﬁﬁdﬁ@.o LO+dNr CC) NNp OENC7 co MI~
Oti) NL6 Or OOpNCCOcod Ud. Orr MO
OBased on Be rédults Do®D in Todble-7, varibhstpporErties 00thd\bYvtles pro@ced using

e e PO bt Tt Pl r oo

compared to the same properties of bottles produced from the standard MARLEX® HHM

5502BN polyethylene resin sold by Chevron Phillips Chemical Company. This resin, which
has been sold for 35 years, has become a standard of the industry because of its excellent
processing characteristics. However, one can see in Table 7 from the cycle times, output rates,
melt fracture shear rates, and head pressure that the polymers disclosed herein processed better.
One can also see that the polymers disclosed herein had superior ESCR and impact properties.
Their ESCR values were more than ten times greater than those values for the MARLEX®
HHM 5502BN resin. The polymers disclosed herein further exhibited a lower swell.

A commercially available resin known as ALATHON® 1544008 bimodal resin, which
is sold by Equistar Chemicals, LP, was also compared. This bimodal resin is known for its high
ESCR. The results in Table 7 below indicate that the polymers produced using the metal Cp
cocatalyst also exhibited high ESCR values. In fact, both the ASTM ESCR values and the
bottle ESCR of these polymers were quite surprising. The Izod impact and bottle drop
properties of the polymers produced using the metal Cp cocatalyst were also very good

compared to the control resins.
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possiblaaid me A PSR Hsaf the gty ith st o

any ele%gn{]o fla! ccl?%mk?s Mehded' to ?Hgan fraf th@su@ﬁ;@t elemént iy ré!lu@@d Qr QteMla@s/ely,
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only i¥pited by the  Sope Bf Thé clatds 1t Po1dwd includfhg- alt equivhlents of the subject

matter of thle claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an
addition to the preferred embodiments of the present invention. The discussion of a reference
herein is not an admission that it is prior art to the present invention, especially any reference
that can have a publication date after the priority date of this application. The disclosures of all
patents, patent applications, and publications cited herein are hereby incorporated by reference,
to the extent that they provide exemplary, procedural, or other details supplementary to those set

forth herein.
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P~-0 NoVjn'" 3w ..ion. Sn'"" " ba Ili p~
UAaRLHU ~~ HWWpa Wa g Ao W 2005/108439
wEOnsWBR095/ 009669 31 While preferred enbodi neet/ESmN5/009669
the i nvention have been shétn and descri bed,
nodi fications thereof can be nmade by one skilled in
the art without departing fromthe spirit and
1gs of the invention. The enbodi nents descri bed

limting. ny varjations and nodifications of the
iﬁV@%#Fgﬁmggg%Fgggﬁgherein are possible and are
within the scope of the invention. Use of the term
"opd i Dewdlysy Compridng cheqeiotn; el  any el enent of a cl aim
is intended to nean that the subject elenent is

r egyi nat i s | t. nrequjred. h

al o B B RnRs niElps oo il B Gproouna
the claim Accordingly, the scope of protection is not

| The calalysysisiem @6 stampt,i whereintthe mon-dlausitiorbutetal p oprbgound
| o . "

| o ©Bp e oXERER by, SRR b ob Shflag. o grow m
t metatCa corspouBd.ait camblinatioms thetdofii m i s i ncorporated into
the specification as an enbodi nent of the present

| PNEREBIPE- c{ aj iftl ahdi P

e Qa9 sySeEof obin A Ecil B Boh b, AT bigfifbund
t PETRTISESs @ Mo trapgltion avetal Thie cdmpowsls iaomonetfansition freetainfigorenyl
Nediiidind, % PRlARAARLAT AR Dffpoldd, bPodMidliof thert Sr L N
present ‘invention, especially any reference That  can

have a publication date after the priority date of
t Thes caiplysti watemont clple 1di wheress the sonrawgition’ matak fips compound

P& RsesARRL LG GHdRASE DUGLT G e | | :
hepggyeiﬁ?orgorateg g@ﬁggfe@gﬁ%%%mgﬁéﬂghéng¥gﬁf ?hgﬁﬁnn
t fempingmosyicldpendadésny] tialkyl, pr comsbonatiahs thereofot her detai | s
suppl enentary to those set forth herein. WO

20054 ¢ f ' l.al ned:; .
AR RO et Dtonk S Bl tobrigne
cHifieahluminag ophospbdat tiimia tzircama ralusiing baria, thoria, magnesia,
nan- {1 tal cycl opentadi enyl (Cp) conpound.
582@5@ﬁ@§%§#§$?£f systemof claim1l, wherein the
non-transition netal Cp conpound conprises a Goup |

neiteaFatdpst coptpaueld clain & odrein theetadlysCps cotiyoadnth, am oxygen-
QAtihitd dmbient atmosphere at a temperature in a range of from 400°C to 900°C

and then reduced in carbon monoxide at a temperature in a range of from 200°C to
800°C.

The catalyst system of claim 1, wherein a mole ratio of the non-transition metal Cp

compound to the chromium is in a range of from 0.001 to 10.

The catalyst system of claim 1, wherein the non-transition metal Cp compound

comprises one or more substituents.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

woreaoal108po conmpound

nmetal Cp conpound, or conbinations thereof. 3. The

catal yst systemof claim1l, wherein the non-transition
conpri ses a non-transiti onPEEUSI008409669
conpound a non-transition3petal fl uorenyl 10

c 0 a, no sition tal inden conmpound, or
gﬁ%‘f@?{“ SRS HABE Witefe*?ﬁ %Pgtomget su %‘FQF?RBF“PE‘FW@I
1gro“ﬂeﬁﬁml fetpnem-atkyRpdi dro®)) anedlrdxyGlos) MROMRxy group, an
ges cycl opent adi enyl _I'i t hi um di cycl opent adi eny/
Bﬁé’iy &H"P=Y CP’?‘ﬁPﬁ'i‘l‘?n Htafnum cycl opent adi enyl

trial kyl, or conbinations thereof 5. The catal yst
syksﬂaemfdhe (bhla]iym shstemhef eiynofl ¢iginsat & Ysih MOSTRfin HEFm8rization
sueogﬁart conprising 15 silica, alumna,

Hophosphat e, titania, zirconia, alumna, boria,
thoria, nmagnesia, or conbinations thereof 6. The
CAtmﬁ];Q;i ofpyeplaeng mﬁatdbﬂicnmﬁxisi@@meicmg haippait alithransium and

i Al anbi ent at nosphere
a\%&th};{?l &?Haﬂsq tur ee?%i)rélg(gq’renﬁg qf(e?)p% 5‘5% to 900C and
t hen reduced i n carbon nonoxide at a tenperature in a
r Bhegreetbpd HF dlainp OI) Grlterein 209d Smmmg theTQuprrawah yist ngyisaneition

Oxfneﬁ1 éé:p%r}lgou gnfe% x{nl)ﬁregn | at %,{ppért %ﬂ aa $0, itﬁlgglsc(gp‘lpnsmg
fﬂlenmﬁ)trﬁlﬁiltlomme;tﬂCp&omﬁhmdcat aI yst system of claim 1,
wherein the non-transition nmetal Cp conpound

EUE kB0 of Dsbby Pk Bk s e b ppon

8metah€p ebmpdund C(OI’HPI’ISHS somar@ely uﬂmtdutmgm s réaotasp theS@naihnsition
alk rou a | kyl ar group, an
% Cf/p grap %dtg? %}/1‘1)8%}% "’Ttﬂilgtg lﬂ si |yl group,

or conmbi nations thereof. 10. A use of t he catal yst
sVt method Odrwaimfllcl\?dierﬁlin lhet wordtrdnsitiom mﬂta&f@m compound and the

p 1. pr epar
ﬁl{gécﬁ'g &éqatﬁﬁn he %}n{)ng 1 (%etca(l) é:lezctﬁ% cg gr ? or & Reﬁ&? o% %‘%m 1
cmrrmmtumhamd befmretdmteamgameat:roan3| tion rret aI

cycl opent adi enyl (Cp) corrpound 12 The met hod of

ﬁ’i(‘)l%' t%%dy ﬁﬁlei 1 mg\?lg ﬂné%g 1%1%jl eﬁ%ﬁj gl{ptoun qunptnrggs a

i @mmp@mmtalrﬁhp ctoln@osmfo [adﬁrbupvlﬂtlhetal G kathpoand,cOGRIubSiNgetal Cp
tal Cp conpound. 13. The

It
n%’tnﬁ(%nd;f) %ﬂnﬁﬁn?ﬁ%‘ﬁs ﬁ%ﬁgﬁ‘eel n said contacting the
support with the non-transition netal Cp conmpound
cDrepméthasofsapiar Ht mhyreinrﬂle ﬁﬁh:lﬁ'mgloh enedal IGpadipoutidiémprises a
non-transitio net al oupd and t he S%J(Port

1})0|I}pt]r,eﬁn§1 tﬁgC}% ROBRAU 2 non ansition metal fluoren mpound, a non-

transition metal indenyl compound, or combinations thereof.

The method of claim 11, wherein the non-transition metal Cp compound comprises
cyclopentadienyl lithium, biscyclopentadienyl magnesium, a lithium aluminum

cyclopentadienyl trialkyl, or combinations thereof.

The method of claim 11, wherein the non-transition metal Cp compound comprises

one or more substituents.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

14. The nmethod of claim 11, wherein the non-transition
metal Cp conmpound and the 15 support conprising the

W@ boos/118489 ar e cont acted continuously for a perPOOUSL005/009669

froml mnute to 2 hours Béfore entering a reactor.

1 t h cl.aim vvherelnthe non-transition
i %9 & rFEadIH ﬁS  Biskong OTGRBIFUPStkL campprise an alkyl
Cgiahe Uadd aryR g@’u@uﬂn |a1kyI§E3t16é'ro U%}Qup %%gléf?y él:c!up, an

npound,  or conblnatlons er eof
qﬁgﬁﬁggggﬁ dFCQWHWWFTi thef@obr ei n the non-transition
metal Cp conpound conprises a non-transition netal Cp
C’Dm) cmﬁﬂod aofn@tithr amsiwheddin Mt alkudpottorcemytises O BHOA Ndiunina,
nsjti on metal 1ndeny| compound, or
c H*B}nﬁ BB Fmie GFOOTIR: ANV BT HOBR TEAIESH P1 combinations
Whelegf N the non-transition netal Cp conpound conprises
cyclopentadienyl lithium biscyclopentadienyl
Lithi.um al umi num 25 cyclo en tadi enyl .
SRR Faitoghio it o PrERE pedR T he SREDHOtH G EAton at 2
Cieﬁlpﬁﬁaﬂ;iemma{gelomﬁbﬂﬁlwm‘ltotlr,(ﬁ)@s@l| on netal Cp conpound
conpri ses one or nore substituents. WO 2005/ 108439

0p5 9 4 19. The t.ho of cl ai m 18,
RS Sl g Lo Rt ERirioe redhng B & @ tepp Aty in a
Ofafglof fia 2005C t@809E, an al kyl aryl QVOUD an al koxy
group, an aryl oxy group, an al kylsilyl group, or

nbi n téons thereo The nethod of claim 11,
wereiod GE clapm, BBTYV B‘HﬁP? saalystiis redycedsin fhy Regsence of carbon
axhulmxmphosphat e, titania, zirconia, alum na, boria,

thoria, nmagnesia, or conbinations thereof 21. The
t hod of C aalmll furfher conprisin actlvatlng t he
aC

eampded qigclaigt dil nﬁ‘thFréﬂl atmele oo the doa-tiapsidor ek Cp
chorrfpbﬁﬁﬁ 8 AR ehr SmikmGR e caidByst iJ BEa MBRE G0 0604011,
further corrprl Si ng reduc:| ng the catalyst at a
f_ from 200C to 800C.

t rature.in a ange 23.
T‘Sgﬁw ogzlf‘me ﬁlf: %st q%ﬁé) e@pncqnp@isglgtcgptﬁgqngl the at least one
r@eficedh htataligt Wn%iﬁi\‘lﬂl\% @hRImita 88 Wlth@&l)@%&‘a% co%ﬂ}rlslﬁg @ non-

met hod of claim 1 erein a nole ratio of
Hﬁﬁﬁ¥?%ﬂﬁpfW@Hmﬁgﬁéﬁﬂtﬁﬁ?éﬁﬁ%ﬁﬁﬁd to the chronlunlln
the catalyst is in a range of from0.003 to 20. 15 25.
Ateeinbined of cRah YIte ilieteny tRt con@etilg @NFerfl@Ed M the presence of
gyggﬂlSl ng contacting the at least one olefin wth a
B8t conprising chromiumand with a cocatal yst
conprising a non- transition netal cycl opentadienyl

(THR)mERISTWREm 25, further comprising introdncing the catalyst, the cocatalyst, or

both to a liquid in which the polymerization is carried out before the contacting, and

wherein an amount of the non-transition metal Cp compound present in the liquid is in

arange of from 0.01 ppm to 50 ppm.

The method of claim 27, wherein an amount of the non-transition metal Cp compound

present in the liquid is in a range of from 0.01 ppm to 50 ppm.

The method of claim 26, wherein the cocatalyst increases a MI of a polymer produced

by the polymerization by equal to or greater than 50%.
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30.

31

32,

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

woredosaes4ed cl ai m 25,

26. The nethod of claim 25, wherein the contacting is
perfornmed in the presence of hydrogen. 20 27. The
further conprising i ntrodeCT/H§ROVFIE669
catalyst, the cocatalyst, & both to a liquid in

ch the I nmerization is carried out before the
Wgh? m#%g C R 26nEEFR G AR TeFesios HLMI of a polymer
NefodhEcAnyithd sYlyhaizationd GaMMOUGeRiressNood. n the liquid
isin arange of from0.01 ppmto 50 ppm 28. The

whe e|n anount of the

E‘ihé‘ W@ﬂéf’f I%W%XNQFTC Hdnereases Warea mofymer roduced

| bﬂﬂie@boly&et@tﬂn%@ﬁ@@al&forfgf&EBrQlaﬁlS%pm to 50 ppm 29.
The nmet hod of claim 26, wherein the cocatal yst

[ease r oduced t he
oofmenras gt By “Bebe Geafhd et ¢ Kuirlspopmppproduced
26@%1:63%%%@@8@&@5!&%9&&9@350%0. The net hod of
clain126 wherein the cocatalyst increases a HLM of a

p rlzatio by .equal to qr
?ié%/ fcﬁg%dw é{rem?.ﬁ e dnC(S(faS%Sl W]Of 8’%0&:{@F glioauced
t be tlﬁomyrlaémtmn by reqad @S oa gwuleﬁfuhaa 104 mﬁtﬁﬂe@éa@ﬁstwm of the
b e .po rizatio ual to or greater than 25%

ggﬁma*%'qﬁ%ﬁhBﬂgﬁﬁﬂgP§¥%¥§6 wherei n the cocat al yst
decreases a MN of a polynmer produced by the

pélpphmrer pradiicad blyyhemethdd ofang ongofedtinag 25 toads. 20% 33.
The nethod of claim 26, wherein the cocatal yst

' ﬂﬁi’oﬁﬁ‘lﬁf%o Mﬁo‘ﬁfha@mg Q! M{;‘g{ea% ﬁ%%@@'ood’%’{a 8 %gio 2 Ml in a range

msrlzat on b reater t
m@@égélol\mlnm lQ@’éOrq:m@I yner by equal to or greater
than 20% 10 34. A polyner produced by the nethod of

aftye A& oﬁlgéglﬁ% o?f%la?] gavdégaogﬁ‘l\/ﬁ% gpﬁr e 5P ﬁ%{‘ﬁ | g?]fO min to

haviing a Mv greater t
r {hg0mif. from 0. 01 g/lO mn to 10 g/10 nmin. 36. The
pol ymer conposition of claim35 having a HLM in a

rmﬁol%exf %&%&sﬂg{nlgf t?S o}%gg%grgg;' By vm&ﬁ & %%ng)osmon

pol yfref conmpoSi tion o

pestgnyises podyefuddne poa combmpr Dﬁ@lsqumlayéﬂ Hgkemae or a
copol ymer of ethylene and 1-hexene. 38. A pol yner

C r

R oot o 00 T 0
o¥0 é’laal m 38, wherein the Eo is |ess, than 5x107 Pa-s.

20 40. A polymer conposition having a rheol ogi ca

bfl%;]‘}%%gn& bRPRItfn FCHAN 8, Wl fle Sisa0d ufdn SRR pyfseat er

A polymer composition having a rheological breadth parameter greater than 0.15 and a
PDI greater than 30. |

The polymer compositions of claims 38 or 40, wherein the polymer composition

comprises polyethylene or a copolymer of ethylene and 1-hexene.

A polymer composition having a PDI greater than 30, a Charpy critical temperature
less than 0°C, and a Charpy energy greater than 50 J/m.
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41. The pol ymer conpositions of clains 38 or 40,
wherein the polynmer conposition conprises

w@oiogaodagd ene or a copol ynmer of ethyl ene and 1PETEKBNE009669

43,

44,

45.

46.

47.

48.

49.

50.

31

52.

53.

54.

55.

42. A pol yner conposition Baving a PDl greater than

3q7 a gﬁgrpx cri.tic t.enmperature_ 25 1 ess than 0C, )
and ° & °CHET S BHEIG) ot FBk o WIREHT 815 Re/Her \fggmposition comprises
205AMIBASEr PEGPbIYRRPOSHBAGEEA] 1-36xeA8. The pol ymer
conposition of claim42, wherein the pol ynmer

c (1] onmpri Ses . ye l.ene or copol ymer of
e i iRl 8F aim 30 WS BB P B s o <6
clainms 40 or 42, wherein the PD is greater than 40.
AT he pplgmgtoprpesition nHdsin 42 whetindhealDh id Breatehibresm t he
PDI is greater than 50. 5 46. The pol ynmer conposition
Ot hiyHef SompRRioR o ~ | t n
o o e Fhfin TGl Sncly e B 75
whHéRein the Charpy critical temperature is |ess than
-10C. 48. The polyner conposition of clains 42 or 46,
WTBE BbBmbN& iBY of Elhinls 43! or 46 L i

9_ gfélc ilg@@ﬁrlh ok clai or Y6 PES@h er%l}ﬁi&%l (glﬁlrcr%\lzefﬁz‘lﬁperature

t han e polymer conposition o
c énipssiteann 04 pol yner having a HLM/M ratio greater
than 150, wherein the Charpy critical tenperature is

| g58 pdi Br-o]iga‘c?'ﬁaﬂgfl' ’ ' ter tha
75 J})mpﬁSch he pol y%&é%gg’ﬁ%gﬁﬁg%d& glgrﬁ?ﬁ%fﬁ tehperature
wirdessithant-P&Cpol yner conposition conprises 15

pol yet hyl ene or a copol yner of ethylene and 1-hexene.

5 o Ty . i m.49. . wher ei .
R PRy i RO s lhite S ST rai
c ereples thgi 3 H0, ofherdimithm ARypyndriticali tampdretufehia gy t1emi-15°Cabnd the
t rature is ]ess n -20C. 53. The pol ynmer

cg%g |1%%r%}'nlsg¥ea%]f§ﬁaﬁ17ég/?n'\/\her ein the ChaPpyyener gy is
greater than 100 20 J/m 54. The pol yner conposition
ofrhe pelymer@ympekitioriofi ctaire 4Ghah@yinehe polymes c@fiattion chmpses

1 m_ 55. articl.e of uf acture conprising the
pé@?anﬁle%§ﬁﬁ58@?%ﬂogflhgﬁ9e?iﬁzl" % aims 35, 38, or
40. WD 2005/ 108439 PCT/ US2005/ 009669 37 56. The

afhé pilgmeafcommonifiecdficiaim ab, wiepéinthd HLNMIAIDEAtiS iiGe@8 than 200.
extruded article, an injection nolded article, a

Ezﬁﬁ%@&%r%ﬂlp?ﬁﬁééncéﬁlai% é{9i, Qvﬁérbin%ec a}rpyagrtlt%c%{ t%r’np grrature is less

ons e
than -20°C.

The polymer composition of claim 49, wherein the Charpy energy is greater than 100
Jm.

The polymer composition of claim 49, wherein the Charpy energy is greater than 125
J/m. ‘

An article of manufacture comprising the polymer composition of any one of claims
35, 38, or 40.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

wob@saosa3e he pol ynmer has a HLM

57. The article of manufacture of claim55 conprising
a polynmer having a Mw greater than 600,000 g/ nol and
in a range of PCDIEA05/009669
g/10 5 mnto 10 g/10 m n3758. The article of

manuf actur e of_ cl ai 7, conprising an,extru S

é%hﬁaé'i“i? 0 Waﬁ“ﬁfcé‘tfﬁogl ﬁgﬂﬂégdganpﬁ?’ig ee,mg‘)i(‘?dhaéﬁﬁg’f 2 ThsgHon
ah 16 Bhicld afthd@bforRed @%tle Al filiet, la@ast @fticp abiondtniatioss thereof.
thereof 59. The article of manufacture of clai mb55,

conpri.si ng an truded.article. . an inj i.00. d
oftelende e o rean g R BV SR grater
ahdd 6006000 Qymeloadiwigkdin i Holyeree hifis a HOMIOn aAapgs ofifeom 3f2/10
et hyl ene,_and hexene having a HLM in a range of from
mmge 1980 50 g/ 10 min, a density greater than
0.952 g/cc, and an ESCR condition A greater than 250

HIHer Sticlé df mEhefagaleyufeiainf57¢ banprisé@, anvxémdedartiple, ES@Rction
conditiaon Ajs eat er .than.500 .
SROBhL il bR G AP B ol Rt

g/cc, and the ESCR 15 condition Ais greater than |
1TIROAtIHe of sand3cturEhe qhadinyife comprisiigainne e derhitiglg, ahimection

ES Lt B ro 50 E S, .
ToPgErea 4 P eR i Bk e 4G o Wil e ot

than 1,000 hours, wherein the density is greater than

0A 95¥nt ofethPbne adpheksnedaviog a ELAY] iamarargecp fHeoae he &/10 min to

havi a H Jn a.ran 0

g SakialeA g T 52 e M SR ofaligh ), effterlan
ardgd wumei ght swell less than 700% 66. The pol yner of
cl ai m 65, wherein the weight swell is |ess than 500%

6.  The pol.ynmer of | | an I8 hburs.
¢ ety SARLo ol SRR B ER ARE: o B
swell is Iess than 500% and wherein the ESCR

cBinciptlymoer ofickein 6@ Svhgreimthe dentsiinis ereatrn than Aho4 &/cggand fieESCR
pol r ,of clai : in the weight swell is |ess

¢ Fentittia gols gfﬁb%%@?%@ﬁ%gpw US2005/ 009669 38 69.

The pol yner of claim65, wherein the wei g}?t swell is

| Ebspalyreer of 0l 6¢ baving diSihepongition Brgyeaiss dhagmdO fe%ene
having a HLM in a range of from 15 g/10 mn to 50

9 Qi‘y’Hl. ERCRoCRRist in0RSAR Wop@tis! B hidkxe &in hIQeooShours,
aﬁl;%eog V\BIBIQE?CS_WH I Ieség t han t hat 1exhi ited by the
cohereindhadensitsis grepienthgs 0254E/6h nol ded under control 5
conditions. 71. A polymer of ethylene and hexene

h vq'?ﬁggn bl KB Ofng Tl PIVL B HfahBe 8 Rorh Q5 B min to
g%l mez,owgﬂ}]{kESCaR condi t iaor?gﬁ %r eat er t%an 800 .hogﬁlrs

anol gdn roims e ESCRmondition A greater than 800 hours, and a weight swell less

than 700%.

The polymer of claim 65, wherein the weight swell is less than 500%.

The polymer of claim 65 having an onset of melt fracture greater than 24,000/sec,
wherein the weight swell is less than 500%, and wherein the ESCR condition Ais

greater than 1,000 hours.

The polymer of claim 65, wherein the weight swell is less than 450%.
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69.

70.

71.

72.

73.

74.

75.

76.

w@e@aties434 han 28, 000 10 /sec.

fracture greater than 26,000 /sec. 72. The pol yner of
claim71l, wherein the onset of nelt fracture is

73. A pol ymer 0PCT/US2005/009669
et hyl ene and hexene having3& HLM in a range of from

1 /10 m 0 0 g/10 mn, an ESCR condition A
g?E%E‘éYm?rr?gﬁfa%ééﬂfY@%Feél} thﬁ?i"&lg&hs"%ﬁlﬂslé%e%t?‘arhﬁqq%' fracture
greater than that exhibited by the commercial resin

HalN ofmek2 oﬁht(hﬂleﬂ@hml xenbl’tfhiliefng(ﬁ(}MMDin Longd 6f Bhs .15 Jg51f071ﬂin to
T | yrer aim.73 ,having.a H in a_range o

f ?@ﬁﬁ%}(‘&f %B%!Fl% ey & %ater?ﬁh?ﬂ 8@%%‘@@“% STt el less
gthentier etiivitedhyOBeo chpiheteial FesWEHEIM 550 Wher ©5Red BAdkr control
500%. and an onset of nelt fracture greater than

29079885 sec.  75. A use of the pol ymer as defined in
any one of claims 35, 38, 40, 60, 65, 71, 72, 73, or
7A.poBfiner 6f etBplend iridcHekerzf hafinp U IOV U £05061 BdmAJ5 ig1® min to

ggé %rm}%}? ggj’fgctf{l ggnd(ljt{onaﬂygrga?e? ’d?;n g(goahcﬁs, 3?191’ an605n’set7olf melt
fracture greater than 26,000 /sec.

 The polymer of claim 71, wherein the onset of melt fracture is greater than 28,000

/sec.

A polymer of ethylene and hexene having a HLMI in a range of from 15 g/10 min to
50 g/10 min, an ESCR condition A greater than 800 hours, and an onset of melt
fracture greater than that exhibited by the commercial resin HHM 5502 when molded

under control conditions.

The polymer of claim 73 having a HLMI in a range of from 15 g/10 min to 50 g/10
min, an BSCR condition A greater than 1,000 hours, a weight swell less than 500%,

and an onset of melt fracture greater than 24,000 /sec.

A use of the polymer as defined in any one of claims 35, 38, 40, 60, 65, 71, 72, 73, or
74.

An article of manufacture comprising the polymer composition of any one of claims
60, 65,71, 72,73, or 74.



