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POLYETHYLENE COMPGOSI TI ONS HAVI NG | MPROVED TEAR
PROPERTI ES BACKGROUND Fi el d of Inventions [0001]
wanbsticsnt s of the present inventions general PgT/SR@iM11455
to conpositions containingpol yethyl ene, and nore
particularly, to bl ends ofnLLDPE and bi nodal
pol yet hyl enes. Description of Related Art [0002]
POLXETHIVHENE GOMPOSITVONSVH ANENCHIMBRIO VEDSTBARPROPERTIES
nunmer ous advant ages, and have sol ved vari ous probl ens
j art, an ongoi ng need exists for further
BACK{;B{Q@S&Tem s, particularly in filnms and pol yet hyl ene
Field oPﬂﬂQﬁﬁ{)ﬁé ons used to nmake filns. Some of the
properties used to characterize filns are El nendorf

[0001] Te @mﬁd@n@ﬁ‘@ of e i{l@kéﬁ@ﬁlveﬂ@érfsggreﬁéﬁllg rrél@f’ertb'c%ﬁlﬁgﬁﬁgﬁ’s &htaining
the procedures set forth in

polyethdensmad morereartlcularlm,eto béginds of wd. L% anddyinetalmedyethylenes.
properties in the "machine direction" while the TD

]Mmcnﬁﬂo &ﬁ?&ﬁtﬁ%ﬁ& value refers to tear resrstance
erties inthe "transverse direction." It is

[0002] gerl@l'ﬂﬁJ glri HiRsidl %@iy‘%ﬂfy%ng %Bg%%ﬁu%ﬁ’sehe{v%uﬁé%’lﬁsadvﬁltgéés%d have

a hi ghly "unbal anc MD ratio, e.g over
solved yerlom pmcbblensfmuﬂm as, e epdaing yneedregisto fox rferth%nmeprovements

pric GRS RSh b B o b B0 B o Boperes

used to RR4raAERze fiBnd £E PirhBlorf Bda@ (B0 nd TO) U@ﬁé@\x&lﬁi}ﬂ #e Pfoperties based
filmmade fromthat particul ar conposition.

on the mos;@@weaﬁt Hertleiim ASTM dhp9&3-t Tha MPtHmengerf tT@ar velye refers to tear
rems’canfb,gl 9(5)%&5/9 %CEH "I.Ing&zrccg’l?ec% £ W&%S@é gpol%%é;nﬁg{f T;@a& lQaﬁ're refers to

r at oser
tear resi>CHipO prdpetiiesVintihe rdnesgsadivanbagelius gémallsbdésmable to balance the

two valip gt D<o BB FRHERCEH IR ARG £ OB ap. 1 ol found to
be spliﬁgr LA NP rﬁ?ﬂéﬁce}j ﬁ)é & &FhehOs J:d(&f Byl At least some of the

ositio an ods for k|n pol yet hyl ene,
compomtnmismecﬂﬂed Hegdih bawenignproyeg. "t@atbebmcwbs ter B@61ed&2 1o the TD/MD

10, 685; 5, 208,.309; ,5,274.0 5, 635, 262:
raio ofgy 3yingefro3! BalpsganlardoTpsRn: A3 UGassgg dbrelt 33gmpIktion with

a beﬁeﬁeﬁ‘%la?ﬁé is &ndd@0 G9be BiddPinfB0 fil . wiliPa Aver T8 /BEB r&tib/(closer to
115; 6,403,717; 6,420,580; 6, 441 096; 6,476, 166;

unity 0161)5®4n 809Mpesitien Vot less gbINBREUSEeR(Blangs; sugh thajyp film made of
the 1atter7c/0€'n%g§ %oﬁ"ﬂrg gé’ll 2 PR8s aSAERD PR, Vari ous

fs are descri be erein, and in the
clalns Preferred

[0003] Certain patents that refer to polyethylene compositions, and methods for making
polyethylene, include the following: U.S. Patent Nos. 4,336,352; 5,091,228; 5,110,685,
5,208,309; 5,274,056; 5,635,262; 5,338,589; 5,344,884; 5,378,764; 5,494,965; 5,739,225;
5,795,941, 6,090,893; 6,340,730; 6,359,072; 6,388,017, 6,388,115; 6,403,717; 6,420,580;
6,441,096; 6,476,166; 6,534,604; 6,562,905; 6,605,675; 6,608,149; and WO 97/47682 and WO
94/229438.

SUMMARY

[0004] Various specific embodiments are described herein, and in the claims. Preferred
polyethylene compositions herein are blend compositions that include at least one polyethylene

that is preferably a bimodal high density polyethylene and at least one polyethylene that is
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pol yet hyl ene conpositions herein are bl end
conpositions that include at |east one pol yethyl ene
woOhads/oeso7pr ef er abl y a bi nodal hi gh density pol yerhgb@ami145s
and at |east one polyethylene that ispreferably a
uni nodal pol yethyl ene, a s described el sewhere in
greater detail. Persons skilled in the pol yethyl ene
preferabiyr 4 ukinmdal palyethylend, peelesaribed elsevhecah argasdr deseld Persons skilled in

i nf L uenc t he.npl,ecul ar structure an roperties of
the polyef iy 55 LRI e, i YRR 2 T Gh S eREhgReT FAHERS (pamoleculss
structurddind Srope@its bhe polyatyyaéne and SAIEligRe ShalRE Rt tHealpd/or form of the
affect certain properties of the resulting

catalyst gy} spandtippas ssamgtpells piireicesri@inpopertionef e resltéingspsdysathylene.
enbodi nents of the conpositions described herein
i nal . ni I By . [ d j .
o005) | LRGP HEL BB TR BOHILIRR dsried
herein iyndhdecd lyineotal palyethglenkehateisimeait whay achatiliciche satalyst, or a linear

descri b herei.n. [0006]. Al so, one or re specific
low deng Ry HRYIEE BviEbt ésﬁlﬁ%g?l%ar%w&@%@?scgg%f P n
i ncl ude a bi nodal pol yethyl ene, which is preferably

[0006] MBAGsoL SInR Yo nfbd lsp&i £i81 SrRbERbAL VST 1Y 868Pdsifor®: desefiBed herein
of the dual or mxed catal yst systens descri bed bel ow

include janbignodat pelyddlene. Whidpinpreférablywinade pisingdaldual or mixed catalyst
gl yet h e For _.ex tal yst  system o
system, Esée’f (Srfe %’1&) }ﬁlréf %urarlﬁofn) énlge@{%g}éﬁt %\prsgiy@% td%%r%ﬁéstl;e%o% in greater detail in

connectioh Sth (Bifdodel bylypheletleam Hey ekdiwplaml dealZ¢dtgloni stem useful for
di benzyl (for a hi nol ecul ar wei rrgonent ) and

) hi gh | [ | i ght co > ) .
formingpag (qmia%p;pplyegyvl%gr donPistd-griestyiphsaylemadolsthybgmine - zirconium

. . ! | .
e RO L RS PP B8P 8 Wi
(for a loye hmledutar gregliteonghenent). Biorodhlepolyethy leaenamsbdealfaranixed catalyst

enbodi nent s qf, pol yet hyl ene ¢ osj tions .descr.i.bed .
systems i B5h e gt I 1AL 6 b B e Goven NBR g mbodimments of
polyethyRéRPEShp&StidiiadbsRiiRd Auhy s@rﬁaﬁ@ﬁggﬂi hR) ¥RirEWageed TD/MD Tear

conpositions. Such specific enbodi'nents and the

propertiegpthen frireviguylyvprdpesed| Bolaehyling cesweditions.gragh epedifie #nfbodiments
| Q. n . Ltihon repared by
sod the SRR TN ekt B5-RER0 1p RRIDTRLU PR
pol yet hyl ene bl ended with certain types of uninodal
[0007] polythepakic bempdidtve girepdred by offteephavedntiuded térasietypes of bimodal

onposi tions. have exhibited TYMD tear ratios that_are
polyethyg@%eu%lﬁvéﬁdhwh QP“E(I%F\}SIP%QéuW a) PalieHiyipp B ey, films prepared

from th%sf@tdgﬁﬁ)ogiftiloﬁé hitke SRSt PIVORITRAS ktio9NBatCRE %tbtﬁatgil%}\‘/%ig‘?ﬂ Yand thus

I rodal pol yethylene. In certaln cases,
worse) tEamdihiMD tehe anticded riclasemadp iftom compditiGhnerdistihg Pebyr of bimodal

i,ncreases, .In contr i e fromcertajn
polyetnyJGi i Eiain SPne UM, ELERBHE 148 E1-TEASEE NUE| e TD Elmendort
Tear inérogdesldenPabhirasyl Afimd YAgse FonbiceRgial eRBbdieiddd @P&he compositions
bl ended with particular types of uninoda

described diegedn mplusdgepartioulas fgpasead Prmady mokyegilgnadblsedsderidhipartigwlar types
o ik BESEITeN 3.8 pOISI TR, HESh el LD A s o over
TD/MD aearsiatid shan the TD/MD tear ratio of films made from a composition that consists
only of that particular bimodal polyethylene, or even the TD/MD tear ratio of films made from
blends of another type of bimodal polyethylene in combination with a unimodal polyethylene.
Such lowering of the TD/MD ratio to a more balanced level is desirable, and without being
bound by theory is considered to be attributable at least in part to the particular type of bimodal

polyethylene (including those described herein) that is incorporated into the composition.
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only of that particular binodal polyethylene, or even
the TDOMD tear ratio of filnms nade from bl ends of
weanoisiveso7t ype of bi nodal pol yet hyl ene i n conbi ra@TiUSm004/011455
with a uninodal polyethyleng. Such [owering of the
TD'MD ratio t o a nore bal anced level is desi rabl e,
and w t hout being bound by theory is considered to be
Also, iratdriaitberhbdiments the kswering piathe Tlo/MDeratiaid dwsiinapart yopthe nature of

the unlrﬂgcjai IpHBrd}al-p{‘lJ{e?'le tﬁ ettlgﬂﬁngsql(gﬂ nclhg ﬂluggflt ho yeetlgy grtl:er Rt Feast one of the

factors @s@mtaaéa Wit N8R ovd N TRV R0 ST RR PP M At chiiByst SV, nged

he TDOMD ratio is due in part to the nature of the
|nDdaI pol yet hyl ene that is blended with the binoda
[0008] poI imgqts pg e cappostfons desdribed bercimbavsad balanted TD/MD

ratio. ﬂfffereintt %ﬁl sys egfr(rs,]egfsfg %19?1616]3@ Og(%rg tna}l:i §?T1b(§) ﬁgﬁ{is a5 well as other

gauges taﬂ‘@) qnmbosf tcompssitieas rthitethcheieea rvihedsl polyaihghme dblended with a
tio. Different enbodi nents of filnms (including

ummod@l B)lyﬁthylg}%haye@ TRH/MD, teapsratig ©F 18| qr less; ot eF %%ﬂj@sor less; or 7 or

I COHMP a bi nodal
less; Orgoﬁyet @?:052&81 ended}éé,;&ﬁ%;&ﬂ%%ﬂ%ﬂf{)ﬂg&l yet hyl ene have
a TDOMD tear ratio of 10 or less; or 9 or less; or 8
[0009] or Huetbsn, artain cmbbcéime,ntso of gthe rcdnassitiomr h&veom TBs Elmcndorf Tear,
or .1.ess; 2 or less. [0009] .
inctudifg, 5, i b e et IR prEimchioal & BmREE! qengse Hiiding TD
Elmendgfﬂ |EB&E1 84find @abwer lﬁﬁlttthTD? 0P 46, &8 60, d0d 00, & 200, and ah hbp& limit of
0

hin one of a nunber ranges, i ncl udi n

100, or @p%éﬁégﬂfoﬁﬁﬁroﬂﬁé)@b AGCen 1@\ﬁ§rtam|thodsﬁe@@68%ror1@0 ¢fr800, or 900,
or 100088 Bt 598, A 11680t gg&@%ﬁﬁﬂ%ﬁmkﬁd&f O 1499 o 9o, 200,
or I§ . or d, or 1@' ,

reven in cer ain e I nents
600, or 700; of 800, or 900, or 1000, or nore. Thus,

[0010] an Hdrﬂhmstoeethihvenbﬁig&ntsf ofl EheEborepokitién hees ansMBD Hlmendorf Tear,

ctatig bR | S TR o0 TRyt and

preferaﬁ[}rlfal?snxgltﬂm(&nWohe of E&Hurﬂb%r B %@é@tihé’luﬂl ‘?ﬁ\thE‘lﬁ{éna&f Tear having a

mendorf Tear, and that preferabl W thin any
lower liorio®d, aa 1AuebET, 00205 engBwr 0not 4@l cn‘gSOMWIEI Fremdppdr lmagef 3, or 5,

oo 30 5 bOUED ) 5 S 20 Biol o 20, or 25

or 8 or 10, or 15, or 20, or 25, or 30, or 35, or 40,

DETAXIEB DESUREXION DETAI LED DESCRI PTI ON [0011] Density is
a physical property of a conposition, is determned in
[0011] ac ddendiy éea why $icehSTMP@DEY 0B Somapasitios, i dsterminad iasaccordance with

s 7, B s oteioc 351l e AR W P ek iy

at | east 50% et hyl ene-derived units, preferably at

[0012] | eaRtie t@ﬂ%"ﬁélﬁ&‘ﬂhﬂ&ﬁe’d efdared polyrher maws ef pr &fasy 50k etigtlene-derived
| east 80% et hyl enederived units, or 90%

units, peefpipblynd-lenst 0 %eethnlons: deawe%%t%twleéﬂ@fea?é}ly welraghB’s ethylene-
derived%misY & 96‘Q)Oe{‘11ylene-der1ved units, or 95% ethylene-derived units, or even 100%

ethylene-derived units. The polyethylene can thus be a homopolymer or a copolymer,

including a terpolymer, having other monomeric units. A polyethylene described herein may,
for example, include units derived from a co-monomer that is preferably an a-olefin, e.g.,
propylene, 1-butene, 1-pentene, 1-hexene, or l-octene. Other embodiments may include

ethacrylate or methacrylate.



10

15

20

25

30

et hyl ene-derived units. The pol yethyl ene can thus be a
honmopol ymer or a copol yner, including a terpolyner,
wobavisngsoat her nononeric units. A pol yet hyl ene desmskdvamdii45s
herein may, for exanple, ipclude units derived froma
co-nmonomer that is preferably an a-olefm e.g.
propyl ene, 1-butene, 1l-pentene, 1-hexene, or 1-octene.
[0013] Ot Asr ussdbddiamentls @y i‘iRﬂIUdenmhapmlyﬂﬂpHsﬁy index, and is used

M- e T T
herein erfghSizB-@X%R{sféh Mﬂ@‘rna(d(’jé%ﬁ‘?l"d%cy\’e'l\qblrecﬁhﬁh}’eﬁ ! {RMiding weight-

ch is characterized herein using Size-Exclusion

average @ﬂlmmlgww‘(nggg} nuibéreavigirage wolaghlar waightuMmgare determined

using a\:ﬁ gl} farpe\?%lelrdch l ecﬁ%x%fug%ﬁ ggfig mx %%gr%;gp e‘(reﬁﬁl CHAAT Waters

Corporaﬂieﬂme melyhe Siboeatbpies), usjuipeSHEh L£atfesraithy &eﬁmtm@enh@@r detector
fromWaters Corporation or Pglyner Laboratories

(DRD), aapimlipp @ahwoaﬁeralgcfieﬁcaremq BV iscemelse Exrerinraet deéﬂé dpbgescribed
n r
below, 1{1@%} tgfrt‘ﬁg f%@toH &Q% b? ‘E%ié{lgxlf dé grneg(fers eﬁségrllnbg d‘?bgfa[P Brant, R. R.
Chance,i ol WdeC}r&mWejz,iﬁé(t%ﬂ\é@CRm\&)nmum 68424682A (201 ).al Bis i is described
described in: T. Sun, P. Brant, R R Chance, and W
further hgzetpy aessi ey, 34(19) MACROVOLECULES6812- 6820 (2001).
This is described further herein. [0014] As part of

[0014] t h@m% §BIEESEX LS bRuGh MBS RSH63RPKY) ﬁﬁa&wé@&ﬁmtfgr molecular

for molecul ar weight distribution, values for "CLMS
weight @smbummwalw o1’ ea@nd cCEIMSH e @h@métt@ thert ¢haracterize the
| I | 0
b1modal gﬁ?l 6.%?&1%{%@’0} 2t é[ %ﬂ%el?rﬁﬁ to¥" %@ ];Mg 1 Ot ﬁl\qg 0% weight % of

polyeth}flérw‘iﬂaeﬁ’@suwm 110(&D@nﬂlmand ad‘xHﬂ\@Bll\,ﬁ ihs Wblght/v%gfﬂ theo ffiction of
the fraction of polyethy|ene fractions over 1(1) 00
polyethiipir, fadiiongen ght00cumt thePaigherosnt Frlaist g the total composition;

for exanﬁ@?ﬂ?%ﬂe 4h0h d nQir‘QE ﬁfﬁ?ﬂﬂ&@al n‘érettll&%ne"%gﬁbdéﬁfb%”tlél being described, the

nodal~ pol ye ene c osi'tion" I's being
weight Ybes trat méaixveﬁhdie\mqmcompcbsmdmat relative to the whole
conmposi tion. [0015] The term "mul tinodal polyethylene

[0015] ; -Co 03 etgrlng?n}ug eE} d ?rl g%‘ansneans%sanrgnp Si ido I?mﬂ*ehl’rflt means a

ene

composﬂieblntthéf[iﬁ’(ﬂhdd@ @k m.t,tfhythﬁﬁaal pobrithylege (@aﬂmlngmdﬁl pdlﬁethﬁem) but the
al so enconpasses a COHDOSItIOﬂ that is reter
meaningef Gieriermyplse BNGORASISS ArfPIPOS H1a3) ﬁh@fdlélpfﬁfgrr9<ébﬁs¢ﬂb Teighg a blend

ol.yet Jghe term "bi nodal,
Ofablmv\ﬁglﬁsdigﬁyl Igergen?élﬁdlmxlllgesgr |y%e aLpoI ymer or pol yner

conmposition, e.g., polyethylene, means "bi nodal
[0016] m)ITéneuimnn \Weingdukal,’di wher bused ohc;rein/vhb cflescgben 4 spolymer or polymer

compord ik SRS P oy B ARGV i
understood as having the broadest definition persons in the pertinent art have given that term as
reflected in printed publications and issued patents. For example, a single composition that
includes polyolefins with at least one identifiable high molecular weight component and
polyolefins with at least one identifiable low molecular weight component is considered to be a
“bimodal” polyolefin, as that term is used herein. Preferably, other than having different
molecular weights, the high molecular weight polyolefin and the low molecular weight
polyolefin are both polyethylenes but may have different levels of comonomer distribution. A
material with more than two different molecular weight distributions (sometimes referred to as

a “multimodal” polymer) will be considered “bimodal” as that term is used herein.
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reflected in printed publications and i ssued patents.
For exanple, a single conposition that includes
wpabosalesf7ss Wi th at | east one identifiable higrCT/US2004/011455
nol ecul ar wei ght conponent sand pol yolefins with at
| east one |dent|f|able | ow nol ecul ar wei ght conponent
is considered to be a "binodal" polyolefin, as that
[0017] t eflhe i:amtjﬁmdndsdaﬂ 2hnuseRhefen mbdq'scrlbe Iaqxol;tdmmrlm\]/jmg comp051t10n

different m)I r ts, .the | ar wei g
means afjy POSHE RIS ROCH TR B ARG b 1y Shediaving a
s1ng1em|%1HcHIaPWng%TtHiétrﬁﬁﬁ§n but may have different |evels of
conononer distribution. A material with nore than two

different nolecul ar weight distributions (sonetimnes
[0018] [ cFhertewy “denl gatalyst'sysiem] n@@@ﬂdeédp qu}_;mc)e apimetylic catalyst as well as

on t er.m.i
w ek RN Sfeo L uge ool Wi, SR e thptfcludes at
least twél anfdrérhEbaaﬂ)n;O kympsunds, qach yinEhg CeD&if&Sd:dt infsial maps Paefyrably, each
e.g pol yet hyl.ene, that is, not binod

dlfferenggqtqﬂﬁgcpogwgd residgs on &rﬁéngt‘é\?‘ilm@o% pastisly, §0 ﬁl@ﬂté@g |d3@1 or bimetallic
gl
catalyst &%&QHE@ b1 B b 111«[‘, Qél.t&l?% ug_g@‘ggg&net aI hefel a[il%/ ?egttn bimetallic

|S|nten ic cdta
catalyst ali;omadlsa'mchldwhsyqbém ot atizfuyesin shitheone afrtbe lcatalylst:tessides on one

conees YL SRS o S80S BouEESThAnE! bl S55eRip  movor

particlesdi f’fe%'ér%‘lty iy la@t'ép #Rtantt ehe AR k‘upp%ﬁ@@ clialfs&y 8Rtintroduced to a
catal yst “conpound resides on a single support

single rengtarj eitlesr stpultdngeusisher aemtentaﬁllsm ansh polyinerigatioal ipseonidyctgd in the
u d du at aI AN
presence, S8R ) ¥ Byl FRSH i Telip ARV RghS of, spovored

catalystd.ncl udes a system or mxture in which one of the
catalysts resi des on one col |l ection of support

and an resi des, o anot her .,
[0019] coIT 1%0L’rg2‘rfleé‘?1t5sﬁ‘b‘§ Jabﬁ&ﬁ’?é‘%%‘s‘e qﬂr%ﬁoéttlz?&nfrncﬂmpﬂ%ﬁmn can be
characteri3bd 6y a hﬁﬁlﬁot@fwgaroﬂeli’tfest W%lﬁ@%&ﬁ%ﬁb?%ﬂeﬁrﬁ)ed herein.

I ntroduced si ngl el t her S|nultaneously
or sequentially, and nmerization is conducted in
[0020] t h&hprE2 dimendshrf Thar Ibﬁlrnenéwréﬂrqat velgeargder to properties of a

compos@épa?{/;s{)%lyn?b(ﬂ@]eﬁl fj tﬁ é fyrﬁerogr C%ﬁ‘{%)%glqllé %emg measured, and

are meaP@ky atdvydiap o A@I’MB 1932D03 O(ThecMIPealuts fyicr wahe Beachine direction
characteri zed a nunber of properties, or any
while the ddbvaiues f@fﬁrtt%@\eé@fls"eéﬁ difsstéen-hed herein. [0020] The

TD El nendorf Tear and MD El nendorf Tear val ues refer

[0021] t oTﬁ’iE qglgﬁ kdpps ﬁfuséa QPROREAdsOD, Vhidh, ROW¥EIREed H acordance with
e e pol ymer or cOnposition being

ASTM- h%?é?smoadh,tmaﬁdata}% *Peasarked according to ASTM
D1922 03. (The MD values refer to the rrachl ne

di r | (o] e TD | ues tr
o022) ) BSE VR By S a1 P G 0 s
to I, antlzboﬂh Izy\lbmd)l} arSmEBALAdria detdrdareowtta S TME 1238, Condition E, at 190 °C

(2.16 kg).

[0023] Various specific embodiments are described below, at least some of which are also

recited in the claims.

[0024] For example, at least one specific emabodiment is directed to a high density

multimodal polyethylene composition, that has a density of 0.935 g/cc or more, and that



10

16

20

25

30

ASTM 1238, Condition E, at 1900C (21.6 kg). [0022] The
term"MFR (121/12)" as used herein neans the ratio of
woO2005(cadwe referred to as FI) to 12, and both p2i/uapw4/ 011455
|2 are neasured in accordg?pp with ASTM 1238,
Condition E, at 190 OC (2.16 kg). [0023] Various
specific enbodi nents are descri bed bel ow, at |east
includess@ rend fof whiirshpelyethgles® cormpohead and a $eeond aolysthy[d 2émponent, in

. or .exanmpl at | east gne ci fic epbodi [
which: e 66 SR 1e0: sRIpORG: Py Tet (4 NS SOHEDIAS ad the second
polyethFeRP&hFdnet ink10ads at@lﬁn@dﬁile?&iyéﬂﬁyléﬁe Gha?d 3PmAAE Erof a PBIynerization
and thatincludes a blend of a first polyethyl ene

conducted inpiba presenea @f a metdpeeneeiveg o eyrdopsatadismehrings. n
which: the first polyethylene conponent includes a
[002s] P nqdals RAL %ﬁf&yg&ﬁﬁe e%%dgﬂgmsﬁ C&f&@hea%yﬁ% gé}%ity multimodal
cofrponent T ncl udes a uni nodal pol yethyl ene that 1's
polyethylestecdnipmsition pibbylsral deasityont €088 giced nore t4nd thatdaelndes a blend of

a fist pajylhy e CPBAGETE B ot REPIQoRY FUhKIcBHBOMPRRF 18 Which: the first

poe A6yt LOILITMY AR, Bk Y18 iy

componanidintlnd¢s 4 wiinoedalspadydthdent thiat & madesfropal yelymgrieateon conducted in
conpanent .and second pol yet hyl ene .conponent, in

the presean A MR RCE G Y Rt Ere b HERT | nol udesa
bi nrodal pol yet hyl ene; and the second pol yet hyl ene

[0026] CompAnanthet bt dpseific Wmbodhadnt A6!dirtiedl ©ne highatiedsity multimodal
made from a pol yneri zation_conducted in the ﬁr esence
polyethylenescoppragitiondbatchap aiendiyt Aod- 83 BGH O 1pe-cingl thati iaglydes a blend of

¢ s 00BN IO SRR Ay PR B i o

polyethglen® @sipbmmt tiheludésas Binddak ippjyedfyléhed 8fat ghclodesr anbigh, molecular

... and that includes blend of a first polyethylen .
weght S S de S Bt e BB S tntene being

made friof &gﬁl?rltngﬁzaftiioﬁ EhndRkeashhd BRRERBTANRIMLyt B¢dtéd @Ratdncludes bis(2-
bi nodal pol yet hyl ene that includes a hi ggi(rml ecul ar

(trimethplphghylamalopshgdamiae dziscanbwer dibsingylulaad grhtopyl Cp) zirconium

2O k! o AR5 Y5LAKLEAE D5 P R AN 2 mimocs

polyeth§hd 8t ishalde iffved @elynlekigit?on conducted in the presence of metallocene.
(trimethyl phenyl am do) et hyl )am ne zi rconi um di benzyl

and_bi s(n- propyl ).zl rconi umdichlaride or . .
[0027] gj {Thgoromeponenin §ag w6 vfig BbIoghsTwie éﬂ‘émé‘i?f?b%?é‘?ﬁ’t by any suitable

means %dgﬁif %?Smé'?}t Lok Raeh PeLNFIhABEH BAfbehder bich@P & other melt

s
merization conducted in the presence o _ ]
blendingeprabésseserve. by G027 Taetoc oblendingt sicbaas by tdacéngledtiops catalyst

comporgalEh S BT GO A Tl B B B encs
of the ildfeigmder -t ype bl ender or other nelt

[0028] Still another specific embodiment is directed to a high density multimodal
polyethylene composition that has a density of 0.935 g/cc or more, and that includes a blend of
a first polyethylene component and a second polyethylene component, in which: the first
polyethylene component includes a bimodal polyethylene that includes a high molecular
weight component and a lower molecular weight component, the bimodal polyethylene being
made from a polymerization conducted in the presence of a dual catalyst system that includes

metallocene; the second polyethylene component includes a unimodal polyethylene that is
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bl endi ng processes, or by in situ reactor blending
such as by reacting various catal yst conponents with
weubdsalsbeact i vators and ol efins in one or nor @CT/US2004/011455
reactors to produce the blends of the invention.
[0028] Still another specific enbodinment is directed
to a high density nultinodal polyethyl ene conposition
made fromad phiymesizatens canduofedGn3BS prpsecef metdlocams dandathe multimodal

polyetin) e o=yt Ay PLmenosh Ei o IR oh 1F Ry, peged on a 10

mil filmRRAdeatdiy RN®nfRERieAent includes a bi modal pol yet hyl ene
that i ncludes "a high nol ecul ar wei ght conponent and a

ower nol ecul ar wei ght conponent, the binodal
[0029] poily enpysrehpdimentn gharaepsaliocenn gsadoley rmékez #he gaimodal polyethylene
includes gﬁ] i iéln aﬁcﬂﬁ? %ﬁﬁ(%lﬁl%np E eamgféﬂhc %é/c? % quaigee{ﬂe unimodal
I ncl udes ne ocene; e secon po yet% ene
polyethylenepimohidts naéthglegroap urinngdahothed yrabddinede thé atetalkwanke used to

make 05 SRR BASCIB{S LI5S P BRI Bp R YBE RyPERGpTElenred embodiment,

the nié@e[ﬂ%@éde“ QRefas (@n Elaﬁ@nd'ﬂ{ef Txﬁﬁﬁo&aﬁ‘“ c(l}@hM@)le of ; 1s bis(1,3—
[ ess than 8, based on a 1.0 m | |Immadefrom

methylbutyﬂqumpentadnen:flmmajmum duﬂnh)reln‘@odlﬂmnﬂsi t he net al I ocene
used to mal ee the uni nodal polyethylene i ncl udes

oo 15538 R OAD S SRR Tl oL RS oc of e

composBio@Uind ¢dinpréses &R0t 1 SRt t:oﬂhb(%lﬂieh dh |aq51'efaa@red S@tbodiment,
to make the uni nodal pol yethyl ene i1 ncludes a buty

and comprigespless) thaty, By wiyored the amafosition dn & mosprmdeired @rﬁéodlment

net al | ocene used to make the uni nodal polyethylene is

bi t [
0031) 3¢ e EBHL Bt AGH B OIS S RELUBR st s 10 o
less, basteti@nuanl frodibfilp odade tiroph éwe:oomqrpmps,eﬁsldlls dessttham 82‘@5@«1 oi a 1.0 mil

t he conposi.tion, ess . th
film mafl, SORGHR GERET T 1 B RaT BN B RUeRrfe 1 s TS based on
1.0 mil SRATRHE ﬁ%rﬂ 188 SotPaditidVin¥ Ho& 6)réft1@ed3éiﬁ|§@§inﬁérﬁ.n in a
nost preferred enbodi nent. 031] In one enbodi nent,
the El nendorf Tear ratio TD/I\/D of the co 05|t|on .S

[0032] 10 Iwene embodipwsbdh @Ehaerldoef hear rfmq CRIMD) 11 Rs eprposition is less
ased on a 1.0 m|
than 8, ag%?ngﬁggﬁflg@ng?ﬁ%&c%ﬁnggg%% r?gilﬂﬁga nore preferred
enbodi nent, and is less than 5, based on a 1.0 m |
[0033] fi IImonacbmb‘odhmrtthélecM@)Ehheﬂdorf Tear @f tbet cnpdsgranety S0 grams or

odi 0032 e enbodi nent El mendor f
more, b, LD A4 FFBAVGE 151 CHoCOMBOIEM FishiS 460 SERY o, based on
1.0 mil Hﬁﬁ %‘i’ad@ rfro*i*n thexofposttioh i H'%?éfexfrédoéﬁlﬁdﬂﬁ'rfe‘ﬁm&h!i 19Mgrams or more,
I n one enbodi nent, "the MD El nendorf Tear of the

based og é@p{gg ifflingpadedrann t}@'@mpogmon in yet a most preferred embodiment.

[0034] In one embodiment, the MD Elmendorf Tear of the composition is 10 grams or
more, based on 0.5 mil film made from the composition, and is 15 grams or more, based on 0.5

mil film made from the composition in a more preferred embodiment.

[0035] In one embodiment, the TD Elmendorf Tear of the composition is 180 grams or
more, based on 1.0 mil film made from the composition, and is 400 grams or more, based on
1.0 mil film made from the composition in a preferred embodiment, and is 500 grams or more,

based on 1.0 mil film made from the composition in a most preferred embodiment.
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nore, based on 1.0 m | filmnmade fromthe conposition,
and i s 100 grans or nore, based on 1.0 m | film nade
wonewdskEeconposition in a preferred enbodi menepCTAIB004M11455
130 grams or nore, based og 1.0 m| filmnmade fromthe
conmposition in yet a nost preferred enmbodi nent. [0034]
In one enbodi nent, the MD El nendorf Tear of the
[0036] cofpose te'rrﬂmdimenl,()t}gr’blﬁrdilmenm:rf d, eabaﬁfeiﬂe canaoSitimshl isf20| glams or
.is 1 ans or

nma from.the co S|t|on
more, b‘b“‘ﬁg Oéﬂmdfﬂ PO BRIy T oA @i Qs ants; bgsed on 0.5
mil ﬁlrrm?lra&e Blogf e &ﬁnﬁﬁﬁféﬁ' 1H%ﬁrefe[r1@@§ﬂlbdcﬁm@ﬁ€ 8194008 Rims or more,

he TD El nendorf Tear of the conposition is 180 drans
based 01@9 Srooi} &]m ieexle drapm the. compisitien ing mmedeprefasradtembodiment.
conposition, and i s 400 grans or nore, based on 1.0

00571 1 d RBSIEE O LR (OISO GRS &y g o 150 o
200 or 250) m made %ronlthe conposition in a nost preferred
enbodinent [0036] In one enbodi nent, the TD El nendorf
of the co Si is 20 gramns or _nore,
10038] o° 5 pq epodiRRLD A GO 881t f R 5 A AdO; 137538 o o.
grans or nore, based on 0.5 m | f|In1nade fromthe

[0039] COMPBas h®Rdinterd RE Abityest welem Tﬁ&ﬂfon 8199355040940 to 0.955 or
grans or nore, based on'0.5 mil filmmade fromthe °

0.960 gleonposition in a nost preferred enbodi ment. [0037] In
one enbodi nent, the MFR (121/12) of the conposition is

50 6 . ! ]
oot 0380058 Ryt e 2Bl 040888 o 0

to 10 or 15 or 20. [0039] In one enbodi nent, the
[0041] demsiong @f mioke of ahe esmpositionssidengB6d abobe,9di0 etsewler@Slierein, the

. or 0.960 /cc I n _one e t he .PDI of .
bimodal helViBigag i Ji Sl SHRGIGIoEE GRS EPPtes | §late bimodal
polyeth&l@né’éh% ‘t%r ré‘@d;’r@d QJlné ﬂl@feféﬁﬂ@ﬁﬁ&it's?@t%rﬂsdem i fied above,
or el semhere herein, the binbdal polyethyl ene can have

different characteristics and/or properties, and the
[0042] b rﬁsdahscweglebnwem@ c Blsewkerpr bergte d 2u SPEORIHPR ethehtincludes a

metallo%eine \/\%2}5 ed Y HhitiRtal g&)(l))geﬁl%yléfé di S&%%?%gd bel g %yfé'}gﬂy, the unimodal

e hereln osition nclu

polyethyiehéislaaetaloat @k@@eﬁl hﬂaaﬁhﬁaﬂemoﬂymﬂmhﬂam assdescrlbed in various
described. Preferably n| nodal oI yet %)I ene i s

embodlméntmhre@@zeneCﬁﬁkyamyé@mst %talfl lpigeya dasiall PSF0G e‘fq;?ﬁ}li’résﬁeat least one
actlvato‘flsagfﬁr)g)ﬁbﬁﬁgr Bftoﬁﬁﬁteﬁgpggﬂﬁﬁgt g NREGhAc &akal %’?5011 in one

|nc de a netallocene al so conprise
embodlinealst Soitebla attiveatrs syclansl ayptinowaks ynd teia(pediuoreplteayborates are
such n i norgani ¢ oxide support in one enbodi nment.
well knegyn fny @@@gactivators such as al uni noxanes and
tris(perfluorophenyl)borates are

[0043] Metallocene catalyst compounds are described in general in 1 & 2 METALLOCENE-
BASED POLYOLEFINS (John Scheirs & W. Kaminsky eds., John Wiley & Sons, Ltd. 2000); G.G.
Hlatky in 181 Coordination Chem. Rev. 243-296 (1999) and in particular, those metallocenes
for use in the synthesis of polyethylene in 1 METALLOCENE-BASED POLYOLEFINS 261-377
(2000). The metallocene catalyst compounds described herein include “half sandwich” and
“full sandwich” compounds having one or more Cp ligands (cyclopentadienyl and ligands
isolobal to cyclopentadienyl) bound to at least one Group 3 to Group 12 metal atom, and one or
more leaving group(s) bound to the at least one metal atom. Hereinafter, these compounds will

be referred to as “metallocenes” or “metallocene catalyst components.” Each metallocene
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well known in the art. [0043] Metall ocene catal yst
conpounds are described in general in 1l & 2
wWORIALSZENEBASED POLYOLEFI NS (John Scheirs & YWT/US2004/011455
Kam nsky eds., John Wley_&_Sons, Ltd. 2000); GG
Hatky in 181 Coordi nati on Chem Rev. 243-296 (1999)
and in particular, those netall ocenes for use in the
describeghhetdie & meibfabﬁ»omppt)ﬂgd ene suppoft M&“ﬂ&lﬁ@@@mi@mambodiment when
POLYOLEFI NS 2 377 000) .. The ne .al | ocene cat al
used to EoHGE Um0, Bl bRt e PR iop it Dl SHPPOlad with or
without ahéthér G@fdt&hporeafioounds having one or mDre Cp
| i gands (cyclopentadlenyl and |igands isolobal to
cycl opent adi enyl ) bound to at |east one Goup 3t

[0044] & émpatlhaﬁepm bipasimembadingmb e ﬁ*%?rt@lqcé%/|C‘ri’§a1§$tol§p@sy0mpomld
represer{?%déﬂg thPtdrBG1 g) lbglﬁévt k\)xgﬁfel ?J’ é@ttef)sr@o é"ﬁx £l n?;fctl entad;,enyl ring,

compound to as FReta
which mdy bereditatibak oeucsabstitytet, croan‘pmiep&rﬁadwﬁdl@ihg derlva’uve such as an

indeny] Fingy YA AT | B SO G PGl i SRR gipodient the
metallo¢tnE %sé@to%ﬁ%@ uhﬁ‘x?odé[‘b&?&ﬁ&leﬁ@ riéﬁicféy kR& @?cl%f)eﬁta&ienyl rings, and
I nvention, and nmay be Supported with or wit
such a ma@ilbeme aate;ﬂ:qygi tocbq;rpmna@rﬂ “bl[sqy@kpp}enﬂadleayl m@locqme or a “bis-Cp
nmetall o cat al
mettlofofe, FRERTE e ARSITEILARE TSR, P BE: U7, Pobrapyiopes ond

preferabfl&:ﬁhe hRkBloSedcouRtitbeford (6)s! Mpgrt adiraaw) the ngecoMdi gdlyethylene”
be substituted or unsubstituted,

or
descnbezsgxlcqr@p éngaoneelihe fwogolyeihyleaes ipa 2-§alc/ﬁtha§3n§rbl¢rr¢o@mosmon) has

v or g YR, SRt ) DS Pt BRARRLL B s o b
considefddea UmisOp ahetpiddagas. hylhenendracpecifis dmiwdiment, the metallocene is a
cycl opent adi enyl net al | acene

d h
oSSBT BB B 4D TR R ot o
butyl gr%ﬁ% asluEl‘PQ 30 Eneﬁuyl@lt?l‘d@%lé}%hﬁtld g? NerconifrLARARRIY or difluoride.

neta ene used to Tormone t he polyethylenes
and preferably the nmetal |l ocene used to form(

[0045] pr ePer@ bgandaleeg oncher MeBiNEY omnggeﬂyﬁs?méﬁeat &'@&fcfr poygign of which

1nclude§ nzp?&ngeécf W%@?‘Fe SYg e%BC};CE @plé E%Ll? \?\%t%g?&c?lc an&lé)gues The
ring(s) b1 ﬂ?gq teni{®St pibAl8f €narsy atdi\ﬁ)s s@lbctddg’&ﬁﬂ shet gla)ﬁlpa:bﬁsmtlng of Groups

unbridged; and is thus to be considered_ a

13 to 1freafeiny, dodmaore pFicalankyy thespiamns fhas daa BB, b iegs are preferably
selecteﬂ%@e{h%%‘?&ﬁ) bc?‘ns tlﬁg %thblthbeHm% Q@ts@ﬁ‘é’dﬂe rbﬁlfur phosphorous,

I's substit ted thamethy group
germanami m)r&xum;d algnmmn asdicombinatixrs (ther8of, wherein carbon makes up at least

S0 o A bIE o SRR S SE 2 0 O SPL 06:8y se

from the 'g%?iﬁ) c%hmgﬁr{ggof%ﬁﬁ&ﬁﬁrf@& had aﬁsubﬁaﬁied @ya@Féﬂtmeﬂﬂ 1vfahadand ligands
I ncl udes p-bonded systems, such oal kadi enyl

isolobal itg acmommadm:vlermy@itmgan@m@gwf whechr ingjuds Ccy.clopen‘cadlenyl
1ndeny1t ﬂggr&p%lﬁaﬁ%rrgﬁ%l gxifl?t aI LF%Eﬁgrqporn' ﬁl%ltﬁltgoéﬁmﬁ%se&ﬂ &dn fllggﬁrds include

oups
cyclopentadienyl, cyclopentaphenanthreneyl indenyl, benzindenyl, fluorenyl,

octahydrofluorenyl, cyclooctatetraenyl, cyclopentacyclododecene, phenanthrindenyl, 3,4-
benzofluorenyl, 9-phenylfluorenyl, 8-H-cyclopent[a]acenaphthylenyl, 7H-dibenzqﬂuoreny1,
indeno[1,2-9]anthrene, thiophenoindenyl, thiophenofluorenyl, hydrogenated versions thereof
(e.g., 4,5,6,7-tetrahydroindenyl, or “H4Ind”), substituted versions thereof (as described in more

detail below), and heterocyclic versions thereof.
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13 to 16 atons, and nore particularly, the atons that
make up the C p ligands are preferably selected from
woheosgwegurp consi sting of carbon, nitrogen, oXygemus2004/011455
silicon, sulfur, phosphorpﬁi_, ger mani um boron and
al um num and conbi nati ons ereof, wherein carbon
makes up at | east 50% of the ring nenbers. Even nore
[0046] pafﬂhb mrftai ratqm “M’fe)f(fhb MEgHﬁ@E(ns ):atglyet @hqfoghdbgyd@eﬁ&ﬁl tebughout
om t he consi stin substituted an
the specif@fign i GBHECYEY B aHEAE! SR U RSO ENEIf Freups 4, 5 and 6
I 0
wtoms °3i%99‘i“h’§‘1332&21‘§{°0p2%?&£°3?%ny e‘“%‘ﬂd ool oI Sh Ry o gpd 2 in
yet a maye particylar ambodigmnt. Flhe bvedatnmrstatq: nf thlemgetdmm ‘ed” a,ﬂay range from
such I| ds |n ude ¢ entadle

0to+7 81}/%1}e éIBﬁ%t Pi’raeli’?8 W&agmb aﬁgﬂ)zt,l 184 e]m7L2 +3, +4 or +5; and

in yet afnhdte pafitular @&ihabinein®d +®r-le3ﬂé/ﬂ +4.CYR¢ 0RAPALBUNAENY Inetal atom “M”
opent acycl ododecene, phenant hri ndenyl ,

3, 4-
are suclbéwi &9 eIRRGpds dgscrgqbéﬁ)bp}qmm tgyformulas and 'structures are electrically

neutral, ﬁnf&é o r‘%@?é“ﬁn ‘@Z ﬁZ‘Q %?%aglﬁ%% gc{nﬁa dﬁ;;l]%spgﬁé QhLHRELENMd with the
metal atbii Mipdo efbnfi Ithwfrﬁe‘tyllloceﬂé/ Ctrtaigﬁl’tatr@duﬂcﬁ’r ST lm,”Gptligan@@ire distinct from

et r ahydr oi ndeny.

(e. 4, 5,6, 7-
the leaw@ﬁt'.%m) bt aﬁéf&%%f:@vwg lﬁéhaé&he% ge peishighlyetpspeptible to
bstit L@dd reRE A and heterocyclic versions
Su Slu{t}ﬁtg s@:? [Oore‘fi The metal atom "M of the netal | ocene
cat al yst conmpound, as descri bed throughout the
[0047] spém:uorm cﬁapfrc@ mf dhel inveation , theayetdiocerd eatelyst desnmibedderein can be
g of Groups 4, 5 and 6 atons one
represerlg?fﬁ%’pfhﬁgn :(113 a Ti, Zr, H atons in yet a nore
particul ar enmbodi ment, and zr in yet a nore parti cuI ar
enbodi ment. The oxﬂiﬁ'(jpBM)slt ate offhthe netal atom"M
may range fromO to +7 in one enbodinment; and in a

[0048] MORxheRh M Fs@s@l'és&!ﬁ@@db@%nbachlﬁ1s"t§hem‘k%lly‘b3ndé‘drtd)M +héh Cp group
and |g@¥et a nore particular enbodinent js +2, +3 or

is chemically predegrte Mysandsuis @ artia inggeifron bt *vmdegighes oy 4 e particular
embodlﬁupr?t conmpounds descri bed below in the fornulas and
uctures are electrically neutral, unless otherw se
i ndicated. The Cp ligand(s) format |east one chem cal
[0049] bothe Mghindstrapresmtal bya€phad €p° fndlormulha€l)’ my h¢ Hmceme or different

ecope Gt TR 0B At kAo i may

contain ‘h@ﬁ:}oa{t(ﬂﬁy afd QiR ob&th | of Whisk eyl B Subs@tuted b?f a group R. In one
su stlt/ytlon/a straction reactions . [0047] I[n one

embodimepte cEp'of andh&n nmtlndﬂpendemély rréftl%ﬂt‘#cb tie &bﬁ #rgep consisting of

Cyclopelatﬁél%{lgg%ﬁ)%%ﬁ%}f(ﬁ?l&ﬁ%‘g? Ttagﬁ/ls?%stlgtgg ]élgré\?ﬁkl%s of each.

above; each X is chemcally bonded to M each Cp group
[0050] i s Indepeideatlyyedoh @pécint Cpflof forchuita ([pmAy b umsubstiteigdor substituted

with angf ro(r)lgno% cto?nbffnatl?)lq dof eslu SQI%EGH% g(r)orups Ii nN%npl?nrnttlln%uclax%hples of substituent
groups R as used in structure (I) as well as ring substituents in structures (Va-d) include groups
selected from the group consisting of hydrogen radicals, alkyls, alkenyls, alkynyls, cycloalkyls,
aryls, acyls, aroyls, alkoxys, aryloxys, alkylthiols, dialkylamines, alkylamidos,
alkoxycarbonyls, aryloxycarbonyls, carbomoyls, alkyl- and dialkyl-carbamoyls, acyloxys,

acylaminos, aroylaminos, and combinations thereof.
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enbodi nent. [0049] The |igands represented by CpA and
CoB in formula (1) nmay be the sane or different
woyeismesnts adi enyl |igands or |igands isol obal PaT/US2004/011455
cycl opent adi enyl, either pL both of which may contain
het eroat ons and either or both of which may be
substituted by a group R In one enbodi nent, CpA and
[0051] CpBiae epdrﬁdépendm}htﬂitj{n§ ekaoplesl dfrakylt hebstiiuents R associated with

formulacﬁi1 %b%é}gﬂ gQﬁ %l ozgiatﬁgﬁ di eqylpéqﬂﬁ,dgwél,l pepiyly hexyl, cyclopentyl,
cyclohe)ﬁfj}ﬂr béﬁtgl \bﬁénﬁf rr@ﬁ@tbheﬁyqom te ?}dﬁps AENhOPRe, including

rmula (1) may be unsubstl uted or
all their W%tf@ﬁ @@nmlq tertigry bk isppranyhisind ghe ldee. of substi t uent
groups R Non-limting exanples of substituent groups
R t )
[0052] ?l&'?(ﬁ th P{sé ﬁ%&g{é ('E?L l?&ésangﬁa%e fo ar{ﬁ& throusgh (IV) below is
1ndepend@itblcstehacd:tédr fomtthe ggmpl,qonmm of:i gy Ia:ﬁwhg Cglrmgiem one embodiment;

di k k | cl oal kyl s,
halogen g, gy‘h&k‘;ﬂé %Af@ﬁﬁgﬁe Wo@oyé kf%/% CodpLra I P S alkylryls,
C; to CQ 'aﬁJoKy;L, IR a@lld&% Mg ey alﬁglw&?yj%[ gﬁn’gﬁ’tﬁ' fluoroalkyls, Cs to Cia

yl oxycar bonyl s, carbonDy
ﬂuoroa.rmlsalawlclca:r Ki‘ambrytesoatcamyblmmmg hmj&baaxbmss ancarsobbtinied odgrivatives

thereof Jﬁxoanml%?(?n:??rﬂﬁttbll o§r}§ rggn ?hlé]il S:Hug{'\}/gé,teqltta e(gﬂ%ﬁﬁa r C, to Cg alkenyls,

C; to @ﬁsanz 1@5@51 M\Albﬁbnﬁtéﬂ n@l o (¢t andynsauﬁﬂbge}ﬁtea rtlgi udeCs alkenyls, and

(% Y propyl, butyl, penty ,
halogen@tyél ge rﬁly plkybaylp dhstyA morsepartgu armml?gdumeli’ﬁeﬂwnéﬁemﬂhyl ethyl,

propyl, B Rica e RN BT AIORe S VR o, di-and

trlﬂuordnmlwlg))pgﬂd, flaovdphdrgls! (nkeno- [dﬁQEtZl]— teaahand 'pénthﬂaon‘o@hm,}ﬂ@ in yet a
above and for, the formulas (I11). tgrou (1'V) bel ow
more par%cqlmgﬁ)@ﬁ%?ﬂta gnddWogde Uy 9t ASRATE REGHGE FERMEREH ng

of : any | eaving group in one enbodi nent; halogen i ons,

[0053] hY%‘i ial6fher GhpdeP ot KivbstionTahd hekalBoank 6&%{1‘}@’( c%%gn&lancludes
aryls, C7 to CZO al ky I%ryls C to Cl2 al koxys

those otmnmiq(lbmre Cp tand &p aﬂrk)blrldggd tx yach qhen by@t least one bridging
uoroal k to C fluo G to Cl12
sroup. (R DR Bl fieCsmbtt o RS B et MR et 1t ot e

derivatives thereof in a nore particul ar enbodi nent;
chloride, fluap@eCpMx,0 C alkyls, C2(lp C al kenyl s,
C7 to G 8 alkylaryls, halogenated G to C al kyl s,

hal ogenated C2 to C al kenyls, and hal ogenated C7 to G

[0054] aI kIYxle?é' }Shaﬁecf] cMﬁboﬁldWeﬁreQéHtéd &y! REmBED ol ﬁﬁﬂtknown as “bridged
propyl; phenyl, yl phenyl
metallo@hnnét r@p’b Iﬁ.‘@ﬁyM )&andnemrwfnpmmﬁl) ard a&dﬁfmnéahyvesfc(rrfonmﬂa @; and

s LS B R R BBt

Non—lmﬁﬁ’ﬁ§ eRAhpleE bf Bﬂid PRAY inchidé ditalet Harddarh@t gdup®Eéntaining
parti cul ar enbo nent [0053] In anot her aspect of the

at least ppg UL A3 tQ he am aheloashiet noadimitedtio @b eegnans of ﬁ@ﬁ@@ésoxygen

nitrogen, silicon, aluminum, boron, germanium and tin atom and combinations thereof;
wherein the heteroatom may also be C; to Cjp alkyl or aryl substituted to satisfy neutral
valency. The bridging group (A) may also contain substituent groups R as defined above (for
formula (I)) including halogen radicals and iron. More particular non-limiting examples of
bridging group (A) are represented by C; to Cg alkylenes, substituted C; to Cg alkylenes,
oxygen, sulfur, R»C=, R';Si=, —Si(R"),;Si(R'2)—, R»Ge==, R'P= (wherein “=" represents two

chemical bonds), where R' is independently selected from the group consisting of hydride,
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those of formula (1) where CpA and CpB are bridged to
each other by at |east one bridging group, (A, such
wohads/dsdmest ructure is represented by fornmul a eCr)s2004/011455
CpA(A) CpBMXn (11) [0054] These bridged conpounds
repr esent ed by formul a (IIB are known as "bridged
net al | ocenes". CpA, (CpB, X and n in structure (11)
hydrocagnyd, awbsiéﬁﬂedediydiboarbylf ohalboarh)all, aslsjitutech dhaldvartgiln ydehcarbyl-

and cal | onded to M an
substiulgh e Ep gl g e her Bk Ep I dlprtsgegy boron
disubstitatdddGtong 167 AbRs,(Abstitied UsBufi1gah&ns, MMtaReah l?élﬁcﬂf ﬁﬂpé‘vherem
containing at |east one Goup 13 to 16 atom such

two or mere Rigeay berjoinsd te dora a riagor rogesysEma I@arrﬁ@mboduwwéﬁhe bridged
metaodfp AR5 o8RRI AN By RO AT R

may al so be C to Cl2 alkyl or aryl substituted to
[0055] SaﬁsﬂlgamtBL(EpAabnd(@b%nﬁﬁ)rrnﬁfae Oy ardig(ID)carg rdiftaper(t Ayonr@ych other in
al.so contal n substituent groups R as defined above ,
one emb@flg?elﬁﬁ“ﬁaeasa(‘le)l? aP?l‘g PfiMsttogen radicals and iron.

More particular non-limting exanples of bridging

[0056] 9T Y Pct(aMbiiaf sspe@cmmﬁ@mv@%&y tid mb@116cedk l&xﬂa@@feéomponems include
substituted G to Ce al kyl enes, oxygen, sul R 2C=,

bridged Rnxgiodigangd;; (rrnial@c@n‘ez) compqungge(-_e g-RTEmofhph @y@lppﬁntafhenyl catalyst

I
componérﬁ%ré S%E%ts %{nﬁoy g égi'% e% 15Fars19 one %%tag'?%eals cg%l gtl cS?tmpone%t is a bridged
“half-satidsdlich’d endil bcagasdit, . fos hahple UUSS, Dy 51138, &Eﬁlﬁé&e,nted by the formula
hal ocar byl , substituted halocarbyl,

(D:  hydrocar byl substituted organonetal | oi d,
hal ocar byl - substituted organonetal | oid, disubstituted

bor on, dlsubstltut%?hg§¢ﬁay;15 at qiffg) substituted G oup

16 atons, and hal adi cal ; and wherein two or nore
R may be joined to forma rlng or ring system In one

ons1 STORRE R B AR P
Q and dP?93Rd wheRid b afods R ha Tl gt 1§fbof1@éd'ﬂd>| FEahd h 1§0Cbr an integer

II) are different fromeach other in one enbodi

from 1 ond k pe2 dmawartisulph sobedinambodn farmula (1H0sBjve ﬁ?pgeGA) and Q may
form a fﬁ&.‘t I{ﬂ?%%}@i%ﬁ’le ther‘( lgé(h% F& g%tfl dal'ctl Qﬁr)mgﬁet z%l deﬁﬁ&p?vove in formula

conponen no-11
(D) and (It &l dmcanisdinempUptis stcgd ;from)fm gty @melﬁﬂilfgj(bf&iyy]opentadlenyl

indenyl, E%téﬁwéfoamfeagﬁ dogay F%)I@?ﬂ t%%éﬁgﬁftg{%rgg amécgg ftions Horeot.

"hal f -sandwi ch" netall ocene as in, for exanple, US

[0058] O %&oﬁﬁ?}g }H?)o r(??s@!i"h@l@rd&)’oxﬁ%@ntﬁﬁ'i@ 1§ar{d| 1&1'\3/}110%&) atom

(ren) wherein is defined above and is boun
(the atomahat is (bA)ldq with the wigieh gs Selpcted frggdthpcgroup con51st1ng of Group 15

atoms and Group 16 atoms in one embodiment, and selected from the group consisting of
nitrogen, phosphorus, oxygen or sulfur atom in a more particular embodiment, and nitrogen
and oxygen in yet a more particular embodiment. Non-limiting examples of Q groups Include
alkylamines, arylamines, mercapto compounds, ethoxy compounds, carboxylates (e.g.,
pivalate), carbamates, azenyl, azulene, pentalene, phosphoyl, phosphinimine, pyrrolyl,
pyrozolyl, carbazolyl, borabenzene other compounds comprising Group 15 and Group 16

atoms capable of bonding with M.
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Q and CpA; and wherein an atomfromthe Q group is
bonded to M and nis 0 or an integer fromlto 3; 1
wono®/esn7a particul ar enbodi ment. In fornula (PCT)US2004/011455
above, CpA, (A and Q may_ $[n1a fused ring system
The X groups and n of fornula (I11) are as defined
above in formula (1) and (I1). In one enbodi nent, CpA
[0059] i s s efeecinethef raepedt hef greoinpventdrsi thei atgleast one metallocene catalyst

compor SO R e LTS S RIP e i vy

conbi nations thereof. [0058] In formula (I11), Qis a
het eroat om containing ligand in which the bonding atom
(the atomthat is, bonded with the netal M is selected
fromthe group €pi¥eXing of G oup 8ahtoms and G oup
16 atons in one enbodi nent, and selected fromthe
group consi sting of nltrogen phosphorus, oxygen or

[0060] S u lv&fhldfenﬁC@mls defthetiRi opihe tACgloaps RNDOMidNe Atligaddthat is bonded to
i trogen and oxygen in yet a nore partigul ar

M; eache%w%ﬁmdenﬁhbhomd%t@.Mnglﬁé%ﬁmb@§n fo @pg A QP& cmhedigegnt; X is a
leaving gﬁﬁ}pﬁ '35&?156 &Ulep peﬁ T § BARL (Pt &) ;Enfj oz 2 gﬁ Bﬁg(éinbomment
oun , te), carbanma

car oxy

q rangesafremy(]) to azardeisel, ommm ahe ambodnlmm‘p hhybne @hb&himlenﬂ mpﬁ*el,s selected
rro rozo I rba benz ot
from tlg% 8&% dgoné% élfg% d&?@y ﬁeti A\ {oblﬁctenyl fluorenyl,

substltufé@%ﬁhﬁltﬁgre@@ﬂél%Wnﬁhoﬂgltﬁ&@&g] In yet another aspect
of the invention, the at |east one netallocene

cat al yst cor\r}ponent i s an unbridged "half sandw ch"

[0061] prefmiforgrdnd raéers epleetgd Bipm He gr@ump%su(tmgaef ROPANEE XA R(O)—,
—NR-, Lbi{a) l§06((ﬂ 9, I nSEpAS ﬁ{ﬁ eﬁl ﬁlsd{) ttuga% aga substituted
%’ at A e e

groaps 1A gaf’hd

aryl groﬁps; vh@dirs Riip dﬁa@&ﬁﬁntﬂ the Igm@am&nﬁmﬂg of @i t6 G ﬂl@l@(ﬂgr’tﬂ) Cy aryls,
CpA.in gne enbodinment; X is a |eav
1 to Cadrhming: Qb&/{%lz.afﬁkxlwlmn%ﬁ?gé%%@@w > 18 ClaRlgaysg and the

like. NQﬁ hgmhﬁg %ﬁ%@ﬂ()%@ﬁld@ @ﬁ rt@@?@arﬁérﬁﬁbso d QO%lﬂ%&@okﬁaJces (e.g.,

I n°one ‘e one enbodi nen
p1va1ate§;eﬂzeto Gaghlivinand Be tgCalptaalyl swoiatigs.of
cyclopentadienyl i ndenyl, tetrahydroindenyl,

[0062] s?{g&/edgﬂgt f:\té@% 0%1 dlfag [ Sljigv{]cll? ’ herﬁﬁrz%ne? Iagf)\quca&be described as

in fonmﬁ@ gmi),eﬁcﬁ B9 BRschBe DO TR emﬁplesus r@g)éerzlsioo RO,
RO-". - NR , - CR2- NR2, - CR3, - SR, -
SiR3, - PR2, - H and substltuted and unsubstituted
aryl groups, vvherei n Ris selected fromthe group

consi gty szga & al kyl's, tyo Caryls, G to C
a to a ar nes, to
I ky|étl‘l gg 8 O 2 | kyl y&v c C

aIkox?thﬁM«bCﬂﬂﬁﬂyloxys and the Iike. hbn-liniting
exarrpl es of Qinclude G to C carbamates, G to G2
carbo cylates (e.g., pivalate), C2 to C2oallyls, and

[0063] C2 vitRrdir 8Nt Nand arfas &fiRE above;

[0064] Q.GZ forms a polydentate ligand unit (e.g., pivalate), wherein at least one of the Q
groups form a bond with M, and is defined such that each Q is independently selected from the
group consisting of -O—, ~NR—, —CRy— and —S—; G is either carbon or silicon; and Z is
selected from the group consisting of R, —~OR, —NRj, ~CR3, —SR, —SiR3, —PR;, and hydride,
providing that when Q is -NR—, then Z is selected from the group consisting of —-OR, —NR;, —
SR, —SiR3, —PR;; and provided that neutral valency for Q is satisfied by Z; and wherein each R
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[ 0062] Described another way, the "half sandw ch"
nmet al | ocenes above can be described as in formula
wOhkMz)0ssmech as described in, for exanple, US PCT/US2004/011455
6, 069, 213: CpAM @QRGZ) Xn or 4|Vb) T( CoAM @QRG&Z) Xn) m
[0063] wherein M CpA, X and n are as defined above;
[0064] R&Z forns a polydentate ligand unit (e.g.
is 1ndepphdeatlﬁ3d¢cted\ﬁeneihe g&tupl dbaﬁtstmglﬁ ©f totCyg hQefyatoip 301f1t9ihiﬁg8groups,

Wt h fi that each Q]
CitoCpp ﬁﬁ‘é( Febnt s Geio e HRGTRG §? bupPlkoRs; 3 Cefodia aryloxys:
- NR- , - - and - S- ; Gis either carbon or

[0065] SI Inu@%r2@@%&&@1&%@6&%&aﬂdnthe group consisting
SR, - SIR3, - PR2, and

|de C%{lowdlngthat vvhen Qis - NR , then Zis
[0066] seITelétaéle REIOHB Seledep foandie Srourcapsistingpf Cy tuRay alkylenes, Ce
to Cy2 aﬁﬁene&a&l Es’t Céﬁ @go@ggﬁkﬁ‘ﬁggﬁ ggaang?t ﬁlé}@tm%gﬁxlc groups;
whereini eadie ﬂ“egidlqnbﬂld'ges eddﬁncér& O‘Cb WliQLGE) 3G @ugups.cairl iS Chégically kénded to
st o C oheteroatom containing groups, G to G oal kyl s,
theP@EEO“H?’@CZaryIs C6 to G2 alkylaryls, G to GO
al koxys, and Cto G2 aryloxys; [0065] nis 1 or 2in

[0067] @ RN heUhR ?exeﬂf@fhdﬂ B Nf; i m &8 hnl $0R6] fbnl © & @rlhdegh{bge partlcular
group sel ected fromthe group consisting of G

embodimeity| enes, C 6 to Ci2 arylenes and G to G o
heteroatom cont ai ni ng groups, and C6 to C heterocyclic

[0068] . gr &&S@@%‘%ﬁ, 2[‘31?1 %g‘ts);{d%r %Sn?té%tgigggla@?d ﬁg%%%mgtapocene catalyst

componéii]tehﬁﬁﬂg Qr cHepmic bﬂd)’ﬁﬁ Imedo iisoradr dedses| 11ﬁdslﬁ,ﬁc<ilst1@1te7 at Meast two
|nte er from2 to 6 in a nore artlcul ar

different, yistietho a Jassa®] camlyshsermpRzERisn, & REFETed rGrfopdément, the
metauo@eﬁxmkﬁb&ﬁﬁéré&n%%tthélwa%angﬁfg l'ocene catal yst

conponent having a racemc meso i soner does
not, itself, constitute at |east two different _
[0069] br dehg &thetatioteri aatryse competiepttuselpoihe present] invention may comprise

any confliFH TAaS T RRPRERER oot Rb i *FRORELIREEAATE system usetia

in produciet @k baeeds p@f»}te&iyy&%s aeEBaERdréiny SR fdthbly Andllides phe $&Mdllocene,
i hvention may conprise any conbi nation of any

most Pre@%b’d@fh‘ﬁrb@ldg%b@r@m@éta}i%?n The binetallic catal yst
system useful in producing the binodal polyethyl enes

[0070] 9eSKT LRE derHﬁ(E) hnint RIFehiR ?Sgﬁld' WS FerRD ecoﬁgié)i;’]}édt}’c&” ®mimodal

nost prefera an unbri bi"s-"Cp "net al
polyethfleﬁb? 0§ a Ilmemrﬂe“edﬁmrﬂy pe]lytthgjl‘ene hevisg @d@dsmbﬁlﬁbhyﬂ) 88i¢o 0.93 glec,
and in & S0%6 gree%rredo Embo cilment a density of from 0.90 to 0.925 g/cc, and from 0.91 to
0.92 in yet a more preferred embodiment, wherein a desirable density range may comprise any
upper limit with any lower limit described herein. In another embodiment, the unimodal
polyethylene has a weight average molecular weight of from 2,000 to 200,000 amu in one
embodiment, and from 4,000 to 120,000 amu in another embodiment, and from 10,000 to
120,000 amu in yet a more preferred embodiment; and a z-average molecular weight of frorm
less than 300,000 amu in one embodiment, and from less than 280,000 amu in another
embodiment, and from less than 250,000 amu in yet another embodiment; and a molecular
weight distribution (PDI) from less than 4.2 in one embodiment, and less than 4.0 in a more

preferred embodiment, and from less than 3.8 in yet another embodiment, and from less than

3.5 in yet a more preferred embodiment. In yet another embodiment the unimodal
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pol yethylene, is a linear | ow density pol yethyl ene
having a density of fromO0.88 to 0.93 g/cc, and in a
wouoes/gesber red enbodi ment a density of from Op@®/USE004/011455
0.925 g/cc, and fromO0.91 {0 0.92 in yet a nore
preferred enbodi nent, wheréin a desirable density
range nmay conprise any upper limt with any | ower
polyethylemg hascelsit (Izbhdi6lt§ t%1°6) of fromr(b? ket O®dFaddn, mMdtmort Peeferably from

0.5 1o 2l end Felbopislty F5Tb00 BADY HLIeR 'BHE REORDTE 08 10 2

dg/min, aﬂfdzrélﬁ Q@eé‘lrﬂ)@@mﬁiﬁ iR R rR8any Lo R AR o?gﬁ}‘f)gbﬁg? Mmit with any
from10,000 t o 120, 000 arru In yet a nore

10“®rhpn@ké@ﬂedhemm®dlnent and a z-average mol ecul ar wei ght
of fromless than 300,000 anu in one enbodi nent, and

007 {7551 350 TR AEBERAS G PR RR et o

blmoda]apdyeth;mh@ Clul @fitaive eipbodittiests! b bitnoasl lﬁrﬁ’%&thyléﬁeo rorl @8 Scomposm on
than 4,2 in one_enbodi nent, _and

may be pspRare 8f descagedibdaS miaent Nag 6?@5&7%@5 6t6|Q§A4% ginj s least ome
partlculéﬁeém%kﬁﬁllaﬁﬂ' a @g;% gﬁﬁ dmcl%ﬁgs glrb‘?l%hﬁsﬁoﬁ/é? ﬁ;og%ex eutsmg dual

nmore prefer ment. I n yet ‘anot er e
catalysttshﬁemmdwmdhdaqobﬂlwt hyl ene has a M (12, 2.16kg/190C) of
from02to 100 dg/m'n and nore preferablyfromOS

100721 o R SR o PGl PoBiefTiet, iy U PHPired R e jniRerization

conducte@Sh rBO lpesBilet of AARMIEOAPStbBCHat MehGREY RAtddopar@tula@Yfiller, an
upper Iimt with any lower |imt described herein.

activatop,gonatpllegeae and preptalysiresimoped mpirsantes By sheoformple (V):
conposi tions described herein include a binbda
pol yet hyl ene. In certain odi nents, a bi nodal
pol yet hyl ene for the conposition may be prepared as
described in U S. Patent R®05, 675 or 6, 608, 149.
In at | east one partRtul ar eﬁ%odinent a conposition

i ncl udes a bi nodal polyetﬁ§kene prepared usi ng dua
catal yst systens| 6gecLLbed_heM 0072] For exanpl e,

a bi nodal polyeth eng can prgp ed by a

pol ymeri zati on conduid ee—um he presence of a catal yst
system that includes a fu%%?\pgﬁtlculate filler, an
activator, a netall ocene a catal yst conpound
represented by the formul V) R4 R6 R R3 L WhXn+m R2
Z

[0073] wherein M is a Group 4, 5 or 6 metal; each X is independently an anionic leaving
group; n is the oxidation state of M; m is the formal charge of the ligand comprising Y, Z and
L; Y is a Group 15 atom; Z is a Group 15 atom; L is a Group 15 atom; R! and R? are
independently a C; to Cyo hydrocarbon group, or a heteroatom containing group wherein the
heteroatom is silicon, germanium, tin, lead, or phosphorus; optionally, R' and R? are
interconnected to each other; R® is absent, a hydrogen, a group 14 atom containing group, a
halogen, or a heteroatom containing group; R* and R® are independently an alkyl group, an aryl
group, a substituted aryl group, a cyclic alkyl group, a substituted cyclic alkyl group, or a
multiple ring system; and R and R’ are independently absent, a hydrogen, an alkyl group, a

halogen, a heteroatom, a hydrocarbyl group, or a heteroatom containing group.
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5 (V) [0073] wherein Mis a Goup 4, 5 or 6 netal;

each X is independently an anionic |leaving group; nis
woOheosassotat i on state of M mis the formal chapge/uskoo4/011455

the ligand conprising Y, Zléﬂd L; Yis a Goup 15

atom Zis a Goup 15 atonf ' L is a Goup 15 atom R1

and R2 are independently a G to C20 hydrocarbon

[0074] gr Qamlyspsysietne beitabdd fanpeaiiciigthé Pingsdal pobidyhes 6thide invention
) terﬁaton1is.silicq$, 9erﬂaniun1 tin, lead, or . . .
also mcglﬁsgb B7tp0e 25{5Y4tein and Gptiqreliy A qupportmaterigt Bick oh Ak dicegpnic oxide
support,! Bre€@hly Chh\gfg a@a&e?ag%bge?rﬁg]]e S NE Rk nlﬁ:ss,a tEHNOS® 1, and most

at om cont al ning group, ogen, or a heteroato
preferabbyntlessni thgn grloupm. R4 Hwitabls aactivatndepantiensd y almindiepbs and

. roup, aryl graou a substjituted  aryl oup, .a .
ris(pertioRoifien dPrety A, et KBOB R i c i corlibl Pyt gieble for
produci®y tie Bithddd! golydthdesessilSiNpreFaebly RRRFLdE7a 3h&allocene compound as

_independently absent, a hydrogen, an al kyl group, a
describe gepefeHy aboveet er oat om a hydrocarbyl group, or a
het er oat om contai ni ng group. [0074] Catal yst systems
su . [
10075] E Ak BA Br e BERMNE LA diiEnd PRhe OIS C AR (M can
be zircompim covathdfgiuan. s dp poet ormaber s@ekifRuahbedimants] rdemiapito the catalyst

oxi de s ort, preferabl avi ng an agver age rticl
formula ghoye” sfe R webiadeneade _ % aliroiia %@9%%% SR goup- In
one or rgﬁ'%nstpgciﬁ@en@éidhﬁahﬁ r@féh‘ir;%foc’Chc? Rt ﬂﬁ‘m'ﬁllaué’ﬂoqg,x@h%ﬁl lh{?‘ can be

) ri s(perfluorophenyl )borates are well known in the
independently are ta & Ay Jrocarbys geanps Un toabloe nfage spaciftiuenbegdimbats, referring

o e B BR S SRR SRS g e o i o

Co arylhlQPIEDd gtdtpONe ofé ofBioge §ieeiclentboainhaml, iefeirig tb Shefatdlpg formula
to the catalyst forrrul_aé\Q, M can be zirconi um_or )
above, 1 £pR g Py -1.m20ffedind iet Bpdcotl Brensdiriaeregpecific embodiments,

: f i \, may be
referring £BE LBl QbR 814 17 2o bORIL R e BN o
group. In one or nore specific enbodinents, referring
[0076] t oIn hee ontmiry specifor embalimbuy,eefeRIngdthRZatbyst fremula (V), R* and
5 i ndependent | t o CO hydrocarbon group. In one or .
R can ieolnBERAEMY & ArberResatd GPEma sty L Ep SR s etic aliy!
roup, afsab&ith@d 3belealk ] oRE nfiftih 198 terh Bated® uphd¥d 848on atoms.
ST CSto C209aryléﬂ§¥§§d8 5to CQOngﬁé%%Ikile%gﬁgroup. ?%aorns
one or nore specific enbodi nents, referring to the s
[0077] calmpyepr morsnesifcpapodiperpefsaing to.the catalyshformulr @hgR" and

5 pre . dc
R are n{eaﬁg%néfls ﬁté%ta ér&{rp erf-g él}eFélrﬁeg%thtg (g%ﬁ%@gﬁl{’or nmul a above,
R3 can be hydrogen or a nethyl group. [0076] In one or
nore specific enbodi nents, referring to the catal yst
formula (V), R4 and R5 can Jgf i ndependently an al kyl
group, an aryl group, a sUB&tit ut ed aryl group, a

~cyclic alkyl
; R11 RS
R10 \ R9
Bondto ZorY

(VD)
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group, a substituted cyclic alkyl group, or a multiple
ring systemhaving up to 20 carbon atons. [0077] In
woneosmesaTer e speci fi c enbodi nents, referring tecrhs2004/011455
catalyst formula (V), R4 a R5 are independently a
group represented by the folTowing formula: to Z orY
(V1)[0078] V\herel n each R8 to R12 are independently
[0078] hy shorpim cach B to R'E2ee aidepéndgn‘d)ju mydmghm,tzemaﬁooﬁao atkylagroup, a

het er oat om cont ai ni n havi n 40 car
heteroat(iio G DREPLATY CoE Y T T b ot oRe, gy o R
groups &M%hﬁnr&r@l{f@rﬁﬁ n%lﬂ&%‘r&hﬁ&%été‘ro@’c%%rm{poom] I'n one or

nore specific e diments, referring to the catal yst

formula (M), RO, R10 and R12 are nethyl and R8 and 9 10
[0079] R1in aneowwlylar%@eﬁfic [egmedl]mqnts eaferrivg terdhreccatgdpsifoinaula (VI), R7, R

12 IS f he catal yst formul a above,
and R ?{gg ca?ﬁﬂiyst s?s em ?%d{ B i ncludes mineral oil.
[0081] In one or nore speC|f|c enbodi nents, referring
[0080] t olii loee «)a‘madry specifiv enbadialentsereférhiag cattiad yahlystyfotmuiabove, the

a slurry the solids concentration ranging
CatalyStisY%‘?ﬁlf@ﬂ?eéni‘g ‘i&s%m‘f@(% b1 In one or nore specific

enbodi nents, referring to the catal yst formnula above,

[0081] t h@n %ﬁ& Ak ¥isdre SYSURTLIBSitheRA! FdfekiBg 3b 48 bitallyst RBmilabove, the
[O In one or nore speC|f|c enbodi nent s, referrlng

catalyst tSIZStQIheS @ sluelyyé solidsy tha selidstroneentration tangiie feom dPde rwi%e.
includes a particulate filler having an average
pa oo 4
[0082] rhtl Oglli 2’6 %'Tu?rg g%rcbﬁ)c 9191%0 ’ehﬁ geer Jing écg 8@6 %ﬁél@l(s:tg{eg?ﬁﬁ above, the
catalystfsm’témlhas abpaitiele sﬁieelpctatZéI;,mst system i ncl udes a
particulate filler that has been treated with
silyldichlLori

100831 ¢ pdi o o PTG APFHLI S0P UPPRs R Qe (R dh REppeformula above, the
catalystfs%tﬁﬁl1§cl§&’é§‘éeparﬁ<§ﬂlﬁat@ﬁﬁél‘1ﬁlv1@%ﬁa%€ﬁgé Eh@lcié%ﬁ‘zek&“ Oﬂmdfhnbib 1 pm.
a’ polyneri zation conducted in the presence of

catal yst systemthat includes a s|urry of n1nera| oi
[0084] pardeiopaloatieorsispeetic embagdimentsosdaingp dhe satalyshiseumia, above, the

catalyst (s%d[em[ %@g@% Slgart?c%gaqg ﬁﬂ%ﬁc&%ﬁ%@ gg&f T?é%lt&y r&\)ift% ﬁhnféé%{limlﬂdlchlorlde
net al | ocene conpound that is part of the dual catal yst
[0085] i s Ia dneicdgedreapedifib embgdichenis; ccfawimgrie the catal‘yﬂbmela above, the

s G SESTE, PP, (O08TL Lo onc o ot e SRR cay
system Mﬁ?uﬁﬁfd‘é& & Eh@ity%f fhihé:@T oi€ %[du@a@@ fiflér, h%talld&@n@@aftdlysiﬂcgﬁlpound
onprises an al unoxane; wherein the silica conprises

and a CdtaleCEmppun@@PvaS%t@i by the femndal (¥lppor t, cat al yst
conpound and activator conposition.

[0086] In one or more specific embodiments the metallocene compound that is part of the

dual catalyst is a bridged or unbridged zirconocene or hafnocene metallocene compound.

[0087] In one or more specific embodiments, referring to the catalyst formula (V), the
particulate filler comprises silica, the activator comprises an alumoxane; wherein the silica
comprises from 50 to 60 wit% of the dried support, catalyst compound and activator

composition.

[0088] In one or more specific embodiments, referring to the catalyst formula (V), the

activator, particulate filler and at least one catalyst compound are spray-dried.



10

15

20

25

30

[0088] In one or nore specific enbodiments, referring
to the catalyst fornmula (V), the activator,
wopaodsioesd7at e filler and at | east one catal yst eowusvd/011455
are spray-dried.[0089] In e enbodi nent, the bi nodal
pol yet hyl ene useful in blends of the present i nvention
possesses an M (12) of less than 1 dg/mn, and nore
[0089] pr & ena bénybddementt hilzen bmddad gpalyethylamed ugedsls s SemdarofFhe present

inventioggonesses it SROHR X O Bth hEHER R o ReSer i ey 4 dg/min:
and pos@esgé%reﬁl Pr &, grv'élﬁlg SR 1R dgﬁ&gna&d'\ﬁﬁn(i ?01'“5 é)m fin another

om 30 t0 200 i n one enbodi nent, nor e
embodlmcmrramd)fmm 130 12ancyeeaenon¢mrefemeéfeeﬂmﬂinsemt,ramh ﬁﬂMHR (121/12) of

40:; a nol.ecul ar t di s ion,(PDl rom
from 3“}5’ {28"?‘1165(5’%3 R “B?P:Snali‘ © Py S’fa:?g’ ﬁ“"& ‘é‘ﬁ & d bp 48 0 more
preferab?P fibf &0 PI0E aRY & tdIVubar M&élﬁr(ﬂﬁhwutfdnqmoﬂ ﬂi’orﬁq 0 t8Nd0 in one
a wei ght average nol ecul ar wei ght of from 50,000 to

embodime, aBbmarapreisrabhe rerplionthend gien neshresradioiros 30 to 60; and
a welgh% ggerg m%?@d],ﬂap v@ebéfg g? fH{nnggéfO@ q, S/EBRB0 TEI rr?b%ﬁ%ﬁtr)ﬂdlment, and

rom /Cc ih one e
from 60?;0(1!1) tbrmmoe&'al iroa thRe pegferced amhdikhtﬂeﬂﬂ' aﬂdit‘laaiéhﬁfte,snbf framd0.93 to

fromO0.94 to 0.96 g/cc in yet other enbo The
0.98 g/q5; lﬁﬂ@aserr@@pl%ﬁtwr@ré@n&gmo IBraé‘gg‘ﬁ lirnlﬁeilm%ﬁnd from
0.94 to W@G /&hﬁ%@?@ﬁnm chiearh&l e e ‘%nﬁé&aﬂ%ﬁﬁr&th?&ﬁ@soéée*fﬁl% the present

|be may possess these properties, as well
lnventloas whelcpmuw;] lmseﬂl@fpréﬁerlnd baeb'stt ¢mnnpomlomd%crﬁmdl abpanmay possess

th .
these progiies B e an LS Al S 2FE Bk NABr B BB AGR Sapn 6 w6
ina prefé?rﬂ:ﬂ‘elnﬁﬁﬁlrﬁé]ﬁnaxﬁoa OH¥IS Rake Q)‘f@'lfo%{ 18§ tAtaditye M one embodiment,

90] The uni nodal and bi nodal pol yethyl enes
and frorddese thap@d) wide 1 spieterredenhodimeéd by any suitabl e
pol ymeri zation process known to polynerize ol efins

[0090] ' ntT‘?lF kr}{&lc??fah&]%lrﬂéﬂéf Bol?r Eﬁéseﬁescﬂﬁid"%gelﬁ(?:hﬂ%é duced by any

ase sses m1press and
su1table8pblmdarizfadoﬂn pgicem lessur ® mlpmeﬂwel,eﬁas inbe pblyakefins; mybh processes
or. dual -reac I processes, e later of which i

include SpiBC UG FU10 S DTG BroF D P it Hemisnd o g Hef Presoure
process%@%ﬁ%@ Emgfchﬁ dghlni‘égﬁl)r Pebasstd) Yﬂeelﬁf%r bﬁwﬁ’kﬂ ‘i’ﬁ{ﬂ&ﬂ:s e e of two

single reactor gas phase process. [0091] The uni nodal
or morarmiclornirdsdriepolIpetricydnalbrsimenes ¢l blempdhlep@liyﬁhmne e produced in a
suitabl e technique to achieve the

single reaggqugp%ghage%{qgg%hl gh density multinodal pol yethyl ene

conposition as described and clained herein. In a
[0091] pr dfhe rin@fo@irbad bikodal pélhethelerpodsaatiscddreecimeid beXblendbdd by any

suitablef %ggﬁgé-ﬁg : )ﬁgq?yegélfqgg il o? tllfﬁdlggk p(jﬂ%gx&vmﬁylillgﬁyt@ﬂal poltyethylene
comp PSS SR o LBt W s e
melt examdeddo alstratiype exifudes as iy wsll kaown in the art.

[0092] The high density multimodal polyethylene compositions resulting from the blending
of the unimodal and bimodal polyethylenes can be described by any combination of features as
disclosed herein. In a preferred embodiment, the compositions possess a density of from at
least 0.935 g/cc, and from 0.935 to 0.97 g/cc in another embodiment, and most preferably a
density of from 0.935 to 0.95 g/cc; and an I; value of from 1 to 20 dg/min in one embodiment,
and most preferably from 3 to 10 dg/min; and an MFR (I»i/I) of from 30 or 40 to 70 or 160,
and most preferably from 60 to 120; and a z-average molecular weight of from 900,000 to
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di scl osed herein. In a preferred enbodi nent, the
conpositions possess a density of fromat |east 0.935
wgheas/oegord from 0.935 to 0.97 g/cc in another PCT/US2004/011455
enbodi nent, and nost prefgﬁfbly a density of from
0.935 to 0.95 g/cc; and an"121 value of from1 to 20
dg/mn in one enbodi nent, and nost preferably from3
1,600,00® athd idgdrei embadichenty abvfFRadst Digférablyofrotr RAOBOOM ko 4£500 @00 amu.

. 70. or, 160,.. and. no eferably from60 to 120
The hlgg dgv@rya@éﬂt%?%é &’PEYFﬁ&i?“ﬁ reomppSifiprn oy BOEHEES 2 63}1@% dag‘GG’f from
less tha@'l@ th%rln QRE eAHBLHE Hhd ﬁ%ﬁgleﬁpcﬁﬁn @"\Aﬁ% hay r¥fef~r\é@ Ebodiment; and
00, 000 to 1,500,000 amu. The
a CHMSWBlUﬁm&fmm ok henriA wite in om)ombodltmat ahé &ombseﬁanélo wi% in a

SIS R
of the h@ﬂldieﬂs@lihﬁtﬂrﬂiduﬁf)@ﬁretfl{rl@m tgsositivanreds Msbed RdRlaimed herein.
rom

enbodi nent, and ess than 20 % in a preferred
enmbodi nent, and less than 16 wt% in a nost preferred
EXAMERESdi nent. Other features of the hi gh density

[0093] by MO R Y S &h e oﬁg%@@]”[ vyt {cf-'ﬁ%%d different

composﬁi@@mnqmﬁlﬂs $ikde Froth Sdcreeiposiabyet hyl ene resins,
d| fferent conposi tions, and f| I ns nmade from such

%gm ti ons 0094 The PDI ("MD" ), CHMS, CLMS and

[0094] ot WETEMS, G rﬁndaqth@fnmomﬂ@r pEgiglyr determinations
hr e

v ) R PR PO e

used. mdinmnﬁ]hhﬂnw mtmlmtahé).ﬁhoﬁ/n&h ard életno(nnnamln}msaommlu%kﬁwas 300

iters. The yarj.ous transfer es ms_an
microlitgis f chbgrvariis rgAstie BiRet 6 1o grifiEesef Gpacioer (he DRI

detectoxg d%'nj% dllﬁ aﬁlavgﬁlﬁﬁuﬁﬁhmﬁllggfb at 135C. [0095]

vent e SEC experi nent (descrl bed in the
exanpl es) vvas prepared by dissolving 6 granms of
[0095] butSpll\an‘edomylnbr 8k¢ blqbelniareat ddesembainin ¢he ezarhples) was prepared by

dlssolwtlg-égs of ﬁ%{eﬁ.l% etaglg r%ga[% E]r:!ﬁi'tlfz)%(]gipltétyn 42]]'1’[%{?0 eAgélac reagent

grade IFQ @ftﬁﬂﬁé&b&lz@h@%&"(m)e fThé UECB aRekise Paes uest Iitetdar ﬂh’&igh a 0.7
0.1 mcroneters Téflon filter. The TCB was then

mlcroma@gsagl@,@dpwﬁltﬁrmdo&wbsmembgﬁg@t@h pOflomicremeters dgflemdilter. The

TCB weﬁl:rﬁel{’&’égg‘dggéﬁ m{q 90 6r11m§ ‘21' %&E{r b%g)réé %1#] gﬁﬁ%% rs%cp%oqﬁr?ih?d by
desired armunt of TCB t hen heating the m xture at 160,

[0096] OC Rolyniercsuittionsowsreapicpatd diy placingbdryt pdlyinetiirs . a gldss container,

g@;\ ti.ties were neasured graw netrically. The
adding piiied st @fo TR rthans heatins e yrigiure Sk r@t YVE]ﬁ GoRtinuous

agitatioan éb\()gég"fg)}l#’ﬁm IS q%@t%%:%%hﬁ/eégureﬂt TR & 'ﬁgeﬁ“ﬁé % densities

I Nnj ec I on concentrati
used tor epgesd the q:ml)]mér tanc2nfation in mass/volume units are 1.463 g/ml at room

temperature and 1.324 g/ml at 135 °C. The injection concentration ranged from 1.0 to 2.0

mg/ml, with lower concentrations being used for higher molecular weight samples.

[0097] Prior to running each sample the DRI detector and the injector was purged. Flow
rate in the apparatus was then be increased to 0.5 ml/minute, and the DRI be allowed to
stabilize for 8-9 hours before injecting the first sample. The LS laser should be turned on 1 to

1.5 hours before running samples by running the laser in idle mode for 20-30 minutes and then
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mg/m, with [ ower concentrations being used for higher

nmol ecul ar wei ght sanples. [0097] Prior to running each
weanplwsi7he DRI detector and the injector was poT@se004/011455

Flow rate in the apparatus,yas then be increased to

0.5 mM/mnute, and the DRI"be allowed to stabilize for

8-9 hours before injecting the first sanple. The LS

switchinlgete éfnll phoat th hehttreguieibnanode. t Deferflidpoott thelypédifie instrument used,
runnj.ng sanpl es ruppni ng the laser .in idl e node for

data Canél?ﬁ@ge‘%?‘ﬁ%hae@teaﬁg’\-/ﬁ We‘QQW"gEéﬁ ﬁ’@ e mlis” EWEr in 1 ght
regul ati on node. Dependi ng on the specific instrunent

[0098] US&He cEiledrfitth, PO, GPEABGTR iRtth@ clirBhfitddtar was tRlcfald from the
seconds for each "slice" (point.) [009 The

DRI outpyinbnthe psedine-suliractedtDRlsw gnabdiprit using thedolddwiogEquaioan :
was cal culated fromthe DRI output, i.e., the
basel i ne-s act.ed DRI signal, _LDRI ' t he
f ol | owi ng uagltglﬁ(%h 1 : Equatioh :DR&Ib@H&ﬁ/H%
KDRi | DRi / (dn/dc) where KDRI is a constant determ ned
by calibrating the DRI, and (dn/dc) is the sane as

escri bed pel ow f or e LS. anal ysis ni t .
where Ry i GRS SGERBGE o PAIGRC Mo, PBY 81 (Fildalels the same as
describedEeHf fa} Be T IV  TBAE BAainh @k sitBroBERNe #RS deidiption of the
IS expressed._in ?/nnle, and
lec

/cnB, nol ecul ar wei ght
SEC mq%mdrarﬁ sieh thakeasentyation iegxmresssédn gfemdl imglecplo09@ighTiseex pressed
. qL1.ght. tteri k.U was either a Watt
i g/mo@b%ﬁﬁ%ﬁ?%‘%ﬁ%ﬁcaﬁ%ﬁ%%‘%‘%%%t% %rmeafrsr}ijghi -DAWN or a Precision
Det ect or 2040 LALLS. The data was anal yzed with the
[0099] st @hellight stattaringalefeotor sbat was ¢ithght Wyeat Tehholggy High Temperature
. . tion 2;.Equation_2: 2 = 2A2c DR(q,c) .M 2
mlm-mﬁ&ﬁf a Pregis e%@e&%&%};ﬁéiéh Lheadat @nalmeén\ga{t&ea%tandard
formula 363441 gAIs ARGy, fle. Bauafioh Be pol ymer concentration, M
I's the pol yner nol ecular welght, A2 is the second
virial coefficient of the solution, P(q) is the form
factor, and KO is the optical constant for the system
E uaﬁmﬁg_uati on 3: p 2n2(dn/dcf K :1 NA in which NAis
q Vogadro' s number2ebnd dn/dc'is iheqrefractive index
i ncrenent for théR&exem Md{he LALLS detector the
scattering intensity is preferably neasured at 15 and
P(G =l is assuned. The concentrations used in the

AR, ypes were the, val ues obt.ai ned f.romthe DRJ output. .
where “ing”reft At PO IS Foieies HEnyios ACSRPTIR ggglerin © is the
polymerVédi€dr@Rabi NiSis thedPlymdNBoldliMe weight, A, is the second virial coefficient

of the solution, P(0) is the form factor, and K, is the optical constant for the system:

Equation 3: X 47*n* (a?n/a?c)2
° A'N,

in which N, is Avogadro’s number, and dn/dc is the refractive index increment for the system.
For the LALLS detector the scattering intensity is preferably measured at 15° and P(0)=1 is
assumed. The concentrations used in the analyses were the values obtained from the DRI
output. The refractive index n for TCB at 135 C for a 690 nm wavelength is 1.500. The value

Az = 0.0015 mole'ml/gm?® is used for ethylene-hexene and ethylene-butene polymers with less
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A2 = 0.0015 nole-m/gnR2 is used for ethyl ene-hexene
and et hyl ene-butene polyners with | essthan 15 wei ght %
woaomeses. The val ue (dn/dc) = 0.104 is used POT/US2004/011455
pol yet hyl ene and et hyl ene-hexene copol yners and the
val ue (dn/dc) = 0.104x(l-0.126w) is used for
et hyl enebut ene copol yners where "w' is the wei ght
than 15f waghi% ncapfiorontean e Thie vialved(dariic) s= 0[1@@1B30¢sedhfor polyethylene and

vj sconet er, t hat used i s Vi scot ek Cor por.ati on
cthylengthiene éﬁ%‘é}’@?{?raél\ge‘?’% é’&ﬁ’@t@f‘/_da at0- H¥s(-8urowa s ppedr foxsethylene-
butene &?5 gwhdre dw PR SRR ﬁ%@i&lﬂ@ftﬁﬂﬂe'—%ﬁ%@a L W th two
pressure transducers. he first transducer should

measure the total pressure drop across the detector,
[00100]andhe heisearheter tthainsdsicesed Fosi Mismotedk ICrperationt Heglt viemperature

. i des, of the bridge, was used asuye.a . .
viscomelor (i3 B ol el dR o sl RSP RO bl eopfigpetiopgpith two
pressurd #ns30beid.i Qe flrorAiBdader Gh@Nd thi@sire SRO AREICPrebdire drop across the

calculated fromtheir outputs. The intrinsic

detectory prck thgiofjer trappduces, pegitipnaddichvesniihe hiso sidepabthediridee, was used to
meesn EUTRLABLEEAR 1B LOLHEYA0 AL LR indPoven e

viscometer(is 3gkchhajed2frémathpir @ufpufsO OTE IntrTikis visxesigy] f]daseachgmsint in the

the preparati and physi.cal properties of a binoda

chromaiggyapL s Acaiied fram e riae éﬁ?atf%@vile@f curi¥atotssgrmined from the
DRI outp@:Yet hyl ene resins. See Table 1. The Sanple 1 bi nodal
pol yet hyl ene was prepared in a single gas phase
reactor, in the presence of a m xed catal S{, system
that incl Jawetign 4( 2- (tri met hyl pednl 28 denéX hyl ) anmi ne
zirconi um di benzyl, for generating the higher
nol ecul ar wei ght conponent of the binodal polyethyl ene

nposi tion, and bi s(n-propyl cycl opent adi enyl)

= coni um di chl ori de, for generating the | ower

no ul [ n 3 bj hylena..
o0n0n NS5 ' e QAN N DR (RIS YE S o
polyeth)l'la‘mhdlﬁdlmb l}diffailemetytpyd; gﬁm{ﬁdﬁﬂ’@blwﬂﬂ&n&g@ﬁﬁa t&ﬁ(Tab’ie-l. The
t hyl hut yl cycl opent adi enyl ) zirconi ym di chl or.i de
Sample @@Pﬂ%@@ ity n&l‘y@tprmm%@ % iele By RROpR TSRS IOr.Cg the presence of a
mised Qslisfuls, Tob, kT8 ENAHBLTRRL BB e sirconi
dibenzyt,det gersmatipgsthe highes oiodecolnmenght abmpotgnt B sheChimmidabhpolyethylene

compes i ] 8% 3 SRAR o Py BGOSR 8B e tower
moleculeh aveigiteEdgpdrest @dtthe Nesholal E@W&ﬁ adhoditioa P e 1 Sample 2

) Sanple 2 Sanple 3 (Sanpl e 4) DPE " ZN' LLDPE
unimodal resin was a linear low density polyethylene (LLDPE) made from a bis(1,3—

Exam

methylbutylcyclopentadienyl) zirconium dichloride metallocene catalyst having the
characteristics outlined in Table 1. The Sample 3 unimodal resin was ST 2005, a linear low
density polyethylene (LLDPE) resin composition sold commercially by Dow Chemical Co.,
also called “Super Tuflin,” produced by UCAT A, which is a Ziegler-Natta catalyst having the

characteristics outlined in Table 1.
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"bi nodal "
0.989 0. 888

Resin Properties:

FI

M (12) 0.059 (0.062)
(120 6.87 (7.21) 15.66 22.13 MR (121

wO2yoshb€76116) 15.8 24.9 Density (g/cc) 0.9491p(DS2BEN11455

0.9181 0.9
Mv NA (256
4.78

(4.18) -

153 SEC dat a:
250) 118,847 12

NA (4, 654) 47,616 25, 838
“298 Mv/ Mh' NA (55.1) 2.49
NA (1, 143,034) 212, 129 348, 074 CLNS (%
0. 1 5 CHVB (% NA (15.3) 1.02 3.59 Exanple 2

NA

[ 00102] This exanpl e di scusses the blend conpositions

prepared us
W th Sanpl e
Exanpl e 1.

ing the Sanmp
s 2 or 3 uni n&&ﬁ]bfr
Up to 20 wt % of each uni nodal

resin to
all des
res

nodal
esi ns,

get her
cribed in
in was

added to th
mel t conpou
the differe

e bl nodahple BSI N, |
ndi ng. CadID3] To
t resibimodelér e mi

Dy dr ySahlprndi ng
mak@MEN"andsE pe
ed in a tunble

and t Redple 3

| | et ‘gNOTL.LDPE
m xer at

Resin Properigset er rmi n

ed bI end ratios. |
sinale screw

rach pellet m xt
Prodex pelletiz

ure was
er _ The

oo oo ror oo

Pnnﬁnundnd
MI (L) San'pl e 1 bi

rmdal 0.p9d0-062has re

FL@G) story as that o%ést(ﬁmbl ends

ed on

- cpn‘po‘b?‘?a

5 descr

t he saf&38

COUT Ul Ilgl Yh I CI T I U Id.UI T 1, I par<i
WR(I”/I\ZZI ues for [Sanple PRy esent propeH'l es of Ithe 49
Density (/85 OTPOUNded VElLShaIy §ds6anmpi € 1, Toafigr r ed to TeT &) g3
as Sanple 4.[00104] Table 2 discloses resin |property
SEC datsflet @i IS T or| each bl end, 1ncl(iding the re-conpounded
bi nodal resjn (Sanpl e 4). Sanples 5 6 and 7| are
Mn conposi tions thatNA @agb4yde Sample 1476 n bl ended vasi$ss
varying amounts (10 wt% 15 W% and 20 w% o f the

Mw  Sanple 3 un

and 10 are

| modaNAKBERH) (ST ?
conpositions that

2005, TIBN4J.
include Sanple

Sanpl es 823.998

1l resin

Mw/Mn bl ended wi t

h var yNA§Sddount s

(10 wt %9 15 wt 9

b and 2@.78

wt- 9% of thel Sanple 2 uninpdall resin
Mz 7 "NA (1,143,034) 212,129 348,074
CLMS (%) NA (4.18) - 0.15
CHMS (%) NA (15.3) 1.02 3.59
Example 2
[00102] This example discusses the blend compositions prepared using the Sample 1

bimodal resin together with Samples 2 or 3 unimodal resins, all described in Example 1. Up to

20 wt% of each unimodal resin was added to the bimodal resin, by dry blending and then melt

compounding.

[00103]

predetermined blend ratios.
pelletizer. The Sample 1 bimodal resin was re-compounded on the same extruder (pelletizer)
to maintain the same melt shear history as that of the blends described below. Accordingly,

referring to Table 1, the parenthetical values for Sample 1 represent properties of the re-

compounded version of Sample 1, referred to herein as Sample 4.

To make blends, pellets of the different resins were mixed in a tumble mixer at

Each pellet mixture was compounded on a single screw Prodex
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(rmetal |l ocene LLDPE, "MCN'). [00105] It was observed
that both M and FI of the blends increased as the w
woéeds/oegrh uni nodal resin increased. In contrasCr/ush®4/011455
MFR of the blends tended tg,show a decreasing trend as
the wt % of each uni nodal Tesin increased. The density
of the blends dropped with the addition of uninodal
[00104]r edliable ZTdibélese3 resid pm@tne;s detnil efon kaoh Bleddyinatadiag tﬁa)xre-ddnq)ounded

vimoas} 5 ROTBTSH L, SERaeRay 6 7 e Boms it Sl 1 rei
blendedf’sﬁfél‘rf g%gg%%ﬁg@@@@hﬁpﬁ%@%ﬁ%@ 2;&«%4) %affntrg@s &5&0§ hfm&saal resin
(ST 2005aipN8). 8 Ssamlﬂséi 9 2®d | aze mnmsnm&lsrtbatanzlmdzlsamldvmbsm blended

it A 8 SLLPE Q10 15,2030 0,20, LERPLR ot s

(metau&eﬂélﬂ,LEPE(1°121@1\?’)21 8.43 9.27 9.50 7.89 7.98 8.33 MR
(|21 12) 116. 104 6.107.8 87.9 92.9 85.7 76.5 Density
c) O, 9536 0.9467 0. 9453 0. 9435 0. 9448 0.9448
[0010510 éﬁgf@mmw@ thahpeth ML apdrBl of theshlsndse insregseshpe the wt % of each

im0 BRSO 08 0, SB0D g con

as the w6% @B &ac.’h&ﬁinﬂﬂ&ﬂal%?inliﬁﬁem MiHebdehsBB ofBhel Bléhd3&irdpped with the

addltloriofllg%t?lgi% ré‘s]if:lL g}: '\%i % i&(fécsaégsirﬁgl%glﬁldf " 1fn&1wée Cape £oppositions
characte?nz%@ 11*'13 Table . %l?dl%er /l\@xé V%'\@sér’@d ko derdasedt the percentage
13.01 14.17 14, 6 13 Exanpl e 3 [ 00106] Thi

of unlm@ddrmh@tkmlwusél@scomr@p@pamcmsg& films fromthe

vari ous resin conmpositions described above. Both the

resin bl ends and the re-49 gpgimded bi nrodal resin

(Sanple 4) were filmextru on the Alpine film

extrusion line, which was equipped with a 50 nm 18:1

L/ D sqr eappia @0 | riangteriul| efamplie € |( Sanpia 7 eSagialeB. | Bheple 9 | Sample 10
tenperjature profile (degrees H) was set at
LLDPE none ZN ZN ZN MCN MCN MCN
Wt. % of LLDPE 0 10 15 20 10 15 20
(Samples 2 or 3)
MI (L) 0.062 0.081 0.086 0.108 0.087 0.097 0.111
FI (1) 7.21 8.43 9.27 9.50 7.89 7.98 8.33
MFR (I,)/L,) 116.1 104.6 107.8 87.9 92.9 85.7 76.5
Density (g/cc) 0.9536 0.9467 0.9453 0.9435 0.9448 0.9448 0.9433
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390/ 400/ 400/ 400/ 410/ 410/ 410/ 410 for

1/ 2/3/4/5/6/7/8. Zones 1 and 2 are for

w08, 2005/0880065 are for adapter

for

di e.

Bl ow-up ratio (dig

Zones

screws. Zones

bl ock. Zones 6, 7 a0u/U82@1M®11455

et er

of bl own bubbl e

di vided by die dianeter) was nai ntained at 4.0

t hr oughout the runs.
184 fpmrespectively,

and 0.5 m |

filnms.

Coollng air flowrate was adJ usted to mai ntaln the

The takeup speed was 92 fpm and
f ofable® m |

at F rf\r-i- H

frops el & t 1 SLL
r af |Soam Igda raltm%él =t\S)\a/(ren lec(St hesﬁ#l&leght ol 3o} amﬁlcg dsamlc’le 10

Mn the 04@40I MEA &g - N 610470ll‘ t d51234uut pub ?117dl € di _ 5.979
ext{rusi on head pressure deg¢reased as the blend’ratip

Mw  Of | Updelpegial B&Iul | NoEcASES ki dse (Nes7msqor | I 35d7e 247,460
slightly decreased|or remailned the|sameé. The

Mw/Mn de¢r easi ng| ef 335t Was 4mmr e [proga nent Bos SIZ00kg. L han 414
for Sanple|2 resin| The bubble stability offall the

Mz bl endd3,034p| t121209% of L,23d7odal, 112840 n) 1,15881 gopd,221,539 | 1,174,441
produci ng S ml filmwthout any|difficulfkies. The

CLMS (%)i | m 4pbearané@rafe 87t he¢ bBdhds |wag9food| (+28) w t h 327
nolgels orlnelt fracture appearing| The film surface

CHMS (6howed-ho si gi-33f pooH-Bonmpgerdlty.| THul7e 4] sudihri zes 1329
the filmektrusioniconditions Furtther it Mas noted

that overall filmextrudability of the blends was al so
i nproved with | ess notor | oad and extrusi on head
Exﬂﬁssure wi t hout | o0sing any bubble stability. Table 4

S 4 Sample 5 Sanple 6 S Sample 8 Sample 9
[00106], SZGWP%WE‘ISE%%SG% glf?@area{lelrt)o%ﬁmszfmn 7 V#Tigu8 618 Fompositions
st By G IR B 50 i S e 0 v

film extm®d@n8he Bpige Fi50 e&trﬁﬁﬁn Rat,ewlith s eq@ippOé véith 83096m978:1 L/D
FAR +40 +40 .+40 +40 0 +40 +40 BUR 4 4 4 4
screw, s i () T ol 00 Do est st I ietsod) was set at

390/4065&1@40@&11@911@9116&211@%%\@0%5 EMF?*M/@FG/%t 23R8 PaldD &e%o? screws.
9 Height/Die D aneter) rgj
Zones 3, 4 and 5 are for adapter block. Zones 7 and 8 are for die. Blow-up ratio (diameter

of blown bubble divided by die diameter) was maintained at 4.0 throughout the runs. The take-
up speed was 92 fpm and 184 fpm respectively, for 1.0 mil and 0.5 mil films. Cooling air flow
rate was adjusted to maintain the frost line height ratio at 9.0. The frost line height ratio is a
ratio between the height of frost line and the die diameter. At a constant output rate, the
extrusion head pressure decreased as the blend ratio of unimodal resin increases while the
motor load slightly decreased or remained the same. The decreasing effect was more prominent
for ST2005 than for Sample 2 resin. The bubble stability of all the blends (up to 20% of
The film

appearance rate of the blends was good (+40) with no gels or melt fracture appearing. The

unimodal resin) was good, producing 0.5 mil film without any difficulties.

film surface showed no sign of poor homogeneity. Table 4 summmarizes the film extrusion
conditions. Further, it was noted that overall film extrudability of the blends was also

improved with less motor load and extrusion head pressure without losing any bubble stability.
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[00107] This exanpl e discusses properties of the

films. Surprisingly,
wdepsndsdeon whi ch uni nodal
Sanpl e 2 resin exhibited

t he El nendorf Tear
resin was used. Bl eodasmaoio1i4ss
only enhanced MD and TD

results

filmtear but also a nore Bal anced TDMD tear ratio
for both 1.0 and 0.5 m| filnms. For blends having 10%
and 15% o f m LLDPE 5t heTdabhleMD tear ratio for 1.0 m/|l
filmwas reduced to 3.8 and 3.7, respectively, from
10 G l_ Sﬁlgzl_“ S"ilgv\t ] Drafir\ rarlnr\grl +n 2 S 510
and 4.5, T gpeci R amr%e;s al“ﬁ’ *dont PLRE 8 bFaé‘}P&é ample

Di lInl dF T |ugﬁ)u STZO@% st vath Ftrt ||[T<1Cr 417 Ay 410

fosette b? 2) h 1.0 and 0.5 mij|l fi?m hgml'D tear_seemsd ?lo

sgreprchrease adgitTile a5 the W3 % of t4at _artg3cui ar o3 93
uni nodal resin fncreased. As reflected|in Tablg 5,

Screw ampd. | m punct wee resi st ange adiso Tncryaseqd 1 r2proporgd on| 62
to incrieased anmpunts of| the Sanple 2 uni nodal

Head prespwé fpei) hly| @0 n| t BESCorposd0i on. Takdoe 5 H,I5m Sanpl® 4] 8,000
Sanple 5 Sanplel6 Sanplle 7 Sanple 8 Sample 9 Sanple 10

Rate (Ibhgauge (jmi | P> Dart i fipact| 1.9 160 12% 135 12% 23D 180 96
185 striength (g) 0.5 320 170 160 133 220 170 160

FAR  Tensile 1. 0°10, Boor*P, 740 160 440/ 6,860 ©, 208 5, 13540 +40
900046740 140164408, 780/6-300-9, 000/ 6. 57

BUR  Strength 0.5 12|34079, doo %0, 400/ 7%200] 11, %70/ 6, 080 4

Bubblestdﬁit}paall 7, J»Ld—:)ndlc gnn{)le’ GGr\ P’gr\nl A 7 r\ Q o')r\l7 070 Good
Ak psic My Do o el Sfgat i on G4ty 380‘7°§§0 197%70

Gels 4007 590 38Ry, 610 4577 521 80 44% 520 @y eak| 03%; No
267/ 400 240/ 390| 290/ 540 290/ 500 290/ 350 276/ 310

FHR* (FrasB80de520 (MY TD) | Sewant |1. 09116/ 1379987 [32 ®67/ 120 o 9

HeiehtDi4/ 112 |91/ 96 83( 89 83/ 89 modul ys 0.5 114/136 96/1 13

s 7/1 19 64/113 PO/ 99 98/ 102 88/95

Diameter)

Example 5

[00107] This example discusses properties of the films. Surprisingly, the Elmendorf Tear

results depended on which unimodal resin was used. Blends with Sample 2 resin exhibited not
only enhanced MD and TD film tear but also a more balanced TD/MD tear ratio for both 1.0
and 0.5 mil films. For blends having 10% and 15% of m-LLDPE, the TD/MD tear ratio for 1.0
For 0.5 mil film the TD/MD

mil film was reduced to 3.8 and 3.7, respectively, from 10.6.

ratio reduced to 2.0 and 4.5, respectively, from 7.8.

In contrast, blends that included ST2005
showed little impact on MD tear for both 1.0 and 0.5 mil film. The TD tear seemed to increase

a little as the wt % of that particular unimodal resin increased. As reflected in Table 5, film

puncture resistance also increased in proportion to increased amounts of the Sample 2

unimodal polyethylene in the composition.



(psi
16/ 383 18/ 320 136/ 520 50/ 184 53/ 440 Tear

X

0. 001),

(MY TD) El nmendorf 1.0 17/180 17/260

(9).

0.5 6/4

7

w6/ dds/06806¢ 5/ 80 12/ 24 15/ 68 10/ 98 (VD TD) TD/ MBCTABR004/011455

1.0 10.59 15.29 23.94 17.7
7.83 6.83 11.17 16 2.0 4.5

%

3.82 3.68 8.3 balance 0.5
9..8 Puncture 1.0 9.94

10.71 11.03 11.13 12.44 13.02 47.1 Energy 0.5 12.93
12.33 10.63 12.33 14.72 NAble548 (in-1b/ml)CLAIMS 1.

A high density mnul tinodal

pol yet hyl ene conposition

pnc-c-nc-c-l ng-a—depsi fgl of -0 OQL'\ n/ cC _or re mmri-sin
a |bleng SEFPISH i pagpley vol y%at“?'%ﬂ ene aé“é’}‘?gone atmpg\%% a5l g g Sample 10
pcbyethylene conponent, whereiln: the first
pq thyl ene gonponent i ncl udes a bi npda
( lé . ;
pcl% thyl ene; |and the|second pol yet hyl ene conponent is
Dart impactd | UTI§ MO Ualkeo POIjyeEt ﬁagyTe e P@SSETST TgE a _3Di Ml U ofEESS 185
srength (T AN _41. 2; charlacterized in that the high densifty
n1|9fnodaP°ponetH%lene c@%pocitﬂéh p)ssé@%es a CQrvs 160
Tensie Va8 Plogiof i ‘1'0',@1@6,5%@ 8 26678 f/’7 o H A '8’37%036 300 | 9,000/6,570
srengn L 1AN_24 W% 4. The conposition of clains 1 or| 2, n
@peak Sivvhah themammnuaaﬂipmlwemnywenea®wnp¢|se%WMQ®s @h@MNQOQ%WZWO
J%mg W|% of | t he corposition. 3. The conposition of |any of
MDID) t he prieceding |cl ai ms, |[wherein|a 1.0 nil film nade from
% clongatioh (1€ 1901 [TOSkIE30 PO &SRy T eTTescdRog T | tesmseid Y | Midsé/dabrodat 350580 | 4457520
abreac  PQLYEthyl ene donposition has an El nengorf Tear ratio
(MD/TD) (TDPWVD) AP egs ¥Wah 8. 495*The CONPPosi tiBM DT |aryeldF 280/520
the preceding |cl ai s, |whereinja 1.0 m | film nade from
secant  t he LI hodal37 pql yestibeyl éneddheogh [dergizt y | mulbtdsnodal 83/89 83/89
modulus p(! vethvl ene domositiion has. .an M
05 [ 7 1147136 567113 97/119 64/113 90/99 98/102 88/95
(psi x 0.001),
(MD/TD)
Elmendorf 1.0 17/180 177260 16/383 18/320 136/520 50784 53/440
Tear (g).
05 6/47 6/41 6/67 5/30 12724 15/68 10/98
(MD/TD)
TOMD tear | 1.0 10.59 15.29 23.94 17.78 382 368 83
balance
05 7.83 6.83 1117 16 20 453 9.3
Puncture 1.0 9.94 10.71 11.03 11.13 12.44 13.02 47.1
Energy
0.5 12.93 12.33 10.63 12.33 14.72 NA 12.48
(in-1b/mil)




El mrendorf Tear of 100 granms or nore. 5. The

conposition of any of the preceding clains, in which
woheosRicko76f t he hi gh density mul tinodal pol yet bygiraseoo4/011455
conposition is from30 to 40. 6. The conposition of

any of the preceding claing, wherein the first

pol yet hyl ene conponent includes a bi nodal polyethyl ene

CLAIMShat includes a high nol ecul ar wei ght conponent and a

| ow nol ecul ar wei ght conponent, the binoda
pol yet hyl ene bei ng made from a pol yneri zati on

nducted in.the presence of a dual catal yst stem
SRS PR esR oafhwod e Phrotiana SYIGRE 0.995 oo
dTORRRE| toprifhg @ dldidbof WaEifk NpdlheheRh&! dorhporkat @A a second
al so conprises a funed particulate filler and a

cihyjene oppeBeiHdvhapilesent ed by the formul a: R4 R RI-
Y\ RBL MiXntmR2 Z/ wherein Mis a Goup 4, 5 or 6
nmetal ; each X is independently an anionic |eaving
the firgd polyeihylehb eoraporthat inebudds attémolialolyethdedd)and or mal
charge of the ligand conprising Y, Zand L; Yis a
Goup 15 atom Zis a Goup 15 atom L is a Goup 15

taé SBoniboRRfyRde BbBpbiHe ﬁ? RAGRhdYal %o?etﬂg{?&;}%ssessin a PDI value

hydr ocarbon group, or a heteroatom cont grou
wher edfrdessitleanife2;er oat omi's silicon, germanium tin,
| ead, or phosphorus; optionally, Rl and R2 are
i nterconnected to each other; R3 is absent, a

dhyighicRgiesd irthgl e Righ4leadiBynafiind Al pily@hdbib canfRiiRESFbssesses a
or a heteroatom containing group; R4 and R5 are

i ndeffenMeritalup ﬁﬁesarh@mlogwgy“@@,ndarcﬂm vadpoablessthan 24 wt%.
substituted aryl group, a cyclic alkyl group, a

substituted cyclic al kyl group, or a nultiple ring
Bhesdommosition of claims 1 or 2, in which the unimodal polyethylene comprises less

than 20 wt% of the composition.

The composition of any of the preceding claims, wherein a 1.0 mil film made from the
bimodal polyethylene high density multimodal polyethylene composition has an
Elmendorf Tear ratio (TD/MD) of less than 8.

The composition of any of the preceding claims, wherein a 1.0 mil film made from the
bimodal polyethylene high density multimodal polyethylene composition has an MD

Elmendorf Tear of 100 grams or more.

The composition of any of the preceding claims, in which the PDI of the high density

multimodal polyethylene composition is from 30 to 70.

The composition of any of the preceding claims, wherein the first polyethylene
component includes a bimodal polyethylene that includes a high molecular weight
component and a low molecular weight component, the bimodal polyethylene being
made from a polymerization conducted in the presence of a dual catalyst system that

comprises an activator and a metallocene.



and R6 and R7 are independently absent, a hydrogen, an

al kyl group, a halogen, a heteroatom a hydrocar byl
wgnroesmesas a het eroat om contai ni ng group. 8. TRET/US2004/011455

conposition of any of the cedi ng cl ai s, wherein

t he uni nodal pol yethyl ene i'S produced froma

pol yneri zati on conducted in the presence of a

net al | ocene havi ng two unbridged cycl opent adi enyl

The %%)inposition of Claim 6, wherein the catalyst system also comprises a fumed

particulate filler and a catalyst compound represented by the formula:

R4
6
RT— l/ A
/ N\
3 L MMX h+m
\RZ 7 /
Ls

wherein M is a Group 4, 5 or 6 metal,;

each X is independently an anionic leaving group;

n is the oxidation state of M;

m is the formal charge of the ligand comprising Y, Z and L;

Y is a Group 15 atom,;

Z is a Group 15 atom;

L is a Group 15 atom;

R! and R? are independently a C; to Cy hydrocarbon group, or a heteroatom containing
group wherein the heteroatom is silicon, germanium, tin, lead, or phosphorus;
optionally, R! and R? are interconnected to each other;

R? is absent, a hydrogen, a group 14 atom containing group, a halogen, or a heteroatom
containihg group;

R* and R® are independently an alkyl group, an aryl group, a substituted aryl group, a
cyclic alkyl group, a substituted cyclic alkyl group, or a multiple ring system;
and

R® and R are independently absent, a hydrogen, an alkyl group, a halogen, a

heteroatom, a hydrocarbyl group, or a heteroatom containing group.

The composition of any of the preceding claims, wherein the unimodal polyethylene is
produced from a polymerization conducted in the presence of a metallocene having two

unbridged cyclopentadienyl rings.



