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WO 2008/ 136849 PCT/ US2007/ 082502 HI GH DENSI TY
POLYETHYLENE COWVPCSI TI ONS, METHOD OF MAKI NG THE SAME,

wo bibBAIIS@&N MOLDED ARTI CLES MADE THEREFROM ANDPCIVESHOD082502
OF MAKI NG SUCH ARTICLES 5 Field of Invention The

B2 OB A

HH; SAMBANIHGEON MO > MADR THFJ‘EERQ% AND
of maki ng SVETHOD OF MAKINGsSUREH ARIIELESD Rel at ed
Applications 10 This application is a non-provisional
application claimng |l fromthe U. S.

Provi si onal Patent Ap . No. 60/927, 176,
filed on May 2, 2007 entitled "Hi gh- Density
Pding st ménwﬁ&eﬂtp G- dqvélt%a%iyahylnm F?iap?sw@ngalﬁﬁthod of
I njection Mdl ded Articles Made Therefrom and Met hod
produging ek samag, Sud mjettivh cladded artitles mede tieredronp indvhiegtodant enaking
i ncorporated herein as if reproduced in ful
such digeles.nbel ow. 15 Background of the Invention The use of
polyneric materials to manufacture nol ded articles,

such as cl osugesdR¥fePEiRve th %e[b&&ﬂ&?blik’athﬁﬁm-
D fferent met hods nmay be enpl oye O manuf act ure

¢ L[?l%suarlpghc F(%iig £ Ron- r(ﬁfési(lrgr)tga:l] %#Igg?ﬁ(?% c(:jlalﬁﬂhg gég ffom %CIB.S.

evi ces rm Vi a conpressi on

provi AR AL ST 38 BE S5 o - 5TRY 2512

havi ng the shape..of a desired nolded article. The .
DensitypPel y¢tylsaat eaposironsp resnd aftMaldnp thetSagte. Mieation Molded Articles

nol di ng conpound from an extruder is |oaded into the
MadelTwenfronglahd dMethdvbofidhking Bloeh Awiclgsi ths taachingeof wbictl agr e

brought together under pressure. The nolding conpound,
incorRhtb@n@dindy inRPFodut &l ¥Full Rereadyiowel ded into a

continuous mass having the shape of the cavity. If the

nol ding conpound is a thernosetting material, the

conti nuous nmass may be hardened via further 1

Background of the Invention

The use of polymeric materials to manufacture molded articles, such as closure
devices, is generally known. Different methods may be employed to manufacture closure
devices, e.g. bottle caps. For example, such closure devices may be manufactured via
compression molding or injection molding processes.

In compression molding process, a two-piece mold provides a cavity having the shape
of a desired molded article. The mold is heated. An appropriate amount of molten molding
compound from an extruder is loaded into the lower half of the mold. The two parts of the
mold are brought together under pressure. The molding compound, softened by heat, is
thereby welded into a continuous mass having the shape of the cavity. If the molding

compound is a thermosetting material, the continuous mass may be hardened via further
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WD 2008/ 136849 PCT/ US2007/ 082502 heating, under
pressure, in the nold. If the nolding conpound is a

w0 b@siehasti c material, the continuous nmass PEHURM07/082502
hardened via chilling, under pressure, in the nold. In

.injection nol.ding 0 S, | di ng conpound is fed .
heatl‘ﬁgn{’%ﬁ% RIS F-dadhe 1%}&;1 3&5?6 %gal.ng C‘ﬂ%@o 15 g H%?Bi%%‘i/gl,ater ial,
heats, nelts, and pressurizes the nol di ng conpound to
the cogtipgunass rrtﬁﬁlbleélﬁrcgn%almchrth@g, nfieraviessuicelirthe 10lbr ced
out of the extruder through a nozzle into a
r & atj¢ctioh ynaddiak prwksh, helding baspaindns &xd iptoesisxtreder via a hopper.
thereby filing the nold. The nelt cools and hardens

The ekliflidelr coblelyy, Heeds - mBlts, TRE pRddudlizE@B neERg camgoltterorbaed
part is renoved. In general, a closure device, e.g. a

moltert gg@anl?.oﬁ“ﬁé ﬁloftgrf stresclﬁpilé lercQ@ odt JJ Qﬂﬁgi Hf&glgﬁllr(; hsa\cl)ﬂfo:zgl%til?te Ccil

the pressure a carbonated drin and ye

.enough t r.Qvi de,an, excel | ent seal.. on bottl e
relat G Ha £ B RELs3 BReER e Mer TR apineafls iy i o and
cl osure device, e.g. a soda bott]le cap, should
hardepowit 011X sebyRs 88 M thea Qpensomdhs moldef pag ds emovgd.
resi stance, good inpact strength, good renoval
t &r gereralandogyodewes, iefg. & spdpuleattlOrdpi slrantd be stedngiegaegh to
have been enployed to provide for such closure
withs@ed thegseRaniofg catoapkaldliek pmdget tdfeshoufivto @oaidplag exédiient seal
use of a pol ypropyl ene polyner as a bottle cap closure

on thd Bttld RRnHR.REEEEToSA BRGI M ARRBNAINN %rclclshfée(fewic‘(éhg./%)rh soda

may be conprised of soft ethyl ene/vinyl acetate
VAN ' P , b S..a .
borrRgh AL ek beSciy 2 saifinblent 06 cnfl Fesisdete b impaer
onstruction i s costl ecause of _the need for an
Strengi%h ePd FeRyal toEde: AR IR fOrgRsy| @tfgff‘é“ éeﬁg‘inﬂ}le Ahye hbie
conveni ent to use a one-piece closure, wthout a
emplqyee & proxyigifes wigh clogure deviisephasing agceptablaayapertisski ng f or
i nproved shrinkage behavior. Al polynmers undergo 20
For exsinpile) kisegesefaf @ampot ypeopyidrie pobymdrens adlottt. cap mprsoredfdr the needed
shrinkage is defined as consistently the sane and

strengf@WitA@n anrtel Ghér, WRlBIANCEs caspael al boft athselene//afn'zpa&tate (EVA),
colors are used. In the instant invention, the

‘ o . i I ‘
polyvgl?!l YlIBfidE PWRO: bﬁd&/PHlbbé‘r, Eict, rﬂﬁeﬁls@%iﬂ‘éﬁf@m Wdll \x%g efl‘ioxfzé’sfeﬂ‘ this

1
ovi des i nprove consi stency ned as ower
n of

¢ standar d .devi at i of fl.ow direction shrink as a .
wo P PRIEIEGRT Bre kel bty <IN el G0 atPad dingly TrfeERoR. it would
colored (and natural) parts. This helﬁs 25 custaoners
be easigy and MOrp SPRVENITAL SO R OFEPIRRE S1OSHEo VHIGH adHieT nRagE B b
not made | eading to |lower -2
customers are always looking for improved shrinkage behavior. All polymers undergo
shrinkage from the melt to the solid. Improved shrinkage is defined as consistently the same
and having a tight tolerance, especially when various colors are used. In the instant
invention, the polymer composition in either natural or colored form provides improved
consistency as defined as a lower standard deviation of flow direction shrinkage as a

percentage of the mean shrinkage across multiple colored (and natural) parts. This helps

customers in that parts having too low or too high shrinkage are not made leading to lower
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Furthernore, addition of nucleators, potassium
wor@anadse or M I 1iken HPN-20E, reduce this stRemaszm07/082502

deviation further and are therefore nore preferred. In

attenpts to elimnate the need for a two-part. .
Scrap Y {BOHJE@F%‘?{F’ 3 1%’503 HEP]CG‘PFSP Bpiapyum Bieéﬁ&egor&‘ﬂﬂ%?%]ﬁszoﬂ
has been suggested. However, there is still a need for
reduce, gyis sradagd deyrztigngduitherand e thewgforpaare peéeriedn ol ded
into closure devices having acceptabl e properties,
s lic heteagptr o ¢leeitlatedhe hdaeddosa two-pat coristratteonatteaast of different
acceptabl e taste and odor, satisfactory stress crack
blend§ 85I ARG Ras BEG dubBaedd. HdvaNeE, thdre igtigeited €@fpolymer
failure. Summary of the Invention The instant
formdrlr%%()ﬁggiag Faﬂl%e %}égggﬁ‘ PRI ihed RRLYESNE ?M}g H&%gdélgie%opemes,

uci ng the sane, 1njection nol

articl de therefro nd od  of i ng..such
sueh st i §For TREE thHTaleitlee AksPRblErGe S Bl SuRORGy wres
the instant invention includes a first conponent, and
crack gesisnspdnddmpatteHenet Py e caR BiEnent is a hi gh
nol ecul ar wei ght et hyl ene al pha-ol efin copol yner
havi ng a density i Sunhmanyanfdhe biventiono to 0. 946 g/ cnB,
and a nelt index (121.6) in the range of 1 to 15 g/10
NiThe igsant THvens@cieatigodasite pdblyetykenk cvmpbdsition, @cuh@t of
wei ght et hyl ene pol ymer having a density in the range

produbing hGend &8 h@i&I B iclROfhad@ R tfont, REE ¥nekHod) of RakifEsuch
range of 30 to 1500 g/ 10 mi nutes. The hi gh-density

article{g;e}g%eieltﬁg?{—ldggsgtg @Eﬁ?%ﬁ%&e{%@é&%%ag oo I:én%sgrg?%f\beglégg gﬁ:ﬁud"ég a first
ns. T i i - i )
compisit i e e ampgerts ThE PHE EOieandtn & SEF Bigldhytar weight

steﬁgféﬁég i ntroduci ng ethyl ene, and one or nore 3
ethylegp glphawiledn gopebyintsk Sreng 2idahvtydn the wnge el Py} to pYq gym’, and a
(co)polynerizing the ethylene in the presence of one
melt iodexn@r; @) ialthhengt ef 1 o togiddoneutss.i The schend ¢angponertais hdow
t hereby producing a first conponent, wherein the first

molecuRIFR@NER bthyRind oBymdnhghingaldesdityan tveiaghd ofed.He8 @IS0 g/cm’, and
al pha-ol efin copol ynmer having a density in the range

a mel?&d@x 8%QH tﬁeoraggegogf%](_ggo Cl?@@ gﬂ@qnﬁu&?.l h% H&ﬁzﬂeﬁéﬁgﬁacﬁ%ﬁ:tﬁﬁene

e range of 17t g/ 10"m nutes; (3) I'ntro

compl ol -SSP RS S RORL DL B oo e

et hyl ene in the second reactor thereby-producin%la .
The methad i pé%g}g&lpgh—ﬂﬁ]ésgté(iprcplxeﬂ@den_egomposmon includes the following

steps: (1) introducing ethylene, and one or more alpha-olefin comonomers into a first reactor;
(2) (co)polymerizing the ethylene in the presence of one or more alpha-olefin comonomers in
the first reactor thereby producing a first component, wherein the first component being a
high molecular weight ethylene alpha-olefin copolymer having a density in the range of 0.920
to 0.946 g/cm’, and a melt index (I,1.6) in the range of 1 to 15 g/10 minutes; (3) introducing
the first component and additional ethylene into a second reactor; (4) polymerizing the

additional ethylene in the second reactor thereby producing a second component, wherein the
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being a | ow nol ecul ar wei ght et hyl ene pol yner having a
waelewsilses4d n the range of 0.965 to 0.980 g/ cnBPCHEHNN2087/082502

melt index (12) in the range of 30 to 1500 g/ 10

nutes; ~and /,PLO e hi gh- den
secondsPPETR BIBE a3 oG v RHE e e g e e{l@}yy in the
pol yet hyl ene coqp05|t|on haV|ng a melt |ndex %E? '
range@f 0|9éé§<t 0.980 g/carenaid ymels indes (hahgae sange 0§ 308501309 gf1 @ganutes;
g/cnB. The injection nolded articles according to
and (3) nixtrelnyt prodweng therhighcdapity pelytthgleab ovi@poasar, Wheckin the high-
inventive high-density polyethylene conposition, and

densit§polyetiildne CoBipoditien RBERg Y indeld iRfECH]) @R aBhAi1NG dedsity @i ehe range
enbodi ment, the instant invention provides a

of 0.9?0 Qﬂo. &‘Yar V\Bllﬁ% &Eﬂﬁ%{ﬂwﬁg‘?@ﬂgmgfﬁé i@erftion
0 0 2
compi Qs M AR it PRt Lo e B Sardop gt S

1to 15 ¢g/10 mnutes, and a | ow nol ecul ar wei ght
aﬂmk§@%?F%ﬁ%V%éW?ﬁEWlHQQPﬁg a density in the range of

0.965 to 0.980 g/cnB, and a nmelt index (12) in the

r inges ohb@mew, he(0styrt ilvention peoyides whéghedansithgolyethylene

i nventive high-density pol yethyl ene conposition having
compesiti@l tommibeng 4 High nefle@lar wetgs tpollyethyledie i phdt@sin &polymer

density in the range of 0.950 to 0.960 g/cnB. 15 In an

having@hdeRARh IR QARG (81 to 0.9 4/B5E Rl aliNEREE, f Wik BRMrange of
prOV|des a nmethod for producing a high-density

1 to 15’%{ e[{al?% e dndy %orﬁbl%&lﬁgr R ét@l&%oéﬁﬁnﬁhﬁﬁﬁl&oi cfiénsft} n the

ucl ng Iene and

rangetoﬁ@%? RN ? o el aREs B mot&fé}%‘%c%sg P 0 Rinuces.

| pha-ol efin connnoners in the first reactor thereqy
where'y? Bgueyanyvahighglenyipl rdyethyleggesquprositiomilaging a melt index (Ip) of at
al pha-ol efin copol ynmer having a density 20 in the
least I g eniofite§). HD@ehsttp iDth 46 gg/cf B3040 60.960rwkin’. i ndex (121)
in the range of 1 to 15 g/10 mnutes; (3) introducing
t I ahhledin ABle@eiHoamane] B Ins@thhﬁllveﬁtﬁ)naﬂuﬁhﬁ-p?bﬁﬁéé’la method for
copolynmer and additional ethylene into a second

produf:lﬁlg%t}f?%h déof g}t?z @8 81t¥0 fdngicB Bgﬁo@g&h]?ﬂls‘?ﬁ?hﬁe %E\/By bfnﬁ) Iﬂroducmg

con ther y producing a ecu

eyl GguEof Y5 GaP sk soEHHAR o lrﬁtd%%t?&é%ﬂe%m?ﬂ%ﬂeﬂzmg
range of 30 to 1500 g/10 25 mnutes; and (5) thereby
the eﬂ&l%tzﬁ}eﬁhf'gprﬁﬁf‘éwﬁ PhPRCII R \RIRR3 e thsArRenomesHing&s firsh Feactor
wherein the -4
thereby producing a high molecular weight ethylene alpha-olefin copolymer having a density

in the range of 0.920 to 0.946 g/cm’, and a melt index (I,;) in the range of 1 to 15 g/10
minutes; (3) introducing the high molecular weight ethylene alpha-olefin copolymer and
additional ethylene into a second reactor; (4) polymerizing the additional ethylene in the
second reactor thereby producing a low molecular weight ethylene polymer having a density
in the range of 0.965 to 0.980 g/cm’, and a melt index (I,) in the range of 30 to 1500 g/10

minutes; and (5) thereby producing the high-density polyethylene composition, wherein the
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pol yet hyl ene conposition having a nelt index (12) of
wa@tooaasto 1, a density in the range of 0.950 pPCI/0SHE0V082502

g/cnB. In another alternative enbodi nent, the instant

nvention rOV|deS an injection pold rticl o
high-degsity PAYHY lﬁn%F‘ﬁﬂP%étF%]ﬁ} 4 lil}g]l‘ H}A Z]g) %tﬁa,q.é, § le'adi’?mlty in the
wherein the high-density 5 polyethylene conposition
range @6 IOP 60 HGO@ elemyh ol ecul ar wei ght pol yet hyl ene
al pha-olefin copolyner having a density in the range
ofln @G altorndti GAEmddimBnt, ehrednaantehtention prov{deR in G)jedtion molded
the range of 1 to 15 g/ 10 m nutes, and a | ow nol ecul ar

artlclé/\&i {sirft Mk B RIen G poRRIth 1@ ddgh 81t16ﬁn‘§hf§r¥1nltﬂe hildR-deadl
@?toho 980@2/0n85hand alﬁélt i ndex (12)%|n thge

S e T

covolferay s HATRE phEk G B0gB% b o d6tr o Pl ERindbs o) in

an other aIternat|ve enbodi nent, the. instant invention
the rapge Rf lf@s! S22/ R PHieH AN AW Broleshlag weight ethylsas pplymeghaviae a
steps of: (1) providing a high-density polyethylene
densityonpeskugerf 0.%noi0.9350rgicm’, and h nredt index dr) inélieghinge of 30 to 1500

et hyl ene al pha-ol efin copol yner having a density in
g/10 thin@tess wigeinahe v ethigld d&%Gy pobitylens dompotidbn handexa melt
(121.6) in the range of 1 to 15 g/10 m nutes; 15 and a

mdex'(BY‘bM'l@a%Hi 3/10WRIngRE, §H9Nsht€aﬁﬁt}{%%ﬂg%fd‘@90t8®% ity
in the range of O. 965 to 0.980 g/cnB, and a nel

\Azrggﬁ(otﬂe]r te tlln{lggﬁ&ﬁ&gnt heeiﬁstguﬁh&\%ggmgégogl({& Q%e%ﬁ’od of making

rernt ensit ene

an ey g 4113 ét65$ Sheb Pes%“ fn@%ﬁl%g g @%ﬁﬁgﬁ@m Eaypbsition

i njection nolding the high-density pol yet hyl ene
compygip a digh alecdyr veighteashylersy 41?1?‘?901?1%@ capaly@piehavarg g dengfty in the
alternative enbodi nent, the instant invention provides
rangeaf 92 6al0P46 gfonodarsi ngel indeix gh: dén dietrgngeodfyletoHyl g Heminutes;
conmposition, in accordance with any of the preceding

and a B3V bl TR SveEPhE elylchB blyhiee hed6®Adeie@Gh eHe ALENEF 0.965 to 0.980
substantially free of any other al pha-olefin

o/cm’CORPY YER fifttex (1) gﬂg@g&;ﬁ BHY&1 W Syt tes; Wie félI{] fleddh-density

I nventi on provi dens yet hyl ene
Rr the

polyeﬁggzgl Fﬂltélpg%q{#ongﬁag%a meg lIl(?CXLtle) OPat 1083t T % mlnuEes a%ensuy in the

range of 0.950 to 0.960 g/cm’; (2) injection molding the high-density polyethylene
composition (3) thereby forming the article.

In an alternative embodiment, the instant invention provides a method for producing a
high-density polyethylene composition, in accordance with any of the preceding
embodiments except that the second reactor being substantially free of any other alpha-olefin
copolymers.

In an alternative embodiment, the instant invention provides a high-density

polyethylene composition, method of producing the same, articles made therefrom, and



WD 2008/ 136849 PCT/ US2007/ 082502 nmet hod of maki ng
such articles, in accordance with any of the preceding
wenrisdsesent s, except that the high-density  PCT/US2007/082502

pol yet hyl ene conposition having a standard devi ati on

of flgw direction. shrinkage of |ess than 7 percent
methoéic“rfd’%%l%ﬁ YUeB Agtese ) %F%fﬁa‘F ith ay %tfth%\PlieG 1%&66‘5?%’[}81?{123’

the instant invention provides a high-density 5
exceppiiay e iyghedrnsitp aplagihyleos compediaen lmvnmwmdaﬁgdfm@lon of flow

same, articles nmade therefrom and nethod of making
directsmchriakdgeolf &ss than 7aqecamdanros diffelenarojorsf t he precedi ng

enbodi ments, except that the high-density

PO Xiehlesrh /e caERREd: ] tBO iRaMt Femidht Bodiaeda HigwlRhiign
of flow direction shrinkage of |less than 6 percent

polyetelﬁfgﬂlé Lot IF}S{I&(SIE '?ﬁetl‘f&i & p?‘oddcﬂlégtge gzi ggﬁ?%és%ﬁa@eﬂﬁ&‘éfrﬁﬂ‘ bnd

nst I nventi on “provi ensity 10

ol.yethyl ene conpositio met.hod of. produci.ng the..

men BRI TR ENRGR dohBPard ot v B PGB <rfrimgne

such articles, in accordance with any of the precedin%
excepbgble M}r@%nsu%Rg]gﬁt@ly{éﬁgfomﬂ%slqlﬁtglpgvmq;t@tyiard deviation of Tlow

pol yet hyl ene conposition having a standard devi ati on
directpin shiiokagedif lase thaord phednhkeagss diffeleaseplehan 4.5 per cent

across different colors. In an alternative enbodi nent,

t Mean flsdrAdtiveiembdinaii, the Mstagdemvantiungrodidasa highdfensity

pol yet hyl ene conposition, nmethod of producing the

polyefBe cBpbGi&S nAKIRI dMRs@IIRMhe e, AFRINAHa RS hBRELRAYand

such articles, in accordance with any of the preceding
i1 ept . -Ni - i . .
metnER M Rt oA Bl o by P ANS R Blck g ggbpmens.
10, 000 b ight of a nucleator. Mre ferred
excenf e HATCTsaty POy B0 a0 RS Haiia RTEH el of flow
~ nore preferred 300 to 3000 parts per million, an nost
directipneshepkagg of deys thanZiopperpeiit agropedifigfant £Jars. 20 1 n an
alternative enbodi nent, the instant invention provides
a Im g hi<aateatsieteynbodmhgnet thy instaat Twepos irovdes arkighakinofy
produci ng the sane, articles nade therefrom and
polyeﬂi?lelﬁ@do@faom, Mg SCHT b dicelgeBe sirfie, AEEQEHBAGEhWetrBmaaYd
of the precedi ng enbodi nents, except that the

methd?li c,ql?ﬁ éutc){ aﬂ@léﬁ?fﬁﬁék&‘&%&%@?éﬂ (i)foc c Iaf*é%&ﬁﬁ% embodiments,
conprising 100 to 10, 000 ppm by I ght " of potassi um

excerf IGERE MRS bR SRR R et B bilec9ap 40,000 pom
by weight of a nucleator. More preferred ranges include 200 to 5000 parts per million, even
more preferred 300 to 3000 parts per million, an most preferred 400 to 2000 parts per million.
In an alternative embodiment, the instant invention provides a high-density
polyethylene composition, method of producing the same, articles made therefrom, and
method of making such articles, in accordance with any of the preceding embodiments,

except that the high-density polyethylene composition further comprising 100 to 10,000 ppm

by weight of potassium stearate or HPN-20E as a nucleator, wherein the inventive high-
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density pol yet hyl ene conposition having a standard

devi ation of flow direction shrinkage of Iess than 4
w@erosasds4acr oss different colors. In an alternBtT/V82007/082502

enbodi ment, the instant invention provides a

.hi gh- densi t pal.yet hyl ene ¢ osi ti.on, thod of .
dens“pi@%?bt‘?ﬂ?ﬁ@% @PQ%H%I} L%\ 1'% ElSQES??FE&SVIFH%‘} %?fﬁr%‘vnglrﬁﬁﬂm sprinkage of
met hod of making such articles, in accordance with any

less theh 4t peecopt acrew (héeféﬁ‘b@él?fﬁent s, except that the
hi gh-density pol yet hyl ene conposition further
c b alsdrnmayive@enbiodiméht 0BO insamt inyyntiwei rbtided a bighalessitym
stearate or HPN- 20E as a nucl eator, wherein the
polyethyi@B tbimBPoditi e maligdiBd it prodRineethd Yae & rtEdeasde thé¥dfrom, and
havi ng a standard devi ation of flow direction

i .t . i .
methoc?lo fl su%fl artic?e%,sl[n J&@&dgn&e\%lﬁ%g/ d(l%r;(gﬁ P,éc?[ﬁflé Qﬁlﬁmlments,

ors. O Inan alternative e € | nst ant

i pventi o rovid i gh-dens,. t ol yet hyl e

excer DR HEYTR i DRB e B B R Tl rBOLRe 01240000 pom
made therefrom and _ nethod of nmaking such articles, .

by weiight oF pefaspitie stegitarPrdhiN FOE ¥ @ nyFlsates s repbhsdinyenitve high-
except that the high-density pol yethyl ene conposition

densitypotyedylensrepmipeiitign 1aGng a sthoda0depiprion offlavedigbeticpfshrinkage of
pot assi um stearate or HPN- 20E as a nucl eator, wherein

less tHaR & penseaniidrvg diffglentlmlaensi ty pol yet hyl ene conpositi on
havi ng a standard devi ation of flow direction

si hihkiaggatRk erﬂb%&ﬁnéﬂ't‘,&ﬁe thsh&f ﬁﬁEﬁti&ﬁfr@&iﬁesdé flifgﬁfd%H&ity
colors. In an alternative enbodi ment, the instant

. . v e . L vet
ptscQUBUEARES R P TG Ly B MLS .
nade therefrom .and method of maki such_ arti ¢l es,
methq U SRl aie GRS O B, B Gt REpd Rients.
20 except that the high-density pol yethyl ene
except Bhapids ihighodensiy polyehyleos §@rea¢ﬁltl¢m@m¥9rscqmpr§§1g 160 to 10,000 ppm
equal or greater to the follow ng rel ationship,
by wefighf oft 9@ adstibti densiet gr (P8 12BE)as -a niiceator,0dGein pled ih§gitoadgh-
In an alternative enbodi nent, the instant invention

densit)pRliedBgena cBh‘%)Bsi_dGﬁl shiiMg a PAhYEH aylienen 60MPEirkdtn, shrinkage of
nmet hod of producing the sanme, articles nmade therefrom

s TR DR <1k o) 5. | aceordance

2919 '% §1§e6r1§a %eFé%[)/OH%%% ,7t eo 18n?§ a%g invention provides a high-density
polyethylene composition, method of producing the same, articles made therefrom, and
method of making such articles, in accordance with any of the preceding embodiments,
except that the high-density polyethylene composition having a 1% secant modulus in psi of
equal or greater to the following relationship: [(7,492,165 >"density(g/cm3)) - 6,975,000]
psi/(glem?).

In an alternative embodiment, the instant invention provides a high-density

polyethylene composition, method of producing the same, articles made therefrom, and

method of making such articles, in accordance with any of the preceding embodiments,
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except that the high nolecul ar wei ght polyethyl ene
al pha-ol efin copol yner having a density in the range
wWoR009/138%9 t 0 0. 945 g/ cnB. I n another alternatiREI/US2007/082502

enbodi ment, the instant invention provides a

hi gh-densi t ol yet hyl ene co sjtiop, nethod of . .
excepbﬁgﬂ%ﬁ‘i‘% @ﬁ@C@a §1gE¥Qq?xqﬂé§leI?£a§ghamlgﬂgFPm}y mghhpving a density
' met hod of making such articles, in accordance wth any
1nﬂwéwuﬁﬁé0épéé@8ﬁﬁggémbodinents, except that the high

nol ecul ar wei ght pol yet hyl ene al pha-ol efin copol yner

h&v amghe attemaiiteyembadimbet, thengeasfin@n828 ptovides 94digh-density

g/cnB. In another alternative enbodi nent, the instant
polyethyi@B tb@Poditi&tY, intk@ioPoftirédrc Bk time, RAiJQ! H¥deaR€refrom, and

conposition, method of producing the sane, articles

methd&i?t{%?%@fﬂ?@ ﬁlfcfl QMCI&[]% acéQrdHFéerWiﬁl %yoépt%% E&cé&iﬁ 8mbodiments,

I'n accordance W th any precedi ng

es, . .
e B TS R B g5 s i

. i ndex 121.6b in the, range of 2 to 12 g/10 mnutes. In
in the gangierd 09281t PPt enbodi ment, the instant invention
provi des a high-density polyethyl ene conposition,
mén pmdhayfaltpmedvcémbpediments theanstanttinysingen prodedes bdu gt danity
and 15 nethod of making such articles, in accordance
polyethiylele @ompoditid) endoliciedirodcarpbe saree) tagticl@xaafet thédeAbml bed
hi gh nol ecul ar wei ght pol yet hyl ene al pha-ol efin

meth&i%%zﬂdi‘i%’ sudAViRGes@i Rk brdahddd@h 423 B3 plelediRE enBO@ReRts,
2.5to 11 g/10 mnutes. In anothér alternative

i : o h . . ‘
excerf FRPAL TR oot LRI NGBAL 05 6 g pine o et
. oduci.ng the sa i cles made therefrom and 20
mdex%t- &% st a‘?ﬁkqf%g‘g‘selgﬁf(gﬁl}“&?ses, in accordance with any
of the preceding enbodi nents, except that the |low
mb? arqsheyraltgpaye ecraboimenfe thednsiars AnYea(PH groyidgs g diighydgngity
the range of 0.965 to 0.975 g/cnB. In another
polyetlytear nampeetieninodhaesftproddréng the sant, artinlesmhadentheretoing eisd
a high-density polyethyl ene conposition, nmethod of

methddl STk MiYsuich QiR Pin Rebdidah@Switfagtey sae plec@lhg amBodidlnts,
met hod of maki ng such articles, in accordance with any

excepg%l_laf %1% %%@fg%g@%rz @Eﬁgﬁ%&f?&ﬁﬁene aﬂéhzy@eﬁg Qé}ééﬁ%ﬁgr"’l?aving a melt
index (I»;6) in the range of 2.5 to 11 g/10 minutes.

In another alternative embodiment, the instant invention provides a high-density
polyethylene composition, method of producing the same, articles made therefrom, and
method of making such articles, in accordance with any of the preceding embodiments,
except that the low molecular weight ethylene polymer having a density in the range of 0.965
to 0.975 g/cm’.

In another alternative embodiment, the instant invention provides a high-density

polyethylene composition, method of producing the same, articles made therefrom, and

method of making such articles, in accordance with any of the preceding embodiments,
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except that the | ow nol ecul ar wei ght ethyl ene pol yner
having a nelt index (12) in the range of 40 to 1300

wW@L@8/18d8mut es. I n another alternative enbodi NnePCT/US1067/082502
instant invention provides a high-density

| yet hyl ene conpositign, nmethod of produging t .

excerD Sl e iy FRTesd FaReht KO Gl o FViBE A IbAEY R igranee

such articles, in accordance with any of the preceding
of 40 grb¥l§i stthménutesxcept that the | ow nol ecul ar wei ght

et hyl ene pol ynmer having a nelt index (12) in the range

ofin &ifbthey alt6MAtigd drobodimante the ihnarmotehagon pidvetenathighedensity

enbodi ment, the instant invention provides a
polyethiy@e dempbdition, BRIt SHreNR koM o5hé, iaditlesmideadle@from, and

produci ng the sane, articles nade therefrom and 10

' . < ol es i .

methdgife(;f?ﬁéeiqg% suCH S RGeS #%l%c@{dﬁﬁ& With zét%loefgctﬁg ?‘ﬁ’g{@‘ﬁ{}% gﬁ%&&lnf%ﬂbé,

ecedi ng enbodi nent s,

e DTS M RSN S0 SRR N 0B, Tl v

the alternative, having a nelt index (12) of at |east
of 50 o HIOD/ Y RS- . I n another alternative embodi ment,

the instant invention provides a high-density

pdi gentheyladtpmat vnpokediinent, thesnsiad imfenpen dipridey athigh-density

sane, articles made therefrom and 15 nethod of making
polyeshytHhie @aoinpodigsn, nath@tsfqirediueigy the sdima nyticdds mik theretom, mgl

enbodi nents, except that the high nol ecul ar wei ght
methddf dPthakey @lcRRRIM eI &SRR NPRE afiBY (RO pRcERhEEMbediments,

wei ght in the range of 150,000 to 300,800. I h anot her

xce PR ETPHOA s OIS Y ORGP s o

conposi

produci ng the same, articles nmade.therefrom an 0 .

1o 2uREBEGR: iR Gl e e i o B BEHYERP e Oapipuces
of the precedi ng enbodi nents, except that the | ow '
mong@agthgy aligspagive cabRginems thoingtaat inenfiongravifes aleigh-glensity
weight in the range of 12,000 to 45,000. In another

polyetlytear nampeetieninodhaesftproddreng the sant, artinlesmhadentheretoing eisd
a high-density polyethyl ene conposition, nmethod of

methddl STk figsuich QrtfdediPin Rebdidah@Switfegley $ipe plec@ihg aMbodidlnts,
met hod of maki ng such articles, in accordance with any

excepg%l_laf %g 51%1?{?g%%ﬁslgrzﬁ%ﬁgétﬂﬁgﬁesalphd—&emcgg&%%ﬂ% a molecular
weight in the range of 150,000 to 300,000.

In another alternative embodiment, the instant invention provides a high-density
polyethylene composition, method of producing the same, articles made therefrom, and
method of making such articles, in accordance with any of the preceding embodiments,
except that the low molecular weight ethylene polymer having a molecular weight in the
range of 12,000 to 45,000.

In another alternative embodiment, the instant invention provides a high-density

polyethylene composition, method of producing the same, articles made therefrom, and

method of making such articles, in accordance with any of the preceding embodiments,
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except that the high nolecul ar wei ght polyethyl ene

al pha-ol efin copol yner having a density in the range
wW@R008/196389 t 0 0.944 g/cnB, and a nelt index (12BCBYS1007/082502

the range of 2.5 to 11 g/10 mnutes, and the |ow

| e Iar me eth I densi t
excep ot T i 5l togs ehpiy ey Bt Slihg %ap%wr lmy&&@ density
(12) in the range of, 50 to 1000 g/ 10 m nutes.
in the aaigeIn .28 P AAT s AbRIMRARer el RSBaRIEE B3RP di 2/10
provi des a high-density polyethyl ene conposition,
minutge tathd theddbwpnaddeadamgeigiteetisdere, pohyrherdlaemgraadbasithiarté ramge of
and nethod of making such articles, in accordance
0.965\ DIV78RYen®f atdempIceERSI (DY nﬁ@f@@ﬁig@&ﬁﬁse to 1600CEPY niim@ks.
both the high nol ecul ar wei ght pol yethyl ene

xﬁgﬁ)tﬂéreditls ali PP M&E&eﬁ@ € 1H§ar{tq erﬁH HJVﬁ{CS ﬁ&ensuy

ene po ynmer being substantia e of any” | ong

polyetmega I %a%%%faa@ A4 ertrom, e
h- densi t pol yet hyl ene conposi tion, nethod of
meth%lr 1%8%% értgéer?em agrerdancesvishatey 9frids BreFestipe gmbodiments,
met hod of making such articles, in accordance with any
excepbfhat besh phregit gl modece b ot ght polg,ethy@ng elpha-ofedin qopelymer and the low
hi gh- density pol yet hyl ene conposition being
molecsiltd Stedgtit edlylepie poBened beiag wubswagiall¢ i@k of biiyaloafichgn bidnching.
anot her alternative enbodi ment, the instant invention

pﬁl@é(ﬁdiiﬁ‘e? aftefta@: S8RSif¥nt, Hﬁllﬂﬁﬁrﬁ)ﬁh\%‘ﬂﬁoﬁ; BFRARL hih®h-density
nmet hod of produ0|ng the same, articles made therefrom

polye%@%ﬁn %&ngtuﬁ‘] o ece da%&&d}lx%ro&lé ggmrﬁ% arﬁc!‘esalﬁgci)er ﬁ&@ﬁS{n and

ts,

t he hi h de Slt | ene. co t|on aV|n
metha] i gy tideraa ancmﬁl Therbs Repskangadiments,

tenperature peak having a tenperature peak maxi nmum
excephgaibe highodeasisy polgethglene camppemitianping suby@ntigibr f¢eref any long
cal cul ated purge fraction in the range of |ess than
chain bfanbhiper cent. I n another alternative enbodi nent, the
instant invention provides an article and a nethod of

MK hit@h& akBrnafivééhbsdient, heaf Gt anraBonbidvidRe Y @%1 ddigity
precedi ng enbodi nents, except that the article having

t {
A BTN o o

methodtoésnéaé%?g %g aﬁtb erssln r%:g%r%iglic%n\gllt}ghnoyno e pr%(c):/eclnqge gmLodlments
except that the high-density polyethylene composition having a single ATREF temperature
peak, wherein the ATREF temperature peak having a temperature peak maximum between
about 90 °C to about 105 °C; and wherein calculated purge fraction in the range of less than
15.5 percent.

In another alternative embodiment, the instant invention provides an article and a
method of making such an article, in accordance with any of the preceding embodiments,

except that the article having an environmental stress crack resistance of at least 10 hours

-10 -
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ASTM D- 1693 condition B, 100 % I gepal. In another

al ternative enbodi nent, the instant invention provides
w@pooansised e and a nmethod of maki ng such an arPCTIUS2007/682502

accordance with any of the preceding enbodinents, 5

t a clos vice. In .
meaS‘Hﬁ‘gYﬁef?§ﬂﬁt Eg% F‘?}Eflté‘?fg%dfdr%?ﬁepalt ﬂrea‘t g(ﬁ} h?“ﬁ%/’é]ﬁi‘slué‘?ﬁi via
provi des an injection nolded article and a met hod of

ASTMEXI o emditioarB.d0Pi% Igepal.n accordance with any of the
precedi ng enbodi nents, except that the article being
alibaddthe adiamatiizmerabmﬁiment, tletipstaatinweatiempwdides ah articheeand a
i nstant invention provides an injection nolded 10

methcdl dfingdkeén2diéh an AR Gin AdcortRlktd @ ith W ofthe Piddeing enibddiments,
accordance with any of the preceding enbodinents,

excep?p]q%?ﬁ’l% a}tt@%g}élgga@f gin%'d%vﬁg' ng a cap including a skirt

axi al s from the periphery of a base,

rn hr ea secu
o R RS OB P18 i ARG B Db S8 ubioR motaea
t he purpose of jllustrating the instant inventjon,
articlg zHJélraemp od Rbaking stlﬁbara@rgg\}len]élsacgordgl&emllf}h%ﬁy qfghe preceding
presently preferred; it being understood, however,
embodifntst Biaspl thelethe auield beimpa bottle pied to t he preci se
arrangenents and instrunentalities shown. Fig. 1is a
ghapdothdrlalisinaate ergbduitehd) ehedadtantlidteado\pisieides an injection molded
hi gh-density fraction and purge fraction of the high

articldTdeCHb@bd VE AR gRALY & MLRNE cesmanentitPinyt df&he preceding
i nventive 20 Example 1 was determned. Fig. 2 is a

embo%lﬂrgeﬁg E)&Jeﬁftﬁlﬁl?t?l% gl 1cﬁ%n§%§ cagaailnglﬂh%% tkN E‘gg?m%l#eeﬁ%endh from

the pe?ﬁb%&?o:f 3&)%@&%11\}) n&}ﬁ%%d&e sﬁf())ﬁ %ﬂ%ﬁé_ gl%fm%) to a container.
2008/ 136849 PCT/ US2007/082502 Fig. 3 is a graph
illustrating how the cal cul ated ATREF hi gh-density
fraction and purge fraction of the high nolecul ar
wei ght pol yet hy|Ruief Resariptienbf tdie Divevingyent i ve
Exanple 3 was determined. Fig. 4 is a graph

| IFotigieipatiodg ohidvs il gahd fidlaat e AR igRhelem s thy drawings a
fraction and

form that is presently preferred; it being understood, however, that this invention is not

limited to the precise arrangements and instrumentalities shown.

Fig. 1 is a graph illustrating how the calculated ATREF high-density fraction and
purge fraction of the high molecular weight polyethylene component of the inventive
Example 1 was determined.

Fig. 2 is a graph illustrating how the calculated ATREF high-density fraction and
purge fraction of the high molecular weight polyethylene component of the inventive

Example 2 was determined.

11 -
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5 purge fraction of the high nolecul ar wei ght
pol yet hyl ene conponent of the inventive Exanple 4 was
waledosnsiseed. Fig. 5 is a graph illustrating homCT/H82007/082502
calculated ATREF hi gh-density fraction and purge
ctj.on of t h. nol ecul ar [ al yet hyl ene .

cERh oS hern Mo v et b nd NerlSe Giado diugn and

10 Fig. 6 is a graph illustrating how the cal cul ated
purgeArpREm Bl Gh heﬁéln@plleg/ulﬁrr weighiawleaaylenn gogeponerfef itmingentivee

hi gh nol ecul ar wei ght pol yet hyl ene conponent of the
Examplvewtd deternfixaipl e 6 was determned. Fig. 7 is a graph

illustrating the relationship between the density in

0Fig1B iaaGrabioilleRGARE hoWdkE eculfte® AITRBMEER deMty fraction and
i nventive high-density pol yet hyl ene conposition having

% e I
purgeqhacgiﬁn ﬁ) the ?1 o) %gtg?ﬂo\”ﬁglﬁhgao@%thﬁgne &)ﬂﬁ!on@ﬁt PG End VR
492 65*d sity(g/cnB)) - 6,975,000] psi(g/cnB).
Exmnb&tdW?Sﬁafgg%??ptlon of the Invention The high-density
yet hyl ene conpasition of the instant .inventiaon
i Hbg ades ggphiiletratipg Apw temealcuied 4 T&ddoHah-demprigstion and
The first conponent is preferably a high nolecular 20
purgeviggicgon okethh i ghrreolatyawaligkf patyatioyleneygpsrponami of gheainventive
density in the range of 0.920 to 0.946 g/cn8, and a
ExampRl3 wandteorn(idedl) of 1 to 15 g/ 10 minutes. The second
conmponent is preferably a |ow nol ecul ar wei ght

etﬁg%llieiﬁ‘ﬁ oPINMITRrahAY ho® the S8O34bY ATRHFNE of-ABEStyFfaction and
0.965 to0 0.980 g/cnB, and a nelt index (12) in the

I 0 el
s R0 B 0 LR M 5P
I /10 nutes, a density in the 25 range of
Exmnﬁﬁggﬁa§%§ g/ cnB. The hi gh-density pol yet hyl ene
conposi tion may further -12 WO 2008/136849
pig. (e e @rarbgisuating fel rakasonsdién batwaen the dapotaneim’ and 1%
addi tives, or adjuvants. The high-density polyethyl ene
secanClomhdss ini th wierathbiimedéle pighydeesity @rlydthyledeecomposition having a
alternative, the high-density polyethylene is a

1% sedbihttohstRdial in POil oG al of Recated tdtheFo Nl rélasnsifLd
herein, means that the nol ecul ar weight distribution

[(7,492,165*den51ty(g/cm )) — 6,975,000] p81(g/cm ).

Detailed Description of the Invention

The high-density polyethylene composition of the instant invention includes a first
component, and a second component. The first component is preferably a high molecular
weight ethylene alpha-olefin copolymer having a density in the range of 0.920 to 0.946
g/em’, and a melt index (Io;) of 1 to 15 g/10 minutes. The second component is preferably a
low molecular weight ethylene polymer having a density in the range of 0.965 to 0.980
g/cm’, and a melt index (I,) in the range of 30 to 1500 g/10 minutes. The high-density
polyethylene composition has a melt index (I,) of at least 1 g/10 minutes, a density in the

range of 0.950 to 0.960 g/cm’. The high-density polyethylene composition may further

-12 -
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5 (MD) in a Gel Perneation Chromatography (GPC) curve
exhibits two conponent polyners, for exanple, two

WEe@ka3@n wher ei n one conponent pol ymer may evROT/E%1081/082502
as a hunp, shoulder or tail relative to the MAD of

he ot her co nent nmer ;. e terna e,

mdu({"&dd’él)?aﬁlpqoénp P é’rdﬂP’tVﬁ of aﬂrux% aﬁléﬁﬁlflgh ﬁﬁ lve&mlve

one single peak with no bunps, shoul ders, or tails.
compagtiarhis attemetialmglmiaroeran thedtegrsige Hbe Bigh-drasinspaliethyleeis a

MAD in a GPC curve exhibits nore than two conponent
multippodiatpelysmerf or exanpl e, three or nore peaks or wherein

one conponent polymer may even exist as a hunp,

s Taw ket bi@bddl Aidks usdPhedéihVidedr thdiehdMBlediilat WeighOdib@ibution

conmponent polyners or in the alternative, wherein

r
O R s RGPy Fur g ?rﬂlbf*@é” IR e
used. herein to indicate a
Polyrfrfﬁ% & %‘FWL“T gy SE S Srisryne Gt oy R ex s o
term!' " as used herein, includes
hump; ﬂroeldﬁﬁroy ﬁ@élrrelatlve trothe MWLY gf the ethep rempencgseolimge opin the
t he copol yneri zation of ethylene with one or nore C3-
altern@@, &drghampleevheres) the The ceraponehispnay iyl ity onte sarglaipesdt with no
herein, refers to polyners prepared by the 20
bumppachyiidens zatthion of at | east two different types of
nononers. The generic terminterpolynmer thus includes

CARR kAR BultitRHAl hY uQRIHRY R thehs thef @E MWIPRI VOB Rurve exhibits
prepared fromtwo different types of nnnoners and

more H‘J%ll i O O ?51?&13?_&819{116 L %Pa(rc O%l%gf haﬁleet JZQII‘I ﬁ{s%rllt\x/he}éﬁﬁ Bne

erej refers to |zat|o of et. Iene
compiia belypeb i s Uikt & TAnsheB et i teg B dne MD of the
WO 2008/ 136849 PCT/ US2007/ 082502 The first conponent
other Femponsst WerSf @rrlnékgfaﬁfgr@atyep\@hgrgqné}meﬁ or TgEe §qrpgqnents may have
conponent is preferably be an ethyl ene pol ynmer; for
only axanmglepick hethfnortsimpsosipoliert or wilpr ef er abl y a hi gh
nol ecul ar wei ght et hyl ene al pha-ol efin copol yner. The

f IThs terMO RO id Bed HOSInABLAELAY afllbﬁ@?ol@ﬁleﬁ% ihtef@lymer (or
chain branching. Substantially free of any long chain

M L S R
such as; f%r exargple, t%ose made by the copolymerization of ethylene with one or more Cs-
Cyo alpha-olefin(s).

The term “interpolymer,” as used herein, refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic term interpolymer
thus includes copolymers, usually employed to refer to polymers prepared from two different
types of monomers, and polymers prepared from more than two different types of monomers.

The term (co)polymerization, as used herein, refers to polymerization of ethylene in

the presence of one or more alpha-olefin comonomers.

-13 -
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branch per 1000 total carbons, and nore preferably,
| ess than about 0.01 | ong chain branch per 1000 total

w@ 2008081849 The presence of | ong chain branches P&T/US2007/082502
typically determ ned according to the nethods known

in.the art, such as gel perneatjon chrogataograph .
c %BB Elé% COMPPRENE Hit %ﬂgﬂ“%f ’ E%@é‘?mﬂ’legahl?&%%l ‘Ee?ﬁ%fg‘%t domponent s
detector (GPC- LALLS) and gel perneation 10 '
prefergbly e setyApsyobongl &g eximpleathg first spaponealt isprefesypbx @high
detector (GPC-DV). The first conponent has a density
moledutar wegght athyéene falpha D2dFirt @pOlyddB. dhe fiBkst cdinponemtliswubistamtially free
val ues and subranges from0.920 to 0.946 g/cnB are
of any logh URGH bhRLEIng. S0bktalital @eedf hey BB chdifbraxRip! & used herein,
the first conmponent has a density in the range of

refers Qo g@ t@thg/%rt}g gﬁéﬁ}eg ?fe@&ablg fsub é?ltﬁt@& W?tjhtlgsrs R %%u% 0 '(i) Iﬂ(gl §8Ch tai(t)l

firs as a density in the range o

orancf 2 GRS, LRSS branch
i ndi vi dual val ues and subranges from1 to 15 %/10

per 1060reipbearbens. iThe prrserrermd lngrhalbrandies stupicaby ditermingst
exanple, the first conponent has a nelt index (121.6)

according tdde meatiylsdhmo@ntio the2urig sudh avigalipermeatorn ¢homptegraphy coupled
alternative, the first conponent has a nelt index

with 10 2hgle)ladenlifheschteanipg defectr $GPO-TIALDS ldhdrgeh pérageationl he
first conponent has nol ecul ar wei ght in the range of

chromb@$hr A Joﬁ]fol%@ Qi @004 Bl ehtihiNGidbhiduddeRBroY B PE DN AT he first
subranges from 150, 000 to 300, 000 are included herein

[.SC - N I sh i st

comB A SEARREL AL Sl of 8200 BN g e nd
150,.000 27 0; gr in the alter ive, 1he fiprst

subrag L A IR L0 4P Ao R g Rl PaieTo For Sxample,
150,000 to 240,000. The first conponent may conprise

the firsrgpnapenanithapf depwtydn tipiaagapidh@2o10dr- 94 g/eBp i yitheglternative,
for exanple, the first conponent conprises_about |ess

the fitshampbDenteras eniendty imtheghngsf ®H28m0e). 944 gfomé The first component
al pha-ol efin conmononers, based on the weight of the

has a frieltSihdekQIRONBIthe ragk of 1 1¢ 15¥@ 120R1BL&35849ndividual values and
PCT/ US2007/ 082502 i ndi vi dual val ues and subranges

subralll 3 ?ﬁotnh fith i-ﬁ %W@ !nﬁlﬂﬁteﬁ glre?ﬁaﬁd&lrﬁeréiﬁ %h&' gﬁglogﬁﬂfeiran %g example,

cl osed rein. T I rst conponent may conprise
.any anmount, of ethyl eng, Lor exanpl t I St .
the i SEREBRBRR. b g CReED T LB CERERPF 246 [l gy, orin he
wei ght of ethylene, based on the wejght of the first .
alternggyen g Hbt CORMHONEHIRY P diFal 1N¢eY (e BB S8t ghgedo 4bg(l@ minutes.
90 wei ght percent are 5 included herein and disclosed
The fifs ceinpondng haseealepiler weight i the range aph bHEIA0 todRP008 e Sllaindividual
| east 95
values and subranges from 150,000 to 300,000 are included herein and disclosed herein; for
example, the first component has a molecular weight in the range of 150,000 to 270,000; or
in the alternative, the first component has a molecular weight in the range of 150,000 to
240,000. The first component may comprise any amount of one or more alpha-olefin

copolymers; for example, the first component comprises about less than 10 percent by weight

of one or more alpha-olefin comonomers, based on the weight of the first component. All
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percent by wei ght of ethylene, based on the weight of
the first conponent. The al pha-ol efin conononers

WO y@8aadshy have no nore than 20 carbon atons. FOF/US2007/082502
exanpl e, the al pha-ol efin conononers may preferably

i e e R ST il Py B SRR & Bucose
i nclude, but are not 10 Ilntted to, propyl ene,

herein . Hhgt falecompopenitregeconmprite eey emount e siheirsie; for ssaraple, the first
1-nonene, 1- decene, and 4-nethyl-I-pentene. The

compaephecopredes at learrohanr@Opearcet py etighadl egh@elegbised ohrthaweight of
the group consisting of propylene, 1-butene, 1-hexene,

the fir8Endpod6hteNg] indRAd K &usy ffdeiuBRInyes HoOEDY Reighi perRent are
consi sting of 1-hexene and 1- octene The second

inclucfeﬁ'ﬂ@%?}?md (ﬁ1§c1§seﬁ(?1|e%'ﬁ? for ex% ugt &ng&h fPtI c%ftﬂﬂ?tses-r f18east 95

secon corrponent IS pre era y an ene

percef it TR Bisraeh M5 PGERGRFCER ?oiﬂéoﬂeﬁt

honopol yner. The ethylene honopol y contain
t he élPQ?ft?Eﬁft“scoé‘fon@H}?fsatﬁ?lﬁéltIBéh%VGﬁ%?ﬁB%rﬂéan 4 grbon atoms. For
al pha-ol efin conononmers. The term ethyl ene
examplontbp elpparetefingpomepethetsgnay prefaraflg hava Htoald) @b asoms, and more
pol ynmer containing at |east 99 percent by wei ght of
preferably)\d @ ecattiint #omd hEx arslanychlsiangofie oémosonre fretale] yut are not
substantially free of 20 any | ong chai n branching.

limite¥® SR e Rl L Yuleheel-pént@RY 11HeRéheC NAkHeRE, A0SR -nB8ene, 1-
used herein, refers to an ethylene pol'ymer preferably

deceng %‘?ﬁtél 11118&1?/9 1‘&%&@{1&‘ erﬁ? !llgﬂzg o@ﬁg l&) %n(l'mler% 8 é\?faelr{bb}/ selected from

ranch ons, mor e

| ess than apout 0.0 ain bra OOO to
the a1 SERSONS HEPBPYERR e S E%Xe}w# ﬁ-@gm@ aud te Pfetferably
typically determined according to the nethods known
from the grqye censistingsofnkehgxeapae bissigge. The second conponent
has a 25 density in the range of 0.965 to 0.980 g/cnB.
AlThe iserehng icdmabnena isteggolamelr, Sarlexamgles fal potefin. 96lke secdid WO
2008/ 136849 PCT/ US2007/ 082502 to 0.980 g/cnB are

compbiitit ugﬁ@tefhet;eaﬂbtﬁﬂenedpayﬂneﬁ g6k xampld) thef o ofenttifie
second conponent has a density in the range of 0.965

prefer%Q%Ql lg%ﬁnﬁéﬁﬁﬁ‘ wéEEﬁ é@%&{é&w‘{%ﬂé%ﬁt "['ﬂ@%th?ilerﬁﬁ lhkinioﬁgﬁﬁler may

I n the range~of 0O mnu
1500

COIltEllHRI’ ace éll%lOglFté o?ﬁorﬁaralélégeh OP%OHH glﬁde &I %1@,11 glgg} ﬁg nomgrfsga’he term
exanpl e, the second 5 conponent has a nelt index (12)
ethyleng hpRapelypige B RSN ISEE /20Ul RdymecopuRipg at feast 99
al ternative,
percent by weight of ethylene units. The second component is preferably substantially free of

any long chain branching. Substantially free of any long chain branching, as used herein,
refers to an ethylene polymer preferably substituted with less than about 0.1 long chain
branch per 1000 total carbons, and more preferably, less than about 0.01 long chain branch
per 1000 total carbons. The presence of long chain branches is typically determined
according to the methods known in the art, as mentioned above. The second component has a

density in the range of 0.965 to 0.980 g/cm’. All individual values and subranges from 0.965
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t he second conmponent has a nmelt index (12) in the
range of 50 to 1000 g/10 m nutes. The second

wa@eopasse has a nol ecul ar wei ght in the rangeP@f/US2007/082502
12,000 to 45,000. Al individual values and subranges

om 32,000 to, 45,000 are. inc|uded_herein and
to 09%@ 5)23% SEinfibred H?relﬁlcﬂnd%é%f%‘? {%‘?re’t“h fresunplg: B spnd somponent
has a nol ecul ar wei ght in the range of 15,000 to '
has a dgisgpm thgpraneg qf §.36do QN8 efran . vide seerndseamraet dip a mektindex
has a nol ecul ar weight in the range of 20,000 to
(I2) in4be 8@e off Bdtas ExOred] Crmipoese X1l oxdimduad eslueessl suheungds. foGm 30 to
percent by wei ght of one or nore additiona

1500 g1phdintle® fuleNn@ @Rl BereEh Snd BiRSIBSEIHErdiRefonet Ghle Qhe tdtBnd
second conponent. All individual values and subranges

compér?}eglfrh%siecitéf% E}ggx 3612991 the k%%& oP&h %Fﬁe(),Oag['/ hﬂl‘ﬁlté’sq gginr\ﬁé thé}native,

her el n; r exanp e secon
onent

the sef RSN GRS A3 s BBt oo JEY b Dbl e
al pha-ol efin copolyners; the second conponent may. . .
second gampprEat ammogf%%ﬂwwhwdh% rangeof haPRR a4+ Y00 Hrdividual
of one or nore additional al pha-olefin copolyners; or

values and; swbraaiesiromt 200 to Ke,08@ arrdclodereementand distlosasl lgfrein; for
any additional al pha-olefin copolyners. The second

exampgle)ghe s&ohd componchehasad mbrasihr abigtit inQBe rapge oL 3,004/ to 45,000; or
wei ght of ethyl ene, based on the weight of the second

in the@RBRAREN khe Abdnd hpOneitdas 4o beSy AR is H{%rrﬁﬁ@ecg 201000 o

about 99 to about 100 wei ght percent are include
15002 S0P o SFLEETRIE L JooSHATH Gy SEGRIV o
s s BB B R S g e, A

. conposition has a density in the range of 0.950 to

indiviguggplugs ardssubmnges famipgthin 18D weiehs percentisraiiglided hesgin and
0.950 to 0.960 g/cnB are included 25 herein and

disclodé¢tledreis efbr eearepla, thd kerohi gbmdenesit tnay gompascatioan@.0001 to about
conposition has a nelt index (12) -16 WO 2008/ 136849

1.00 pREBhIS2ARIEhOSR&R 2D nfre aliditie@s bilpha Wkt dHpBLin@Ss; thY decond
i ndi vi dual val ues and subranges equal or greater than

comp St ﬁlgy c%?ﬂgeeé\bo"ﬁf 6.00D & M }Pg [g@%c.gntatﬂﬂwﬁlgmf%@ dr more

ereln; exanpl e, the hig nsity "poly yl ene

additi%r?ag/%%%ia—:g{),:le {JI% cgoi)%lygl}errrg lr(])tr tni‘l@‘l% %th:l&%ltﬁ%ﬁ, :t}\lr)eesteg?erh ecaon eongrgt iél frteg of any
--high-density pol yet hyl ene copposition has a nelt index
additipn plpgp-ogfin eapetymeryy it S¢rof €¥nPOnRR: eCONHITigRs Yderst gRput 99
pol yet hyl ene conposition is substantially free of any
percemtdqygwctjgéi af eBrydanehbasgd on the weight of the second component. All individual

values and subranges from about 99 to about 100 weight percent are included herein and
disclosed herein; for example, the second component comprises about 99.5 to about 100

percent by weight of ethylene, based on the weight of the second component.

The high-density polyethylene composition has a density in the range of 0.950 to
0.960 g/cm’. All individual values and subranges from 0.950 to 0.960 g/cm’ are included

herein and disclosed herein. The high-density polyethylene composition has a melt index (1)
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Substantially free of any |ong chain branching, as

used herein, refers to a pol yethylene conposition
w@e@Bas@d y substituted with | ess than about OrPQT/US2VG7/082502

chain branch per 1000 total <carbons, and nore

of at l%jsgg%? ?/ &e& E%Hgggfrll ag %P%Ssaé]ﬁc,s@ gqs%ggglgq{%%?e%Qhﬁle{ g/10
branches is typically determ ned according to the

minutgpr deEudeddwirin and dis¢lpeedaiereinider ermnle nkaihighgigasitymedyethylene
hi gh-density pol yet hyl ene conposition has a nol ecul ar

compwetighbasch ratlf inolax i(Joninithe tange pahge?2 gfl 04ninoted;Sor ikkHe alternative, the
i ndi vi dual val ues and subranges from4 to 15 are

high- ddﬁ@lltﬁdﬁﬁsieth?l'éﬁé BorapshitthnSak @@t MBELITN; of faPTeaX0gP Ehinkthe The

hi gh-density pol yethyl ene conposition has a nol ecul ar

high- d&klgy%olgétﬁgl%h@%ﬂl&ﬁlﬁ it Q@osfa?lﬁgﬁy Fr%% ; %ﬁxﬁr ng?fg cfHin bﬂlnE}lﬂﬁg

alter denS|ty po ene

h di

subsifHE Tt ?@%ﬁ‘%%&%‘@ ecuhﬁér%“ﬁe %Eﬁi betirarits %hiﬁglwﬁly}eﬂe
distribution used herein, refers to

compositigryprefsrakhs ﬁl@}ﬁfltué%wglg ?Sﬁ&aéél}?‘&#) Wéwng ﬁhal(l rW@nCh @er 000 tota

nunber average nol ecul ar wei ght (M), (MNM,),
carbotestd fseipiefratly berthatotbaint &.0hémei hbisl tonciriee 1000 total carbons.
hi gh-density pol yethyl ene conposition has an
The pefIwice @if ia1gt chihinshrig$ss Breggikaltyeddtahamneieacodrdatg tbelsinethdds known
hours nmeasured via ASTM D-1693, Condition B, 10%

in the |a&e£’aatlnentﬁfne@ hE6RY a[bﬂe)fugﬁ?dén%ﬁ?% %@th@fé‘ﬂé %oﬂﬁﬁ@sﬁ%@ﬁ’as\éﬂ Bolecular
STM 20 D 1693, Condition B, 10% | gepal, nor e

welgh%_dﬁéggﬁggn gl%traﬁ BOEQL tégé/oh %qflﬁdﬁﬁayggﬁ n?tser ng&es from 4 to 15
e i R B L B TR RS 3

hours nmeasured via ASTM D-1693, Condition B, 100 %
compoyiiaqrahas agpolsewlpisyaihi/distabutiemisitha ppen etip & ks it bg alprative,
ASTM D- 1693, Condition B, 100 %I gepal, or nore
the high—dél&ﬁt&kpﬂo}yetl@ﬂeﬂe@ampoﬂiﬁﬁn hour mol’ﬂea]suweighﬂ&st\ribati%lﬁ\ﬂhe range of
D- 1693, Condition B, 100 % I gepal. The high-density

5 to 1polTyetdiyl remec aaPasht di@nbutich/o I RINBAL B8 48rein, refers to the ratio
PCT/ US2007/ 082502 may conprise any anounts of first

o RS R AR IR LD 1
t 4 ht f ot
Tl 906 ushis REFER I Y GhER b P o R,
second conponents. Al |nd|V|duaI values and
compRsitio b Y BPRBEUSUEE qrRckseHanessof gt egrt | Ghoueemeasyred via

included herein 5 and di sclosed herein; for exanple,
ASTM B2 160 % Kodéitioh By 1% Ipenahydr erefcrsbhyse siasi Yhhaonpeasiest via ASTM

D-1693, Condition B, 10% Igepal, or more preferably, at least 40 hours measured via ASTM
D-1693, Condition B, 10% Igepal. In the alternative, the high-density polyethylene
composition has an environmental stress crack resistance of at least 100 hours measured via
ASTM D-1693, Condition B, 100 % Igepal, or preferably, at least 125 hours measured via
ASTM D-1693, Condition B, 100 % Igepal, or more preferably, at least 150 hours measured

via ASTM D-1693, Condition B, 100 % Igepal. The high-density polyethylene composition
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about 42 to about 64 percent by weight of the first
conponent, based on the total weight of first and
wa@e@snsbseonponent s. The hi gh-density pol yet hyl P€EUS2007/082502
conposition further conprises about 35 to about 60
per cent b ghg of the second onent , basg on
may CPH&’“?%?%W %?“é ot ft cqupponent, sgcoy 80 BRI O SerpBiatiens thereof.
i ndi vi dual val ues and subranges from about 35 to
The hw@o@ﬂnsmp@me%lﬁgworpmsetm cogpsisphaioyt & tohoat ¢d Beteent by weight
di scl osed herein; for exanple, the high-density
of the;ftrlstw@trtpphemebasentrpm fiettb@hweight bfcthe €iotpnd seendbaupor@Gtst cAll
about 58 percent by weight of the second conponent,

individad edlves ahdgubkHioad fromi Hoht 4 totddBuf 65 wéighi\br&RE ARAncluded herein
conponents. Preferably, the high- denS|ty pol yet hyl ene

[
and dfs eBPéaSﬂr A rﬁ:‘fél{?,ﬂfgb %}E’ran%éé ﬁg%%%??}ﬁ”g@ %ﬁ){l%ﬁ%&%%n comprises
ween abou .

abou 43 BB B GeR R T kR B ) ﬁ%rfl%}eﬂé aird Sodfin st of
further has a calculated purge fraction in the range

first apgl sqceud compepents. ol lﬁépg;]gﬂqnsuyﬁglyﬁ‘hq}?na éﬂ@p?%}tlon further comprises
pol yet hyl ene conposition may further include

about3dde eham &0 persontdnnesight afiibhseggndedmeponsol, padon the total weight of
adj uvants, and/or additives. Such adjuvants or

the firadahidtsev@sl confpoheitte, Aluhdiaidealn@ludsiand tetdaiges fidat atsuad$ & about
agents, color enhancers, dyes, lubricants, fillers, 20

60 weRiHl FBRES: ar® [HclTRIEY héRld MK FRNsed hSRAL @&aerxﬁmple the high-density
anti oxi dants, processing aids, UV stabilizers,

polye{lllgﬁ:lng @{%ﬁpg‘smﬁpﬁlr&&n@dnﬁwseg Ql?‘ou& I?)g k& %out gg érﬁl?)g tto\f the

ne conposition rom ses a
ercen th |ned t of one
Seconé& P‘%Fé‘é %“e@ nfto "ég]%é% é]Fﬁg Préf anqeCop “&B’:’i‘g?tﬁy Preferably,
ethylene conposi tion. i ndi vi dual val ues and

the hlglarﬁﬁrasﬁg@@breﬂwmnaw@wow@g@ h@ﬂw@aﬁnale AR Igfhtemperatesa el gvherein
i ncl uded herein and di scl osed herein; 25 for exanpl e,

the ATREF ¢rgperatarespenly hpohy ettérypameraomag asixiton beomgeniabest 90 °C to
about less than 5 percent -18 WD 2008/ 136849

about ROF PUSTROHIBERR0Zy phlyethiiene esipdratbnitBdithadh cRIRGlagH purge
nore additives, based on the weight of the

fractlckaq ﬁl'lhgﬁlﬂgé BMessﬁt‘ﬂ'a% Eﬂgﬁ:@ﬁt conposition; or in the

t er nat ensity polyethylene composi tion

ﬁﬂgﬁig%??enalﬁygﬁ&wetﬁ%?aé ol BRCEEC el b AR R

of the high-density polyethyl ene conpositian;
compeRH{+urh &t pEFTRRYVETS e Bth R ey %Cﬂyf@ﬂw@rpé additives

' conposition may conprom se about |ess than 0.5 percent
1nc1ud§ybmthiée not limited to, antistatic agents, color enhancers, dyes, lubrlcants, fillers,

pigments, primary antioxidants, secondary antioxidants, processing aids, UV stabilizers,
nucleators, and combinations thereof. The high-density polyethylene composition
compromises about less than 10 percent by the combined weight of one or more additives,
based on the weight of the high-density polyethylene composition. All individual values and
subranges from about less than 10 weight percent are included herein and disclosed herein;

for example, the high-density polyethylene composition comprises about less than 5 percent
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conmbi ned wei ght of one or nore additives, based on the

wei ght of the high-density polyethylene conposition.
wOlaBaaiser s i ncl ude, but are not limted to, pRPCEHES100TD82502

stearate HPN- 20E, which is commercially avail abl e

fro lik Ant i oxi da such_ as | rgafos
by the;gpgnti WB‘)%]%H L6 POMOKy %‘%%Yﬁ?o‘i’ﬁsﬁd 08 & WA gt‘%?clflg]ﬂﬂsnmy
polymer fromthermal and/or 10 oxidative degradati on.
polyethylgan 6RpYsiti@n Or insthe afterariiee, thedtiglderéty polyethylene composition
(3,5-di-tert-butyl- 4hydroxyhydroci nnamate), which is
compasayrabowtileds|tyanal perbat bg thea amiTChdrbw&ghgyf dneoer mnargaddsgyas) based
168 is tris (2,4 di-tert-butyl phenyl) phosphite, which

on thd WeigRGRAE hidhldénauapd] pdth Geied @mgdshidn; &ih @othBEaltefhifive, the
i nventive high-density pol yethyl ene conposition may

high- %%Fl‘?ﬂ@élzgﬁﬁgléé“%ﬁ?‘) T S R IRES: (e KPS by he
skill.in nds, co ent

comb iy eigihel B Opfgflx}f&aﬁyﬁ%aﬁs bgGRT Fiehl S g FiRlA Ry
any conventional nethods. For exanple,. the selected

Polye%feyﬁé?@laa%%ewclﬁqt%ﬁ% dasduds;, Butrg Pﬁfglrréltedotp PUARTTIER pladate,
extruder, or a mxer, e.g. a Banbury m xer, a Haake

HPN-A0R.ewhicla isaniyeerdiaty avitabeafrom litlgeen. 2’01t1|on1dgetﬁeﬁruah as Irgafos®
bl ends containing the inventive high-density

168 apdirgatdafl1ene cosmasihiyaned eopptccsts palynleg &®in #hrmal and/or
percent by weight of the inventive high-density

ox1da9% Jb-fatisR eI g &P oﬁjlb'lfﬁ)fétraf@i@%ﬁgth?EnE k@S Ikal-buei-ght

of the bl end. AII i ndi vi dual val ués and subrangés in
d
4hydrh£ﬁ1§dﬁ&%ﬁ1&8{& %1?@? %ogiglel%}ﬁiaﬂptg?fﬁg%feeﬂlémﬁlﬁ% ngggligce Trgafos®

168 i A0 5 A5 BeribyFhes ngﬂpﬁlacenﬁirf%yléﬁ@n%}%%ﬁ&ﬁwlsﬁmm Ciba

~ based on the total wei ght of the blend; or in the
Geigyanger nati ve, the blend conprises -19 WD 2008/ 136849
PCT/ US2007/ 082502 at | east 60 percent by weight of
t Ade imeentd Meh-hleghtydmhgith wenpalopgiokyioe merydorthadiethlonled with
based on the total weight of the blend; or in the

other gbltyﬁfefsatsu‘éﬁ ottel BolhRAchre QBRI AIBSEoHn tb%%ﬁifsoﬁQ)f PeTif#skill in the
wei ght of the inventive high-density polyethylene

art. B@&ﬁggéﬂn el t@ﬁ@éﬁtl@@ h%l’lﬁdetngtt?ho \Q@thglghe C&B dsf nbils ?%ed via

In the alternative TISGS at east
any C%Vrenté?%yr“é&l@%& ohoSorbl s PR ot BTk ving inete
or tw1t112§re\k))vl ee)c?r?ldero {)r :!,1 meer e.g. a Banbury mixer, a Haake mixer, a Barbender internal
mixer.

In general, blends containing the inventive high-density polyethylene composition
comprises at least 40 percent by weight of the inventive high-density polyethylene
composition, based on the total weight of the blend. All individual values and subranges in
the range of at least 40 weight percent are included herein and disclosed herein; for example,

the blend comprises at least 50 percent by weight of the inventive high-density polyethylene

composition, based on the total weight of the blend; or in the alternative, the blend comprises
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the alternative, the blend conprises at |east 90

percent by weight of the inventive high- density
w@odogasdsyd ene conposition, based on the total MeT/YhL000682502

the blend; or in the alternative, the blend conprises

| east 95 cent by weight qf the jn
at leag OQREREHT YRR Siabn N eHere TS ol e B ke doBHotHgn. based
total weight of the blend; or in the alternative, the
on theyotsth o eighirpf the biendigorin thealiamasiyegie blond pmpryes\biaght 70gfercent
the inventive high-density pol yethyl ene conposition,
by weligis efitherintdneive bightdensiiyghilyahyleiecdhsrdionDbdsté petife total weight
pol ymeri zation reactions and catal yst systens nay be

of the@®HAOYEGh thOalRdrREtieEthe i OMPRkésVR 1dHsO80 SEeEsk by weight of the
polyethylene conposition. Typical transition netal

1nvenﬁ@% ﬁgit)f ?113%11 tr? éﬁﬁﬁ@l&s‘r{%ﬁ% sﬁ()ﬁ P& Srpﬁle%tgﬂvggﬂtsét{t}fe blend; or in

are nagneS|untt|ta

S Lif o) cata

the al%g@?l@%‘@%@@ﬁ bt B o V0B cn B Wetéaﬁ%ﬁrmﬂvsg Bpian-
catal¥st systens,. such as those described in

densuzg pgb@ ‘11_621-6 cgmgomgog,gygse;bcgl the t U)t§ wgg@tﬁ t@e@l?len%rﬂg nuhg alternative,
5,410, 003; and a netal |l ocene catal yst system such as

the bledsherenprivesatrledsedS percentdy weigs pf 2goinventise highadensiaggolyethylene
and U. S. 5,527,752. Catal yst systens that use

compodiliyh) hasedronakié ces waigitiof kieeblald) ol hacths upgasiti e, eiedlaldsomprises
useful. Preferred catal yst systens for 20 preparing

at leadt @9 OPERLAEBY Reiloff oft HE idveNER Hl%l@-dglll% yidhe composmon
pol yethyl eneé conposition are |egler-hbtta cat al yst

bmwd%%ﬁﬁ§&ﬁﬂ%&§ Sk Hﬁ&ﬁpe catal yst systens. In sone

re erred catalysts used in the process

ke t e h| densit ene conposit
A égasrr tﬂrﬁ e ST R S h STy TAY B Saplasad ogproduce
t he ase pol ynmeri zati ons, the catal yst is nmade
the inyengiye lailr%m@ttvs erlye%wsnr SPABCSHERYA SIPISH B 10® mp@berital st
chlorides in an electron donor solvent. This solution
systemmsusefltte prepateitbe highmlessitygebl pathydene @dnpAEitROO8Y h3G&4m/titanium
PCT/ US2007/ 082502 porous catal yst support, or a

basedfchdal y8 systenddebeshpl it B, thOeat YRS QaeRtes&Meayn ULy i4mmn2,565;
provi des addrtronal mechani cal strength to the

Vanadrtﬁﬁt)a%g%gtra Eheyse%s gjoﬂa@tﬁ&teéschgern@utmrsogtga@%ts 5,332,793;

ten slurried in ent produ0|ng a

U.S. ;l %%st?t&? ﬁe%ﬁrgg)ﬁogr %dn%tng Hocegrfe gFl grtsy G %gg sgc as those

i bed in and 5, 290, 745, the
descrl@ﬁft tnr‘é Se 61%3%1%9% ‘érS Eétlﬁ 0%? %ﬁ.%ﬁ %P%7 Ffe’f e falyst systems that use

i ncorporated by reference.
molybdenum oxides on silica-alumina supports are also useful. Preferred catalyst systems for

preparing the components for the inventive high-density polyethylene composition are
Ziegler-Natta catalyst systems and metallocene catalyst systems.

In some embodiments, preferred catalysts used in the process to make the high-
density polyethylene compositions are of the magnesium/titanium type. In particular, for the
gas phase polymerizations, the catalyst is made from a precursor comprising magnesium and

titanium chlorides in an electron donor solvent. This solution is often either deposited on a
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Precipitated/crystallized catal yst systens, such as
those described in U S. 6,511,935 and U. S. 6, 248, 831,
wo bh@sasdsiiy e contents of both of which are her eP@I/US2007/082502
i ncor por at ed by reference, may al so be used. Such
cat sts may rit her he dified wwth one precursor
poroug cqtp E%‘Pporél% iy ’flf?F tsr?é’ﬁed S@HF%PB&PP%?HBC%FBMQ dEppg-pEgvides
~in atent publication No.: US2006/ 0287445 Al . 10
addltlmiiﬂéchg@ugfaltsﬁ@lgﬂat%qhy partistesc J he splichpastielpefrpmeiiprasupport
MydTi (OR)e Xf (ED)g wherein Ris an aliphatic or
methagls arepdften shyded oaa diduent pebidoeihg haighmgscbsity mixkucambarh is then used
atons or COR wherein R is a aliphatic or aromatic

as catilyStRERE RPN Ek&HpIBR} cafaydt rﬁ%qe@ aleQiebdrilerR QNS &, PTE36(RAAIU.S.
group is the sane or different; X is independently

5 2903*45 Ok Eﬁure %fshghég g)f IBEth' o‘?%ﬂﬁq arglﬁefe?n ﬁ@o@h&gédr ef’e‘?&g‘éé

to

rreci e SRUR G ity il B SRS 00 na s
ctron donor. The electron donor is an organic Lew s

6 248{§§éethe Filt&ﬁ|cant§{1tst°é RPEA iy esare hetepineaipgrtesk bygregerense, may also
200 C, in which the nmagnesi um and titani um conpounds

be usesk Sush catblyets rhyefughesdtermedifigdmath ove wresursds acivator. Such further
sonetinmes also referred to as Lewi s bases. The

modiféda€ichy @8 deenided talds patenapublickydn st €IS2006/6287a45 pHat i C
or aromatic carboxylic acid, an aliphatic ketone, an

a'Pké?&@Blth@Qatﬁ'ﬁtQﬁecu%r @hd @1@ %ﬂn&l@é@?’bﬁbR) (I@ljsg{)vh@[ein Ris

cycl oal kyl et her, m xtures ther each ron

r e ] ]
an ali glg or gﬁ)\lﬁdar&%g&dlto%iuﬁgn ?ﬂfl g?l?sgfaé’ glr:t% 1&‘?%%? 5&5@% or COR' wherein R
oal ers havin
isa al&%{’ﬁPW’i al%H*ia%{? YOrosHao Y ahﬁ%ﬂln&h L‘E%arh%{wtﬂ‘&‘s'seac? PRogroup is
carbon at ons; and al kyl , al kox and al kyl al koxy
the sagetas diffegentaKidy Indspendgpty cléamam%gnmm optadgns; KR\P Al clzctron
20 carbon atons. The nost preferred el ectron donor is
donort éis @hyab@feus 8nl, @2; Oishiketo ldvampl &6 >Af anduipttaldlséd + 3. It is
el ectron donors are nethyl formate, ethyl acetate,

prepaRdifitim acieinade comp&lnd\/\@ni’ééﬁ&lﬂrﬁ@8ﬂ=@oﬁﬁr kB2 BéEOSE .
et hyl ether, dioxane, -n-propyl ether, dibutyl

| I
Zg@? g%egﬁtt)tbéﬂ@r qsa %ﬂ glgﬁﬁ@ Plew I}]se[?a]g% eh Elg ona}t)eratrﬁ%srﬁ( khe range of
o d th t
0°C GRER3 ORELIRs wRRles T the JrBRTREN gl o fol S HE ctctron

provi de the reaction roduct of tltanlun1conpound and
donoreoaPPRE e YRS 19 fﬁ%ﬂffeéé? at Levis passsurlggelectnn 4y can be
5 approximately 1 to approximately 20 nol es of o
an alkg| esterraban dbplticpe aranpits cofboxiyliardidiancdiphaimigetone, an aliphatic

amine, an aliphatic alcohol, an alkyl or cycloalkyl ether, or mixtures thereof, each electron
donor having 2 to 20 carbon atoms. Among these electron donors, the preferred are alkyl and
cycloalkyl ethers having 2 to 20 carbon atoms; dialkyl, diaryl, and alkylaryl ketones having 3
to 20 carbon atoms; and alkyl, alkoxy, and alkylalkoxy esters of alkyl and aryl carboxylic
acids having 2 to 20 carbon atoms. The most preferred electron donor is tetrahydrofuran.

Other examples of suitable electron donors are methyl formate, ethyl acetate, butyl acetate,
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and preferably approximately 1 to approxi mately 10
nol es of el ectron donor per nole of titanium

w@oeospasesde Since the catalyst will act as a tenP@i/asmo7/082502
for the growth of the polyner it is essential that

t he catal yst prec vert ed to a L It
ety $§6 1 Sued St TRt el el dob o st dembate
appropriate particle size and shape to produce pol yner
methyp agetpte] ahyl\gintsptey ethglens eqroniss, tesughs dpayian sand; st ipsepionate.
| ow anounts of fines and good fl uidization
c Nalnidect kargestxicess .of elkktrérvodgtor mimydbesseditnitiailyad pkewlesthe reaction
Base, nmgnesi um and titani um conpounds nay be

produt I RGNANRBpBLR] IdDEQkH dHUBR @il firdil dacdllykEstedi@sdr@btaihs
solid catalyst; it is preferred that the solution be

t I [ Fash
appro%&‘a}fﬁg 186 a 1&%@18 hb Qn(ﬁ@st oeife?r:gro}{ d@n pgﬁogé’ Mctlzi}tg% uyS pound
e rsor. Ara drre uct
and RIS} 30 %5595 He dtprowingt %%Yﬂnbﬁlé%ﬁsr oiRiob PP St o
viscosity of the hydrocarbon slurry dlluent IS
titaniwy £OMPPWgk |y | ow, so that the slurry can be
conveni ently punped through the pre-activation
appure ghaustal g aviB wetrasgabinglatenfoo thetgrow fodfythe polymet, dnis essential
reactor. The catalyst is fed using a slurry catal yst
that tHeaathyst pAcpisogbcessiveigeidtcCasulidy Tplnso estetialafatahd/hagiilgant solid
punp is typically used in commercial reaction systens,

has th% ﬂ)r%prlé’te ?Hﬁieleoélfet A shipd BGRoREBolyEnck YRIHERS |thH&§?aﬁvé15}
Ot scal e reacti on systens, wheré the catal yst

narrm& 6&\3% ng@;ﬂ% %SI%VJ &lntsoﬁ Ry %trd %80(% ﬁl?ld&gﬁ[)r?l va c(té'lle?s

of slur or ac
tot ctor to effect .the nerizati

Althogglissplisdariaet assymaa%ﬁsrrnbﬁfﬁ g rEn oy B¢

required to achieve full activity. The -22 WD
impregu@g} NGB RYOPETVAYSEA0H A08P SDRrMEGwHH eptelyat df it arafesired that the

normal Iy occurs in the polynerization reactor,
solutian bhowyhrtedhmte @sdind quedgst vicapgdt drymgERagh ﬁﬂ@l,esb&ﬁetﬂmgis thus

al so be used. The cocatal ysts, which are reducing

formsageGpsorted@aMBRE preb@kdry’ used, are conprised of
al um num conpounds, but conpounds of lithium sodium

angle E@fagﬁﬁb eﬁtalglst:ﬁﬁlﬂ&? hsecﬁéﬁ e?ér%lﬁ 2 ac8@ iM&h mifSial oil slurry.

conmp eart Um num are

ble.
he VRS ST e RN B EisBtty f%ﬁyﬂxri s gy can e

conveniently pumped through the pre-activation apparatus, and eventually into the
polymerization reactor. The catalyst is fed using a slurry catalyst feeder. A progressive
cavity pump, such as a Moyno pump is typically used in commercial reaction systems, while
a dual piston syringe pump is typically used in pilot scale reaction systems, where the catalyst
flows are less than, or equal to, 10 cm’/hour (2.78 x 107 m3/s) of slurry.

A cocatalyst, or activator, is also fed to the reactor to effect the polymerization.

Complete activation by additional cocatalyst is required to achieve full activity. The
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di butyl magnesi um are exanpl es of useful conpounds of

ot her than al um num An activator conpound, which is
w@emwsnadshy used with any of the titani um basedPCT/US2007/082502

catal yst precursors, can have the formla AlRaXbHc,

wher ei n.each i s i ndependent | 10 chlori B mi.ne.
comp{etehsatiof oBally Beis 1 (i Bl g e R 4ie techiiiques
sat ur at ed allphatlc hydr ocar bon radi cal having 1 to 14
taughtiaridoh26@.68kmap alsg bgusel. 1. 5; ¢ is 0 or 1; and a+b+c=3.
Preferred activators include al kyl al um num nono- and
diThhkocatdess, wihdr at medranly agbkty] convadionally hsed, dre tcomfrised of
carbon atons and the trial kyl al um nuns. Exanpl es are

alumifh@ tcBpahstiyl BtPon@Blads deitangh, tddind ahe p¥lagdittil AkiNne earth
About 0.10 to 10 noles, and preferably 0.15 to 2.5

r
metal%‘é% 51 Ropofiehi gﬁh.‘%%e %?ﬁ&%@ﬁ%mfﬁ%*u?ff PeAruneL T
ran 0 e in.the
comppis aR G Rtk of Bk BiFB UGS, ol finliifand
cocat al.yst can be represented by the fornmula R3A1 or
dibutyksepeesih eI PR ¢lyl ?Q{Hléb’é‘ﬁﬂ%?thv (G gpminum.
cycl oal kyl, aryl, or hydrogen; at |east one Ris
hy&dlra@dmtbg/mmmdt whichiis genersdlyRseddith ahy oCtn tivamiyroibaged
to forma heterocyclic structure. Each 20 R, which is
catalydt pryeliragarday haveatie €aimul AR Xane whelr€in 28chcEribiade gdndem]y
and preferably has 1 to 10 carbon atons. X is a

chlorlhéltﬂ&ﬁﬁw RusesPORY el RLADR: isBARFEARNtIPh sh@fHi&tBaliphatic
Exanpl es’ of hydrocar byl al um num conpounds are as

hydrogﬁlol)ﬁ) y@bctai fl'cll lﬁ% IP% ﬂ ngﬂr %&gglls b {s 0ty h§ )%ylls 6' lIlnfflf W+ba—c:3.

m num dlhex al um nu

Preferlrt?d[ %legf?u}%pglﬁ.ﬁ% E]%Prfja,[n nlgtmwpét?q? %{Lll& éﬁ]hijorligieg( Xxllhaelretftrln eac alkyl
triprop Ialun1nun1 25 triisopropylal um num
radicad pas htafuearban atpimsang thertyiglkylalumighmgy Fxamples are diethylaluminum
tridecylalumnum -23 WD 2008/ 136849
chloriBECTdUSROMEx Y8250@2um t Abdade &Y tcal umbles,mnd preferably 0.15 to 2.5 moles,
tribenzyl al um num triphenylal um num
of activiaton aphiday pal mblef Rlectrbii H6ry ITAL Bl U Ao of activator to titanium is in
di butyl al um num chl ori de, diethylalum num chloride,
the raﬁ‘%@fr&hﬁyi & 171, s @%&%ﬂl ¢ @E i dfe AAL299624.2! YSt
mpounds can ‘al so serve as activators and nodifiers.
a added to th curso ef,0
oy BFOGE R G ALY Rl SRR, Pt By KRG
precursor is fuIIy activated before pol ynerjzation.

RZAD&n%]i‘eﬁ%‘P cady Bdeipdrrendemy Prdeencsykylrglapt hylrpgen; at least one R is

activated before pol ynerization, and activation is
hydrocarbyl; and two or three R radicals can be joined to form a heterocyclic structure. Each

R, which is a hydrocarbyl radical, can have 1 to 20 carbon atoms, and preferably has 1 to 10
carbon atoms. X is a halogen, preferably chlorine, bromine, or iodine. Examples of
hydrocarbyl aluminum compounds are as follows: triisobutylaluminum, tri-n-hexylaluminum,
di-isobutyl-aluminum hydride, dihexylaluminum hydride, di-isobutylhexylaluminum,
isobutyl dihexylaluminum, trimethylaluminum, triethylaluminum, tripropylaluminum,

triisopropylaluminum, tri-n-butylaluminum, trioctylaluminum, tridecylaluminum,
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conpleted in the reactor. Wiere a nodifier is used

i nstead of an activator, the nodifiers are wusually
waele@sobesed i n an organi c sol vent such as i sopePCEHNB2007/082502

and where a support is used, inpregnated into the

. ort foII egna of the tit .
widodgEa R Gt BE A TR SR ARER I g pUR P .
catal yst precursor is dried. Oherwi se, the nodifier
tritolyddpmiriugh ditgitylagedenmyhioride diethylplgrinym chloride. and gétybaluminum
Modifiers are simlar in chemcal structure and
sesquictifveitde oithe codakedy s compatnls samslsas@ve acatiahtpst s1d rhodifiers.
vari ations, see for exanple, U S. 5, 106, 926,

| AGEKROFsaf Be RQARI B ﬂba/]ineafrawﬂtﬁa beforetafid @R Hinfigd YolyhBEzation.
cocatalyst is preferably added separately neat or as

In on I%Qéd‘l!l?’é Pk Igaﬁ‘gor if! ﬁﬂlg a%gl/a{&i]f)efoﬁ%ﬁ"yrﬂéﬂaﬁgﬂeﬂ{ %ﬁleﬁ

epo yrrer zation reactor at sane tine as

Pfoce?lﬁs’whﬁ b Cgf8§ms ﬁéft{aﬁytaﬁtév%?& o ?@&Plyf’%ﬂ?&fi% raflg 8Ctbvr?‘t“8ﬂ 15
I norgani ¢ oxide support such as silica, alum num
Comm@ﬁ&éﬁﬁaetréactaq Wherza mydifies 7 wied Anstead:af gp aetdgitors thejnagdifiers are
t hat has been nodified with an organoal um num conpound
usuallygetyolysd iy dreorgghic ablyertrsueh asinepentink jand, wisal¢ & Segbow is hsed,
diethyl zinc. In sone enbodinents silicais a
imprepihi@é®intethe supmat follodiROinipy@inadbn P Gikdninrd campohridior complex,
particul ate, porous material essentially inert to the

after WRILY BRY dupfbrtc@batal st preBuMdSEH d@ied 20MeYwREVHE ndddr R81uddn is
average partlcle size of 10 to 250 mand preferably 30

addedtbSre g‘s f/@%l ?)Utfuf: ?e%gtogSS/ﬂ)ngjeé?&g ﬁgﬁlﬁcj(r 1@ QQerH%élgstI"ﬁQ&re ztlnd

east ore Sl ze

functig e %?tg)&?fégafllﬁ%ﬁ%tﬁaﬂg Lﬁ{aﬁa?%ﬁgn%a FExaitde S 5106926,
that which will provide 0.1 to 1.0 mllinole of

incorparatgdhhermndur refprenee o its eyt Ths caeialistds pickwnly gddedisgparately
0.9 mllinole of titanium per gram of support.

neat ok apa egnaon mmnofert kavent2dickas BOPStABE6@4Be polymerization reactor at
PCT/ US2007/ 082502 above mentioned catal yst precursor

the sahR{tBn@assthé Fl6& FWARMNe i¢Akidial.acconpl i shed by mi xi ng
the precursor an S|I|ca gel in the electron donor

S@rll &1%5‘5 Bocﬁgllaﬁtrs tief Iu‘s’eea]g ﬁl{ghl @ gecla}’soﬁ ﬁl s\éﬁﬁ(srtedr Viﬁl) ganlc

under UCG pr essure. en a upport IS SI re
5
oxide sprorjithIUﬁlé u%lﬁﬁrrn P?}é §p§daf € 8@%1186 g{i Ia)y g.}néma mlxtures silica

ngl e-site catalysts and constrai ned geonet Y .
that higglean yRadifisrayyith an geeapogl minyen f%mqnééu@f asfjgthyl aluminum, and
i nvention. Generally, netall ocene
silica modified with diethyl zinc. In some embodiments silica is a preferred support. A

typical support is a solid, particulate, porous material essentially inert to the polymerization.
It is used as a dry powder having an average particle size of 10 to 250 um and preferably 30
to 100 um; a surface area of at least 200 m*/g and preferably at least 250 m*/g; and a pore
size of at least 100 x 10" m and preferably at least 200 x 1079 m. Generally, the amount of
support used is that which will provide 0.1 to 1.0 millimole of titanium per gram of support

and preferably 0.4 to 0.9 millimole of titanium per gram of support. Impregnation of the
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cat al yst conmpounds include half and full sandw ch
conpounds havi ng one or nore Tt-bonded |igands

w0 p@BOskisHy cycl opent adi enyl -type structures orPOL/N82007/082502
simlar functioning structure such as pentadiene,

cycl poctatetraendi yl .and im des. Typical co unds are
sboveUTRI LT B 10 < LB T oo TG T TRPRGPG0Y mixing the

| i gands capable of it-bonding to a transition netal
precuggpbafd sikiefegel yn the eleetrep émqmpgﬁw or¢pdliair yelgentifgliewed by solvent

noi eties, in conbination with a transition neta
remosi haddr ecllucéd pres@rouphdn teuorpis @bedabty, thg cdbalgst péecmrsor can be

fromthe | anthani de and actinide series of the

used iR@iguRiogm Tabl e of El ements. Exenplary of
net al | ocene-type catal yst conpounds are described in,

T @f At hfbodinteht YnSal&RhE BT stél,' 1 e—%le%ataﬂyﬁg dnd Qrstrained
4,937,299; 5,017,714, 5,055, 4%8; 9,096, 867; "5, 120, 867,

geomgtté%agalg'égmag 'b%%gécﬁi%éhe gfa%%c% %?ﬁé 1n§f%1%§§1’4 & ra?l’y?glgtaﬂgcsd.ne
5,347,025; 5,350, 723; 5,384,299; 5,391, 790; 5, 391, 789;

catalyst cogrpogéds insluggBalf ard fullssapdwichgpmpguidsdiagigg:one or more n-bonded
5,534, 473; 5,539,124; 5,554,775; 5,621,126; 5, 684, 098;

ligands,i6896didG OyclofenGlitnyBdype StrddtOreR 97 pthbr sitn?laBhdictioning structure such
5,714,427, 5,714,555; 5,728,641; 5,728,839; 5,753,577,

as perd&tliéne! ByoldRPitetPac A1 RBindBEL, SEyhHT @(ﬁﬂ]g ourdt @R&RRerally described
P publ i CS}Zi ons: EP- AQIO 591756; Igé- A-0 520 732;eg%EP- AYO

0. 436 - A- - EP-A-0,.48 o EP- A 4

o cof ot 5 Q5 RE e Ry SRR G 1 v,
91/ 04257; WD 92/00333; WD 93/08221; WD 93/08199; WO

cyclogeptagicpy) denyed digrngy s moigigssoiry coguasatiopgyifig 4yytipn mgial selected
97/ 46567; WD 98/01455; WD 98/06759 and WD 98/ 011144.

from @rqupgk totSh erdernblly el &10c 61 &logn thn dantipmidet and ahenide meridsf the
their 25 entirety, by reference. -25 WD 2008/ 136849

PerioRETALISHD BTInB2502 Suitabl e catal ysts for use herein,
preferably include constrai ned geonetry catal ysts as

diEREnBReHof MettlRenPaRMMatdNAS compauidls %?b@ie@ﬂ%e’élgﬁ‘%% Elatnple,

whi ch ar'e both incorporated, intheir entirety, by

.. BRLEL 800601 T oTDAGEYSL 000! 3] £V, £ 48 006HES, 120,867

r'rzation’catalysts ’tau

S 124E o BAP I b DR By B o B, st 28t el Dagrge 614
5,324%%)0;(:56}52;, 2SSt;%,3%%,7t2g;65,i3g4\1/§89t;i5?3n91,790; 5,391,789; 5,399,636; 5,408,017
5,491,207, 5,455,366; 5,534,473; 5,539,124; 5,554,775; 5,621,126; 5,684,098; 5,693,730;
5,698,634; 5,710,297; 5,712,354; 5,714,427, 5,714,555; 5,728,641; 5,728,839; 5,753,577;
5,767,209; 5,770,753 and 5,770,664; European publications: EP-A-0 591 756; EP-A-0 520
732; EP-A-0 420 436; EP-A-0 485 822; EP-A-0 485 823; EP-A-0 743 324; EP-A-0 518 092;
and PCT publications: WO 91/04257; WO 92/00333; WO 93/08221; WO 93/08199; WO
94/01471; WO 96/20233; WO 97/15582; WO 97/19959; WO 97/46567; WO 98/01455; WO

98/06759 and WO 98/011144. All of these references are incorporated herein, in their

entirety, by reference.
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The foregoing catalysts may be further described as

conprising a netal coordination conplex conprising a
woreaoal13@sfio gr oups 3- 10 or the Lant hani de seri esPCf/US1067/082502

Periodic Table of the Elenents, and a del ocalized

I .- bonded noi , Substit

cgﬁgﬁiﬁf‘ﬁalﬁﬁ% 3%1%/%5%%1%? ??&Y:%E@Hdeacoéléﬁﬂfl%%??é%et%‘( catalysts as
~constrained geonetry about the netal atom The ' '
disclogegt i Y.t Patpfr¥otep ,285»%6 pek8,23% 235 tWhieh g dotdoiaserapiptad, in their

Any conventional ethyl ene honopol ynerization or
entire(yc by pefbsener.i zati on reactions may be enpl oyed to

produce the inventive high-density polyethyl ene

C QB @fdnbt @Wlopedtidien yC@MsRIvhi dtall ol €fihybl@Merization catalysts taught in
honmopol ynmeri zation or (co)polymerization reactions

U.S. Il’ t%eﬁ 0@@‘798”@6 Pegc}ﬁﬂés i e liffoor teH IB@I%%} by reference, are

ynerlzatlon urry” phase polyner atlon iqu

nmerj zatiaon. and conbi nati ons thereof using
ahos@%ﬁ@eﬁvggﬂé¥s fé%PBFgﬁm% g. gas phase reactors, |oop
reactors, stirred tank reactors, and batch reactors in
sdhp éaregqipg pafalysls may befyrth faeﬂe%ﬂr}b@fi as FHEPHHNG rEletd §pPIgination
system of the instant invention is a dual sequentia
complegcpmprisingaimialeyf graps gr 1 Gonthe Lantbagdesaricalbf the Periodic Table of
pol yneri zati on system Exanples of dual 20 sequentia
the Elp@kiyteEdnidzedel aualisaist-bonded @halelg, subiititugsderittoi corisimineiddiicing
gas phase polynerization/gas phase polynerization;

moiet? a%RRABMPRENIB hicd Akl doBitb By RBGR €he MOLY BRI Z1BHei Rl yst
i qui d phase polynerlzatlon/gas phase pol ymeri zati on;

furthel | ﬁﬂhese"s"ﬂﬁ‘%&wa%gwgﬁéﬁﬂ“ on/liquid phase

rization phase polynerlzatlon/slurry

| .
%ﬁﬁ? P 359%?8 én%as%%?f (apebinerigpiion pactions may

phase 25 polynerlzatlonllqu|d phase pol ymeri zati on;
be em@lqyrsd {0 pieduee the Inyratye Heh-gansyaopresdene.comppgtion. Such
2008/ 136849 PCT/ US2007/ 082502 pol yneri zati on; and gas
convephazéd ethylepmbpmpadliyowrtisitionror (phaslsmeokatimarezadionomcluflhgbut are
mul ti- sequential polynerization systens includes at

not lithRésto, g&srd;ﬂﬁs@ lyiiefizatidh] Qirry PRGE ipdRgnerikhgon, Cighial phate
system descri bed above, may al so be a conventi ona

poly n%gl%étg&ﬁ @X(ﬁﬁﬁﬁﬁtlom?héréﬁﬁgfd Vc%n}lJHtlgEqu@méﬂs Ye. % éa Phase

Iene conp03|t|on isprefera produc

reactorgshios éJq‘ %ﬁt r&esﬁllrrze t %n%% érlsz%téil boargcgp n%rrsl gfr eg orcin series and

owever the instant invention is _not so I|n1ted and
Paraﬂaln YA NS00l Rer B HQR S YSEh PhAE (RSNt NN 18 Rysiugl sequential

polymerization system or a multi-sequential polymerization system. Examples of dual
sequential polymerization system include, but are not limited to, gas phase
polymerization/gas phase polymerization; gas phase polymerization/liquid phase
polymerization; liquid phase polymerization/gas phase polymerization; liquid phase
polymerization/liquid phase polymerization; slurry phase polymerization/slurry phase
polymerization; liquid phase polymerization/slurry phase polymerization; slurry phase

polymerization/liquid phase polymerization; slurry phase polymerization/gas phase
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In production, a dual sequential polynerization system
connected in series, as described above, may be used.

w(ab@sfizesgs conponent, i.e. the high nol ecul ar MeT/gR1007/082502
et hyl ene polymer, can be produced in the first stage

of. t he dual sequenti al .pol ri zation system d 10,
polyiig s B Lo mer ot e Gty et Shioe Gt
et hyl ene pol ymer, can be prepared in the second stage
seque@qialtpﬁb/n@ﬁygptl%w@msi 1gq:1u@e(§| af Haast th@pip@b/nge}rgp@m reactions. The
Al ternatively, the second conponent, i.e. the |ow
catalystdysten, descvibedyhiltovet ingy else bpalcymenfiond rataky sheydem. nTidiaventive
first stage of the dual sequential polynerization
high-&¥sit £ paly@hdlehd €orhpdsiionCio PREQEHI prodiRed tiag diaBfas phase
nol ecul ar  wei ght et hyl ene pol yner, can be nmade in the
| . .l
polynE AT Sp3HE T 55s ELSE PO REMIATILED AR ARIEL 6B Rever,
. reactor,. in ich t condi ti.ons  are cpnducive to
the iR Eyinh b MsE Mt Yo MRS suRBHRNF ' B employea
reactor. Alternatively, the reactor in which the
C o gicdu&th, 2dBalGRNHMERVRI{ReRKbA Gyt c6@eRd in series, as
conponent is known as the second reactor. 20 In

descriE%ﬁ %!e @Qy b u &Rt ql}%sfﬁst%ﬁ‘gp_%ﬁ%r}tﬁcé. el lﬁ%l})fho?e%ﬁﬁ} a)ei/gﬂ ethylene

one or nore al P efin co noners,

hydr ogen nd. optiagnally ipert gases and/or |iquids
potymgt a8 RE Brodifis s 81T ol o e n e R merifhtied Spuggm. and
into a first reactor, which is connected to a second )
the sepQugiqogppomgnt. ke thealow mplecylny weighishyars P9l x@es. ¢an be prepared in
catal yst m xture is then continuously transferred, for
the seexmimdge, ofithe del sdgmential palyntesizftionstystegm chltgrnatovelyh ghe second
second reactor. Ethylene, hydrogen, 25 cocatal yst, and
comp6&nt,dleathk Yow Resléculiasesgia e dhytehe Ipohjumedl Scanéegnadddn the first stage of
i sopent ane, hexane, are -27 WD 2008/ 136849

the dlﬁqutsljéa:&@ gé}gﬁ%ﬁggnon‘:ﬁf@t‘éhﬂ Bevak YirfR¥ndpend Mg S 8-A1Eh molecular

react or, he final product, i.e. the inventiVve

. hi ' I l. Qs Li ' -
weigh SRV e BEls b AR Bl R SRR Ve dhscavently ¢ e
second reactor. A preferred node is to take batch
polymgrization Y86t first conponent fromthe first reactor

and transfer these to the second reactor using the

difPf Brentes &f thsreessnt dsgdess dhcigagyr, an whiohdheepnglitipms are
conpression system The inventive high-density
condupdleyte mtukingrtbe fiotrpasponeanisikhotvinen thet fimnshaor. edlt¢roatively, the
purge bin under inert atnosphere conditions.
reactoPDHARUER Eohdittdne afeeondil@le to making the second component is known as
the second reactor.

In production, a catalyst system including a cocatalyst, ethylene, one or more alpha-
olefin comonomers, hydrogen, and optionally inert gases and/or liquids, e.g. N», isopentane,
and hexane, are continuously fed into a first reactor, which is connected to a second reactor in
series; the first component/active catalyst mixture is then continuously transferred, for

example, in batches from the first reactor to the second reactor. Ethylene, hydrogen,

cocatalyst, and optionally inert gases and/or liquids, e.g. N», isopentane, hexane, are
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hydr ocar bons are renoved, and noisture is introduced
to reduce any residual alum num alkyls and any
WO e@Bdsmio cat al ysts before the inventive hi gh-PErnE51097/082502
pol yet hyl ene conposition i's exposed to oxygen. The
.inventive h- densi t lye ene conposition
condipisly s BB S aRd Baciph <8R it @enior o Béﬁwvr%terezl@ah density
Such pelletization techniques are generall nown.
polyethiyleng gompesien, i efntigaersiy neoed.donsaside, e@gvélsfwtfmm the second
may further be nelt screened. Subsequent to the
reactomeA prafgrgl modss to mkelbetchxantdes of firse compomemt from the first reactor,
conmposition is passed through one or nore active

and trafF@QRSse (H Bl sktHAadadtdl 1881d tBS dFferdMiaPprlchaife dh@YatdM Byha recycled
each active screen having a mcron retention size of

gas anrllﬂr ﬁﬁb%te& t eqmpéﬁttlvég%h((?engl éoolg%tilzl&eﬁe Qan)l(p(%ﬂg)n is then

pre er abl'y out 2 to about 3

nost fer bo ta a 2 1
tfansfrrred £ BBt o b oM o e A
0O to about 20 kg/s/nR). Such further
hydrog%rbeerﬁrﬁ gFeyed; & raeléwrfr i Hﬂif@uceh%ﬁ@quny seszr@el glgminum
which is incorporated herein by reference to the
alkylsegatl@ny residutal ¢atalglsts béfosetbe malentivchighnlienygty pohyesinylene composition
al ternative production, a nulti-sequentia
is exppddo®K iy Zent IThe irsyadi e higiodaesity@d] jethyle@ cdfIposisio isthen
paral l el , as descri bed above, may be used. In one

transfERNROMI a‘ﬂ?e&tru@ér tb BE pkIngizaMt SudH B} 21dn t&hGRfudd ¥ lenerally
system i ncl udi ng a cocat al yst, ethylene, one or nore

| N
knowf?. @H?m%%@tgser}u%ﬁﬁ ﬂ&%{}%éﬁi@ﬁgr&&%ﬁﬁuaﬁl 82{111#1%%% e'melt dscreened
exane cont i nuou rst react

fed i
Subscn i e Tefe s o e axhBert HEmBlet CompgsBRgiis P through

second reactor is connected to a third reactor in
one OEPFeAStive raedris (BYSIEQRISP dh eaites QE moyethpm opeytveitly each bkt seeeen
Is then continuously transferred, for exanple in
havinpatnobes réteotmort hiee ¢fi frah abei@ (PEbROABO 13684X 10° m), and preferably
PCT/ US2007/ 082502 reactor to the second reactor, and

abouth@Rbs@ 300 €2 tdd X1 B@as @l mdst pikfeeiy abydnagabout 70 (2 to 7 X 10°
cocatalyst, and optionally inert gases and/or

m), at 'rﬂ&ﬁsqﬁrx o? agout abS@ ROUEAEin’ SP@ t@%‘(ﬂﬂ kgfs?rnz) Such further

cont I nuousl Yy to the second and eactors,

melt sgpeﬁ%%lg% {118 ﬂosedpln g}jﬁ aﬁen&l}%l 9'1?2,58 e SIIC]%I S r1 gol Peélh%{]eﬁn by

batches fromthe third reactor. A 5 preferred nnde IS
referepeg (4R eHgRthatdt disgloses @elisereeningt conponent from t he
first reactor, and transfer these to the second

" G6H AerndH hRiibaken bRt Chasihl QR AL eh BRERed in

series and parallel, as described above, may be used. In one embodiment of the instant
invention, a catalyst system including a cocatalyst, ethylene, one or more alpha-olefin
comonomers, hydrogen, and optionally inert gases and/or liquids, e.g. N,, isopentane, and
hexane, are continuously fed into a first reactor, which is connected to a second reactor,
wherein the second reactor is connected to a third reactor in series; the first component/active

catalyst mixture is then continuously transferred, for example, in batches from the first
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transfer these to the third reactor in series using

the differential pressure generated by a recycled gas
w@ompnamssd on system Alternatively, the first PERUSINT/082502

may feed to both a second reactor and a third reactor

reactcy fo R esandatacdor ans Bed ot Suebivacr ERYERS Toaist. Costiast

hi gh- density pol yet hyl ene conposition is then

and optiaaly érertegses andéorpigpigs, bE-rNu fgeentiife pird hexgpepiieeatinuously
condi tions. Subsequently, the residual hydrocarbons

fed toahesacendbyetithird mehchys, sihd thee fimey phelucti.e.ddgicdensity pobdthydene
any residual alum num al kyls and any residua

comp&atidd, Yséchtinehalerehivne@TbyEBimplé, i@ batb e fidhy eelthi@ reactor. A
hi gh-density pol yet hyl ene conposition, is exposed to

prefe&é@/ﬂg& is T(IS] ?akla BYEh tqtluﬁlﬁltfé's gp flij? @é{h%%neﬂph&%ttﬂé/ kiR ?eactor and
conposition is en transferr to an extruder
transfaretﬁgel l ?Ig;:l szeggrbdvﬁg&% éln(:i hvtg Irtﬂ at})lél%) Iei] 01aleheg ?c?ecéng reactor and
yet hyl ene conposition may further be nelt screened.
transfgdbgseqa &t thirg reaghor dip paries ysige m&fexeﬂtlﬁlrpée%R@r&?a@ﬁtedm@
mol ten conpostion is passed through one or nore
recyclgd ghveonspesenssysisus i Altanatively theefiisersagspr may écetlfahotbraegecond
Wi th each active screen having a mcron retention
reacto iadé a dird feadtoainqatall2l, tabd etequrbdwkd Oroa2fitsoredctdr Ay be whansferred to
and preferably 20 about 2 to about 300 (2 to 3 X 10-5
elther'ﬂ:@on@'@)‘iﬁi tHRSleaftbe fﬁ(&!ﬁ%b{ daReytp ol?yeﬁgfléﬂé%hlpggt&g 1st tBer trahsferred

, at a mass flux of about 5 to about
toa plﬂ% tIMI{S 1%1?%& %n%ﬁ%tﬁlgspgg%t{{ogég 859/ §%&ueﬁ§y CtHff' fe"lél[)cﬂlgleﬁydrocarbons
2, mhlch IS .incorporated herein b ref erenc
are r e’E‘W‘?‘ﬁ gng Rlodtiyregpay; be iptr ?83 GLELurReiy rg%‘fi‘é%ﬁ {ymynupplky 3T and
anot her alternative production, the inventive
any residyplL eredgsitt Yefps hepelymena.epthe dpiepbg Righlepsly nadyethylene
produced from pol yners made in two or nore independent
compoetat, @ sxpositto \WRy 210 8THE3 6848 v Ribhtds2 00y pal &b PiZ2ne @apdyition is
using the same or different catalyst) w th post

then tF@afit® b & &RidBOto HelpeBpileldC Butl0Pellctifidn¥EiMiduée are generally
hi gh-density pol yet hyl ene conposition may be used to

knowH 2 r’[fl'l%ﬁﬁ\‘e‘ﬁﬁ@e ﬁ%ﬂ%ﬁsﬂr I?dl%t &&ﬁb(ﬁftfoﬁl% BRYr be melt screened.

I nc but are not closure eV|ces,
caps. eren t nethods ed .t
Subseﬁ%%n& ft fgtl rogi:sg én L rgger t]B ten él&%os? g;g %%ieg tﬁ)rough
converS|on technl%ges |nclude but are not. limted to,

one of MPEEAtIYHSTHRANS i (RRFitioned if sfries of BRI GiHeR PRY wlbﬁaégélctw%%reen

i nventive high-density golyeth | ene conposition is
having a micron retention size of from about 2 to about 400 (2 to 4 X 10~ m), and preferably

about 2 to about 300 (2 to 3 X 10° m), and most preferably about 2 to about 70 (2to 7 X 10°
m), at a mass flux of about 5 to about 100 1b/hr/in® (1.0 to about 20 kg/s/mz). Such further
melt screening is disclosed in U.S. Patent No. 6,485,662, which is incorporated herein by

reference to the extent that it discloses melt screening.

In another alternative production, the inventive high-density polyethylene

composition may be produced from polymers made in two or more independent reactors
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fed into an extruder via a hopper. The extruder
conveys, heats, nelts, and pressurizes the inventive
whe@hAasksmsi ty pol yet hyl ene conposition to a f oPOT/ES2007/082502
nDIten stream The nDIten streamis forced out of the
extruder through a no into a reI ively cool nold
(each ying the mePr At eryfeat Qs‘éé,’&} RO} ﬁf‘é‘F% ﬁﬁflg-ng t he
nol d. The nmelt cool s and hardens untll fully set-up.

T appRhGod, RRMNOARAS K dén@ﬁy polyaedcas Ebrﬁb@mtl(ﬁr May be used to
bot t e cap, is renove The 1nj éction nDIde cap may

manu{ta@{ﬁré'l %glpgd %%iic%ts.b%ulslgfart%%s% rr%\; nfe.ﬁldg rb%% a e no Sd to, closur

i nterna

.thre s for securin he cap ai ner._C osur
devieqrapRoage cing: THEEnEmedpds Thnbr alalipfﬂ;y @femﬁwéﬁme\ﬂéﬂc es such as
hi gh-density pol yet hyl ene 15 conposition exhibit
bottlejcaps ove@blerpenyrias trcaniqeesiarludediug argrios limggd ko, paje¢tion molding.
caps are adapted to withstand the pressure of

k h . f
n n ec%tog %ogcrhlng gaqcle%ség ﬁlo ATV o ‘ilv? P ggpdc’enmgy éoqgef[th}{rlfc} € <f‘ %osﬁlon is

OVId by a_ machi rew the cap on the bottle,
fed mgor P HY 2 hoBeR 1e efurgfer EPRYSERER S e BRODicaRirggs the
a person to unscrew the cap. Exanples 20 It is
inventiyrdleigh deadtyt edrethlenemogipenition iy @ frrnohmolen pfegagb| ‘Bhd molten
t he absence of any conponent, which has not been
streans peforded oat dfithd esteldes éuloughrendzalel iotwi anglatixalypbelbmaldeeld closed
provided in order to further illustrate the invention

undergégsﬁ’é@héi%y fiPinB en<CABRL rIhetn@6cdolddndi Hagdenk OMEINullY Set-up. The
np es 1-6 Inventive Exanples 1-6 were prepared

mold BHe6 e dttHe {nlafdeﬁ%t c‘i’éMe JbBiHIR %ﬁ? Y§ Fe?nov%dd Efﬂl: 1njg<§10n molded

sequ nt|a po ynerlzatlo syste |rs

cap 3PS Ga T el el ?w@%g%%ﬁwﬁ%ﬁf)ﬁ?w é?ff fay Turther

was provided. Ethylene, one or nore alpha oIefln
includedpisHghtrgads nySﬁ?ltrgerrhe 631 WIANAigerg  Zj egl er- Nat t a

catal yst, slurried in mneral oil, N2, and isopentane

wéilesured @jfiqe@,rﬂ. &.rhotlesdaps.iingloding ehef i'nV@‘ttin daght dansity polyethylene

Subsequently, a cocatalyst, e.g. triethylal um num

compstid gxhibiBEnfrecedCcantrontmentsl dtatkiesistaher. fSucbottRa@pOtiretadapted
activate the catalyst. The first 5 polynerization

to withQAEd ihPrQfurt BEcALOVIENG KR, $IRA HHHESERE Eurler %ac'ﬂﬁ?,&% Rfosure, and
was carried out in the first reactor under th

seahn% I%E‘ g{ Ibuct%gi;e %gﬁ _unp t%r(%]\él prQVﬁ&PI!))? a inaEltﬁgé ?ob Ser&l 91% c Ip%g the bottle,

or unsealing a bottle, i.e. optimum torque provide by a person to unscrew the cap.

Examples

It is understood that the present invention is operable in the absence of any
component, which has not been specifically disclosed. The following examples are provided
in order to further illustrate the invention and are not to be construed as limiting.

Inventive Examples 1-6

Inventive Examples 1-6 were prepared according to the following procedures: a dual-

sequential polymerization system, e.g. a first gas phase reactor and a second gas phase reactor
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catal yst conpl ex. The first conponent-catal yst conpl ex
was continuously transferred to the second reactor.

w@dastidesnal , et hyl ene, hydrogen, cocatal yst, epPQI/UTHAL(82502
N2, and isopentane were fed continuously into the

second .reactor itional catal added to
operag NAgTiER A @r%%%t 3y e CBe eoRE ANy HER T2 Gomgipmes.
reaction of ethylene was carried out in the second
hydrogem enighystisde Fiaghes-Nasdrtal vhslushedn maemhoil INFanpd sopentane were
t hereby producing the first conponent- catal yst-second
fed comtnmparsgnintccthabire xeacldre Sibsegtiemslynp ooty at. gl tyisthyleBoanam
conmponent conpl ex was continuously renoved fromthe

(TEAEseeaczaaded Eatin@budl inbetHe TR S reatdi@ th Reti vt O Chtalyah ankefisst
where it was purged to renove residual hydrocarbons,

polyn‘%ﬁ%atﬁ&%aﬁfoﬁrgﬂlﬁr étﬁﬁelrléJmQhelgﬁegéngg LP ?Qe%ﬂé%ahs@?r dizd qut gl the

erpak drum was conti nuously purge W th

st el SR St v R%I%HB%E ?B%Qbmgdw% g component

processed in_a mxer/pelletizer, The poly [
CataIY@trf@Hm%% nTlie\/férSh‘FQj’PPOcﬂléWs‘fatt%}Ysé sppeleryyas ﬁén%%&gutfa%fﬁrred to the
was nelted in the mxer, and additives were di spersed
secong Ingsctsirn Addgiopal, gthmglene.i hyvlquehmcwia@ht, dendEAY., N», and isopentane
pol yet hyl ene conposition, matrix. The inventive
were fed gbntienrskly)intdahy ecbyd saetor. ONp additibadl caasyst wis sided welehed
through a die plate, pelletized, and cooled. The resin
second WIS TRE sdddRd bON AL MFonE$ AT ®T edryRnW&8 ch®RHMt fidthe second
their properties frompellets, or were forned into

reactotr %ﬁ&érrﬁge %cg%lﬂ?olﬁg %{1(‘%\919 Bélg{vqg Tta ee‘%:[% ﬁgglg’cug%th%rfgsttégﬁﬁ)onent—

tes prop er

n Tabl es and Fi
Catalyé%ﬁ?ﬁ?‘é‘gc%ﬂ"%“ﬁgt | ?fi i 'bl?e? fi %(%’Hi?ﬂo ntlcaéaq%% F%COé]fi§8mP°nent
tested for shrinkage operties according to ASTM
complox 958 copiinyozplygernopsl I{;@v 8 secl igAstRr D befahet WéRits predygt
the results are shown in Table I'V. -31 WO 2008/ 136849
chamRCTWhIS2 M0OV4s(8 28020 r@ooyarcatiialdyixanatboes aAd Cenpeansfeireé to a
exanple A is a high-density polyethylene copolyner,

fiberpakdfilin.| The GBSHEK @ludd Wiis @ﬁ@hh@hﬂﬁp&?&ﬁﬁvﬂh hemiidifie® RidfBen. The
B402CN1331 fromINECS Aefins & Polynmers, USA. The

polyn{e? §le néﬁ"‘}m‘gnﬁ% ﬁ h&ﬁﬁs@%@%ﬁtﬁ%ﬂg%ﬁ:&ﬁ%ﬂﬂ&sﬁ WethEr ]igroces sedina

tested for thel prop efs, or were
i ASHHSFEL TS, BL AR BT 08 AT comggpon s
meltecriJ gno hg rngllxgrs anadr z?dd?tli]\%vsmwelrg dl-ggeelseedsth!:rleln the polymer, inventive high-density
polyethylene composition, matrix. The inventive high-density polyethylene composition was
extruded through a die plate, pelletized, and cooled. The resin samples of the Inventive
Examples 1-6 were tested for their properties from pellets, or were formed into testing
plaques according to ASTM D-4703-00 and then were tested for their properties. Such
properties are shown in Tables I and II, and Figs. 1-6. The resin samples of the Inventive

Examples 1-6 were also tested for shrinkage properties according to ASTM D-955 utilizing a

60 mm x 60 mm x 2 mm plaques, and the results are shown in Table IV.
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Test Met hods Unl ess ot herwi se noted, the val ues
reported herein were determ ned according to the

wo eloBasdsny test nmethods. 10 Density (g/cnB) waBCT/US2007/082502
nmeasured according to ASTM D 792-03, Method B, in

I SORr opanol peci mens were neasured within 1 hour of
Q’—mﬁﬂéﬁ&"—ﬁ‘agiﬁﬂﬂ@ionditi oning in the isopropanol bath at
23 Cfor 8 min to achieve thermal equilibriumprior to
méaseEeprxampine Spdugidersitieelycluirespelymeryaeuis
according to ASTM D-4703-00 Annex Awith a 5 mn
commierdidliyadvalelslt underpks rattname &4O020N L8] O ANE®SIGleGhd&Polymers,
cooling rate per Procedure C. The 15 specinen was
USA.CDR R6ints@nm ?ﬁs Gf the cbhtpafart19§ %xé’Ml 18s Ak ded f60@bir PEbperties from
until "cool to the touch. t index (12) was

f
pellet%%j?_?ﬂdéf%f_ﬂ)i%%% 1R9 tegtlhg]?l%ﬁ Ic@c?gm)% t(\),\éSS]Iﬁ/Ie gﬁ?&g@% %{di]tgeﬁ Rsted

accor di STM D- 1238-03.
for thff e fict 3t Qfﬂ%%rgsea% SR Moo ¢ under a 1 oad
of 10.0 kg according to ASTM D1238 03. Melt index
(121.6) was neasured atTesbMlethodsier a | oad of 21.6 kg
according to ASTM D-1238-03. Shrinkage was neasured
atlndasd othgrwise AST the 988esuneporitesd Iregein we0e deternis@l angpxiing to the
25 nm pl aques. -32 WD 2008/ 136849 PCT/ US2007/ 082502
followhég gt mathedage nol ecul ar wei ght (My) and nunber
aver age nol ecul ar wei ght (Me) were determ ned

agreRtif) A% WE@M%e&Q&MH1th&R§TMDmLOBQMethodB in
convent | onal GPC, as descri bed herein bel ow.

1sopn%ghﬁc gg?&m‘éﬁé grgfebrgéaéé{ed%%ﬁ%oﬁ{ of%QML g e F%ﬁ’dﬁ’?ﬁﬁng in the

ermn perneati on C

1sopr%{1§)b§1th zt»t%pq’gfg?’gt o%ag hLg eS St ¥ e uglﬁé}sr%gﬁpretod%qasurement
The sge%nrlrgnastvlvegg cgnqgr%rsrggr? ?nrolcﬁ:d acc?oqrtjhlngeoe dASV"l\dM D- 4703 00 Annex A witha 5
min initial heating period at about 190 °C and a 15 °C/min cooling rate per Procedure C. The
specimen was cooled to 45 °C in the press with continued cooling until “cool to the touch.”

Melt index (I,) was measured at 190 °C under a load of 2.16 kg according to ASTM
D-1238-03.

Melt index (Is) was measured at 190 °C under a load of 5.0 kg according to ASTM D-
1238-03.

Melt index (I;0) was measured at 190 °C under a load of 10.0 kg according to ASTM
D-1238-03.

Melt index (I»; 6) was measured at 190 °C under a load of 21.6 kg according to ASTM
D-1238-03.

Shrinkage was measured according to ASTM D-955 utilizing a 60 mm x 60 mm x2

mm plaques.
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Preci sion Detectors (Amherst, MA) 2-angle |aser |ight
scattering detector Mdel 2040. The 15 angle of the

WO c@hti3@seat t eri ng detector was used for cal cul BET/082007/082502
pur poses. Data coIIection was perfornmed using

Viscotek Tri SE ftware ve n 3 and a 4-
V!Vi%]? Wesge ?9“ Wbt %N/Etddio ! §y?€%?ﬁ"\ﬂr&§‘qlar weight (M)
equi pped with an on-1ine sol vent degas devi ce from
were digiyriagd acapising tormeBodsaewaadn deswt ussighgarenrtianal GRS, as
operated at 140 C and the colum conpartnent was
describpkhatmceliw.150 C. The col unms used were four Shodex
HT 806M 300 mm 13 m col umms and one Shodex HT803M

15@e mBlechPir Metet AMRribuliogs SO4tHABRe pisi PelersWase detdsnflined by gel
trichl orobenzene. The sanples were prepared at a

pe PR ERNLAIRBIRCE SFRTR P PO LB o1 5 o
oG 4 SN ORI e s .

sources were nitro en sparg ed Pol yet hyl ene sanpl e

Precisjpay ]getgftpfsr(@dn]%ﬁt W a@rf J(g}lt gaﬁgmgs detegter Model 2040 The
injection volune used was 200 microliters, and the '

15° arfglleoed thetightyeesttaying Zeteictar iwai msgdsfontalculat@a puspetes.oRa@fcollection
the GPC colum set was perforned with 21 narrow

was padbieid BingWisgiiek ZASHCSbftivatet iepsiop®hiyd i rabagnel Viscotek Data
standards, wi th nol ecul ar weights ranging from580 to

Mana8erA901400. OThQéﬁﬂilm w\ﬁ@ beRpMRINGI R4S 8NARE sdl Ve degRUEVRE from

m xtures wth at | east a decade of separation between
Pomﬂé%‘iarg@gbzfe; I EARL ER U B ST o

Th 0.0
compfifire gy optis aéﬁ@ 05 167 el Breohen ?He};%or\gszﬁﬁ%&%ﬂf”o

equal to, or greater than, 1,000,000 g/nmol, and 25

mm, I3 108 cghugins and 080 Shedexi HTIUSM 139 maw) 1\2errt1 colymnppihssglvant used
wei ghts | ess than 1,000,000 g/nmol. The -33 WO

was 12008ichB6&azEET, /Ilhsz@lﬁfzﬂle@ 8250reppod yist ganea@raioarnd 8ridgams of
were dissolved at 80 Cwith gentle agitation for 30

polyni®r MIS@milliTikes oM@iveay Blieddhilemh S gipXic UbRSnWRId@h¢ SHinple preparation
first, and in order of decreasrng hi ghest ol ecul ar

solvet‘ﬁ’%’ogﬁined@@ gt an )ggteﬁrhgd&ftggféﬁg f]?iq@} Sth s&REnt sources were

polystyrene pea ul'ar wei'ghts were

h I
VPR PR TR ER R AT a
War d PoI ym Sc , Polym Let., 6, 621 91968))
1nJectmdfloygrth]1§qeg m@s logn%crem%sf )'71§11 g}eeﬂ%zy glte was 0.67 millilitérs/min.

Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards, with molecular weights ranging from 580 to §,400,000
g/mol, which were arranged in 6 “cocktail” mixtures with at least a decade of separation
between individual molecular weights. The standards were purchased from Polymer
Laboratories (Shropshire, UK). The polystyrene standards were prepared at 0.025 grams in
50 milliliters of solvent for molecular weights equal to, or greater than, 1,000,000 g/mol, and

0.05 grams in 50 milliliters of solvent for molecular weights less than 1,000,000 g/mol. The
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where Mis the nol ecul ar weight, A has a value of 0.41
and Bis equal to 1.0. The Systematic Approach for

wo bh@sdadsey mi nati on of multi-detector offsets wWeST/Us2067/082502
in a manner consistent with that published by Bal ke,

Mour e et, al . y Bal ke, .Chr.omat ogr.aphy 10
polysBing tanesgh Ve dipphisge BRAC BN h FHPRD A S LA, The
Cheung, Mourey, Chromatography Polym Chpt 13,
narroy $3godarls mpgufesiverhgindiral, agkineterof]| grease@gjhughesrf gty weight
broad pol ystyrene 1683 to the narrow standard col um
compa@nt,bo atinionze écpuddagion.r dhe poigstpeene otanddrd pdak wsolecular weights were
calibration curve using in-house software. The

convelifedl &S pd1géth yehdhbledalapwkhtsafsfrgsBE feiRMERFEqRALIDR (asWRScribed in
obtained in a manner consistent with that published by

Wﬂha%é(]zﬂd(\%hfﬁm (#7&? Ks;afoc FENé%zloil 64§, 1099 (1948))

Krat o¢ assi‘cal Light
Scattering from )| | sevijger, Oxford,
N (1687)). The E&e‘ﬁgﬁ%@?‘h“] A RRTARIET on used
for the determ nation of the nol ecul ar melqht was
wheredWyig fheaaolee W Weghts A @ vabrercd drdlaadihigeaualited 0. ahhg
the refractive index detector calibration froma
Systeinpie Appieotly tatr ity datermhentop oif yrveti-defectot 0830 @ agdons] in a manner
nmol ecul ar wei ght, which was neasured in reference to
considr® vihothytqiublibiede y2hlkeg Wopot v, ke il. Vamdqndd BAKS, CAivearography
chromat ogr aphi ¢ concentrations were assuned | ow

Polynﬁ‘ @1‘1«59  tPoel)iafl BAlKR, PRIEFRSRLNY e dNEnMidg] Mou?é%)e Uhv&h&%mphy
fects (concentratlon effects on nolecular weig

PolynMah%F i% %599’5 \Aghm?zqhé_ﬁlgﬂtdk %Qt% rr@sdft@ fﬁfo?rLg%Q t}f*gé({]lgolystyrene

ouse so I on

er avera e nD ecul t - aver age —
1683 P?o‘gbl%%iflr%‘?’ SR 3dﬂt“° U ra&%?%?&gs Pletgﬁ P%Fowgﬁﬂ%rd%ﬂl@ratlon
made according to the follow ng equations, assuning 25
curve upiag in-Reusespitaarce Thcarolssurayeigh daf foe pifysepdaseyarinatonayas
to weight fraction. The baseline- -34 WD 2008/ 136849
obtairfe@Tit WBROOF @BL5E@ARt wihilitat pattlestied eY ZacihddeterB . Bli..ghGhenc ditys.,
be directly substituted for weight fraction in the

16, 199U#943Nsnd kil NRERodhRAL Pt ORs 50k €6 bk aeid Yol ®dlymer
be fromthe conventional calibration curve or the

Solutz@pss @lslé'i/%r r@if%fd" INBY (1\9%'755 herpf 'bggﬁlag hl%eétécg Bdncsfdddo ?rds&gfotr ¢he

refractometer ratio. |nprove estimation o
bas

deterr{nnéiﬂ?n (gigtg? {né)llecHgar gve gglﬁtagleg érogb §1 | ne fé %r?cglve nﬁdex area

product of wej ght average ol ecul ar mel ht and wei ght
and therr’é%%qt]dﬁ 1Rqex d@%&ﬁl@g Icgjlﬂor%tg)n pm @ dinear polyethylene homopolymer of

115,000 g/mol molecular weight, which was measured in reference to NIST polyethylene
homopolymer standard 1475. The chromatographic concentrations were assumed low
enough to eliminate addressing 2" Virial coefficient effects (concentration effects on
molecular weight). Molecular weight calculations were performed using in-house software.
The calculation of the number-average molecular weight, weight-average molecular weight,
and z-average molecular weight were made according to the following equations, assuming

that the refractometer signal is directly proportional to weight fraction. The baseline-
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a) Lu' . f, b) W *M) M=Mv=WMW MQC - (W

*M 2) (2) M = (W. *M) Binodality of distributions
\Nmammﬂhﬁmacterlzed according to the wei ght frapCT/0/2007/082502

the 10 highest tenperature peak in tenperature rising

subtracepa Igto %‘ct&rac?tgrt I%ggl télgrg eé]é tly?sg sté&tg&.g{rg%lg ﬁrgn 1y the equations
, Journal of Polyner Science, Poly Phys. Ed.
belowd‘ﬂ ote pgut t}}g, meJgqulgrregght cap he fromn thq: cwggermggal(cp,blgqatlpq cpe or the
al.), or in US 5,089,321 (Chumet al.), the
absolwdt sollasin esigt fiminl theflighhicatterarggoiraftatpoetat o hdmamprdned
reference. In analytical tenperature rising elution

estimAtIoACHfiz0fdo® P AR A Ve Ht Afie B@RGhE- D@t ractedWeBt schutd P8y §8dal can
15 and abbr eviated herein as "ATREF"), the conposition

be suﬁs?t&&i ARdleA Sﬁiudt of grls@ﬁ A%F%r o[ﬂ léculér%élgil&' g.d@f%ﬁ%}ﬁ?%}é&&{ in

or exanpl I C enzene),
equatt Xg)t aI i zed [ n a colum contai ning an inert support
q l(ofl B %pl e, stainless steel shot) by slowy reducing
the tenperature. The col umm was equi pped with both an
infra-red detector and a differential visconeter (DV)
det ect or RWREF- DV chr og?t Ogl‘E(Wﬂ}LM)/e was t hen

gener alae@_by_zo_eJ_utl ng thd’ afystallized pol yner

sanpl e fromyt @”é’/ gl um by slowy ishereasing the
tenperature™o Mhe el uting solvent (1,2,4

trichl orobenzene). The ATREF-DV nethod is -35 WD
2008/ 136849 /ZyS%OO?/ 082502 described in further
detail c) n_ 71.(2)t he di scl osure of which is

i ncor por &t 2 Eer el 51 reference. High Density
Fraction (p was neasured via anal yti cal
tenperature ri sr ng elution fractionation anal ysi s (as
r d 798,081 and abbr ted her n_as
B 5t oioBliof e BT s S FrepURERGr ﬁ*a S fdith of the
her ei naf t er Anal ytical tenperature risin
highest temperature peak in temperature rising elution fractlonatlon (typically abbreviated as
"TREF") data as described, for example, in Wild et al., Journal of Polymer Science, Poly.
Phys. Ed., Vol. 20, p. 441 (1982), in U.S. 4,798,081 (Hazlitt et al.), or in U.S. 5,089,321
(Chum et al.), the disclosures of all of which are incorporated herein by reference. In
analytical temperature rising elution fractionation analysis (as described in U.S. 4,798,081
and abbreviated herein as "ATREF"), the composition to be analyzed is dissolved in a
suitable hot solvent (for example, 1,2,4 trichlorobenzene), and allowed to crystallized in a
column containing an inert support (for example, stainless steel shot) by slowly reducing the
temperature. The column was equipped with both an infra-red detector and a differential
viscometer (DV) detector. An ATREF-DV chromatogram curve was then generated by

eluting the crystallized polymer sample from the column by slowly increasing the

temperature of the eluting solvent (1,2,4 trichlorobenzene). The ATREF-DV method is
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elution fractionation (ATREF) anal ysis was conducted

according to the nethod described in U S. Patent No.
\VG¢GBB&$&1 and Wlde, L.; Ryle, T.R; Knobel ochCT/DS1007/082502

Peat, I.R; Deternination of Branchlng Di strlbutlons

descri E(ﬂ Pog gtggrh%laaiﬂﬁlég E)?Q_l?g%é%q e%% Oé}l j‘B&ihp]éll %t?d herein by

reference herein in their entirety. 10 The conposition
referepge.pe anal yzed was di ssolved in trichl orobenzene and

allowed to crystallize in a columm containing an

i hegh Dsuypgydiract{ont(pemeres was meaduraghat pnddytisll Gaperature rising

reducing the tenperature to 20 C at a cooling rate of
elutiof frhcGdrtiBa add1§si€ Qls UBTLIBRS iU, RPOY,081 tahd abbreiinfet AeReh as

detector. An ATREF chronatogran1curve was t hen

“ATR%%“ V@‘E&{jls R B bQ{l) gllnth Vfdetﬁfsyh%}é}héﬂe%egﬁgﬁl i¥A%Em é}%lreensmg

e col umm I ncreasi ng e tenper ture
elutloﬁgra%_tg(%la ogfkghkig?%n s\llﬁvgt%s s Q(H %frcgﬁcg ﬁ)nt%g thod C?CSCI‘lbed in
i stributions were det ern1ned V|a crystallization

U.S. it Dl & 7DF A1 Figh Bildgri ey S Rnobriadts Pod D BR

bel ow. Crystallization analysis fractionation
Deter(n@RVST AFProvagingddinitibotiens wilple!/CRYSTAR B2denerapolymers, J.
comercially avail abl e from Pol yner Char, Val enci a,
PolynS$ai. 20, The-4sanplsas, wiicleadiiscopota@dd by rdfe@nde herein in their entirety.
trichl orobenzene at 160 C (0.66 ng/nL) for 1 hr 20 and

The c8hBHNilibZ @beanalRedwhOliséorvdll iR Wi&Forob&lEeRABRI dIRGved to crystallize

tenperatures ranged from95 to 30 C at a cooling rate

re

sl b S DAL AR OR P35 A i
sol ub gancentrati on asur d as the pol

emp R yetaP FOaLE oI 1o Bekbdnat it i uhfgeb Sadiled wigaan
anal ytical derivative of the cunulative profile

infrarpcedgtecters AmATRES chremaiparapy arvhwaythgn sendrgad by alugng thee
pol ymer. -36 WD 2008/136849 PCT/ US2007/ 082502 The

crystaQR¥8 pAlynice mppeplatfume theeakinambly sloedy mceasidg fitei tbinpelratyye of the
t he peak anal ysis nodul e i ncluded in the CRYSTAF

elutingeél&mr(aiom&mdn@éhea @M 10 tPIoy et @hae of Yalenaim,
pain). The CRYSTAF peak finding routine identifies a

tenperature peak as a maximumin the dWdT curve and

t B, RNRR RELBEEThs Wfe HALSRAEd ﬁg%hts'ta\ﬂ@za'tleﬁ L8y iORSctRMation
either side of the identified peak 5 in the derivative

(CRY%%IA\FE de-ggnbeﬁl h%fjéu? B?g%?%g%\ﬁ‘ggﬁﬁ %H{lgs%s frt*ta Olfler{elg% Félﬁ?gTéF) was
conducted via :[1] gR\%St'lh APS E&? 1t11§]1|t (r:]ogm zfj:lrrcijla yta%glﬁab lgolymerChar Valencia,
Spain. The samples were dissolved in 1,2,4 trichlorobenzene at 160 °C (0.66 mg/mL) for 1 hr
and stabilized at 95 °C for 45 minutes. The sampling temperatures ranged from 95 to 30 °C
at a cooling rate of 0.2 °C/min. An infrared detector was used to measure the polymer
solution concentrations. The cumulative soluble concentration was measured as the polymer

crystallizes while the temperature was decreased. The analytical derivative of the cumulative

profile reflects the short chain branching distribution of the polymer.
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tenperature limt of 0.1, and below the tenperature
limt of 0.3. Solubility Distribution Breadth |Index

W@ 3BI)6sis t he statistical value for the breadp¢r/v2007/082502
t he CRYSTAF net hod which is cal cul ated based on the

fol | aw rmula: 10 SDBI = J4 (T -TIW WwNAdT T

:%ﬁ%ﬂ%fgﬁteﬁmﬁ@f P ?Feafaﬁeél?‘%'}ﬁéi’é{tﬂﬁﬁ g%aﬁmlgm module

' wei ght fraction, and Tw wei ght average tenperature.

included gy the R WS BAE ofiviaee (Aéﬁgma@E@Q hb.rRedyraee bag i ridencts, Bpadn). The
met hods known in the art, 15 such as gel perneation

CRY Sh B petkdindapdsoutioel pleedfiod 4 tempewtian gbak dsasmaxihiughin the dW/dT
scattering detector (GPC LALLS) and gel pernmneation

curve @hd et Q@ObARBMN BOURE&E pWdifive idflddtidne bRRIthé! sidel sFaRORIbRtified peak
detector (GPC-DV). Resin stiffness was characterized

_ _ . X .
in the%gvﬁﬁr%%h%g I‘a{h%}@a%ﬁ{e?&RWﬁMﬂéﬁR%, t%é |[;;!i’é?&‘f&{‘farocéstsi‘n In

and Secant M at 1 percent a ercent straim,

and a test eed of ,0..5 i mn .20 .mmmon

paramiG g il 4 BPRE b 10B8 R Cui B m bR aPlftlars gppve he
at yield and el ongation at break were neasured

tempegtpig s gt ¢4 mﬁowﬁstgme@a%%h@% HE-Fype 1V Speci nen
at 2 inch/mnute (50 mm mnute). -37 WO 2008/ 136849
PCT/ US2007/ 082502 The environnental stress crack
r 89lubtlign Eust(imgEm) Bigadth dedexSBBIhis dlr gitingicalo/ahgTiRr the breadth of
1693-01, Condition B. The susceptibility of the resin

the CR¥Sra¢hacthedivhichiit calenliyd basedlonnye follms/imefasmnkad under
constant strain conditions, and in the presence of a
crack accelerating agent such as soaps, wetting
g ; . urenents were carried out on notched

SDBI}IQ@T@ES’W@%Z 10 percent, by volune, |gepal CO 630
(vendor Rhone-Poul ec, NJ) aqueous sol ution,

_ Mpintai ped at 50 C, and a 100 percent, by vol une,

L, Pgepé?b%wo (vendor Rhone- Poul ec, NJ) aqueous
solution, maintained at 50 C. The ESCR val ue was
weperrted as FS0, the calculated 50 percent failure
time fromthe probability graph, and FO where there

are no failures in the trial. )
wherein T is temperature, W is weight fraction, and Tyw weight average temperature.

Long Chain Branching was determined according to the methods known in the art,
such as gel permeation chromatography coupled with low angle laser light scattering detector
(GPC-LALLS) and gel permeation chromatography coupled with a differential viscometer
detector (GPC-DV).

Resin stiffness was characterized by measuring the Flexural Modulus at 5 percent
strain and Secant Modulii at 1 percent and 2 percent strain, and a test speed of 0.5 inch/min
(13 mm/min) according to ASTM D 790-99 Method B.

Tensile strength at yield and elongation at break were measured according to ASTM

D-638-03 employing Type IV Specimen at 2 inch/minute (50 mm/minute).
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10 Short chain branching distribution and cononomer

content was neasured using Cl3 NMR as discussed in
w@Rawdabdsss Rev. Macronol. Chem Chys., C29 (2&3pCT/pp2007/082502

285-297, and in U S. 5,292,845, the disclosures of

ich are incorporated herein ference to the
SﬁE‘V“?néﬁlleag ég‘f% CEiy ﬁ@%ﬂgﬁ#gﬁghﬁ wayfisagienaceardipg o ASTM-
prepared by addi ng approxi mately 3g of a 50/50
D 16947 k. (ogdigipn et Fhectisesiptbilinaplethel 2gsir toraenhe v ol faibers b seacking
that was 0.025M in chrom um 15 acetyl acetonate
was n{eagirek anded nomgpent tiraih cofdidgnss ampinghe preaent i ek tacdederating
The sanpl es were dissolved and honogeni zed by heati ng

agent ki@ dsUbpsaRLttinkgEMBle@Nt MdaurdROhis wekechat@ow@sh notched
coll ected using a JEQOL Eclipse 400 MHz NWR

specu?&%c P f@f) {:ent Ctgr &(ﬁﬁ‘rﬂg VIQ P60 é\%g’doﬁ ERPEPHafec, NJ) aqueous

requency QUISItI par anet ers wer €

sel ected t ntlt ve 13C i ti.on

solutfy FHRERPASLRTS ‘of eﬂ@a Peichby Sl RO Tk B Rnone-
20 acquired using gated 1H decou I|n 4000 transients

PoulegdyJ )d‘QF%Puﬁ splgtion raam@g@d @éﬁ%ﬁat i giRaya lugyyyas repgrted as Fso, the

second acquisition tine, a spectral wi dt h of 24,200 Hz
calculated 58 peideat Riluee tofie Gai thap@balpiﬁtmrgph,whd ro.tvlzerg thelyeare no

head heated to 130 C. The spectra were referenced to
failurdshie theefial | ene peak at 30 ppm The results were

cal cul ated according to ASTM net hod D5017-91. The

r @ﬁbl@ chhig ‘Bkdﬁgﬂlnﬁﬂ%tﬁﬁﬁﬁ)ﬂraﬁg cBRohbBerARERnt wﬁﬁ&%%@&gusmg Cis
Rheonetri ¢ Expansi on Systen) Rheoneter. The ARES I

NMRV‘%?I%%&S@?%@%%&5%%@%8%%2 G- s P‘@?? 297, and in
U.S. 52% %d thelggi%sg%% gré rr%:lqllilgarr]e lglgﬂ%ﬂl?)zat%cgﬁm %{bé%te eg%,t{c}a éo the extent

whi ch was neasured by the transducer. Strain and
relateq &t seb mgapeemgrie hesawales weat prepyrad hy eddiag ApipE@ately 3g of a
properties, such as nodulus and viscosity. The
50/50wnisooebastrachlmoethend-d Hsrtiddi¢Hierobenrphe thaewes 0B25Mrie ¢hfomium
the nelt using a 25 mMmin diameter 5 parallel plate

acetylS€dtonie (rélx &WASiganty t50.0.8kdm k18 iPLN 0@/ NMVERehbk e TRE k@hplESwere
(190 C) and N2 purge, and as a function of varying

dissol@&?%’f&ﬁl‘gﬁﬂ g(eglzg& b? 96&9‘% tg & thbe afm fs SO REAIF W?Il l‘ﬁle dhQ@SFas

tan COﬁp ex VISCOSIty o)

collecge %sc%a il E?Q/]g %tgle%seél)%S %4#@ II\@QIS{ CSB%C ome}eg;:(?ogr(e)(sgg rtlgr t%taof?)C
rad*s-1/100 rad*s-i) was determned to be the ratio
resongyyce figguericy 054 P9-H Wésén“%‘&“&?n RUSABLS Vateeelseted 19 epsi s

to the viscosity neasured at a shear
quantitative 13C data acquisition in the presence of the relaxation agent. The data was

acquired using gated 1H decoupling, 4000 transients per data file, a 4.7sec relaxation delay
and 1.3 second acquisition time, a spectral width of 24,200 Hz and a file size of 64K data
points, with the probe head heated to 130 °C. The spectra were referenced to the methylene

peak at 30 ppm. The results were calculated according to ASTM method D5017-91.

The resin rheology was measured on the ARES I (Advanced Rheometric Expansion

System) Rheometer. The ARES I was a strain controlled rheometer. A rotary actuator
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10 rate of 100 rad/s. Vinyl unsaturations were
nmeasured according to ASTM D-6248-98. Low shear

w0 b@sliagical characterization is perforned on BCT/US2007/082502
Rheonetrics SR5000 in stress controlled node, using a

araII I tes fixt e of geo r
e papanpair GeubiEaRE o ite et i B Sauts o8 Tergee: the
n1n|nal squee2|n%lfIOM/dur|ng sanple 15 | oadi ng, thus
sample @duiptag toraus. diash way mezwsed by the anwigecrwasratieandrtpigye gvere
according to the follow ng procedure. The
used tolraloniatcotymapilic meshastoahpropasies tsech of madilvt @rdsviscosity. The
(MIlIford, MA) 150 C high tenperature chromatograph

viscodiic Wrﬁustdﬂ tiee APl GeRMéRLRAIO e hAMEH n%ﬁ 25 MW in diameter
2-angle laser light scattering detector del 2040,

parall@igalﬁtgéet' Lgf)f Etacoggan%?r;a (:53{?&:59%5) Qérﬂﬁ@ﬁtu%@%é&ain%rﬁz (hrrge, and

Spai n Houst on

as o e GRR oLl e 1R e Bln of 5,08 g Pt o

pur poses. Data collection was perforned using
delta, gpd Eepelex Tiee: o ohe aia 7 ASEBIINS] Hyifs Rhaomsiiianrchestrator
Viscotek Data Manager DMAOO. The syst em was equi pped
softwavet(n @HSbrilhe viecosity vasint(0dagdls ddired” sf'» wias deeimnyied to be the
Laboratories. The carousel conpartnment was operated at
ratio df4Re @Gseostly nfvaswed wnmshebr eangfd). T et towksviefsitahedsaéd at a shear
150 C. The colums used were 4 20-m cron m xed- bed
rate of 1@Mad/s- 39 WO 2008/ 136849 PCT/ US2007/ 082502
scattering "M xed A-LS" columms from Pol yner

L%}?lgﬂ%ﬁl?a{tg%%ns%re%géa‘é&@& {:‘&‘?&1 Wg’?ozAéTK/l A_6248-93.

"or o repared at a

P %%ﬁigﬁswé&geréﬁ@@%ﬁfé PSR G RN HR5000 in

and the sanpl e preparation solvent contained 200 ppm

stress gpnipRlieg| raeded v Hiyel A agwrbpqxélﬂﬁé plagrIxtuBe {Thissiype ehgeometry is
sources were nitrogen 5 sparged. Pol yethyl ene sanpl es

preferver te cohe andeplagdrtduge atreq6s delyrmesmUelqsearsng fbow during sample
hours. The injection volune used was 200 mcroliters

loadir@Nhub h@lukingWedidi@ si@sesl milliliters/mnute. _
libration of the GPC colum set was perforned with

2%an V%vémle?é}ﬁl'l d érefh%stl glﬁefffohl%{ﬂ&%o&ghyestmgene

s with nmo ecu ts ranging fromb580 to
chroma’tqgﬁgpg]t?co Toyég g? Qoglsg; odc é&r\g]gt%% e@g lgqr ,oll}%l%g gl?ggg r%ughnger)l(ltpgrra?ure
chromatograph equipped with a Precision Detectors (Amherst, MA) 2-angle laser light
scattering detector Model 2040, an IR4 infra-red detector from Polymer Char (Valencia,
Spain), and a Viscotek (Houston, TX) 150R 4-capillary viscometer. The 15-degree angle of
the light scattering detector was used for calculation purposes. Data collection was
performed using Viscotek TriSEC software version 3 and a 4-channel Viscotek Data
Manager DM400. The system was equipped with an on-line solvent degas device from
Polymer Laboratories. The carousel compartment was operated at 140 °C and the column

compartment was operated at 150 °C. The columns used were 4 20-micron mixed-bed light
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10 i ndividual nol ecul ar weights. The standards were

pur chased from Pol yner Laboratories (Shropshire, UK).
wab@spaisyst yrene standards were prepared at 0. BPCBUSI0ANS82502

in 50 mlliliters of solvent for nolecul ar weights

equ r ter t ha and_0.0 rans, i n
scattegpg al&ﬂ”fe}dﬁg I‘lsq Ry 2’ Hé@%i ﬁ%f pfogigs- aTh‘%/\%ﬁlgfﬁ’t‘ ysqdguas 1,2.4
t han 1, 000, 000. The pol ystyrene standards were
trichleypleypie dThet sagwles Wire Bregaiselaba seficeatratinm Gfdk 1 g@ms of polymer in
m nutes. The narrow standards m xtures 15 were run
50 miflilitet ofisdvém. dheleliroofatageqphéasil vegt mdythe sémplelpegpakaion solvent
wei ght conponent to mnimze degradation. The

contaided Y60 ppia e betyaets dlirHeaklusmy ﬁ@Hﬂ‘)a Bote k@Idr sWRELE were nitrogen
converted to polyethylene nolecular weights using the

sparg&pllj(’jﬁy\étﬂﬁ %%ﬁléégvér;@%uqf@%ﬂﬂ?%glé@dé@(r%ézsl 1@%@?? hours. The

eth 3 ne)B 20
mJect%"é SX o0 iomlBR AL I05 S s R PRl
stenat i ¢ Approach for the detern1nat|on

oﬁa}*fbllaflpn a%thé K7 ColpmaceCVaperdamed pih 24 f}%ﬁfﬁWefflOleCUIaf weight
consi stent with that published by Bal ke, Murey

distritation phbubesnestd Ak kath mehe Gay Sghta piziRolgmSSOhpE. 400,000,
(1992)) (Bal ke, Thitiratsakul, Lew, Cheung, Mourey,

and weler rmagedinaptoochally mixtﬁl‘e@twiﬂ:ﬁat 1€a109@9chde ofdepniardombetween
triple detector log (MWand IV) 25 results from Dow

1nd1v1@ﬁ£@1‘i’ol?&ﬁéﬁ>§éi§lﬁ§‘ erhbaBRdh@s Wik %ﬁfﬂ‘iz@% &bANEY He ClOABdMories
calibration results -40 WO 2008/ 136849

(Shrogsgi;ﬁ{etﬁgﬁ IO?I’IIQ E&?g{érené Is%ﬂ?i&rﬁ? Elt% V%r?ﬂegrg&r% Sd% F in 50 milliliters

wei ght datag for. off-set determ nati ned I, N

of SO%@%EW&B&@&@%\V%%&%F(I@% of gistteplih 1 FBGUE S B il so
(zZi B.H. , J.Chem Pm¥ , 16, 1099 %1948)) and

mllhlmr&pf-)@m‘(,qnﬁ fqr@@p@gﬁwag tpless (haasls(}Qg)é]O L,T@ﬁﬁ)olystyrene standards
Scattering from Pol ymer Sol utions, Elsevier, Oxford,

were (NYsoldedair BY °C Theh gende agikationjfeci®ohiiteso Athe mirratyi standuisle dnix tures
for the determ nation of the nol ecul ar wei ght was

were @BtfaLNOE ifi bR bhéecr&sip|heoHeef mhaletul¥iewEiRBeongfoBantad thinimize
the refractive index detector calibration froma

de gra!izitﬂ)%a The %9 ébé%éﬂél s%@all?lgﬁﬁl? glo\f&%[ar Qei %}%EWQIQ%HP&?&% ar

wel gh r omat ogr concent Ions were

o BT VL b B PR T8

nolecular wei g 2
Ward, J. Polym. Sci., Polym et., 6,621 (1968)).:

Mpolyethylene = A x (Mpolystyrene)®
Where M is the molecular weight, A has a value of 0.43 and B is equal to 1.0.
The Systematic Approach for the determination of multi-detector offsets was done in
a manner consistent with that published by Balke, Mourey, et. al. (Mourey and Balke,
Chromatography Polym. Chpt 12, (1992)) (Balke, Thitiratsakul, Lew, Cheung, Mourey,
Chromatography Polym. Chpt 13, (1992)), optimizing triple detector log (MW and IV)

results from Dow Broad Polystyrene 1683 to the narrow standard column calibration results
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10

15

20

25

10 g' average was cal cul ated for the sanples as
follow. 1. The light scattering, viscosity, and
w@omsasdstat i on detectors were calibrated w thp@IBESHA7882502
honopolyner polyethylene (or equivalent reference); 2.
he |i ting and vi sconeter de&ﬁcto set

from {hgngrp étatn i F\éa IR BRI Yo 12 BRI -o f NG e&B{ﬂF g@%gi&data for

as described in the calibration section;
off-sepdefeiningtton Eiseobsy Bed i@cx IBanIer eeRsisRNt w@lﬁhatgwbhfl@dubﬁgzlmm
vi sconeter, and concentration chromatograns and set
(Zimm B .éig,r]aﬁ?lhemn Rhiys.d bévsl 088 K1 @ ) cadt kaiatochal { Kitaeghai .P. aClasotal Light
the | ow nol ecul ar wei ght retention volune range in the

Scattdrin@¥tors PabhRF SBRIriehY, BIRREGHTLENALY (19878, ThsetMalhifected
fromthe refractoneter chronatogran1 4. A linear

on RN AR IR o S R R
3, .dat. [ .
samp R EF eafing Ma ATt e *Nud Uit b i
the intrinsic viscosug%nand nmol ecul ar weight fraomthe

polyethyteae hgpepalpmes g Hexld @ﬁ?léa?%?lglétac%eccﬁf%ﬂ%%f@ﬂ%h| c

slice was recorded; 5. The HDPE sanple of jnterest was

concentrjtenis edrangumheé I teouzhlte elifimatn aldonssing @a": Yisrabegedincient
nmet hod), was cal cul ated and the intrinsic viscosity

effect@(tbno@itadoh affessebghifoldcumwielpght). 25 mass const ant
corrected data for each chromatographic slice was

I gC Qb waskh WMareB (k38R R RETAIH2007/ 082502 6. The

honopolyner linear reference intrinsic viscosity was

?L;i gé‘gg? Xlg%tg%%&gp% Ilgh%&gslt ?}%1 oé’once%nlﬁlljatlaé~I ée{fr:tgct%é were c%hbrated
i R TSR A S PR

branch point length is 2 for butene, 4 for hexene, or

62f or dbe dghyscatering agd vasgemaige deiaeiorafita rlasige to the

according to the follow ng equation. Hi ghestMIV
concelratiaMbed @ 0thsCorrXcted ¥ Clesciibddhia tkdbadiDr000 skctddnt. | M

j =Lowest M 9 Hi ghest M

3. Baselines were subtracted from the light scattering, viscometer, and
concentration chromatograms and set integration windows making certain to integrate all of
the low molecular weight retention volume range in the light scattering chromatogram that
were observable from the refractometer chromatogram;

4. A linear homopolymer polyethylene Mark-Houwink reference line was
established by injecting a standard with a polydispersity of at least 3.0, and the data file (from
above calibration method), was calculated and the intrinsic viscosity and molecular weight
from the mass constant corrected data for each chromatographic slice was recorded;

5. The HDPE sample of interest was injected and the data file (from above

calibration method), was calculated and the intrinsic viscosity and molecular weight from the

mass constant corrected data for each chromatographic slice was recorded;
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Y, G j=LowestM Where c is the concentration of the
slice, IVis the intrinsic viscosity of the HDPE, and
WO Y08i136844 he i ntrinsic viscosity of the |inearPCT/US2007/082502
hom)pol ynmer pol yethyl ene reference (corrected for SCB
e. HDPE sa e of interest). at the
l ec ultlgF by MERAineas FRieiegeq ipfr I‘R/Oé’écoé’é}é Wﬁ%n&lftﬁd By the
one at nol ecul ar weights | ess than 40,000 to account
followigg fasgarub\ar I¥cla1/t(é|+219$CE4ié)00Cf"@natlcls@atﬂt lengthywheredV iTHe
present invention may be enbodied in other forns
intrinsié visoeHityahé iaer IDRE shmpha dfieteresty SCIBY 1,800 e detsseined fbm C13
attri butes thereof, and, accordingly, reference should

NMRbghdeé 8ranéh bbiat 1ei11§¢hapg md&werfél akdrhexéd BES fdrivatentn the
foregO|ng specification, as |nd|cat|ng t he scope of

5 the 1 QventiQnyas druR ARG HROERe RabhRrQR4(082502

ct ct Clﬁghesw Z|:~ Ofo N /O | DGyiRrefp-ad@o V 06 2 NO O O
O 16 rrcct It p cCN-i NCA

CA a.a NN 0006_’? /i ct ct C7
- G7_ ]Whﬁfel'(lﬂm 000 Jj=LowestM
g nghestM
€
j=LowestM

Where c is the concentration of the slice, IV is the intrinsic viscosity of the HDPE, and IVy is

the intrinsic viscosity of the linear homopolymer polyethylene reference (corrected for SCB
10  of the HDPE sample of interest) at the same molecular weight (M). The IV ratio was

assumed to be one at molecular weights less than 40,000 to account for natural scatter in the

light scattering data.

The present invention may be embodied in other forms without departing from the

spirit and the essential attributes thereof, and, accordingly, reference should be made to the

15  appended claims, rather than to the foregoing specification, as indicating the scope of the

invention.
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IIIIIIII'.IIIIII.%Xanpaem\@mqr Mot eat or
Shrinkage in Shrikage Tn flowdlrect|on cross-fl ow
iafter :

after 48 hours difectio

Table 111 Continued

50 C 10 % Igepal 75 mil plaque, 12 mil slit ( F50 hoursy

ESCR Test Data

Elongation at Break (%)
Elomaation i £

Comparative ExampleNo.
Yield Strength (psi)

. Tensile Strength (psi)



(%9 48 hours (%

1. 01 I nventive 1 Green None 3. 65 O dell‘mﬁ@ntlye gross-flow
Bl ue None 3.68 1.05 " ‘

. Inventivel . .
Inventive 1 * -

InvenQyed®
Inventive 2 - -
nventive 2 * °

NV
Inventlve

.......................................... Y srett

vent % ........... o

Aty

. Natwral. . . . |

*Green

Natural

o8 N@n,

atura

after 48 hours

direction after

%&B&g@ESNaturag ----- None- 3.;_...,M.'....'...b..:.'é.é ___________________

Lnvéifive.5 Naturdl. HPN:20E..00

nBasti ve 5 Nat deal

49

KSt 3. 5930691




Inventive 5 White-2 None 3.69 1.18 Inventive 5 Blue
None 3.45 1.11
WO 2008136849 . . . . . . PCT/US2007/082502

i iiiiiiiiiiiinee..... Inventive 5 Orange None 3.70

We Chigs | nventive 5 White HPN-20E 3.52 0.53 Inventive 5
Green HPN-20E 3.53 0.73 Inventive 5 Red HPN-20E 3.59
0159 IAnkhightdenatypolWrtlivderi2 ddBfgoRifibn 8omPrifing:9

............ ... ...... Tnventrve 5B
melt 124301, kMG Lhge 8r PA19g 1 bh A28 13463 0- 48

ethylene alpha-olefir copolymer 'having adensity in the rarl%% of AE%%OZtgé).%ém 5%cm'3, and a

Inventive 5 Geen KSt 3.53 0.97 Inventive 5 Bl ue KSt
in the3arpe d¥.30 1o 1500 g/10 minutes;

------ wherein said htgh-density polyethylene eomposition-having-a- melt index (1)
4ot O} i R i . B
ofatleast 1g/10 mimtes; wdensio e o oF 0030 (5 APONBHE 3. 451 10
. 2. . The high-density polyethylene composition according to Claim 1, wherein
...................... I nventive 6 Green None 3. 54

said fitst@8mpbnang htvivg a@lelitysn Neneng: 65).220® 0.945 g/cm’.

said f\%&%%ﬁ)ﬁéﬁ%ﬁ %g&gglgtiilé@tly in neerar?fgesgf (3192?89 to%maé/grtnk.ve A

.................... Conparative A Blue None 3. 39
said filst2émponent having a melt index (I ¢) in the range of 2 to 12 g/10 minutes.

55 The igh-density polyechlsie oo er S KEE 5 gy

PCT/ US2007/ 082502
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W Caim 1. A high-density polyethyl ene conposition
conprising: a first conponent, said first conponent
wheimgi@4hi gh nol ecul ar wei ght et hyl ene al phaP@i/@ft007/082502

copol ynmer having a density in the range of 0.920 to

0.946 nd.a nelt index (121.6) i.n the range of
1%o0 13/}16}"{8% ‘?ﬁnﬁ@f B%lyeth}ﬁl&n%c%ﬁ%ﬁbonca&ﬁ%@w%l wherein
second conponent being a | ow nol ecul ar wei
said seqog cem@oRINt Paeng haonsiy 1a theerage §f .90 hd. 97%r@@m0f
0.965 to 0.980 g/cnB, and a nelt index (12) in the
range of 30 to 1500 g/10 m nutes; wherein said
hi gh-density pol yethyl ene conposition having a nelt

i ndex  (Thehighodendity p&lgsthyln@édipd¥itiot REordehgd8TIhiby 1, wherein
the range of 0.950 to 0.960 g/cnB. 2. The high- denS|ty

said S%g%%wbﬁ&%hgﬂ Qi H@exaﬁﬁ% g{er}gn%eoonOacb Msdo g%%lﬁ fs.

sal st conpo ent aV|ng ensi in the range o
0.925 to 0.945 g/cnB. 3. The hlgh denS|ty pol yet hyl ene
conposition according to Claiml1, wherein said first
conponent having a density in the range of 0.928 to
08944 dhe kigh- Q?HS%EOIH‘F%WCH%%PP%P“W aFEPIN{NEgA L laim I, wherein
conmposition according to Claim1, wherein said first
said secomd epmpondnaivigs a mrdd indéxndexn (Ir@zlnﬁ) ofi 3§ tbHE0® gl §enioftes.
2 to 12 g/10 mnutes. 5. The high-density pol yet hyl ene
conmposition according to Claiml1, wherein said first
conponent having a nelt index (121.6) in the range of

295 t 0Thd hhlRnBiNpd19&thylendonffd2RABA3884%0 Claim 1, wherein
PCT/USZOO?%%SZSO?WﬁG? e hléﬁpzen3|ty pgéaethy enéN

said h%@e%%ft% P&R%@l?ﬁ% g&gg%s (%nqla%ﬁ %rgefr{\g}ﬁ{egl(f] ﬁbathg é%fg? %@? to 2

0. 975 g/cnB. 7. The high- denS|ty polyethylene
/10 RPYSSsi ti on according to Claim 1, wherein said second
conmponent having a nelt index (12) in the range of 40
to 1300 g/ 10 mnutes. 8. The high-density
pol yet hyl ene conposition according to Caim1, wherein
sald sdbeohghedempitnpolyethglenagompasgidn dcnading(td Z)lainnl tviteerein
range of 50 to 1000 g/ 10 mnutes. 9. The high-density
said hp@-Jegis ity bEIREhGRAP 66 pdsPiorAtes et malt irdlell(B) 61 dk,leadh2EAION

minutes.

11. The high-density polyethylene composition according to Claim 1, wherein

said first component having a molecular weight in the range of 150,000 to 300,000.

12. The high-density polyethylene composition according to Claim 1, wherein

said second component having a molecular weight in the range of 12,000 to 45,000.

13. The high-density polyethylene composition according to Claim 1, wherein

said first component having a density in the range of 0.928 to 0.944 g/cm’, and a melt index
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sai d hi gh-density pol yethyl ene conposition having a

nmelt index (12) in the range of 1 to 2 ¢g/10 m nutes.
waoos/Ths4hi gh-density pol yet hyl ene conposi ti onPCT/US2007/082502

according to Caim1, wherein said high density

(Ib16) glﬂ cd IO§3§ %&qpﬁ(ﬁlﬁlhégeslj? . gal(ﬂe Hn@iggfg}))(?%pntz %avmg a density
pol yet hyl ene conposition accordin to Claim1, wherein
in theganag of 076 te 8rFemém’. hrrid myltandesl (e in Ge rorgegthS0ite 19Hbe/10
range of 150,000 to 300, 000. 12. The high-density
minutpol yet hyl ene conposition according to Caim1, wherein
sai d second conponent having a nol ecul ar weight in the
range of 12,000 to 45,000. 13. The high-density
pol yet hyl ene conposition according to Caim1, wherein

8 "’l% ggf {I%é%%qﬁdfﬂ%?ﬁﬁ%y&ﬂ%lgﬂ&c&n ﬂ?d gﬁ\é)cibﬂal&él@ \%ﬁﬂ‘g? Werein

08/ 1368 CT/U 825 121 r
said SO Byibg WLy iR al?ynlggaf%mﬁ BB ek tond
havi ng a denS| in the range of 0.965 to 0.975
ComP@veélﬁbem& ﬁ%bssfnﬁéﬁx freqgle30y(1eng Chain prackidgge of 50 to
1000 g/10 mnutes. 14. The high-density pol yethyl ene
conposition according to Claiml1, wherein said first
conponent being substantially free of any | ong chain
brnanchihhg highrdbnsiay polsetglene canpptivaicchdinggo Claim 14, wherein
substantially free of any |long chain branching. 15.
said hig de!'111'sﬂ§¢1 pESERYieYe BOhY&LIMH Be: GRSRASAILY P& éf%? eHeghat0
im14, wherein said high-density polyethylene
osition being substantially free of any long chain
bﬂmcﬁggﬁching. 16. The hi gh-density pol yet hyl ene
conposition according to Claiml1, wherein said
hi gh-density pol yet hyl ene conposition having a single
ATREF tenperature peak, wherein said ATREF
t dfper Jﬁlgﬂq@hp@awtm@ﬂm@ylan@ errpResHtairascordig tRdolaimy by wherein
bet ween about 90 C to about 105 C, wherein said
said highgdtendien polygthplehy edrhydseume omeossinglo i\ TRiA wgqparature peak,
cal cul at ed purge
wherein said ATREF temperature peak having a temperature peak maximum between about

90 °C to about 105 °C;
wherein said high-density polyethylene composition having a calculated purge

fraction of less than 15.5 percent.

19. A method of producing a high-density polyethylene composition comprising
the steps of:
introducing ethylene, and an alpha-olefin comonomer into a first reactor;
polymerizing said ethylene in the presence of said alpha-olefin comonomer in

said first reactor thereby producing a first component, wherein said first component being a
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fraction of less than 15.5 percent. 19. A nethod of
produci ng a hi gh-density pol yet hyl ene conposition

wa@ommpnsesing the steps of: introduci ng ethyl eneCT/ARINOZOB2502
alpha olefin conDnoner into a first reactor;

rizi sai d ethyl epe in the resen
high fg?lﬁﬁgg oVee trF 1@3 FOlpin capplymer lfaé’tngrae‘gwl&‘ 1 ﬁ%% Faiygy of 0.920
produging a first conponent, wherein said first
to 0. 9&@ gfseneand paphindsx (5D inheronsy a6849 PEMUSEO07/ 082502
hi gh nol ecul ar wei ght et hyl ene al pha-ol efin copol yner
havi ngimraienisg tsyidifivsttdoenpoasig@nd hdditiOZ0 ethtytend i8d4 @ second reactor;
g/cnB, and a nelt index (121) in the range of 1 to 15
g/ 10 mpBhRSizinghidaddRiondl &iylene infssid se@sHIGBLRNSr BEEbY producing
addltlonal ethyl ene into a second reactor;

a secorﬂglc}%}n‘g ﬂer e«%@ih%aﬂ%@&&ﬂd%ﬁlgoﬁéﬁlﬂeg@% 1o rﬁ@ﬂzgﬂ%e\g&ggt ethylene

reac y pro u0|ng second “conponent
ecul ar

Polymeef hwla%g%%%w Rift 19 PR R IR Amgfady 0 in e
965 to 980 .g/cnB, and a nelt index (12) in the

“mgePéﬁQQDb?XHﬁIQBHTGGGa§¢1O m nutes; and thereby

produci ng said high-density polyethylene conposi tion,

wher ei theighyrprodieing tayd highiydens$ity poheetidensossintfiositionawhergin high-

a nelt index (12) of at least 1 g/10 mnutes, a
densitg@odjethyldne cohposidogaavhg B n¥hndex @.)d6at lgat MBy/1RRhinuldre a

met hod of producing a high-density polyethylene

densugqmmﬁ%eoc;’f(ﬂ@mwgm o/’ aim 19, wherein said first
conponent having a density in the range of 0.925 to

0.945 g/cnB. 21. The method of producing a
high density pol yethyl ene conposition according to

rein said first co nt. havi
aefis iy e e iaBicbe ighgeRungD f&lylam?%m%on efording
met hod of producing a hi density pol yet hyl ene
to Claggfowherersagkidist @nrmgmetlghmr&i Flepsity w%fs &ange 9402p it 8945
conponent having a nelt index (121.6) in the range of
g/lem™? to 12 g/ 10 m nut es.

21. The method of producing a high-density polyethylene composition according
to Claim 19, wherein said first component having a density in the range of 0.928 to 0.944

glem’,
22. The method of producing a high-density polyethylene composition according

to Claim 19, wherein said first component having a melt index (I»; ¢) in the range of 2 to 12

g/10 minutes.

-53 -



-53 WO 2008/ 136849 PCT/ US2007/ 082502 23. The net hod
of producing a high-density pol yethyl ene conposition
wae@ensismy to Cl aim 19, wherein said first conpOnEs1007/082502
having a nelt index (121.6) in the range of 2.5 to 11
0,10 mputes. 24  The. nmet hod of .produci ng a .. .
h izéh - ggﬂ% in%e&hoﬁlo‘ﬁ;?é? f%ﬁhl&%-ﬁﬁ%%&tﬂogﬁﬂy&%}%&mgSltlpla, according
Claim 19, wherein said second conmponent havjng a
to Clagiarl§i twhepain @ firg sg@peneny hggng a snadk iggex (Igskinghe ppge ghas to 11
met hod of producing a high-density pol yethyl ene
/10 mmoessi ti on according to Claim17, wherein said
second conmponent having a nelt index (12) in the range
of 40 to 1300 ¢g/10 m nutes. 26. The nethod of
produci ng a high-density pol yet hyl ene conposition

necor di . AR '
gt ng e s oA B B e B AR o R corine
/ inutes. 27. The nethad of oduci ng_a
o Clang®. TRAETY S ol Fom e eIl s Panes g7 0965 10 0975
;0 aim19, wherein said high-density polyethyl ene
gemM’eonposi tion having a nelt index (12) in the range of
1to 2 g/10 mnutes. 28. The nethod of producing a
hi gh-density pol yet hyl ene conposition according to
Claim 19, wherein said high-density pol yethyl ene
CQAPOsIiThe aieti@vofpgoducingl 4 highdeixsifypd) yetfylergtcohgpasitior according
g/ 10 minutes. -54 WD 2008/ 136849 PCT/ US2007/ 082502
to Cla?8-17] Rgher®h bod s@fond E@&H%éﬁghﬁvigg 9 hrctteA&K (Y,) in the range of 40 to

pol yet hyl ene conposition according to C aim 19,

(=] aid first conponent having a nol ecul ar wei ght
1300%6tﬂﬁléﬂtre§nge of 150,000 to 300,000. 30. The method of

produci ng a high-density pol yet hyl ene conposition
according to Caim19, wherein said second conponent

havi ng a nol ecul ar weight in the range of - '
26 The method of producing a high-density polyethylene composition according

to Claim 19, wherein said second component having a melt index (I») in the range of 50 to

1000 g/10 minutes.

27. The method of producing a high-density polyethylene composition according
to Claim 19, wherein said high-density polyethylene composition having a melt index (I,) in

the range of 1 to 2 g/10 minutes.
28. The method of producing a high-density polyethylene composition according

to Claim 19, wherein said high-density polyethylene composition having a melt index (I,) of

at least 2 g/10 minutes.
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12,000 to 45,000. 31. The nmethod of producing a

hi gh- density pol yet hyl ene conposition according to
wW@@s136B® wherein said first conponent havi ngP@r/Us2007/082502

density in the range of 0.928 to 0.944 g/cnB, and a

t index (121.6 n.the r e.of 2. 0o 11
' lﬁut egf?lem?il}éi %%F’lﬁl%%ﬁ@%g‘&%%%ﬁ@ﬁly& ﬂﬁvogﬂon according
density in the range of 0.965 to 0.975 g/cnB8, and
to Clagra|10, wherein saicbfirst eprapraent kv %mOEeul%wwbomghq(ﬁnge of 150,000
m nutes. 32. The nmethod of producing a high-density
to 30(pad0y et hyl ene conposition according to Claim19
wherein said first conmponent being substantially free
of any long chain branching, and said second
conponent bei ng substantially free of any long chain
nchii [
payer M8 n%?"éiaﬁ%%.ﬁ?.f% cg?%%ﬂ%%%ﬂ% ansh bdeording
sai d. ensi ty th
© Cl%@ﬁﬁyﬁ%&% ISPt R o ar SRR P ah e or
The nmet hod of producing a high-density
120098?@%9W%Iene conposition according to daim19,
wherei n said high-density pol yet hyl ene conposition
havi ng a single ATREF -55 WD 2008/ 136849
PCT/ US2007/ 082502 tenperature peak, wherein said

ABREF Taspetiaddusterarakn gnahvighdessitygopetiatieteecoppakition according
maxi num bet ween about 90 C to about 105 C, wherein

to Cla¥@i19, RhaRmA@nsifycRRporRhiMahvaRe: &RRPHI the dheBRY DA 0.944
cal cul ated purge fractlon of I ess than 15. 5 percent.

g/cm3sznd fﬁsﬁﬁ%&g&k? QHH{e' rahga-gof 25 th%/% Hﬁhﬁt%! Rxﬁle}’ Bpé‘lh Setond

TSt C onen
nent elrn

ar e h :

compgyesh At ﬁnsatgb%r S & oty o 5??4??%13?@%(12) in the

of 0.920 to 0.946 g/an and a nelt index (121.6) in
range0f 80 f HY¥ /10 migyesi5 g/ 10 minutes; and a second

conmponent, said second conponent being a | ow nol ecul ar

wei ght et hyl ene pol yner having a density in the range

of 0.965 to 0.980 g/cnB, and a nelt

32. The method of producing a high-density polyethylene composition according

to Claim 19, wherein said first component being substantially free of any long chain

branching, and said second component being substantially free of any long chain branching.
33. The method of producing a high-density polyethylene composition according
to Claim 32, wherein said high-density polyethylene composition being substantially free of

any long chain branching.

34. The method of producing a high-density polyethylene composition according

to Claim 19, wherein said high-density polyethylene composition having a single ATREF
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i ndex (12) in the range of 30 to 1500 g/ 10 m nutes;
wherein said high-density pol yethyl ene conposition
whanwsngesad melt  index (12) of at least 1 g/ 10 PETUBHS7/082502

a density in the range of 0.950 to 0.960 g/an. 38.

The artjcle accordj o Caim 37, erein sa
temPeI‘ﬁ‘tﬁ’i’?-P&éﬂ‘rs‘?’]%eﬁelB8&160%%% FmRepIsPeak ﬂ%‘ﬁ% F‘Eﬁﬁ?ﬁfﬁi‘t&’i‘“f peak

_stress crack resistance of at |east 10 hours neasured
maxingyg basyaen pboutdYICte nbiputilon °8; 10% I gepal , or at | east

100 hours neasured via ASTM D- 1693 condition B, 100 %

| gepal whdfein Jdiéhmhtdenbiey pagath gdemgednopdSitainrhaling aaguéitet] purge

said article being a wire cable jacketing, a conduit
fﬂmuﬁj@ﬁe$Qﬁmﬁn55phe@hlOn bl ow npl ded bottle. 40. A bottle

cap closure conprising: -56 WO 2008/136849

PCT/ US2007/ 082502 a hi gh-density pol yet hyl ene

conposi tion conprising a first conponent, said first

nt in h nol ecul ar wei ght et hyl ene

a?Zﬁ 212FFﬁ 8??’ T having a density in the range

of 0.920.to0 0.946 g/cnB, and a. nelt index (121.6) in

t he r aAgighodensity aolysthgl/% COMAR RN COmRYISi% econd

conmponent, said second conponent being a | ow nol ecul ar

wei ght et hykding cpolppnent, saaldingcampiaesi heyng mhighenelegwpr weight

of 0.965 to 0.980 g/cnB, and a nelt index (12) in the
ethylenaafpha @flefd30copolyhid Baghg @ dengititiashe rhgs €f MOZaiod).946 g/cm’, and a

hi gh-density pol yet hyl ene conposition having a nelt
melt 1h5@<e1?f i#)thOfan of easis d/10difudi;ndlies, a density in

he r%&%e of gé to 05560 g/cnB. 41. The bottle cap

Cl osure of a%&%"nﬁ cggllll)t)ﬁeng s%imeégnd % %ﬁﬂt b?é?ﬂ a 10W molecular

hi gh-density po ene conposl avin
st.ress crack resi st Ieasg

weighf St ERC RE TR BavipS & RS b EEens e aies 680 . and @ melt

' | gepal, or at |east 100 hours neasured via ASTM

mdexrb? LBgbe smagiof PO B0 sinwespal . 42. A method of
i nproving bottle cap closures conprising the steps of:
provi di ng awhiegin skt bighydepsityyedligthgnee conpoegionihaming a melt
conpri si ng;

index (I,) of at least 1 g/10 minutes, a density in the range of 0.950 to 0.960 g/cm’,

38. The article according to Claim 37, wherein said high-density composition
having an environmental stress crack resistance of at least 10 hours measured via ASTM D-

1693 condition B, 10% Igepal, or at least 100 hours measured via ASTM D-1693 condition

B, 100 % lgepal.

39. The article according to Claim 37, wherein said article being a wire cable

jacketing, a conduit pipe, or an injection blow molded bottle.

40. A bottle cap closure comprising:
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a first conponent, said first conponent being a high
nmol ecul ar wei ght et hyl ene al pha-ol efin copol yner
whanwsngpsad density in the range of 0.920t o 0. 94BCTUSI087/082502

and a nmelt index (121.6) in the range of 1 to 15 g/10
m nut es; . an a.secoq% fonponent” sai d second conponent
bei ng & NEwATHsitEReYENYIERE CORPOHM UM yrer  havi ng
a density in the range of 0.965 to 0.980 g/cnB, and a
mel t i ndex afustcomponeid, saghigist efmpmenidbeimpohigh naplecular weight
m nut es; wherein said high-density polyethyl ene

ethyleno niphsioléforncopalsinmey having htdenditydexhd 1haye of 0.920 foeh246 g/cm’, and a
g/ 10 mnutes, a density in the range of 0.950 to 0.960

melt {8468, 6) e I\A@Fa_ef)ﬁéolﬁﬁgéle nBedted)28007/ 082502
conpressi on noldi ng, blow nolding, or injection

nmol di ng sai L.9h- ' [
t hereby for gﬁsgégoglg g?gﬂgi%f&%r%(’os\?ggg%ﬁ@fydﬁ:bgg clo Arfé)gp &Bf%?ular

. A hod of oduci an.article ¢ | Si { he steps
weighp 513 BoPneh bR G S e s GG Bloholln iR et
. conprising; a_ first conponent, said first conponent
index fksy Hithg ramigg BT AR (R L0 1BHgHES: et hyl ene al pha- ol efin
copol ymer having a density in the range of 0.920 to
0. 946 g/ cnBwhareth spid hightdensithepol yayles) campashwnrhanrigg aohelt
1to 15 ¢g/10 mnutes; and a second conponent, said

index BT oMt l€RNPQHONhinhek NG densit9wn el rasgd &10.930to GI60 g/cm’.
et hyl ene pol yner having a density in the range of
0.965 to 0.980 g/cnB, and a nelt index (12) in the
range of 30 to 1500 g/10 m nutes; wherein said

PR SRR PR FIPRCH 30 SER B con

ensi

he ran f 0O, . : r i on
polye%&ap% ’ sgq?%%oh%l?tgﬁ %g?n%gr%g&ﬁﬁég{{?eé%cr%glfn‘gqsﬁéliggp%at least 10 hours
hi gh-density pol yet hyl ene conposition thereby formng
measued Hazhy | I 11 693 0mHETHB gHLiiiesnl §r Hdraybl iy hamemeasurcd via
conposition according to Claiml, wherein said
ASTM Dy h6Wermmiditiondh | 19017 Ydeprle conposi ti on having a
standard deviation of flow direction shrinkage of
| ess than 7 percent across different colors.

42. A method of improving bottle cap closures comprising the steps of:
providing a high-density polyethylene composition comprising;

a first component, said first component being a high molecular weight
ethylene alpha-olefin copolymer having a density in the range of 0.920to 0.946 g/cm’, and a
melt index (I»; 6) in the range of 1 to 15 g/10 minutes; and

a second component, said second component being a low molecular
weight ethylene polymer having a density in the range of 0.965 to 0.980 g/cm’, and a melt
index (I») in the range of 30 to 1500 g/10 minutes;

wherein said high-density polyethylene composition having a melt

index (I,) of at least 1 g/10 minutes, a density in the range of 0.950 to 0.960 g/cm’;
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45. The hi gh-density pol yet hyl ene conposition
according to Caiml, wherein said high-density
w@odogasdsyd ene conposition having a standard deRCHUBINT/082502
of flow direction shrinkage of |ess than 6 percent
across different | ors. -58 WO 2008/ 136849. s :
PCT/ USSB87/°6%82% H@f‘ﬁ%.b?% Elqziﬁhaﬁ-% dHEFHQR BRling: i kil density
conposi tion according to Claim1, wherein said
polyethiylpie damgpsiforpdieieby hoimung saé ippoved beftlp s elgswes.
standard deviation of flow direction shrinkage of
| ess than 4.5 percent across different colors. 47. The
hi gh-density pol yet hyl ene conposition according to
Cugi m b m@ihed oF prodséing ah a@Ricemsirisingxat yepoyt ene
conposition further conprising 100 to 10,000 ppm by
wei ght : 1 e i gh- ' SN
polyetﬁyﬁé%gggg Eﬁﬁ%@%ﬁégggggg?ﬁgggﬁ %ﬁ%ﬁﬁ@ﬂmn’erein
sai d hi gh-densit ol yeth ne conposi.tion further .
corpr i stng. ToSrgndEo LBy RERER S high adGFayter weiaht
stearate or HPN- 20E as a nucl eator, wherein the 3
ethyleng glphpialedingogrlyamss §pvipe adensietinyhenageihihdd] (o bito g/cm’, and a
havi ng a standard devi ati on of flow direction
melt igéax (hkagie the rangsef t kald g/40 penetesitandcr oss di ff er ent
colors. 49. The high-density pol yet hyl ene conposition
accordi ng t a s€doadrbihpoidier@idsecsiadl ebnipogbniceng 4 ww molecular
pol yet hyl ene conposition further conprising 100 to
weight 8sh98e PBRMRY h \kll\% Blden @y iR lAARELER BOER0AT. B/ e Nnd Afnelt
as a nucl eator, erein"the inventive high-density
- it d 1aving a standard devi ation
HKEXEEB%ﬁ%€¥%%?§£??g29§¥p$ﬁ@gggxé$ | ess than 3 percent
across different colors.. 50. The high-densit) .
ol yet hyl end TEGHHbISS FiebARtboRaloiGy BaF GraTHIPn hapisei el
' sai d hi gh-density polyethyl ene conposition further ,
index ¢bhpf 3tdeashl 200 miputes, pdensHyrn e rargegHt0.9 ¥k to HR0Hemm
stearate or HPN-20E as a nucl eator, wherein the
i nvent icympiesgbn dehding,\blowp alojdinpydremectompolding sanl high-density
havi ng a standard deviation of flow direction
polye@ilenBka@podfiod @sfby famingspeaarM. across different

colors. -59
44, The high-density polyethylene composition according to Claim 1, wherein
said high-density polyethylene composition having a standard deviation of flow direction

shrinkage of less than 7 percent across different colors.
45. The high-density polyethylene composition according to Claim 1, wherein

said high-density polyethylene composition having a standard deviation of flow direction

shrinkage of less than 6 percent across different colors.
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WO 2008/ 136849 PCT/ US2007/ 082502 51. The high-density
pol yet hyl ene conposition according to Claim1, wherein

W@ a00d/1Bdsgh- densi ty pol yet hyl ene conposi ti on haR€TySm02082502
secant nmodulus in psi of equal or greater to the

. * -
l@;g%gfllg%p tnkl?gﬁgﬁ%ilylgg %%Iglgos:llt?osn aq:ggr%ﬁr}gy to éi?nn’ﬁ)\zlherein
said high-density polyethylene composition having a standard deviation of flow direction

shrinkage of less than 4.5 percent across different colors.

47. The high-density polyethylene composition according to Claim 1, wherein
said high-density polyethylene composition further comprising 100 to 10,000 ppm by weight

of a nucleator.

48. The high-density polyethylene composition according to Claim 1, wherein
said high-density polyethylene composition further comprising 100 to 10,000 ppm by weight
of potassium stearate or HPN-20E as a nucleator, wherein the inventive high-density
polyethylene composition having a standard deviation of flow direction shrinkage of less than

4 percent across different colors.

49. The high-density polyethylene composition according to Claim 1, wherein
said high-density polyethylene composition further comprising 100 to 10,000 ppm by weight
of potassium stearate or HPN-20E as a nucleator, wherein the inventive high-density
polyethylene composition having a standard deviation of flow direction shrinkage of less than

3 percent across different colors.

50. The high-density polyethylene composition according to Claim 1, wherein
said high-density polyethylene composition further comprising 100 to 10,000 ppm by weight
of potassium stearate or HPN-20E as a nucleator, wherein the inventive high-density
polyethylene composition having a standard deviation of flow direction shrinkage of less than

2 percent across different colors.
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51. The high-density polyethylene composition according to Claim 1,
wherein said high-density polyethylene composition having a 1% secant modulus in psi of
equal or greater to the following relationship: [(7,492,165*density (g/cm3)) - 6,975,000]

psi/(g/em’)).
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