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WO 2008/136849 PCT/uS2007/082502 HIGH-DENSITY
WRQLET#LENE COMPOSITIONS, METHOD OF MAKINGcTiig:GAMEs 2
INJECTION MOLDED ARTICLES MADE THEREFROM, AND METHOD

Q5 MAKING SUEH Eﬁeﬁeﬂgﬁr@&@m '
Eﬁ‘% Egme? %ﬁfgﬂw NEIN @
t esame énd Irﬂfﬁm %&@ f@ met OdO

making such articles, Cross- Reference to Related Appllcatlons 10 This
application is a non-provisional application claiming priority from the U.S.
Provisional Patent ApplicatioEQ-g;‘lfl5]@(";1-5@2927‘l A/ 176, filed on May 2, 2007

entitled "High- Density Polyethylene Compositions, Method of Making the
Samé, gt fir}rb‘?aé&‘%?fr&?é&gﬁn%ﬂel%%‘?b‘fr&%le%W@ﬂ%ﬂ"@r RAgRRTGe!

dSuch Articles," t teac:hln i{\/hlc are [ 3140 ttrated h relnhclgn ¢ ki
Prodpelip il i 4 H’* ‘F%‘i]n élo\ g“"r%‘u% Fhe InVEntiGh The G875
E'mhpog,/merlc materials to manufacture molded articles, such as closure
evices, is generally known. Different methods may be employed to

manufacture closu&ogheﬁg §e§cgh§)§gﬁt@§p§_! Eﬁgaemple such closure
devices may be manuiactured via compression molding or injection
moﬁ&@&ﬁﬁ%@ﬁ% al RPN %&%%H}‘_@JQ;{BQI{)& ﬁﬂéﬂ\‘ﬁ dralds
provides a cavity having the shape of a desired molded artlcle The mold

ProviibgategeAN\@PREQRHRRANE U/ 9f Moite mImnolding: cOMPOLBgfranT@nn-
extruder is loaded into the lower half of the mold. The two parts of the
DentiioHoayerbieuglidingeihtmnindemhprssMa theeigdinggocapetinsided Articles
softened by heat, is 25 thereby welded into a continuous mass having the
Madsl@ape:OhtheacdWhythiddhd Mididip§ucbmpatied isha thetmasettinbichaterial,
the continuous mass may be hardened via further 1 WO 2008/136849
incoPORIISROOT /082 56 Roduced in full hereinbelow,

Backeround 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 moid 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 info 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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heating, under pressure, in the mold. If the molding compound is a-
wihermeplastic material, the continuous mass may be hardemed /viszos7/082502
chilling, under pressure, in the mold. In injection molding process, molding
heauﬁom&%f %ge!s%lpeq lrmtﬂealgoqétr &L Wl%l]% Q%BB%{QOIW a'? ﬁ(%?x%%rﬁﬁgt}{g X?aterial,
%ats, melts, and pressurizes the mo ding co pound to a form a 5 molten

the cSHEGRATLs TR MOIERSIEATL IS arcaeut of dbepxitidertrougha nozzle

into a relatively cool mold held closed under pressure thereby filing the

meld,Ehe.melb coois,and . Nardemsowatih fully Sel#R idibanaeld Hhen: OReRS per.
and the molded part is removed. In general, a closure device, e.g. a soda
The H@iHE-Lakh should:be skrpnguensugh ipwithstand thepmpssuradl form a
carbonated drink, and yet soft enough to provide an excellent seal 10 on
moltdthethatte Withaulithemnesd itoioardrne olines . .Additodatygh clesuteinto a
device, e.g. a soda bottle cap, should generally possess good
relatiepiironimenthhsitedsseraoki re sistancethgody inpachestreldgthhgowd cools and
removal torque, and good strip torque. Different techniques have been
hardenmpiéyd itosprovide o mutiéthelbepresdevi tes haldeg racce pratsiecd.
properties. For example, the use of a polypropylene polymer as a bottle
cap @usith IoreHEhaedet @LE-W@H@I‘PP%{%HZ% AR e SRS Ry he
~_ comprised of soft ethylene/vinyl acetate (EVA), polyvinyl chloride (PVC),
with g R Ete! fsarks Hifiafl KGR oReaVe P iepemient seal
construction is costly because of the nee&l for an_inner liner. Furthermore

on th; Gidiich 1 BeldieP it thaPe sV fert (o HSB R Brieci5ide K8 ¢ & Sod
ithout a liner. Additionally, t looking for i d
bott}_f\év é?ﬁ? gho%lgg%e%]nerg% ﬁ)#g ngyﬁggg t%m}gg%{%ge tg'l\évt?'r : F? i(cq"gnl:ﬁlcrr}gsmotr 1!1%1 ﬁ%\@ Olmpact

£
Kage benhavio polymers undergo age from the

sweniflf S04 mproved %Q[%@Qc‘?oi%s%%ﬁ?er B3 %ﬁ%&%&ﬁ%&'&%@@é@ﬂ&% 80,
aving atlght toleractlnce, especially'when various colors are used. In the

emplRAR JRVERIeD. g %M{%&@Mﬂ%&&%@fe@%@m colored

form provides improved consistency as defined as a’lower standard

For g¥iptiomofflov diresfiRnshin S 8 ReGAREYREIREMeRMneeded

shrinkage across multiple colored (and natural) parts. This helps 25

strengUStamersihdhahparishaving e donyaidoothigh ahtirkaga areceatdnaue, ),
leading to lower -2 WO 2008/136849 PC /US2007/682502 scrap rates.

polyHusthenomare(rdditiontof mubteaters; pdtassivenattearatéanMlillikencver, this
HPN-20E,
two-part construction is costly because of the need for an inner liner. Furthermore, it would
be easier and more convenient to use a one-piece closure, without a liner. Additionally,
customers are always looking for improved shrinkage behavior. All polymers sndergo
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 naturat 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 Jeading to lower
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reduce this standard deviation further and are therefore more preferred. In
wattensptsdereliminate the need for a two-part construction, trenes0b7/082502
different blends of polymers has been suggested. However, there is still a

serap 1664 TOLARYMGE S, RN QNS DARCAT REIE CHAR I RICER KD, ClORHRE.

devices having acceptable properties, 'such as no need for liners to

redud@pliiate R 583k AccEPIARIR fasle.ang odanSaliRfactonysiress crack
resistance, and impact strength to prevent cap failure. Sunimarv of the
Inyentien Jihe instantivention isa: high-gensity pelyethylenecompesitian,
method of 10 producing the same, injection molded articles made
blendherelsomeandumetod of-makingpsuchr atielas siiihe high fdepsifyner
polyethylene composition of the instant invention includes a first
formobunporbatcanceargesomdcodegomentickve fiestceomponentaspahighroperties,
molecular weight ethylene alpha-olefin copolymer having a density in the
such pmyenof Q20 00JA6 IgsmBsahdwecopfelitraus {19 2deY) inthéarsmyetofsy
to 15 g/10 minutes. The second component is a low 15 molecular weight
craclotpiHE D Sl hiBP AR 8 EnBTRY Tt RePrEHYE of 0.965 to 0.980 g/lcm3,
and a melt index (I12) in the range of 30 to 1500 g/10 minutes. The
high-density polyethylenc SRSt RSES R index (12) of at least 1,
a density in the range. of 0,950 to 0.960 g/cm3. The method of producing
o AR BBy o RO RO ST B (1
introdyg iphaolefin comenomers iniaa, g,
ef &ihth

] ng ethylene, an e or more
prod B A Sl o AP AT IHIP Al s

amclgk‘?‘ﬁléiﬁgﬁ‘:c?éﬁﬂ%ﬁﬁ%%ﬁ%‘?%%Aﬁlcp@s%tfﬁ%Fet%eci%tgﬂ?ﬁgﬁl%ﬁ%‘ﬂcﬁiQ%saa first

Irst component, rst component being a molecular

comWRight fiylens Alnba:Rleiin copolmerhaingadengity i the range.of
.920 to 0.946 g/cm3, and a melt index (121.6) in the range of 1 to Ig‘s
ethy@ALQIMIRWRSH (DoLedyaingn thedfirstCampena e additionalethylgNend a
into a second reactor; (4) polymerizing the 25 additional ethylene in the
melt $8GONd, [gpptardheralyr preducingiaseaend Tampanentompereainithelow
WO 2008/136849 Pc'rruS2007/082502 second component being a low
molantieculahweightrethylenerpalines baving ia tensiyeinfthocrandeoshd /865, and
to 0.980 g/cm3, and a melt index (122) in the range of 30 to 1500 g/10
a methind¢®<]z) in the range of 30 to 1500 g/10 minutes. The high-density polyethylene

composition has a melt index (1) of at least 1, a density in the range of 0.950 to 0.960 giem’
The method of producing a high-density polyethylene compositicn 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 moiecular weight ethylene alpha-olefin copolymer having a density in the range of 0.920
to 0.946 g/lem’®, and a melt index (Io16) in the range of 1 to 15 ¢/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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and (5) thereby producing the high-density polyethylene composition,
wwhergmdie high- density polyethylene composition having aaneltsiadens2562
(12) of at least 1, a density in the range 5 of 0.950 to 0.960 g/cm3. The
secoltl 9&%%}9'9&%@%@%&%9{9}%@&9 LiDyeion. COmRrss Gy in the
[

above-described inventive high-density polyethylehe composition, and
rangSHER oBElicleD ae; Matle via: injaction-maldingndn-pre &mbedinent Meminutes;
instant invention provides a high-density polyethylene composition
and (69 MEESING-high; Melecarweig b Relystbylanealpharolefircapolymer-

10 having a density in the range of 0.920 to 0,946 g/cm3, and a melt index
densitd2big}dnytbe: range afich ol gilOamindtes iand e lewimoletudrweightange
ethylene polymer having a density in the range of 0.965 to 0.980 g/cm3,
of 0.9fF(tha Mieih wdex(IPhirthettange ot 8Qutic E5@0cgf 40 mrinittesyt wivengimthe

inventive high-density polyethylene composition having a melt index (12)
comptsattheastigiternvieditessrivehahy damtity pHgalol 9501001960 gidrmd:h
15 In an alternative embodiment, the instant invention further provides a
articlgtetfsonfér vrouerting Bdlighgdensity polyethylene composition comprising
the steps of : (1) introducing ethylene, and one or more alpha-olefin
cofGHBITEPSdHES % st FSHEIIR ) (CbIpoNfiefizirg-the SiRABRE e
presence of one or more alpha-olefin comonomers %%1; first reactor

comEREHON FBPUNTIERSG: & BigH HSIRRL P SdigReE S RANhaBiBGppolymer

i I havi depsity 20 i f0.920t0 0.9 d
Vi BONTAL (35 R e et S ! e B et of
— high.molecul ight eth Ipha-olefi I d. additional .
Lo D e Sl R ML A AR i e
rane8 SEEONMIEACIOL Hhereby praducing @4 QW MQlecHIar WRIgHE SYIRN S inytes,

polymer having a’density in the range of 0.965 to 0.980 g/cm3, and a melt
whe;aqwm4&%@9@%{@%@4@ %%@rﬁéo@?éwﬁtﬁ%@%q (R theaEbYL) of at

producing the higzﬁ-density polyethylene composition, wherein the -4 WO
1eastA008 (136348 PCiAdp2 Q00842021 highodensisonolyethylene

composition having a melt index (12) of at least 1, a density in the range
of ¢h%nQiker0.966 gitat dndntamhethetaltaimaiive énthedinenictharasiantor

invention provides an injection molded

producing a high-density polyethylene composition comprising the steps of : (1) introducing
ethylene, and one or more aipha-olefin comonomers into a first reactor; (2) (cojpolymerizing
the ethylene in the presence of cne or more alpha-olefin comonomers in the first reactor
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 (Iz;) 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 glem’, and a melt index (1) in the range of 30 to 1500 /10

minutes; and (5) thereby producing the high-density polyethyiene composition, wherein the
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article comprising a high-density polyethylene composition, wherein the
winigimglexssity 5 polyethylene composition comprising a high mRoisCEs@Er7/082502
weight polyethylene alpha-olefin copolymer having a density in the range
high SEQRE8IQ AL OL6M, 3 210 RMEY IngeN (2L 60 jr ¢ theeraN98: Ak 418 1dthe
g/10 minutes, and a low molecular weight ethylene polymer having a
rangdensiydndhesanag®f 0.965 to 0.980 g/icm 3, and a melt index (12) in the
range of 30 to 1500 g/10 minutes, wherein the inventive high-density
polyethylene compasiigrbiaving awmakdq indexi¢hyefiatdaashjealib molded
minutes, a density in the range of 0.950 to 0.960 g/ema3. In another
articlaltemnpitiviecenmbedimenty théynsiantdrvenioenipnovitesia trethgddehsity
making an article comprising the steps of: (1) providing a high-density
polypolyethyenposompositionimpaipasing &high wealecpdayaweight ethiylerefin
alpha-olefin copolymer having a density in the range of 0.920 to 0.946
copolyiereiiaaitg a dantttindekq 122 B)dhHY8 Pan e of &/ 150 EOnsiinuess; (15s) n
and a low molecular weight ethylene polymer having a density in the
the rpagryel dft0. b5 t6 BoBEs grefsicn B el FRBit Neresh Iy it PAKg 8" GF 80 &6
1500 g/10 minutes; wherein the high-density polyethylene composition
densiy JirnGed HetahaeR (1) 0P deledst iﬂ&/i@l% FRAES ('8 AR HEIH R 188 “rhiRgle 00
0f.0.950 to 0.96Q g/lem3; (2) injection molding the high-densit .
8/ 10 Dy RO PO () BRETERy TR AR BRI o i & mel
.. alternative embogdijment, the instant invention provj d fors
e ety bl rglent Bo g e e B B

any, of the-preceding. SmRAdIMEnts-eXceRt hat 6 SR60RE S ACRLESINGaking

substantially free of any other alpha-olefin copolymérs. In an alternative

an m%@?@@gﬁﬁ_?ﬁ%é%i% Rk inYeRRRRIOVIdes aihigh densitly2e Pelyeibyiene

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

compBEND, 20084136849 RETHISRO0A/052602 dmethndiphnaking suahnsity in te

articles, in accordance with any of the preceding embodiments, except

rangthattbethigh-alengiinholyethylanacompositionnhaving & stentaed10 minutes:
deviation of flow direction shrinkage of less than 7 percent across

and differeni=alorsvdiziarttenmapivieem badinentctheinstant-ange nfidrd 65 to 0.980
provides a high-density

g/crnB, and a melt index (I2) in the range of 30 to 1500 g/10 minutes; wherein the high-density

polyethylene composition having a melt index (1) of at least 1 g/10 minutes, a density in the

range of 0.950 to 0.960 gfem’; (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 2
high-density polvethylene composition, in accordance with any of the preceding
embodiments except that the second reactor being substantially free of any other alpha-clefin
copolymers.

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

polvethylene composition, method of producing the same, articles made therefrom, and
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wihereliemyand method of making such articles, in accordanggwith@museti,
the preceding embodiments, except that the high-density polyethylene

composition haying.a standard deviation of flow direction shrinkage of
et g Rk B LT S0 HTAPART SOTAPRATH S MG RAHE SPRRCHTMAEH,

the instant.invention provides a high-density.10.polyethylene.composition

G S can St e S e A

direcBGIING SUCH AFticles, In ?ﬁ%ﬁ%%?ggh%gyﬁ%fﬁ%n?@& Gpreceding
embodimefits, except thdt the high-density polyethylene composition

haying, a;standard deviation: of b dirertion shrinkags ofliessdhan#-S

percent across different colors. In an alternative embodimerit, the instant
polylRyeRHoRRIAVites aighdansitnia-Ralvethylenseampasition.methodef
producing the same, articles made therefrom., and method of making
metHRdGH ailclessiomnaeerdance-with-any of thenpreceding emhodineatments,
except that the high-density polyethylene composition further comprising
exce OB 10tHORQ0 pry ppWweaightef anpelaator hitare prefetietianges of flow
include 200 to 5000 parts per million, even more preferred 300 to 3000
direqoantsiparkaztlionicantimo$t prefatrad 00 ive2d00darts per million. 20 In an
alternative embodiment, the instant invention provides a high-density
polyethyienessompositidhemetitod tHprodaeiing thevsdme hagticlessivade
therefrom, and method of making such articles, in accordance with any of
polygey [Frecetiiing erpodRisriel retepnthiethasightgiasigdp dhyethyrnand
composition further comprising 100 to 10,000 ppm by weight of
methask Q5 STARN SR G R PNISOETAECE HiI8aTo RErETAtRE rRRMERS High
-6 WO 2008/136849 PCT/US2007/082502 density polyethylene
exCpb MdS B RGP StaFEY ‘88%%8?%%%[%%-6%@&%‘:3%’ ket flow
dim%ﬁcsens}i EBI?aQrI]A' #%Jgerf:legét geross different colordsi. %n an aliernative embodiment,

vention provi%lggr%eﬁfgﬂﬁfga%S|¥yerf)%tl§8 ?{ﬁlene composition,

mefhas SlAaCGING AT S AR MAdRIh ST Iggégyﬁg)od of

making such articles, in accordance with any of the prece

po1y§%ggé£§nﬂé§§rﬁ%§gﬁ;§%%%ag§§m%%&%&%ﬁl@pﬁlméfm, and

method of making such articles, in accordance with any of the preceding embodiments,
except that the high-density polyethylene compasition further comprising 100 to 10,000 ppm
by weight of a nucleator. Mofe preferred ranges include 200 to 53000 parts per million, even
more preferred 300 to 3000 parts per million, an most preferred 400 to 2000 paﬂé 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 compositi_on 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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by weight of potassium stearate or HPN-20E as a nucleator, wherein the

wiveRiMghigh- density polyethylene composition having a sigRgagehor/os2502
deviation of flow direction shrinkage of less than 3 percent across

diff lors. 10 In.an alt ti bodiment, the jnstant i [
ISR 1010 0 et STUTent o R e o

less t%k{]l% same, 1%rztllcciflg.\ss Q}ﬁg;% t er1%1;rsom, and method of making such articles,

i accordande With any o fiie preceding embodiments, except that the

hiqgad%eﬁ%}xa%@tz/gmgﬂ&ﬁemg%&m Mg;a%ﬁ%va%%g% ) §9,1,000

ppm by weight of potassium stearate or HPN-20E as a nucCleator, wherein

polydBS IRVERYEbIgh: IR dens Y Roletivlenecompesiionhaving a-ziandasd

deviation of flow direction shrinkage of less than 2 percent across

meth@ifferenti.elaisnlpranalternative.enbodiment the: instantipvenidiments,
provides aTﬂgh-density polyethylene composition, method of producing

excepb @ sameniaicles madegdherefcammpadidne that-ot saakisip SUoh Aricles) ppm
in accordance with any of the preceding embodiments, 20 except that the

by whigih-depsityspolyethylens EGNpEsitiomhavirga, Wbheseoaht meduluslingpsi
of equal or greater to the following relationship:

dens{i§7 pod2, b8 5 ud ensippiifiomB)ying 27510001 desikdrormBiloln dincalternhtiveage of
embodiment, the instant invention provides a high-density polyethylene

less bemposition, aiethddierepisaliting the same, articles made therefrom, and
25 method of making such articles, in accordance with any of the
prét ARtk EbGHRmBRAENeRUARS B o BEEH T PR YIS0 Bl 8951y
except that the high molecular weight polyethylene alpha-olefin copolymer

POIYHAVIFIRS SUBRIIH) OTh THE Y 50 Y 5% T 695 ﬂ'i&%ﬁé%daﬁf&ﬁg‘om an
alternative embodiment, the instant invention prqvides a high-density

e Lo LN BUSHION, REURONSH SO e o SaTes e

exce IO B0 2 Methd: pLIRND SuEh arcles: IR AGERIPTHE 210 oo

€ preceaing empo ents, except that the ecular weig

by w@%‘%@é@%éﬁ%@%@?éﬂ%ﬁ@ RA9PRIYIMEL DAVING A density.in dhe [angg Ofien-
0.928't0 0.944 g/cm3.

density polyethylene composition having a standard deviation of flow direction shrinkage of
less than 2 percent across different colors.

In an alternative embodiment, the instant invention prevides 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/cmB)) - 6,975,000]
psi/{g/cmsj.

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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In another alternative embodiment, the instant invention provides a

wilahsglensiy polyethylene composition, method of producingdhg;samessaz
articles made therefrom, and 10 method of making such articles, in

accordance with any of the pre ei'n embodiments, except that the high .
xR A SO IR Al e e L SaO RS T & We s
" thél%l@ dpot.@%r _On@‘%g ;/gr%alz g/10 minutes. In another alternative

embodiment, the instant invention provides a high-density polyethylene

comagsitian,methed aferarycinaibe same, acilsamate (erelrom apd

15 method of making such articles, in accordance with any of the
polvéRH&S '@&%@Qm%@gﬁﬁ%% hﬁé@%m@%%ﬂ@@l@eﬁpm, and
polyethylene alpha-olefin copolymer having a melt index (121.6) in the

methtNgaRko da:1 1a68 minktesddnareihenalterimatirecembosimentnthe,
instant invention provides a high-density polyethylene composition,

excepo@ibogdofipratduieingahe-sgimpoiatticlésnmadrsthereirompo Bnctr 2Qwagthaehsity
of making such articles, in accordance with any of the preceding

in thembgdih@hts, texXcept tatthe low molecular weight ethylene polymer
having a density in the range of 0.965 to 0.975 g/cm3. In another
altérpativerenbodirermtbdiistathd nveation yovid eseyidigh- Hahsiignsity
polyethylene composition, method of producing the same, articles made

polyeHerefroPRrdne s, methrostico PrRaKkmBEshe furacle8cies aettsrHurderwitand
any of the preceding embodiments, -8 WO 2008/136849 )

methpal PRI pH TIBEP IS dR A FPIHCIE IBVITH Bl IRI-RreigRtEthyfaments.

polymer having a melt index (12) in the range of 40 to 1.300 g/%O minutes.
excey Ubfep BRETAEEUE CHTbUIRRF WHEThE Bt GEREGRIFG Y e @ melt
._._high-density polyethylene c osition, method of producing the same,
mde’é@i’dlgsmnaé%léﬁ%ﬁgroéif?o%,i% g it Methdd of making such articles, in

aciir%%aﬁl%‘? . an e‘%‘HQ&Pr%%‘é%%%%@?@%@ﬁt%% ?é%@pts. %W%t%ﬁh&l%‘ﬁ’y
molecular weight ethylene polymer having a melt index (12) in the range

pory@h9R410 2000910 minsigs.#p a0ather alietnativeembadiment, g instant

invention provides a high-density

method of making such articles, in accordance with any of the preceding embodiments,
except that the high molecular weight polyethylene alpha-olefin copolymer having a melt
inéex_ {Ir;6) in the range of 2.5 to 11 g/10 minutes.

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

t0 0.975 glem’.
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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polyethylene composition, method of producing the same, articles made

wihawgfiomwand 10 method of making such articles, in accokdanee:Withszsoz
any of the preceding embodiments, except that the high-density

polyethylene composition having a mejt index (12) in the range of 1 to 2

excepl g i R e DO B A S ARz Y é‘?ﬁé’\ll}’%ﬂa}}%‘éﬂﬁﬁd@g*@ﬁ 6&@ BRF gange

f40%/11(,'), iQH S - Ip another alternative embodiment, the instant invention

© p?O\?l esa hlgﬁgtfeshsity polyethylene composition, method of producing
(ne, same aflicles mads, lereliem. and. 4 meihod abmaling seh o
artlcfes, In accordance with any of the preceglng e odllments, excepty

polyciRak e diah melechiar weighipilvleng alaha-olgfincoply merhaving.a
molecular weight'in the range of 150,000 to 300,000. In another

methGHierRative.emiogiment;thednstant invantiaropravisies-aihigh-densityhis,
polyethylene composition, method of producing the same, articles made

exceph@refremyan12Q methot ofiakingsusharticles aimacaerdanoe with range
any of the preceding embodiments, except that the low molecular weight

of 50ethydene/polyiinet=having a molecular weight in the range of 12,000 to
45,000. In another alternative embodiment, the instant invention provides

a highadensitypolyethyledscom gesitismmethstobprodecing shelsaite,
articles made therefrom, and 25 method of making such articles, in
polyesledord speewitvanypohedepraseding Bmboainiehekes 15a99dioe0811:36849
PCT/1182007/082502 except that the high molecular weight polyethylene
methgglyHAveleni BEPSRitIeT HAYRT aeh &N 17 1Y BhBEGHD0 I8 R80T
g/cm3, and a melt inde&élle.G) in the range of 2.5 to 11 g/10 minutes,
exceriApntReIBIRPrGRSENIP }aﬁ?’aﬁ%ﬁ%sw&rﬁfwwm@%gﬁéw i fhfgrange of
range of 0.965 to 0.975 g/cm3, and a melt index in the range of 50 to
Lo L AT BT A Sl ATQH AV CRBOThENE: e s

invention provides a high-density polyethylene composition, method of
oro B A ared e AR S R TR o

pmyeggggn%fs&gﬁrgs@%ﬁg%ﬁ%& ith, 20y Qf.the pregeding embodiments. . g

pt that bo igh molecular weight polyethylene alpha-olefin

methGARGIHMErARNdHRG QW maoleckianweight BHhyieme RABENGE BRIRGiiments,

substantially free of any long chain branching. _
except that the high molecular weight ethylene alpha-olefin copolymer having a molecular

weight in the range of 150,600 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 45,00(5.

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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10 In another alternative embodiment, the instant invention provides a

whighselensity polyethylene composition, method of producing thg.sa6s2502
articles made therefrom, and method of making such articles, in

accordance with zatnre'gﬂ%]c the precedinqﬁembodiments, except that the

exCe B S B8R SS SB R TR e e S R D S S Mot &b AR SR T Mgy GRS IY
. hain b ing. 15 | ther alt ti bodi t, the i t
U S T ety Lo TR
. ducing th ticl de th d hod of maki ,
o S 0 D e LT, S, DR e

o%?ﬁ&@.@%@ﬂg&m mafa—%%mﬁxe&febf?&wﬂ%nan%@@éi@&%@@g}@@ Assingle

ATREF témperature peak, wherein the ATREF temperature peak having

a tempsraiRpeak Maximum-RetWesn A0 2pauk90 GJAR0auL 108Giity

and wherein calculated purge fraction in the range of less than 15.5

polyREIEat chmabather alterpative eambogdimenhthednstankinuentian provides
an article and a method of making such an article, in accordance with any

metiRbithenpraeeding embedimentsrdexceptthah ihe adigtechavingnfvdiments,
environmental stress crack resistance of at least 10 hours -10 WO

exceR008{ 136840 RETMdE2007 /082b0R | pedadunedivia ASTIMCEAE98:r and the low
condition B. 10% Igepal, or at least 100 hours measured via ASTM

moldouls 9FigbhelitivanB pohorYs hgezaiudntanotie ek efrativerembodimentithe
instant invention provides an article and a method of making such an
artislengihaicesraance swilhpaimeof the Prevdding i Buiméts hisheseepty
that the article being a closure device. In another alternative embodiment,

Poly ey IFRESATTRVER BTSS0S ar HGEEtGA TBIBEd  drfichekrficacHiethadbf
making such an article, in accordance with any of the preceding .

methgh BodHEGE dEEst that fTECATaERE BathG™ Botle bt dia ments,
alternative.embodiment, the instant invention provides an injection

excs i LA 115 A A R P RARIG BLER SH AP Bt faalees

Chah\{v%tltgm% ?/nof the preceding embodiments, except that the article being a
cap Iinc u%ing a skirt that axially extends from

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 high-density polyethylene composition having a single ATREF temperature
peak, wherein the ATREF temperature peak having a temperature peak maximum between
about 9¢ °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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the periphery of a base, and having internal threads for securing the cap

wie agentainer. Brief Description of the Drawings 15 For the ppipess ©fisason
illustrating the instant invention, there is shown in the drawings a form

that is presently preferred; it being understood, however, that this _
e e Wb TG E e o %ﬂg@m&ﬁ@ﬁ& Rt e taRtied
‘ LFig. Lisagr illustrating how the calculated ATREF
AST%Q%% egrl';':s%)f]?rlgg |ona}a§18d%§§red°§1fraction of the high molecular weight
po ne, & gf.t gin e }iv, ZOmEan le | w ssdaet%rng'g%q. 4
F L R A TR NS R et

methAGHAMARG sPU9E Jracton,of the:high Gﬁ%‘;ﬁ‘ﬁ% We 9@1’:@8.9’%%@8&‘1%%@,

component of the inventive Example 2 was determined, -11

exce 200 HR6BA PETHLUSA0Q71082502 Fig. 3 is a graph illustrating how the
calculated ATREF high-density fraction and purge fraction of the high
maleswatewaighh polyeindane somponentof beiiny ertive. Examplacd molded
was determined. Fig. 4 is a graph illustrating how the calculated ATREF
articligh:densibpdraictiakiane:5 purgediegdtioncotthehighhmoleclar pvetglitg
polyethylene component of the inventive Example 4 was determined. Fig.
embdligmangrapheiiustiatinghioly thangalbuldtedt ATREF high-density fraction
and purge fraction of the high molecular weight polyethylene component
of thenpventliernExeniplesinas idérmiadn 1015y, 16 dsideg raphjcction molded
_illustrating how the calculated ATREF high-density fraction and purge
articly Apficnesting PligHRTReealad WeigH: pbRretiare vomponenberiresding
inventive Example 6 was determined. Fig. 7 is a graph illustrating the
embog| R s ek & tHE de Reip it Cg’%%ﬁg’éﬁiagﬂf B S ASIER I rom
psi, where the inventive high-density polyethylene composition having a
e e S A nIGBUHLLT FT BF EIDy th SERE I8 T TG T

relationship:

Brief Deseription of the Drawinss

For the purpose of Hlustrating the instant invention, there is shown in the drawings a
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

Exampile 2 was determined.

-11 -
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[(7,492,165*density(glcm3)) - 6,975,000] psi(g/cm3). Detailed Description
W?HR{% f_lllgggation The high-density polyethylene composition 9@95'%@%502
invention includes a first component, and a second component. The first
component is preferably a high molecular 20 Weib?gt ethylene a[§ha—olefin
copBlyis RHERRG RSB RTINS GHEES D 9D%E bl duBegrim S agfiengnd
melt index (121) of 1 to 15 g/10 minutes. The second component is .
Purep AR AN BT WeigMRARASHE PoRRBP AV AR n
the range of 0,965 to 0.980 g/cm3, and a melt index (1?) in the range of
EX&%E)??? 1‘%66% écl’fﬁnh%ﬁ%{mes, The high-density polyethylene composition has a

melt index (12) of at least 1. /10, minutes, a ity in the 25.range. of
0 08 G0 sea s e e e R R DS R TRy v

purg4iiNehs HEMVG; %1?&%4%&9%@&&?&%%&%9@8&9BQAQE!%‘E‘%@qm@%‘@é

components, additives, or adjuvan he high-density polyethylene

ExarfiPIORQSIUQRs & Rignodal polymer, or in the alternative. the high-density
polyethylene is a multimodal polymer. The term "bimodal," as used
heggl) smeansthatdbe:melecwanweight distribution hatMWERY R 2GRl and
Permeation Chromatography (GPC) curve exhibits two component

purgp@lyeaens; fareaxamples dwor peaks poWhereHR OO oMo BENaalmer:
may even exist as a hump, shoulder, or tail relative to the MWD of the

Examotief compoemnnpgdlymer; or in the alternative, for example, wherein the
two components may have only one single peak with no bumps,
shdigders sqrtaiis! O Fhesterm tmghkimdded' ASRISEd i berdinsimeansithiaand
the MWD in a GPC curve exhibits more than two component polymers,

purggoirestimpldneHrel BrolpgrapeEtRS aIONFETEIiNB AETEORTHbAfeE potpHIEE
may even exist as a hump, shoulder, or tail, relative to the MWD of the

Exagifiep SGHhiysHENTpblymers; or in the alternative, wherein three or more
components may have only one single pick with no bumps, shoulders, or

tailbi88 PrieEr O i Ut HERAR T0 it Bt ar HBnTo BEmEK! &
secaggeg)cﬁz ‘rmli%rpl r?ém%%epé) %ﬁ%ﬁé%ﬁ#@eﬁféﬁ%@ﬁ{f pgﬁ]g%t?}g{ynee:g%rp{:?sgtio%%aving a
1% secant modulus in psi of equal or greater to the following relationship:

[(7,492,165*density(g/cm”)} — 6,975,000] psi{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 compenent is preferably a high molecular
weight ethylene aipha-olefin copolymer having a density in the range of 0.920 to 0.946
g/cm3, and a meltindex (I} 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 0.905 to 0.980
g/em’, 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!c:m3. The high-density poivethyiene composition may further

-12 -
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such as, for example, those made by the copolymerization of ethylene
i or.more C3- C20 alpha-olefin(s). The term "interpo [
W\é{s%a(qgﬁe%g?%, refers to polymers prepared by the 20 polymer!;zezzi':%5??;@1@[825“2
least two different types of monomers. The generic term interpolymer
inclugig s Riabost e redlisGalIy SRIBIGYEY O fleFIdPsIphnarsshiElsafed
from two different types of monomers, and polymers prepared from more
comaRHHYNG BFEIRTR BPERTE fdhBhals e tefh (C8)ERMNEAILEEH gy 18 @
.used%{:erein, refers to polymerization of ethylene in the presence of one
mult i BOLBITA-olefin comonomers. -13 WO 2008/136849
POTILI20071082802, The fist.components, & nolymet, (oL SXempIe, & on
polyolefin. The firsSt component is’preferably be an ethylene polymer; for

(M\h%?ﬁ@ﬁ'%e? first component s preferably,a nigh. melecular we gk .

ethylene alpha-olefin copolymer. The first component is substantially free
po}yﬁafeéswoﬁoa&ﬁgﬁan@aa%ﬁm-mpéméum{%%wﬁam%n exist as a
branching, as used herein, 5 refers to an ethylene polymer preferably

humSUDStitdtedowith lessithan abaudlolang shaindianehden da80 detalhe

carbons, and more preferably, less than about 0.01 long chain branch per
alterd410Q totptcathon sy iERenfesence afdongchaiy braachasds:tyjpigalheak with no
determined according to the methods known in the art, such as gel
bumpenhedtion, chraiisatography coupled with low angle laser light scattering
detector (GPC-LALLS) and gel permeation 10 chromatography coupled
withta diffelemighwsebmeterdetestom@GRCRDe The Frst adorhponsnehizibits
a density in the range of 0.920 to 0.946 g/cm3. All individual values and
morsHbrafigea froReNoP0 B0 048 gremBlaréReRidaa herels aht wisiioded
herein; for example, the first component has a density in the range of
comppoons RGOS LRSS #ié BBl disecfifet cORpUnPRASAD of the
density in the range of 0.928 to 0.944 g/cm3, The first component 15 has
othe L TBRARAE R BBy, I PO AN 0 £t A G O R RUTEEC AR Tt @y have
values a[nd. i{ubr nges from ’ {gok]ie%gllotﬁlisnutes are included herein and

only §UE3EE Ristein 1or eXampIe! st component has a melt index (12r.a)

N 14 L T A MBI D e o
copcm)jﬁg}?,%r a terpolymer. The term “polymer,” as used herein, includes interpolymers,
such as, for example, those made by the copolymerization of ethylene with one or more Cs-
Cyo alpha-olefin(s).

The term “interpolymer,” as used herein, refers to poiymers 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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The first component has molecular weight in the range of 150,000 to

wa@38Q.Al individual 20 values and subranges from 150,09g%%§g)g,790%9502

are included herein and disclosed herein; for example, the first
compaonent has a molecular weight in the range of 150,000 to 270,000; or
in Qﬁ%ﬁ%ﬁ%}%ﬁrﬁ%ﬂ?ﬁﬁgﬁéﬁ%&% TROISEINER wWERGHERS SHEPARGE i
_.0f 150,000 to 240,000. The first componept may comprise any amount of
prete G B A ATERA RIS CBAGIBIE, 17 BRAAAoRRE b COBnbE:
m

comprises about less tha percent b ight 25 of one or mare .
moieglllp aW@fé%%B@] CIe af&%a—&%fg] CO O%II’PI&X %eg%s%q[ %1}%0{1 Tt 18 Su Stall?a']&a/l {ree

-0 monomers, pasea o ewelgh (0] TITS Componen
£ anifp C /; 4.9 C%?ég% 2 Individual values and q N
o g R e

referp@agmed;p@&yrgg P&%%?BW%E%%&WM&MM@B@J&M'%% g§£in

example, the first component comprises at least about 90 percen

branoNgighigfoatiivienschased apherweiahtofethenfirsteampenemte Alhin branch

individual values and subranges above 90 weight percent are 5 included
per 1hevet-a06 BlisclosRdheakeir: o1example Haadfisst cofpraneatcompeses
at least 95 percent by weight of ethylene, based on the weight of the first
accogibmgponentocihelalplha-olefinccomandnerstypically iavier-craangrepthato 28 ed
carbon atoms. For example, the alpha-olefin comonomers may preferably
with haverg oli@chghoratems, dardtmdePpréfisldlly8d@8 parbomiatoms.
Exemplary alpha-olefin comonomers include, but are not 10 limited to,
chrompgpsyrathe, qubled reth aslifieesnsial shes@nrie! drepter&iPl-deténelhe first
1-nonene, I- decene, and 4-methyl-l-pentene, The alpha-olefin
ComRETORGTEFETI HTEReTABEF S5 RER T ArieGroud LONTEIY biues and
propylene, 1-butene, 1-hexene, and 1-octene, and more preferably from

subripeed FRTp LSRLiGitg Gr el Heisn @ sdorl SRteand Hisdasehir e porriele.
a polymer, for example a.polyolefin. The second 15 component is )

e R b e el PR S Ul e B ehraetive,
yreferably a tow molecular wei htﬁgtcl;\ ho lymer. eItﬁh Ieﬂqe{)nen

e B O oo, T ST oren

has mﬂ%&@%fgﬂ Samanomers, Ioh%tgm Sihveneshomapalymen, as g@ed

herein, refers to an ethylene polymer’containing at least 99 percent

subrN8I9 7 §ThYIeNS nitiulhie RecenfcorPAneant i RisieraNein; for example,
substantially free of
the first component has a melt index (Iz1,6) in the range of 2 to 12 g/10 minutes, or in the
alternative, the first component has a melt index (I316) in the range of 2.5 to 11 g/10 minutes,
The first component has melecuiar weight in the range of 150,000 to 300,000. All individual
vaines and subranges from 150,000 to 300,000 are inciuded 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 130,000 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

-14 -
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20 any long chain branching. Substantially free of any long chain
visanehinggsas used herein, refers to an ethylene polymer prearabbyoos2s02
substituted with less than about 0.1 long chain branch per 1000 total
e GURPOS, Q00 AN Relerably: legs han,ahaut 0, O 1900, SR DIANGN REf e
00 total carbons. The presence of long Ehain branches s yplcaﬁy

hereglet?ﬂp k‘ﬂ%@a&ﬁﬁ%@h@ 9[15.(})7 g&%g?ﬁgg‘%ﬁ alﬁlﬂ&\l’}ﬁ'a GIP e ﬂ?lﬁr%, & g}(%p?t% NG first

above. The second compone 25 density irthe range of 0.965 to

comPe988t %ﬁ[gﬂ%sé%llﬁ @QA&’&%@LN@%@&%@D%@&%M%?Jﬁwﬁ&,%éedjoﬁ Wereight of
008/136849 PCT/US2007/082502 t0'0.980 g/em3-are included herein

the fARC-cissiased hareiaifonexample.dhe sesond samponenthasadenasity

in the range of 0.965 to 0.975 g/cm3. The second component has a melt
inchificieXer(l2 g theclanrgeat30to 35000 10 minutesn b indvddualvaliesst 95
and subranges from 30 to 1500 g/10 minutes are included herein and
percelistiosetkhertmh ftmexeamplestiie setgndbitofmponentdiaaa melt index
(12) in the range of 40 to 1300 g/10 minutes; or in the alternative, the
seddnd ipbmperierehasemweltipidelky(I2y innhewanterol GontborGeS g/ 1Bor
minutes. The second component has a molecular weight in the range of
example O (8 DTN AR RIIOTERIA I IBEscaHT st h de st B0 tend more
45,000 are included herein and disclosed herein; for example, the second
preferghip iR ACREROR HAghecHisFRAGH EIANHE PR GO BPISTD! 5 Us 0o 467 1Y
.in the alterpative, the segond component has a molecular weight in the

I e bF 207060 t5 57000 18 sd Ui KorhpRERE coRtiiSed TE8E Hrah
dece%qurgih%reiﬁhwl%eﬁlﬁg%?g he a%gi%]%ﬁee:flg ggg{gﬁ?{%rgg %?é\;%g é?dglo}ﬁs?e%meeé %"om

ase e'wel € secona componen in ual Vatues an

the gg-gsg Ages fr n&f!ﬁ%ﬁb@%@, %:%Qt%%lqhggfgcg%%fﬁé@&Jﬁ*g%géﬂgaﬁé';?g%@gmb;y

t ]
osed herein example, the second component may comp

fronp@g%&&gggﬂsgiﬂggpﬁ 3R.1.00. pereent.ny weight of one or more additional

alpha-olefin copolymers; the second component may comprise about

0.0ﬁaet@@mt&ﬁg&lwg%am@iqm el engox prorsadditional.ond

alpha-olefin copolymers; or in the alternative, the second component is

compeeafiapyradeiionaliyphe-plefineopslymersi.The sreandeospanent
comprises at least about 99 percent by weight of ethylene, based on the

prefavgight tfthecdscondsearhpaherheAlbincividual2Q vaklled anthSubpangas may
from about 99 to about 100 weight percent are included herein and
contain trace amounts of contaminate comonormers, e.g. alpha-olefin comonomers. The term
ethylene homopolymer, as used herein, refers to an ethylene polymer containing at least 99
percemnt by weight of ethylere 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 typicaily determined

according to the methods known in the art, as mentioned above. The second component has

density in the range of 0.965 to 0.980 g/cm”. Al individual values and subranges from 0.965

-15 -
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disclosed herein; for example, the second component comprises about
w83 hdeabeut 100 percent by weight of ethylene, based on tiae/weightoetzo:
the second component. The high-density polyethylene composition has a

to 0, 9%% I%algxz[ahie crla%ggg%f t% I’%glg%t 13(303 § 196!106%3 ﬁﬁ;:ialéndmﬂu@ Va'“eﬁ componem

anges from’ are’int 58 Rerein and

has a%% ;9}?‘%9&??159 113 T high-depsity polyetiylene camposition Aas a,0ek qex
0561 Jo8A5 P10 o007 BB oa08 o ot loast 1 g/10

(1) M@%@ﬁeéﬂ indlyicyRl yatues.and subrangss eqyval.Qk 958@{%&9%1 hGHGG 1o

minutes are included herein and disclosed herein; for example,

1500Righ-density polyethslang rsomrasiianhaga-melbindax.fn) indhe-range of
1 to 2 g/10 minutes; or in the alternative, the high-density polyethylene

conm; AP asitiondamemnalh mdex the} of ableast@g/10 minutesolihel alternative,
high-density polyethylene composition is substantially free of any long

the sehaihcbramelingaSubsfantialty frem dicanydong thair thanclingnasustte
herein, refers to a polyethylene composition preferably substituted with
secoiidssitraneabout Oridbngichamebtantte perct0g0 EtaD catbons, aibimibngual
preferably, less than about 0.01 long chain branch per 1000 total carbons.
valueF Radprdsenee PIBNG R8I bradtithes isdysiedinpgatenhimedoseeorainy tor
the methods known 10 in the art, as mentioned above. The high-densit
exaniyis Bh3ETR COMPRRTHBRM AR IRsHIREHEE L EIghE aqgﬁ%ﬁﬂérp%@fﬁé*? o Or
. of 4to 15. All individual values and subranges from 4 to 15 are included
in thedteiprtia diecfs8an FUPBATFE BXAMBIECHR RigkenSIf Bugalimidng
450 rﬁ@osmon as a mol%cular weight d strl U(é jon in thtebran e.of 5t0 13; or
’ (?Rt AtiVe, PIHE high= élr%%?tfspso ye‘i T SR o SitioH hais ge oF more
addmon g:hz{ XYeﬂ%m gulslybunog in LE‘ eo S%%on-[lrle&le%rg

ibuti The 7
ar wei ution OI’ USE erein, refers to the ratlo

1nd1v9<§1}ﬁ’1969p%§‘¥§533%§ﬁ leculay W&’Q}%(M@Gt%&%m%%&%}é?ﬁ?@%ﬂl%&bﬂ%m and

welight (MO Mn), described in furthef details hereinbelow. T

dmle%Q@?Q?J‘x?'tﬁépQMS{BDéletﬂ@ sGQMPastian fas.an @M&%ﬂ%@@lﬁm&&@%
resistance of at least 10 hours measured via ASTM D-1693, Condition B

1.00 30%Agepale@npsetarabhnatdaast ZO:N0Fs MaasH @S Mg T 2&ond
D-1693, Condition B, 10% Igepal, or more preferably, at least 40 hours

compoeaguied sdaAsE o 1693 (CanditionB,L0%: lgepalhn dhenalternative,

the high-density polyethylene
additional alpha-olefin copolymers; or in the alternative, the second component is free of any
additional alpha-olefin copolymers. The second component comprises at least about 99
percent by weight of ethylene, based 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 (.930 to
0.960 g/em”. All individual values and subranges from 0.950 to 0.960 g/em” are included

herein and disclosed herein. The high-density polyethylene composition has a melt index (Iy)

- 16 -
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composition has an environmental stress crack resistance of at least 100
witHigEmeasured via. ASTM D-1693, Condition B, 100 % Igepal,&007/082502
preferably, at least 125 hours measured via ASTM D-1693, Condition B,
00 %!quépal, or morﬁ gfr;ferab y, at least 150 hours measured 25 via

of aties“i‘l\h S5 EbnattSH Bt "o}gﬁe STREMGH Sty raige i 10
min§RIROSHION. 1 17 WO, 2008136849 PCTIUS2007/082500 oy comprizs
any amounts o first component, sécon compoPleh*, or combination 7
ereof igh- ity. thylene,.composition comprises about 40
com P R R A T e e
o o SEoCk 10 1 ahut Se pofoom Aro i Cea s e

nighalkdsglisplased herewyfonexamplashedian deasinapelye MRS anching.
composition comprises about 42 to about 64 percent by weight of the first
Substamponsat, dasedoan theitaiahegightef.fishant secaatcomppeas/dse
The high-density polyethylene composition further comprises about 35 to
compdditiGiferddntsblysuteighiofihe seoantdeompisenthbasednon phe foialictal
weight of the first and second components. All individual values and
carbguh rariges frorriabout B5sttabautd 0.60 weigthrpebcent e incided carbons.
herein and disclosed herein; for example, the high-density polyethylene
The prepesitioariahin Sempisds beat 36t abocd 88 pdiaent B welhpdofnown
__the second component, based on the total weight of the first and second
in ﬁhe&rﬁﬁéﬁm%@rﬁfaé?aeiy?%@ﬁgﬁﬁ%wswmwfg%ﬁywem%ﬁ@nn%@ar
single ATREF temperature peak, wherein .the ATREF temperature peak

welght (RGP Hom BeiRfarReS 4K Mabamith BEide wiwitod Bhmagealom+ © 15
.105 C. The high-density polyethylene composition, further has a calculated

e e SO h R Pav G 48 (i T BNt Rty

. olyethylene compgsition may further include additignal . gomponen .

o e b A e oSSR R o

the kﬁggﬁ%ﬁylﬂ&lﬁgﬁyl@% @5%8{% !}'gﬁ'ﬁg ?m@@&%ﬁ%'%%%ﬁm%tﬁ%?{og in the range of

enhancers, dyes, lubricants, fillers, 20 pigments, primary antioxidants,

5 to $ECANAANARIRLLANTSRIPRISING A0S, Whstabilizersy HNGleatars, @nfe ratio
combinations thereof. The high-density polyethylene composition

of weMremises abaubiess thamilQ peareantbyihe.coniingd- weight efione..

or more additives,
{(Mw/My), described in further details hereinbelow. The high-density polyethylene

composition has an environmental stress crack resistance of at least 10 hours measured via
ASTM D-1693, Condition B, 10% Igepal, or preferably at least 20 hours measured 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 1235 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

S17 -
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based on the weight of the high-density polyethylene composition. All

whdhiguakyalues and subranges from about less than 10 weighzRareenbsoz
are included herein and disclosed herein; 25 for example, the high-density

polyethylene Com‘ﬁ%sﬁgié)ﬁn comprises about |ess than 5 percent. -%8 Wt ¢
maY So0BITsE8AGBE BG7IBBIEGS Ty IS CEMRBITEL WSYRT S oRe Greree"

mare, additiv ased on the weight of the high- ity. palyethylen .
e A S A TGS e RGhe Tty DO SR e by weigh

ot SPIPOSHIRN.FOMRNITER ARLIERE R0 AuRerfe I B In SmBRadeldh

ne ormore adaditives, based on'the weignt den ity

indiRANEIRYENS, GAMRARILORLAT IBARAMES ARANRIVE: NS GNAGASIMed herein

polyethylene composition may compromise about less than 0.5 percent by

and dN@IRempingd wekgam.an@e%gﬂm@@@%m?&h@mwﬂ eweight.of dhe

high-density polyethylene composition. Nucleators include, but are not

aboulimitedtupeiassism stearain: RN 20Eomishis, camnmercirlipavaibapleot
from Milliken. Antioxidants, such as Irgafos(r) 168 and hganox 1010, are

first eptrimonty wsgehtenprotdet the pelyepiibetthiernmabanad/oioh Gioticiativeprises
degradation. Irganox(r) 1010 is tetralds (methylene (3,5-di-tert-butyl-

aboud By deasbphy dEqairmeantate);ighichtis sommierciatiynavaiabld frothe@ityd weight of
Geigy Inc. Irgafos(r) 168 is tris (2,4 di-tert-butylphenyl) phosphite, which

the figseordrersidiyapaikiie fdnnEinaudsidgyerindmbrimeshivantigputahgpgbout
polyethylene composition may further be blended with 15 other polymers.

60 v Si5H RSN Bt e BGEN PAINF AR RETa TSR BRIy S
the art. Blends comprising the inventive high-density polyethylene

PDiye@ﬁ%ﬁ%%ﬂ%?ﬂ?%ﬁf@&hﬁ&ﬁ%&ﬁ%ﬁﬁ@ﬂﬂbﬁr%ﬂ%a .H@&ﬁé&iw?ég}th%f the

S Iectedé)olymers are melg( Iend@d \gah%?i_ngle or twi% screw exttru Lor
Secold RRBRORCE" BB BUH e & A gk kel A S FBRh R Rt Freferably.
mixer. 20 In general, blends containing the.in ive high-densit .

e {1 sontajning the nysative high-dens .

e R Do RS G2 A7 By I e Sk b Weroraor B

tre AVEEENERIGN ARSI RAVEINVIENS. SRMPARHIAN.RSRAORIAR 18Mak 00 oc 1o
weight of the blend. All individual values subranges in the range of at

abol BRES 4t|§> welghlRelsem a8 Jaeluded Rersiniand gisclosed hereinader purge
example,

fraction in the range of less than 15.5 percent,

The high-density polvethylene compesition may further include additional
components such as other polymers, adjuvants, and/or additives. Such adjuvants or additives
include, but are not limited to, antistatic agents, color enhancers, dyes, lubricants, fillers,
pigments, primary antioxidants, secondary antioxidants, processing aids, UV stabilizers,
nucleators, and combinations thereof. The high-density polyethylene compositicn
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

-8 -
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the blend comprises at least 50 percent by weight of the inventive
wiigheglensiy polyethylene 25 composition, based on the totglpwaightoehthe::
blend; or in the alternative, the blend comprises - 19 WO 2008/136849
PCT/US2 07/0{?32 02 at least 60.percent by. weight of tt%ue inyentive . - .
by e e o o B P B e

polyRISNG; LN 08 Atemapive, 5&%9&%‘&9,‘Eﬁ’%&?@@r@h{fﬁ&k!&ﬁfﬁ Ak ¥sition

weight of the inventive high-density poly ene compositi ased on

comifiectolab weight, of the.blendy ardndhe alterpative o thadlend comRNises, dhsed
east 80 percent by weight o?the 5 inventive high-density polyethylene

on tHeOmpPsition. hagsed-an thedotal waighbelihehiend oniddhe.alemaive.
the blend comprises at least 90 percent by weight of the inventive high-

highdensity polyethiviens compositiany basethansthertotakweightoof thecblend the
or in the alternative, the blend comprises at least 95 percent by weight of

comltivednveintivef highedensitypitiethylene compesitioniasad:balithdttotal
weight of the blend; or in the alternative, the blend comprises 10 at least
polyg9991p eromesitipwvelfisiataticnnbeintivethighddnsityddolyethyiame stearate.
composition, based on the total weight of the blend. Different ©
HPNodfimiehiz BfibrOreaetic pd o edra st B pat8 Hienmay e €amplossdl to Irgafos
produce the inventive high-densiwolyethylene composition. Typical
168 #rensimigm LAl cararrarragrbe Hig L isad 95 s i me HigR desigif) and/or
. polyethylene compositign are magnesium/titanium 15 based catalyst
oxidgydiv A GtiGplifaa By the! atdiyEty St yese bed ind-8:%1302,565;
vanadium based catalyst systems, such as those descriped.in U.S. ®
s Y e S I R GG g
m ocene catalyst sys such as thase described.in U.S. 7 :
o R B P L S AL g At

seicN@lybdenum oxides on silica-alumina supports are also useful. Preferred
Gelg@ﬂ . . ) .
Catalyst systems for 20 preparing the components for the inventive

highhdensityrolyaindens senppasition dep&irgiemhiatiacatalyslavstems

and metallocene catalyst systems. In some embodiments, preferred
othe CREMBIE USEEh BB N96RSS 40 Makenthahigh: densiypolyetiaeneskil in the

compositions are of the magnesium/titanium type. In particular, for the
art. Basphaseppelyméarizationsthicatalyist ipmatelfreroanpseisisorformed via
comprising magnesium and
any conventional methods. For example, the selected polymers are melt blended via a single
or twin screw exfruder, or a mixer, e.g. 4 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 inciuded herein and disclosed herein; for exampie,

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

210 -
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25 titanium chlorides in an electron donor solvent. This solution is often
weithekdenpasited on a -20 WO 2008/136849 PCr/us2007/08 22841000 502
catalyst support, or a filler is added, which, on subsequent spray drying,
rovides additional mechanical stre 0 the particles. The solid. .
o oA IR AP SR S s U o baed
on t}%r%(iiﬂcwegggtrglg&é/ b%ggcilté{“ rpllé_lﬁg rae[‘fevr\glalgbf I,Stllllél._ Terlil&ggm%sgs%%t IYSSatst 70 percent
precursor’Exemplary catalyst types are é:eSCI’I ed in U.S. 6,187,866 a cf

by wgi'élt %fﬁ&%g%ﬂﬁv%hﬁgﬁfﬁg&??BB?Q&&%&%%%I Q[ﬁﬂl%%@@ [ifhe total weight

inCorporated by referénce. Precipitatéd/crystallized catalyst systems,
of heugthasdhesedaschined ihbbRnd.odhS3R aNdbhSEo 8248031 wiheneplits:
contents of both of which are herein incorporated by reference, may also
inveR@VH3LE:-Suchcatalyats mayduiiberibe, rradiies math@Ne HEBEUFINE blend; or in
activator. Such further modifications are described in US patent
the giablicatiothNble52006/0287 445t A0 berRiaferablysthefoatalystiplechisior
has the formula MgdTi(OR), XF (ED)g wherein R is an aliphatic or
densgrombtichiyjdrocariyori raditatdrbwing ¢ totddwecaghor stohsidr @@Rhe alternative,
wherein R' is a aliphatic or aromatic hydrocarbon radical having 1 to 14
the legrd oarapons; s kich ORpgiksuptis hiebhmdhoriditferentiXbidinsiéppraehiiene
chlorine, bromine or iodine; ED is an electron donor; d is 0.5 to 56; e is 0,
compogan, fiaseiign e ANPGRS diahlpnt aisrdhe Ftamaiys He plsbcroniises
a titanium compound, a magnesium compound, and an electron donar,
at leqhd BRECHTT HIOMO P Feh Brgarie Tuiis HasE Rt ab fhiparatareci‘ite
réangeaof 0 ? to. 200 C, in which the magnesium and titanium compounds
baseg adBf 518! TREWIRWE R @Snor compounds are sometimes also referred
to ewis bases..The electron donor can be an alkyl ester of.an
R B DR BT £ st R e B roduce
.amine li Ic I .cycloallceyl r,. ixtyures.,
e B b B T S B e,

systSIRAIER Aonars-the H@%&E&?ﬁ%%&ﬂﬁ% gysiartcd.ethers, \éiiﬂ%%{ﬂlium

20 carbon atoms; dialkyl, diaryl, and alkylaryl ketones having 3 to 2

baseRHRRRAMemaNd aeNk Al aneh Blylalkoxyiasigssiahalky! andoatys:

carboxylic acids having 2 to 20 carbon atoms. The most preferred
van&isien doneiistelcahydrafuran 42h Otberpxamales. ef migieeedrom 793,

donors are methyl formate, ethyl acetate, butyl acetate,

U.5. 5,342,907, and U.S. 5,410,003; and a metallocene catalyst system, such as those
described i U.S. 4,937,299; U.S. 5,317,036; and U.S, 5,527,752, Catalyst systems that use
molybdenum oxides on silica-glumina suppoerts are also useful. Preferred catalyst systems for
preparing the compenents 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/titaniam type. In particuiar, 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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-21 WO 2008/136849 PCT/1JS2007/082502 ethyl ether, dioxane,

wai-dareRylether, dibutyl ether, ethanol, 1-butanol, ethyl formpateyagtaybsi:
acetate, ethyl anisate, ethylene carbonate, tetrahydropyran, and ethyl

_grogi nate. Wh_'%leal%tﬁ e exces of electron donor ma be&:sed initially to
porous ¢ L VthSHp_‘%OE Lol i TTeT 18 F% Wthl’l, on 51 Se%u&n séray 1) ll’ing, TOVICIES
provide the reaction product of titaniunt compound and electrondonor,

addi D8 5"&%'? eél‘ﬁ?é}{ﬂcper %Q%%&ﬁ%%’i‘%? ARPIGKIMAlEled %%ﬁﬁﬁtﬁ%‘-@%% 20

moles of electron dénor per of titanium Cgmpoun prere

meth@_@@ﬁ%ﬁﬂ@ﬁ%%ﬁr@dé}f?B_r&%ﬂﬂ@?@&%%%@ig%oi?Eg%fﬁé‘é’&é{@rhﬁ%%,R@rﬁéﬂ%eﬁ% used

titanium compound. Since the catalyst will act as a template for the growth

as caBfi e PRI, iis-gssentialithat the atalystiprecutssr ba opyeterinto

a solid. It is also essential that the resultant solid 10 has the appropriate

5.29@atclesize andishapefteopieduaadpolymerpaitictesonithi nejatuennarrow
size distribution, low amounts of fines and good fluidization

PrecipharatteristitedAdtiaugh thissolutibraofioewissBidise] imaghesium, @tdind U.S.
titanium compounds may be impregnated into a porous support and dried

0,24 3B fdrrihacsolic cetalystiibigiprefenrel atrahdiven solutiorntse bpmeertedeintanalso
solid catalyst via spray drying. Each of these methods thus 15 forms a

be useglyppestiadtebratysepfaches be PHe s graytidl fetireenalyst pdmget iS theaurther
preferentially placed into a mineral oil slurry. The viscosity of the

modRiFRSBABE N SR iU AP SU PERITH W s R tHESHaAP dhh be
conveniently pumped through the pre-activation apparatus, and eventual}lg/ig

inth B HOK Mt ANEPrERttsr. rrndhedramaiadied ISRY & sl daisi:
a%‘?s e&ecr orBrogre fgﬁ?oéa?{a%%vﬁ%iga MR ‘.’fté‘ g%%&#%@#@%jé@%ﬁg@ R

In commercial reaction systems, Wwrlle a dua pISPOI'] Syr

. typically used in.pilot, scale reactio ster ere,the catalyst fi are .
14 Pe{@%at 01 &EOHIBQ]P E,df%.cdigoné &}Cﬂ é@g?ﬁ%}ﬁg chliés)no?(%()fll}lgfy?aﬁﬁ%ﬁsamup 18

an, or equal to mo/hour m S

the sg&%%ﬁwﬁrergﬁt?‘%%%%%p@]ﬂtlﬁa}ec%%%e lglecﬁffﬁ% (5? 1351%@? gﬁ is an electron

polymerization. Complete activation by additional cocatalyst is requwed to
doncACHIBVEsTH REWMDY, THE: 222 W@, 08843684 PLERZA0H 82508 i
prepared from a titanium compound, a magnesivm cempound, and an electron donor,

The electron donor is an organic Lewis base, liquid at temperatures in the range of

0 °Cto 200 °C, in which the magnesium and titanium compounds are soluble. The electron
donor compounds are sometimes also referred to as Lewis bases, The electron donor can be
an alkyl ester of an aliphatic or aromatic carboxylic acid, an aliphatic ketone, 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
cycioalky! 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,

227 -
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complete activation normally occurs in the polymerization reactor,
waltb@ughsthe techniques taughtin EP 1,200,483 may also he-tigedadthezsoz
cocatal.ysts, which are reducing agents, conventionally used, are
comprised of Qaluminurp ¢omp gntd§ 8}“ com o]undbs flitlhi odium
th ] —il7, A . 4 1_ 5 }L - t >
e pORasint Akaiina earih & Metala,ds-well 45 cOMpoUnds of Sifer

: e t urmi ible.,. 0
m.ethﬁ%{é&ﬂa A5 AR AUmRINHR. e RQSRIDIE, Hﬁr&@ﬁ%ﬁ%@rﬁ&ﬁ% BHIXte.

ydrides, organometal or halide compounds: Bu and “dibuty

magnesiumRrecxamples o yasiul comrrunds afeterdhan albmInkm:on
An activator compound, which is generally used with any of the titanium

prodiRased ealaly sy sarsseandhave shatermuia AR XL whekingach

X is independently 10 chlorine, bromine, iodine, or OR'; each R and R' is
apprdRiciepandenthp arsatuiaiad aliphiatic fydeaearborbradicablianing:diten 4 mpound

carbon atoms; bis 0 to 1.5; cis 0 or 1; and a+b+c=3. Preferred activators
and pirétudévaligylaliminlm maonorcandagith|biices;\ofietsineadinatipar nadioa

has | to 6 carbon atoms and the trialkyl.aluminums. Examples are
titanighietlylgleiminum  chloride and tri-n-hexylaluminum. About 0.10 to 10

moles, and preferably 0.15 to 2.5 moles, 15 of activator are used per mole

of BIEEtHmM AEhGY. Theathatar teatipi ¢ Aetitearanhrahionrimethe raigential

from 1:1 to 10:1, and is preferably in the range from 2:1 to 5:1. The ‘
that thy RBEETR AR AT RS EHESR P catPHE réipredem st By B oRh ther Hepagolid

or R,A1X, wherein each R is independently alkyl, cycloalkyl, aryl, or
has e AR gBH SRR HHE RN SRR SERFBYE SRS S bPARIEE R Hedieaiy g
be(join d to form a heteroc cli({x%structucrie. Eg?p 12{10 R Whi]Ch isa. .

BT A HRNAD e TGS BT R BRI has

Althc}Q%%th%%rotfthoatgms?bﬁ(s???seh%é% x‘?a”sh%eﬁ%ﬁal?éé’n%!zoé%%pc?&%@'”% R
iodine. exampies or ny rocar aluminum compounds are as T0llOWS:

1mpr%Ef'ﬁ§8£’%¥Aaal$%]{%@u o e valy Ry, a%if?f@%g{k&!%gﬂ']#é@e%ﬂf&ﬁﬁwhe

ithexylalumihum hydride, di-isobutylhexylaluminum, “isobuty

solut AN EX ¥R vminUM o tHRethlaluraintn, tHethylalnpinum,: WHpropdalimiaum,
25 triisopropylaluminum, tri-n-butylaluminum, trioctylaluminum,

formirideGyRIHRI By st 22WE2008/136849 PCT/US2007/082502

tridodecylaluminum, tribenzylaluminum, triphenylaluminum,

trirrap RfyladviBiinuiilyst product is then preferentially placed into a mineral oil slurry.
The viscosity of the hydrocarbon slurry diluent is sufficiently low, so that the slurry can be
conveniently pumped through the pre-activation apparatus, and eventually into the
polymerization reactor. The catalystis fed using a slurry catalyst feeder, A progressive
cavity pump, such as a Moyne 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 arc less than, or equal to, 10 cm’/hour (278 x 107 ms/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



tritolylaluminum, dibutylaluminum chloride, diethylaluminum chloride, and

w%tW&@J umipum sesquichloride. The cocatalyst compounds m@%(ﬁ%%gm

as activators and modifiers. Activators can be added to the precursor

either before and/or during polymerization. 5 In one procedure, the
ComlHFé%ﬂﬁ%Wt%ft&‘ﬁS?fﬁ%‘ﬂYlﬁféHl DETGIE PUIRTEHZSES ﬁef’rﬁ%nﬁfh‘é‘tg]p FB’Eé%ﬁ}PFé‘i“eS
. 0the re partlg! ctivated before polymerization, and activation is
s % r’?@é 5 e a modifier is used instead of an activator,

thergéodlfl%agy reW 1&?&% asolved in an organic so ent uch as

. ] oca ! UCIHNE. 08NS, CO 8!1‘:101’121 ‘r]te £om fiSC of
isopentane and, where a supportisused, Impregnated into the suppor

atum‘i%&ﬂiﬁ!@#émﬁtﬁg%‘%’&n o%@%&%@ﬂtﬂrﬂrﬁoﬂ‘cﬁﬁéﬁg‘QnBESPa@RJ%X aﬁ%&gegmh

supported catalyst precursor is erwise, the mo

metaBORIIQRIS s 2dded v tselrlirecHy 19dhe acalYRAINRLS, A8 SIMHaLIn

chemical structure and function to the activators as are cocatalysts. For

comMQHAUQRSy 808 JOly8XARIPIRe A o3 a1 061326 sRAIRedRerainibn and

reference in its entirety. The cocatalyst is preferably added separately

dibufi@atQh8suanSOLEIOmIN AR inerhselven suth astisepeatanetathe
polymerization reactor at 15 the same time as the flow of ethylene is
inithated: tntthoserpmbddihents thatude assdppdriythefphecisisomisbased
supported on an inorganic oxide support such as silica, aluminum
catalgbiosphate; akamitrycdiic fatuinindRabdde es heitivacatiak hag besndemdified
with an organoaluminum compound such as triethyl aluminum, and silica
chloviisdiffeeringthodiath yirAite: speBdnie o dintentsigiioa knepredaliagatic
support. A 20 typical support is a solid, particulate, porous material
hydrackaAti At AEPEIEthE ‘ﬁo%ﬁ?éﬁ%ﬁwslt%“’&%ﬂla% a'd %Ppémfﬂ’ér%fét\'fﬁ'rg%
an average patrticle size of 10,to 250 m and preferably 30 t0,100 m;
Prefenraes s d’F‘ﬁPfEﬁt%@%%&’éﬂﬂ“ﬁr&é‘?é‘W Stfeast PHB Mg, ﬁhéﬂl a
mdy% ze of (I)%aitjlgo X J]%%IE) n ? referab}lé/ at I ast 200 O 10.in,
tsédiis'that Whl}((: gpE“li‘cﬁ)"w @5 .aL‘tl(I)nEl bm

11
eneraﬁ/, eamoun %suppor

chlom ”Im e of i Etanigfnn?t &raﬂt‘a t%)UP(PP 5macﬁ'ﬁgs Otz?jo Vp/” .5 moles,

ﬁlmoleo titanium per gram o support mpregnat|

of a:#RAR/LAOBAURC TN RZPIOREON APGYR maﬂf'%%%{a&‘éé‘l%%!ﬂ@ﬁtéﬁﬁ%t is in

into a silica support can be accomplished by mixing the precursor and

the BHicar@el in the glection dongLselyentr thersalyentdolioyed by solvent

The hydrocarby] aluminum cocatalyst can be represented by the formula R3Al or
R;AlIX, wherein each R is independently alkyl, cycloalkyl, aryl, or hydrogen; at least one R is
hydrocarbyl; and two or three R radicals can be joined to form a heterocyclic structure. Each
R, which is a hydrocarbyi 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: tritsobutylaluminum, tri-n-hexylaluminum,
di-isobutyl-aluminum hydride, dihexylaluminum hydride, di-isobutylhexylaleminum,
1sobutyl dihexylaluminum, trimethylalominom, triethylaluminum, tripropyialuminum,

triisopropylaluminum, tri-n-butylalominum, trioctylaluminum, tridecylaluminum,
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removal under reduced pressure. When a support is not desired, the

weRlystRrgcursor can be used in liquid form. 5 In another eppedinent,sq»

metallocene catalysts, single-site catalysts and constrained geometry
catalysts may be used in the practice of the invention, Generally,

o ey L RSy R R SRR e IR A SR RA R R A .

. .compounds having one or re n-bonded . ligands includin )
S b A U et it R e e
___as pentadiene, cyclooctatetraendiyl. and imides. Typical compounds are
o R S M B e B Ml

TCAQ%(}Q!&Q 1o.a,Uansitiqn IE%%&%B?* gyt cy 9&%9&%?@’}3(5&9 ?M@Qtion.

ligands or moieties, in combination with a transition metal sefe rom

Tn onGEAMRALO Srenreferably b or&iardtoRhe lRnthanide andagtinids

séries of the Periodic Table of Elements. Exemplary of metal | ocene-type

proc&Rtalyat CamRaUNd s Ake 0 seribethi Be for-e3AlR!e s adiorasd Ratentsa is
4,530,914; 4,871,705; 4,937,299; 5,017,714; 5,055.438; 5,096,867

compbeled0;B6hé;redact@d Wh8ieha 1814011 5123035215 1 29, 4ot By Oe 40&ifiers are
5,278,264, 5,278,119, 5,304,614, 5,324,800, 5,347,025; 5,350,723;

usualby 38R 98] I, 30 by gOic 389N 78@h 538068 6ind 408 Wlate bABACAIY nsed,
5,455,366; 5,534,473, 5,539,124, 5,554,775; 5,621,126, 5,684,098;

imprég 898{780; ti5; 6986840 Boni 0gAer &g Tad 854 e T4 AR cHb4BES; complex,
5,728,641, 5,728,839; 5,7531577; 20 5,767,209; 5,770,753 and o

after 57D He4uPRorEseetpib REetiBiTs: 1EfIAC0 GOETEEe e A1odE Xy splpion is
EP-A-0 420 436; EP-A-0 485 822; EP-A-0 485 823; EP-A-0 743 324;

addedhynter B 18 (oatha meciopulliRafisRsu pisiyoa shymisrdsoprins 384 wo
93/08221; WO 93/08199; WQ 94/01471; WO 96/20233; WO 97/15582; ”

RunciRRY QA FIEGIE GH746587 o HRIG 1485 WP I8icE 789 ard v 06926,

: 98/01% 44. All of these references are incorpaorated herein, in thejir 25

O RHER 5 IR 28 W 300 L 3BEA0 B TUS SO0 DS Pl

neae 41018 GRLASLS Tor yse hefely preferably inglude consuained gcomely.,
catalys?s as disciosed in U.8-Patent Nog: ,‘5“72, nJ@,é’f§, ,

the s YGRS bRIHCQFRRBIGH iy il £ntirety, by reference.

In those embodiments that use a support, the precursor is supported on an inorganic
oxide support such as silica, aluminum phosphate, alumina, silica/alumina mixtures, silica
that has been modified with an organoaluminum compound such as triethyl aluminum, and
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.
Itis used as a dry powder having an average particle size of 10 to 250 pm and preferably 30
to 100 um; a surface area of at least 200 m*/g and preferably at Jeast 250 m*/g; and a pore
size of at least 100 x 107"° m and preferabiy at least 200 x 107" 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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The monocyclopentadienyl transition metal olefin polymerization catalysts

wiayghtifsaU.S. Patent No. 5,026,798, the teachings of whigh-at&-u47/082502
incorporated herein by reference, are also suitable as catalysts of the

N invention. The foregoing catalysts may be further described as comp_ri,sin%
abovs PSS A SF CHIRIBY CotfisHRY A iERdIStGroups B bior thas te
ecdnihanide series gl the Ferlodic Table, of the, Elementseand 8y o soyven

Precierodafized 12 bondEd moiety, Slbstituted With & constrain-maucin bfbv

rem ISR SUED. 2 COMPIEX A3 SODSiraned GeRMEly ADOULINE MEAlor can be
atom. The cata fst urther comprises an activating cocata ygt. ny

used‘ﬁ?@i‘é%mi&%'. ethylene homopolym_erizati_on or (co)poly_merization reactions
may be employed to produce the inventive high-density polyethylene

COm&%@lﬂ&%%@%%&@&&h@@ﬂﬁ?ﬁsh%“%JELQIYJT&@{&%@HJQ%@rconstrained
(co)polymerization reactions include, but are 15 not limited to, gas phase

georRQlymesizadiom Shartydahase-pehvmer zatiennlignidphase:polymerration,
and combinations thereof using conventional reactors, e.g. gas phase

catalf@actarsmlagpifcratonalrstiraed fankireRbtoss: @ Raet Aeaators b seriBsnded
or in series and parallel. The polymerization system of the instant

ligarityentiolnis & doigd setuesitighpalymerz ationmhsy stenzo faditiingequentakuch
polymerization system. Examples of dual 20 sequential polymerization

as psysieneingiude;tibutaednotalnehitedite, jasiphlasenpolyinerizationdfasiescribed
phase polymerization; gas phase polymerization/liquid phase

as copuiymmerizationnéigquidplklaserpbly nieribationg s phasetipolyierizationsually,
liquid phase polymerization/liquid phase polymerization; slurry phase

cyclpmivinbrizdonssidiiryaphase rpolyimenzatiohidigui pitagdransition metal selected
polymerization/slurry phase polymerization; slurry phase 25

fromygiyrretigatiannigiai phasergoly ienizdom: Gringe ghasetinide series of the
_polymerization/gas phase -26 WO 2008/136849 PCT/US20071082502

Perigfii hibli2tFIRM5AE-gas phase polymerization/slurry phase

polémerization. The multi- sequential polymerization systems includes at

lealSt R P BIyRTEHLABR FEACTEHES THE RAMBI SE Sy Steh s HBs b P e
s BRI RTINS TR, 5
5,12985 QM8RR 401, 5.210,352; 5,229,478; 5.264,405; 5,278 264: 5,278,119; 5,304,614:
5,324,800; 5,347,025; 5,350,723; 5,384,299; 5,391,790: 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; 5,684,008; 5,693,730
5.608,634: 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 03/08221; WO 93/08199; WO
94/01471; WO 96/20233; WO 97/15582; WO 97/19959; WO 97/46567: WO 98/01435; WO

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

entirety, by reference.

-25 -
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5 polymerization process, e.g. gas phase polymerization/gas phase

W%?%Qg&@ion; however, the instant invention is not so Iimig;%q,,@,}gua};agzg)&
t

e above combinations may be employed. In production, a dual
sequential polymerization system connected in series, as described

abEDHR &3 HESGSEY HhEHTEY O6H BN RS s e R oEeTE Wightsts 2
.. ethylene_polymer, can be produced.in the first stage of the dual ) .
I S| POty A aAa® 20t EbgreRE SR et

. _elg)wbmoéf?cgrll%r weight ethylene polymer, can be prepared in the second
et sFagg of the dual sequential polymerization system. Alternatively, the

d 1 e, low. moal yeight eth I . -
S . Fp o%gcr:?i?ga%gr?tadlgnxq"%aﬁt) \%BnOn%%gf%rlf\:%%'%?%gxﬁex){ﬁﬂgnpc%% & tﬁﬁght mn

be made In Irst stage o ual sequenti ymerization system,

U.s. end he Jirshepmponent. J.6:he-pigh moleculat-Weight-_IByene LOVREr ;.

can be made in the second sfage of the dual sequential 15 polymerization

also SYSIEMFoPReses-af theRresent disclosure, the reactor, in which the
conditions are conducive to making the first component is known as the

firgtiepstanilternativeliaine feasiofdecwhighiherepnditiontmare coordination
conducive to making the second component is known as the second
compeacianp2ihy praeuttio praeatalysisystémihatiding ascooataysiodic Table of
ethylene, one or more alpha- olefin comonomers, hydrogen, and
the Foptionialhpihedeastscdndiontietidsietyy siN2tiistpenthne;cemudinerdnenare
continuously fed into a first reactor, which is connected to a second
moietpactorlin sungsxthis firseempohesractveatbisrrrikiaiers fHerratalyst
continuously transferred, for example, in batches from the first reactor to
furthgh e gapBify fedetbiRtEthysAB! M drogen, 25 cocatalyst, and optionally inert
gases and/or liquids, e.g. N2, isopentane, hexane, are -27 WO

200815882 P RIS HI6 AIBIBUITESHHRD A5 1P R SaRh g ctions may

reactor, and the final product, i.e. the inventive high-density . polyethylene
be SR ORISRV FoP RRATRAAE 6 SIREHES ot

second reactor, A preferred mode is to take batch quantities of first
y K ; - g but ar
conventiona etﬁ ne h?ﬁg’?ﬁ? Sﬁfﬂr‘leﬂz%tl@ﬁ O &pﬁ’g’r?s me Zatﬂ) e C{IDI‘IS mclhlde, ut are

componentirom eactor, an er these to the second reactor

not 15109 0% AIRLEDUR PHEROWSOSNETS L RIERUEIRH R SRR mRIESsion
system. The'inventive high-density polyethylerie composition is then
polymerization, and combinations thereof using conventional reactors, e.g. gas phase
reactors, loop reactors, stirred tank reactors, and batch reactors in series, or in series and
paraliel. The polymerization system of the instant invention is a dual sequential
polymerization system or a multi-sequential polymerization system. Examples of dual
sequential polymerization systers 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/slarry phase polymerization; slurry phase

polymerization/liquid phase polymerization; shury phase polymerization/gas phase

S 26 -
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transferred to a purge bin under inert atmosphere conditions.
Mﬁgﬂy&%ly, the residual hydrocarbo_ns are removed, andprgpjgégﬁ%}' 7502
introduced to reduce any residual aluminum alkyls and any residua
catalysts before the inventive high-density polyethylene composition is
polyEigHaaHe G kg BRI 2R B WA HRAS HiGHUge ity o eHorohipdsition
is then 10 transferred to an extruder to be pelletized. Such pelletization
SCOURIHRh RS A GEh BT AT (ROWIES Fh&ERT SHES 8 MIGHGEHIH FRAjRtRy IR
S0m cgsitio(%*l may Eur her be melljt sgrqened. SubsLe u“Ent to the mﬁging ,
AT EESS I THE Extriter St mbite R cOMPSSitith C%é S ¥RYStigh "o T v
igh IS AYNe.ARE0S (Rositioned in series of mare dhan, one) with cach
active screen 3havmg a'micron retention size 0

fom about 2 1o about 400
poly@e@z é‘n%(n]p%%e@ e@%gf&@(ﬁ@‘w ﬁgﬁ%ﬁtﬂ% rg % ?(?%%;%%é@’&%&% %9{2&56\16}‘,

m), and most preferably about 2 at a mass

the 1Hbp5R ARAUL R 1ora3PQut L0 DR Hﬂx%/ G- Bl RRRULZG KUSMZ Ugrémﬂic_)yed.

further melt screening is disclosed in U.S. Patent No. 6,485,662, which is

' ted herej f to the extent that it discl It
Cor ORI it AP GO EEA AU S8R o aon

ning. W% &
_system connected in 20.series and parallel, as describe au?oye y be
descRber zﬂﬁove may ge d. OFS% F%ﬁﬁeﬁ%@f%’l erlxrli } é:h%ngllg%crél%g yCS as1yvsv ér%e} et%yiene

=£
used. In ohe odimen

polyiRElUding & cosatalist ethvlens, OneRL Mare.alr ﬂa?'&éig;@ QNNAMENSs) and

hydrogen, and optionally inert gases and/or liquids, e.qg. isopentane,

the SRS EXRRSATE CORINHRURISaEintoe 8 fir SIHARGI Yo WRISh IS, SRNNEGIRG in

to a second reactor, wherein the second reactor is connected to a third

the sERBRIONIRSENBS dhe fikpl-camponentiastive 2oeatalust-mbiyre isHheRond
continuously transferred, for example, in batches from the first - 28 WO

comp8Bt] 36849 IPC HUI&200 #OGRbOR yieacton iedhe secontddeactas, faidiage of
then to the third reactor. Ethylene, hydrogen, cocatalyst, and optionally

the dndricg@asesapdiantiquidsy eygtel? pisbperiianep@andrhexaseiharech molecular
continuously fed to the second and third reactors, and the final. product,
weight etiglrgdamsityp potyethytend volrpositiohs tecohtinubus|yeqeaoved, for
example, in batches from the third reactor. A 5 preferred mode is to take
Poly BtEH BRIARRIZS of first component from the first reactor, and transfer

these to the second reactor, and then take batches from the second
refaﬁpxgﬁases of the present disclosure, the reactor, in which the condifions are

conducive to making the first component is known as the first reactor, Alternatively, the
reactor in which the conditions are conducive 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. Na, 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 s 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. Ny, isopentane, hexane, are

27 -



10

15

20

25

transfer these to the third reactor in series using the differential pressure

waeperateekdy a recycled gas compression system. Alternatiehy dhgiistsq
reactor may feed to both a second reactor and a third reactor in parallel,

and the p ct from first reactor may be transferred to 10 either sec
conti % TRROE THEHEHUEnGHS Dt élcéo]iﬁp%]?%\’*?%lﬂ%ﬂg% sy
polve, angrl;grclz‘gi% 19, E? %urggobg%uqlq rinert at osr%Qgrrne e, 1 %xes from the second
seque Re rési uaPﬁ ?’océnBons’ are ren?O\iea moisture may

react @A r%%‘e‘% n&?d% dye ?afé‘é‘é’a[?ﬁ Al @PF’EL%EX%%&%‘? fz% Eiesfa!s{arjeactor

catalysts before the polymer, i.e."the inventive ensity polyethylene

and tﬁ‘ﬂ@%‘gﬁr}e I5EAR0RE %EBEQ%M&%Q J@Sxf?éf@ﬂﬁ%%ﬁ'&ﬁx%@ﬁ&%mé by a recycled

polyethylene composition is 15 then transferred to an extruder to bé

gas c@x%ﬂy%l%% %%FhP@ﬁk%%%&ﬁﬂzé@ﬁhﬂlgwtﬁ%%ﬁ@[@mc!SH@WHnEﬁh% then
inventive high-density polyethylene composition may further be melt

trans BeFeeRedpudinsequentitedhermoeiirgRiaeassHH heexirider, themelten
compostion is passed through one or more active screens (positioned in

hydreeresohmeredihal) orehwiitoreachactivesgareetudiouipgaitigrerminum
retention size of from about 2 to about 400 (2 to 4 X 10-5 m), and

alkylpreferapheduabout! 2stotaboat B3Ot (210'8 X godsnmdy angetipdtpreferablition
about 2 to about 70 (2to 7 X 10-6 m), at a mass flux of about 5 to about

is expagodttheinedd.. Breotso iy 20Ky /&7nstyy Bolkthtehe congh sipednitigns
disclosed in U.S. Patent No. 6,485,662, which is incorporated herein by

trans fergFelfcE! @(iﬁ’é{f‘é*?é?ﬁRﬁ%%ﬂf%ﬁs%ééjﬁﬂéﬁ@é@éﬁﬁh@’%%ﬁtﬁﬁéﬁel ally
alternative production, the inventive high-density polyethylene 25

knovgy rﬁﬁéé&i’&ﬁtﬁﬁ%?ﬁ%édﬁfa&éi@é’&y OSSO RTRESHAIE Y ARENSF RfgRs!t screened.
inde endent reactors -29.WO 2008/136849 PCT1U62007/082502 ( faqh

SUbSEAEH (0 EAHT B Bfﬁ‘é‘?%*rff“ég‘féﬁgﬁj h%%gtoééé‘c?%ﬂPBFéﬂﬂ?nﬁ piygsett through

n[i)hcatl n, the i |nv ntlv denS|t Iene Sltl a@y
one or 1ve bC (o o (1_11‘6 OHE act SCreen
Uded ¥ “manufactu ape Artic es rticles ay ine ude Ut are

havn‘% %Fgﬁj%%& 8§ {5 Qfef‘{b‘%E% Gud2 %tﬁﬁoﬁ?ﬁ’(?o B‘ﬁoeﬁeﬁt1'6‘e(%ﬂq\%cﬁ‘]3?¥f8§bly

ed to manufacture artlc es such as 5 bottle caps. Suit

aboulO SR IRGANIAVES nelude, bul ate Notlimited ia. igchgRmeldingy 1no*

injection molding process, the inventive high-dénsity polyethylene

m), 26QHROSHIGNISafest e Aexitudemyiaa herpebohneoaxtrudes CORvENSther
heats, melts, and pressurizes the
melt screening s disclosed in U.S. Patent No, 6,485,602, which is incorporated herein by

reference to the extent that it discloses melf screening.

In an alternative production, a multi-sequential polymerization system connected 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
comoenemers, hvdrogen, 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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inventive high-density polyethylene composition to a form a molten
“%rﬁmg;mg molten stream is forced out of the extruder thr%%ﬂ@z&%fsm
into a relatively cool mold held closed 10 under pressure thereby filling the
mold. The melt cools and hardens until fully set-up. The mold then opens
reactghy the WOBR G AT HEIEN8 GoBSe R IS TFErRbVELYYRE IjEttRsH mdstaaly s
' ally extends from the hery of a base,

cap may include a skirt that axi eri

and QRARTRALY i< S e o 3R R AR R R gt sously
cantainer..Closure.devices, e.g,.bottle caps, including the inventiv

fed B B R e N e e

comBARKTESISIANGS RUCR Rotle capsare. adapied ito withstang ihe pressure
Hiiomtl T R Sl

of carbonated drinks. Such bottle caps further facilitate closure, and
prefeSRAING LN 2 Btle bheHRIMUM, toraue PERViIded by A machinedo.screw

the cap on the bottle, or unsealing a bottle, i.e. optimum torque provide by
tran sBe PRESONA Y RSCIRM R AR ExamRlesL A0 s onder steedhattheand
present invention is operable in the absence of any component, which
manshashaet he@n specitieallyidiselieseadnghr-follomingexamplesare-pravdad
in order to further illustrate the invention and are not to be construed as
recydimiting conventirenExsmples] G dnventive BExamples txH\iexbtpreparedtcond
according to the following procedures: a dual- 25 sequential
reactpohyrhetizadioreysiemaellyl.afitshgasoghaseoredotorantansadondagsisired to
phase reactor -30 WO 2008/136849 PCT/US2007/082502 operating in
eithesspfes A Broviieer: Ethyfeal-denetsmriore diptaolsfinicomonemémssferred
hydrogen, catalyst, e.g. Ziegler-Natta catalyst, slurried in mineral oil, N2,
t0 4 IRECIEBpEHENE WeE Tl o6 ERGBIER iéftg%ﬁ@ﬁF%ré@”c’t%?ﬁSﬁ HsEERierRRS
a cocg;alys , €.g. triethylaluminum d(TEAL), was fed continuously into the

t, e.
e A o 5 SEHUATETHE EMEE RGeS Dol GALAtGH TR oA

any {5,eUIeNe In (e presence of L-hexone was cautied out in the_frs
Y idactor Grider the conditions CRowi Bjeelér\llx‘/lﬁ Tablée'r eél?leﬁf% 5 Jc?ﬁ]ﬁ

i&sg.ggmgg e%—dqgtgj! §Eco lex. Tpe fi{lst comp nerllt;gt%ta}%st com Letx
comt alslco’r%tin)l%%"sly tranéf’e?r’e {0 the 'secon re%ncbtlobf.pxaaltléna,Ceciﬁlﬁlebrllé?lm

then BYHERGRA, GOGALAY RS Phd Féﬁlﬁq%g’ %QH%%H%Q@& techniques are generally

known. The inventive high-density polyethylene composition may further be melt screened.
Subsequent to the melting process in the extruder, the molten compostion is passed through
one ¢r more active screens {positioned in series of more than one) with each active screen
having a micron retention size of from about 2 to about 400 (2 to 4 X 107 m), and preferably
about 2 to about 300 (2 to 3 X 10 m), and most preferably about 2 to about 70 (2 to 7 X 107
m), at a mass flux of about 3 to about 100 Ib/hr/in® {1.0 to about 20 kg/s/mz}. Such further
melt screening 18 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 twe or more independent reactors
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were fed continuously into the second reactor. No additional catalyst was
waodad testhe 10 second reactor. The second polymerizationsgeagtian-afsasoz
ethylene was carried out in the second reactor under the conditions
- hshown below in Table | ther?by_ proglucing the firs component-
(each BSIR eSO ERTBENENEESthBIER PRRE UL RBEHt-catalyst-second
component complex was continuously removed from the second reactor
in baekestiot theiprooist hettadbeitywhsretlivioas urgection remdveused to
residual hydrocarbons, and then transferred to a 15 fiberpak drum. The
manyfiipsakhapatrval bonwhueids purgat iith Runaidifiedinitioytn clprare
_polymer, i.e. the inventive high-density polyethylene composition, was
devichirthar Yrdesased s mberpetletiisr br KEBUIVIALP, TaTtREHHESHiRMes such as
high-density polyethylene composition, was melted in the mixer, and )
botleefthtivel {R e aTSEErS8d THEYEHT TR BsignRar AV Fibi:daisiign molding.
polyethylene composition, matrix. The inventive high-density polyethylene
compysition waki2@ pxirerdeththincaghva tighplateipelterztbdcandocosiadon is
The resin samples of the Inventive Examples 1-6 were tested for their
fed ipopettiesdio Felienscor e rx fapeerinterie Siag . pliguaslduesrdines tée
~ ASTM D-4703-00 and then were tested for their properties. Such
inveringplighedca s ROWHITR TEeE R 10 adarmiganalien THaresiH s arpfds
of the Inventive Examples 1-6 were also tested for shrinkage properties

streamds SOERRT QBF ASTRISHIEEY (RDHY P 9550 MM KE8W Hith 502 Ffdhaliudased
dth | sh in Tabhle IV.. - 31. WQ 2008/13684
B e A Bl T T
i high-d i lyethyl | hich i ially. ilabl
mold e DS tgré]%'énef%?q%f%%‘?@ﬁ?f%f%%rfﬂ%&%’%‘?%@ THIR RS
cup AT €S SAIDRIGS O 0, ORI, SHADPIES ALYETE JSSISc e

ir properties from 5 pellets, or were formed into testing plaques

incluBESHINGIRAR T RAAL3 1O &!%%Q%ﬁ%ﬁﬁ?é#. for their properties. Such

properties are shown in Tables 111, Test Methods Unless otherwise

notegdhevaliasdepariad Agteincnvars datermined aecarding tp fhSe thylene
following test methods.
composition exhibit improved environmental crack resistance. Such bottle caps are adapted
to withstand the pressure of carbonated drinks. Such bottle caps further facilitate closure, and

sealing of a bottie, i.e. optimum torque provided by a machine to screw the cap on 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 iflustrate 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

230 -
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10 Density (g/em) was measured according to ASTM-D 792-03, Method

: i(Q) Onr panol. Specimens were measured within 1 hourl,% ggm%sz'uz
W?f erégoﬁ%‘iﬁoning in the isopropanol bath at 23 C for 8 min to ac %eve ?

thermal equilibrium prior to measurement. The specimens were
OPETHEIA B S8EISN Hib RIS At o kil 16 ABTM DA OB KHASRRORAASE 5

min initial heating period at about 190 C and a 15 C/min cooling rate per _
PRSI e 5SS WAS SBETSE (5 BSE A Hbcpris iR ame were

tinued cooling until “cool to.the touch.” Melt index (12) d
Fed i S A BT 79 o KT SEOLR A A6 KETRT oSSR R
i | : d at 190 C under a load of 5.0 k ing t
T S SRS S S R L v S eRne R
polyi0ad ol 10.9.ka according 1o ASTM. f&%ﬁ@é%@-l Vet index Qﬁe@omﬁ the

measured at 190 C under'a load of 21.6 kg according to AST

first Ral&38R83, Bhrinkagsvasmeasired 2660rding RN SIM B0 Willzing Rt
60 mm x 60 mm x2 25 mm plaques. -32 WO 2008/136849

catal PEISHHRO0TIABRRO - Myeight avaerage malasilak weight dMw draiekrred to the

number average molecular weight (Me) were determined according to
secofethods, knowndnatheiariusingdcopyentional GPE; Ak Apstried Repeifane
below. The molecular weight distributions of ethylene polymers were
weredeteroaied iy getoSiperneationcchroMatagiapimyt (GRE). Wihadded to the
chromatographic system consisted of a Waters (Millford, MA) 150 C high
secotdmpereturidhg et qerhpeatioerichiiomiatotiephl ehulippedwvithieedrrgdisiba second
Detectors (Amherst, MA) 2-angle laser light scattering detector Model
reactppypder e 9B difigs shena hglivstatiabind Hestebroraias sl fofst component-
calculation purposes. Data collection was performed using Viscotek
catalTHSECTSOHRIRIE TR SRR andNs HIehShiREP VARCOHEKY Byt Iy MaRagert
DM400. The system was equipped with an on-line solv?lnt deg%s dev&ce
comlﬁla;nwas contindously removed from the second reactor in batches mtd the product
chamber, where it was purged to remove residual hydrocarbons, and then transferred to a
fiberpak drum. The fiberpak drum was continncusly purged with humidified nitrogen. The
polymer, i.e. the inventive high-density polyethylene compositien, was further processed in a
mixer/pelletizer. The polymer, i.e. the inventive high-density polyethylene composition, was
melted in the mixer, and additives were dispersed therein the polymer, inventive high-density
polyethylene composition, matrix. The inventive high-density polyethylene composition was
extroded 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

placues accerding to ASTM D-4703-00 and then were tested for their properties. Such

- properties are shown in Tables I and 11, 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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Polymer Laboratories. The carousel compartment was operated at 140 C
wangddesgaiumn compartment was operated at 150 C. The ¢olymasd4sR6kq-

were four Shodex HT 806M 300 mm, 13 um columns and one Shodex
O3M, 150 mm, 12 m column. The solvent used was 1,2,4
rettorobenzene—the samples were prepared at a concentration of 0.1
grams of 15 polymey in 50 milliliters of solvent. The chromatographic
o e B e ey

on Y T B B PR R

USAT%eimﬁgtégﬁl%dgwng%%gl ?ﬁlgggﬂﬂ%ﬁ%t%%@@%&@% ﬁ&%@%t%%ﬁ?éﬁe;* from

0.67 milliliters/min. Calibration of the GPC column set was performed with
pellegldiareansnaieculareight 29udisteibyion polystyrenestendaras, méthested
molecular weights ranging from 580 to 8,400,000 g/mol, which were
for tirangedHies 6 Seoekiabembstureshwith ial Teastsaecade of separation
between individual molecular weights. The standards were purchased
from Polymer Laboratories (SHisp3heiodd<). The polystyrene standards
were prepared at 0.025 grams in 50 milliliters of solvent for molecular
wéightss etheaivios ovigretier tha, 140000000 gimctcalvt: 26100 Bogradnggim the
50 milliliters of solvent for molecular weights less than 1,000,000 g/mol.
followHe 38MErgH08/136849 PCT/US2007/082502 polystyrene standards
were dissolved, at 80 C with gentle agitation for 30 minutes. The narrow
starfdafI< HERUEE RIS HIRY fFSETEHE 19 SrdlEMoPdecrddsMethgrede
molecular weight component, to minimize defradation. The polystyrene

150prepaRah rdASE R MOISCTIRF WRIGhE Risrd uR e RIS IGEandiRgDing in the
. lecylar weights using the following equati described in 5 Willi
er RSB R g e clowns causion s cescibern o il

_ Mpolystyrene)B. where M is the molecular wel  has,avalue of 0.4
The %ﬁa dugxns WETE ??611{;8551_%%111@56& ACCOT i& {o ‘Eé ﬁ m&a %nne A wifha 5

IS equa ystematic proach ort ermination o

min i%HElﬁ&Rﬁ%%Hﬁ&%E%%%% W@né Wnﬁp&ﬁiﬁ%}ta\%l 11@%cedure C. The
published by Balke, Mourey, et al. (Mourey and Balke, Chromatography

specih@PeMJeRAtkd 25 @@%%@E%@%@r JINRASREM: e WatF PEHAG MOUSEM
Chromatography Polynz. Chpt 13, (1992)), optimizing dual detector log
resuls Ham RowreadpelistyreneC 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 (I3} was measured at 190 °C under a load of 10.0 kg according to ASTM
D-1238-03.
Meilt index (I2; 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-953 utilizing a 60 mm x 60 mm x2

mm piaques,
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1683 to the narrow standard column calibration results from the narrow
“%%Q{%%%jﬁgdgalibration curve u_sing in-house sof_twarg. The "}%?%g%ﬂmszsaz

weight data for off-set determination was obtained in a manner consistent
with that published by Zimm (Zimm,B.H., J.Chenz. Phys., 15 16, 1099
(194gphane etk I ratoeriiMP) Al assrdEr BighrsScanisrHg frshght (M)
Polymer Solutions, Elsevier, Oxford, NY (1987)). The overall injected

weredsifiaRtratis A VLR BrtRkodeteIMinal S O tHe 1A SIRIBGRI R G waS
obtained from the sample refractive index area and the refractive index

desciRed g E &I Ation from a linear polyethylene homopolymer of 115,000
g/nﬁal moIeCL[lIar weghdtiswhich was.me '

s ured jn referen NI
1% welg ributions of et als { 7 C%ttoerm}%

eren 1)
pon}eetrrlr)i/(f}a‘nﬁle 0 homopoﬁymer Standard ‘1475, Thé chroma ograp?ﬁicby gel

per %%Hgﬁ%’;%#%%s f@é AspEmeq, low, SARKAN, %i?'m{%%%ﬁ@%@é%wgm

irial coe cts (concentration effécts on “molecular weight).

ovinlesybar weight; ﬂ'%Hﬂa@?ﬂ&x@&éﬁp@ﬁq%@&%%%&%@ﬁa%%éﬁiﬂ«‘!ﬁ%h 2

The calculation of the number-average molecular weight, weight-average

Precifiglestiatweightn AdM-RVerage-MAeGHIRr WRlghh wese made.aecarsind e
to the following equations, assuming 25 that the refractometer signal is

15° disectiyipy apprtianalteoweighbfractiarsdie haselinen p3WE. Data collection
2008/136849 PCT/1JS2007/082502 subtracted refractometer signal can
was perfdireetly SubStitused for Slgightifractionriichné eglationsnbs|vincNatdata
that the molecular weight can be from the conventional calibration curve
ManggahB Malb¥olilite Ryslecular waightfroritithe highirscatterimgaer sefreictotieter
ratio. An improved estimation of z-average molecular weight, the
Polybsélirersigbiracldd figiorseatearingtsigar eapps e Substittet fof tHelumn
product of weight average molecular weight and weight fraction in
COMBRHUARYITR BB &) LOWICh)FAIES MRS Wil i 2o Brodin HTaBior) 300
wf,'~W,2 (2) Mz= Bimodality Qfg%istrit%utions was characterized according

mm,( *HTB03M 150 mm, 12 um column. The solvent used
b HE VRIS of fife H

was 1,2.4 trichlorobenzene. The samples were prepared at a conceatration of 0.1 grams of
polymer in 50 milliliters of solvent. The chromatographic solvent and the sample preparation
solvent contained 200 pg/g of butvlated hvdroxytoluene (BHT). Both solvent sources were
nitrogen sparged. Polyethylene samples were stirred gently at 160 °C for 4 hours. The
injection volume used was 200 microliters, and the flow rate was .67 milliliters/min.
Calibration of the GPC column set was perfoermed 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/mel. and

0.05 grams in 50 milliliters of solvent for molecular weights less than 1,000,000 g/mol. The
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10 highest temperature peak in temperature rising elution fractionation
typically abbreviated as "'TREF") data as described, for exam(g)le in Wild_ .
W %\?;8’3 {ial of Polymer Science, Poly. Phys. Ed., Vol. 20,Pp.Téﬁ H0T2502
(1982), in U.S. 4,798,081 (1-lazlitt et al.), or in U.S. 5,089,321 (Chum et
polygjjcthetdidefdsures dfssdl ofdvehith araviticerpie amith e éin By waferencéhdn
analytical temperature rising elution fractionation analysis (as described in
narrqy, Standrgl, o8BS are abreihey he errasi IRTREME Hehed bty trisht
be analyzed is dissolved in a suitable hot solvent (for example, 1,2,4
COmpABAbrSHBHYERE) (s BoWe d D RIPSANASH BRAEREH PESEMinG 8RS were
inert support (for example, stainless steel shothby SIO% redu(cin the
' |

convitiibitanive T HE TBIchTH Wal LHHiipperAith BOR s A% etstppec

..and a differeptial  viscometer (DV) detect %&1{1 EF-DV
W}ch:ahz%r%’gitog%m}i%ﬂfén\7vacsl"thé)rgrvﬁlér%‘grr'a?e? %/ eluting the crystallized

polymer sample from ;Q% (tgi?%%peﬁé/ :slgv)\él ]\i/f%%rg,%)ﬁ%g Jpe temperature of
,2,4 trichlor .

the eluting solvent (1 obenzene REF-DV method is -

whe2 MY @, 2008136849 B WUR200.4(082504  deseriked o fwriner ¢gtail in

3
WO 99/14271, the disclosure of which is incorporated herein by

systgfarengeHigh:DensitvEraction (Rercent) wasreasered Maanralyicahnner
temperature rising elution fractionation analysis (as described in U.S.

constkfR8Q&1an @@hﬁf@ﬂ@@aﬂ@l%ﬁ&ﬁ "@Q\IR@ES%IWI”H@@ Badescribedin graphy
further details hereinafter. Analytical temperature rising elution
Polractignation ¢ANREFY aralJsisinasiadntestethacogreiog ¢g, the-methedaphy
described in U.S. Patent No, 4,798,081 and Wilde, L.; Ryle, T.R;
Poly¥nGhetdch [ DR ReainlziRg detdeminatitng ofsBiafichingidtribdtiohssiprene
Polyethylene and Ethylene Copolymers, J. Polym.. Sci., 20, 441-455
16831982) nwhivhsarelint opporatedibiptieferendes Fereithémaheir eftdayls pgiibration
The composition to be analyzed was dissolved in trichlorobenzene and
curvaisinednd erystafiverdn BesnamrEsntaiaigian frerdsippsitsianessas
steel shot) by slowly reducing the temperature to 20 C at a coolin%rate of
obtagyad @i HARE LRI WEE ﬁiﬁﬁ@aﬁﬁﬁﬂw X Hetetior: Wi £hys..
ATREF chromatogram curye w sé{; n generat g,b luting, the, )
16, (R RAER AP S B R el TIN5 SN A&t e
Solutz?onr?g%ﬁg%grp ;[(}}grd, NY (1987}). The overall injected concentration used for the
determination of the molecular weight was obtained from the sample refractive index area
and the refractive index detector calibration from a linear 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
encugh to eliminate addressing 2% Virial coefficient effects (concentration effects on
molecular weight). Molecular weight caiculations 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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15 eluting solvent (trichl.orobenzene) from 20 to 120 C at a rate of 1.5
“@%%g@ﬁching distributions were determined via crystallizatiopanalysis;,
fractionation (CRYSTAF); described herein below. Crystallization analysis
fractionation (CRYSTAL") was conducted via a CRYSTAF 200 unit _
subtiagiehifEciN aGATER FEmePBIvRTe B Rar aldREMC I SR irRd s dmpations
were dissolved in 1,2,4 tric_hlorgbenz%ne at 160 C (0.66 m gln{%,for 1hr20
belo‘ﬁn&“&fﬁtﬁﬂ%be&%%%Cﬁafo‘?%%‘iﬁ’a&%.Y?Hbﬂé“afﬂﬁﬁﬂéflf’éﬁﬁéﬂ 88 ARy the
aoso[§P510:30.C. 31 8.co0ling rafe.of 0.2, C/min, on Ifrared detector wag
used to"medstirethe polyme% soltitioh Concentrations. 1he cumulative
oscrRlURIG coneeIaion as megsuirckas. e Rahmer avafallges e 1.,
temperature was decreased. The analytlcaF envative of the cumufative
be sﬂ&ﬂlﬁé@ﬂ%&?@&'&%‘f%@ﬂt%@?& Sistibuionefhepanela38 in
WO 2008/1,36849 PCT/US2007/082502 The CRYSTAF temperature
equaRéak8ngdiatea are identified by the peak analysis module included in the
CRYSTAF Software (Version 2001. .b, PolymerChar, Valencia, Spain).
The CRYSTAF peak finding routine identifies a temperature peak as a
maximum in the d\MgT curve and the areiQ@}wﬁe)n the largest positive
inflection ithéF side of the identifigg,péak 5 in'the derivative curve. To

P R A

calculate the Clﬁ’fﬁr Aﬂcurve, the preferred éﬂmgessing parameters are
with a temperature limit‘of 70 C and. with smoothing parameters above
the temperature limit of 0.1, and below the temperature limit of 0.3.
Solubility [?istribﬁt(mn@r,é}adtg%hndex (SDBI) is the statistical value for the
breadth of’ fie-CRY.STAF mettiod which is calculated based on the
following formuld: ®@ SDBI=J(T-Ty)40w(T)dT Tw=fTw(T)dT ~w(T)dT =1.
wherein T is temperature, W is weight fraction, and Tv weight average

temperaie; Hong, Ghain Branching. was defermined Ceo{;&gép%%tt%zl:p?on of the
met 085 n%wn In the art, Tg sucn as ge? permeatl%n cnromatograpny

high%ﬂ-‘{%?[&}‘éﬂme' %\4‘5195]9!8&@%%Hi@%%‘%g%ﬁﬁ%ﬁ AEIRGION JPRGs AN LB A0 ed as

gel permeation chromatography coupled with a difterentidal viscometer
"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 (Haziitt 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 etution fractionaticn analysis (as described in U.S. 4,798,081
and abbreviated herein as "ATREF"), the compecsition 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 {{or example, stainless steel shot) by slowly reducing the
ternperature. 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 crystailized polymer sample from the column by slowly increasing the

temperature of the eluting selvent (1,2,4 trichlorobenzene). The ATREF-DV method is

- 235
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detector (GPC-DV). Resin stiffness was characterized by measuring the
dulus at 5 percent strain and Secant Modulii at .
@%ﬁ%@%&t\g&ain, and a test speed of 0.5 inch/min 20 (13 m%ﬁ@ﬂé%gnm
according to ASTM D 790-99 Method B. Tensile strength at yield and
descghsdgaduribat Bredldiwdie Reksrbdbsctibrinny totadti iprsggLersted herein by
employing Type IV Specimen at 2 inch/minute (50 mm/minute). - 37 WO
refersatg 136849 PCT/US2007/082502 The environmental stress crack

reskift%rgge E%ES thwa meas red accordirg[‘g to ASTM 21693-01, .

Contitidr B FHESUBREPTBIE) SFth@ &8I o thabHEHIEA TRRSFa By 7

elutiggaf?zlt%ggna 2% MRl ag #erég%gg H’IS{? t&fﬁé‘g&%@&%{}gﬁeﬂ”q&' htpx%i‘ as
presence of a crack accelerating agent stich as soaps, wetting agents,

“ATﬁ‘@F”B\f'%?éﬁr%rlﬁéé’&%‘é’aeﬁ‘? fﬁ?ﬂé?%&%ﬁ?ﬂe?&%%%g 5&%9@%559\?{3%1 AN rising

percent, by volume, Igepal CO-630 (vendor Rhone-Poulec, NJ) aqueous

elntiSRIHUADLMMAIRIAINRE A A G 80 A LAGRRIE e Y YAME 868 Ke scribed in
C0-630 (vendor Rhone- Poulec, NJ) aqueous solution, maintained at 50

U.S.CatdMNESCRValvenyasienarteras A5, theoaieulated 50-pergent

failure time from the probability graph, and FO, where there are no
Derdailiaees ot -dratiL0rahad.chainb rsiohing sistid Bian andepaionemer
content was measured using C13 NMR, as discussed in Randall, Rev.
PolyMagron2al4Chem . (Chys, B2 (2€.3) ppo28h BY Tefarvddn helSn 5 28383467ty
the disclosures of which are incorporated herein by reference to the extent
The retateditestechermedpiae menti sthle sshimplied wele preparetiaby wddingrystaliize
approximately 3g of a 50150 mixture of
in 2 getraphRFBENAR GTd2FOHIDHRIM GBS SHe ttwas B o R5IT i Binium
15 acetylacetonate (relaxation a engﬁtélJOA sample in a 10mm NMR
tem e Hu28ample<c s Eﬁges%ﬁ@gew Horhbyerizan wysaatimy s fupe
. and its contents to 150C. The data was collected using a JEOL Eclipse
niryEhIERONMR SgettrorhEtEY CETBspYNdiNg 10 P EsecTrssbRafigine the
‘Irﬁ%UEncy of 1.00.6 MHz. é\}c uilsitiorhzagarqeters were selected j[_ot ensure
Y UATREVE T3C At SCGUISition T tRE presentd Br the TeIaation Bgeht ™

uan

The dat 0 acquired using gat decoupling, 4000 transient
elutiz ‘.Eo%%z?tg}’;i%?oro%%q%e'ﬁ% 15 (;‘E;/t% $90¢ degonpling, 409 fransients per

ta file, SecC relaxation a

Branching distributions were determined via crystallization analysis fractionation
(CRYSTAI); described herein below. Crystallization analysis fractionation (CRYSTAF) was
conducted via a CRYSTAF 200 unit commercially available from PolymerChar, 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
crystailizes 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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and 13 second acquisition time, a spectral width of 24,200 Hz and a file
W%Jéﬁgg’;ﬁ Q}%Lﬁ) data points, with the probe head heated to 130T N7 /082502
spectra were referenced to the methylene peak at 30 ppm. The results
were calculated according to ASTM method D5017-91. The resin rheolog
wadprfeRESEORD IS ARE SerkRi R AR BB HIEEREkp AFfigRapEis module

System) Rheometer, The ARES | was a strain contr%lled rheome

ity B aies Lah S0 200R T80 Bl T B2 b 6 b BB o

lied shear deformatiaon in.the form of strain to.a sample. In respnonm
: - . AL : . d
CRY&@?&&%&@@%@eg%%?aﬁé%.&%mﬁgga%féfgaléeaa by e G Ler It
wréﬁaﬁég%g rgue were  used tﬁﬁé%%%&ﬂ%%%ﬁ%&ﬂﬁ@'o%at RrARSHHES peak
such as modulus and vis S|t§. e viscoel.astic properties of the sampl

in VIR Measyred ir-the melusing@2ormm dn diameler:a paraiel piate set

up, at constant strain (5 percent) and temperature (190 C) and N2 purge,

para@Bdr A AFURCHRR:PE VA M DEhfreAYeRCY (R Qhi0.RA0:S k). Thheieragtove the
modulus, loss modulus, tan delta, and complex viscosity of the resin were

empReiarmingd 4sing Rheemeties@ishesiraton:seftware (v. 6.5.8). The
viscosity ratio (0.1 rad*s r/100 rad's 1) was determined to be the ratio of
the viscosity measured at a shear rate of 0.1 rad/s to the viscosity
measurddydd misthatipniyradth G0 $ad. Wiyl Ursatiatibisitghe breadth of
measured according to ASTM D-6248-98. Low shear theological

the (Ghupdciérizativg spetforredsribrEd ometnée SRBEG T &tress
controlled mode, using a 25mm parallel plates fixture. This type of
geom i cone and plate because it requires only minimal

SDBiqﬂgfe Zihg NlowdutigBample 15 loading, thus reducing residual
stresses, g' average was determined according to the following procedure.

T :'Ih'Pe, gggqmatographic system consisted of a Waters (Millford, MA) 150 C

“ high temperature chromatograph equipped with a Precision Detectors

(Amherst, MA) 2-angle laser light scattering detector Model 2040, an 1R4
jwﬁki&%ﬂbtector from Polymer Char (Valencia, 20 Spain), and a Viscotek
(Houston, TX) 150R 4-capillary viscometer. The 15-degree angle of the

whelightiScatiefag detetiar waghusedtfon caldiation giroposes. Bapareaitection

Waiorzg Chain Branching was determined according te 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 3 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 vield and elongation at break were measured according to ASTM

D-638-03 employing Type IV Specimen at 2 inch/minute (50 mm/minute).

-37 -
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performed using Viscotek TriSEC software version 3 and a 4-channel
wHisgaiekData Manager DM400. The system was equippedpwih & ariogzson

on-line solvent degas device from Polymer Laboratories. The carousel

compartment was operated at 140 C and the column 25 compartment was

opEFAEEE BRYBEIEL THie Coliis USGH-HerS B 208 TR OHHA FCEE BRIt S ™
-39 2008/136849 PCT/US2007/082502 tteying "Mixed A-LS" .
D 16BN bty he L BPRIBHE ThoSONEA B 4 ccling

trichlqrgbegzene. Thgz amplesd.\{vere Rrepar d at a concentration of 0.1 .
was Mmeasures Il ?I‘ cOnstan g (11l ﬁ){] }.101}8 af] mt esence ol 4 CI‘&C%&CC@ Ell‘af,l o
grams ofipo ymer in milliliters of solvent. The chromatographic solven

agenfNGHRE s%%ﬂl?@a&[ﬁ@% AianzoIVent, SANIAINED 200 PR AL PUMIRIEH. o

hydroxytoluene (B Both solvent sources were nitrogen 5 sparged.

secRehethyans.sempIes wersstived oertly A60Aeaers SoIBUSIS Aueous

hours. The injection volume used was 200 microliters and the flow rate

solutiaslamilliliters{minuten Calibnationof he GREColpIn Setavas Ratarathe-

with 21 narrow molecular weight distribution polystyrene standards with
PoulfBOlgculatewel ghitsiran ging diest 280016(8,400: 3011, Randhwers asangeekin:g the

"cocktail" mixtures with at least a decade of separation between 10
calculdivitil abraoletular weig itsn The standdids avete puréhaskd dnbrie are no

Polymer Laboratories (Shropshire, UK). The polystyrene standards were
failluggrapdhedrad.0.025 grams in 50 milliliters of solvent for molecular weights

equal to or greater than 1,000,000, and 0.05 grams in 50 milliliters of

soheit shrimblesiiae Weigh isanth aAmo000 000N FREE6YstrdRe using Cs

_standards were dissolved at 80 C with gentle agitation for 30 minutes. _

NMRyig fﬁé%wdstaﬁ%aaﬁag»rﬁﬁ&dvf%ffszwe@%mh fifst ahd i o¥derRs 285-297, and in

decreasin hi%hest molecular weight component to minimjze degradation.

U-S. 3 oy sty feHec stieirg ‘ﬁ}éléiﬁ Fﬁ‘b_f@&ﬁTB?%@fbh%eWé’ﬁérE&ﬁ%ﬁéa s f’_’“em
e fE YRS R S L Slore il s decis,

1ams an

SO/S(I}Vl I’BIOI\I ethaf]?ergreac__hf)‘fée‘ %@%?éx&%%@)&%oro%rﬂ%?e’\éhﬁ*;[*vbaes mgg)fj;%rcmomium

weig { Ahas a value 0 is equal to he Systématic

acetyMROIGRED &am‘s&%&%g&mpa .E%%EH?HQ G BIMOURRISIES AANE LA were
manner consistent with that published by Balke. Mourey, et. al. (Mourey
dissc %Kﬁ)mogenized by heating the tube and its contents to 150°C. The data was
coliected using a JEOL Eclipse 400 MHz NMR spectrometer, corresponding to a 13C
resonance frequency of 100.6 MHz. Acquisition parameters were selected to ensure
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 caiculated according to ASTM method D5017-01,

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

System) Rheometer. The ARES [ was a strain controlled rtheometer. A rotary actuator
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Chromatography Polym. Chpt 12, (1992)) (Balke, Thitiratsakul, Lew,
welshng.Mourey, Chromatography Polym. Chpt 13, (1992)),&%@%%3;%(32
triple detector log (MW and IV) 25 results from Dow Broad Polystyrene
1683 to the narrow standard column calibration results -40 WO
(servoBE71 3B BA PEC TSI BEIHER S0P o1 B (e Wkt dhAstamidiardd EaRBratioHe
curve using a software, The molecular weight data for_off-set
Sam%%%ﬂﬁ?fﬁi?&?{ Weas BbERiINGa ‘f?me&“r‘ﬁ%%%F}Efq‘ﬁ%?éf@ﬁ?wm%i‘%‘ﬁh%‘ﬁ et B
d Z|m BanJ hem Pfg%s 16, 1 99 (19 8 Krato%hvurh
e (ﬁ?ra ocC VI| zCaLssEfca‘"I”f_lgjfihfJi el%feriﬁﬁc rSm B ymer Soiutions, -

vzscoﬁlg%g?pé{}%)l( %Edo YQ)W he.oxsrallinjegled.n 883%%@“@& Ué%gqf?el

rmination o |6CU ar WEIg t was obtainedfrom the sam

par af efraghve, 'age;z% %ﬁ%@@&m refractivg pdex dsiesior F}@W@}'%fﬁp'ﬁﬁge and

linear polyethy ene homopolymer of 115,000 molecular weight. The
as 2 AHQMRALIIAPHIC 1LaNeRAITAlIPNG WRTR BSSHIReEhIoV aRAUGR, teLliRinate, tn
addressing 2d Virial coefficient effects (concentration effects on molecular
deltavaightmdR-gvavesagemas:edlculatedtorthe:-sampiashasdetiow Ckcdeator
light scattering, viscosity, and concentration detectors were calibrated
softwith (NBS .4 75Horkopoty men polyeth e (ometuivalentaeferende) 12 the
The light scattering and viscometer detector offsets relative to the
ratiogbemtratioly deteotor wWasstorretted dsidedtribabkimithes talibration! at a shear
section; 15 3. Baselines were subtracted from the light scattering,
rate gisééhiveter, and concentration chromatograms and set integration
windows making certain to integrate all of the low molecular weight
reté N VORIFBIENYE S HGH P sealidknty %@M&Wﬁhat were

observable from the refractometer. chromatogram; 4. A linea

homfBp SR RFAAY FUAENREHEISB VIR PERSA e W@C{ﬁﬁéﬂébm’m in
establl d byin ectln standar disp Slt Ieast 3.0,
stresg CantthO aﬁ E%.O & {lr‘ﬂn T par tlljltesqo % ]’a fﬁ %Jael lza%elaﬂﬁt]ﬁ/d] %he

ove ca atioh et ), was
preciINSIC Yiscosity.an e@ag's%%ﬁ'ar e o messcansiantaarecied,
data for each ¢ romatograp ic Slice wa recordlea 5he sam 1n

oadffdnigrestnas niegted and the data file (from above

g average was determined according to the following procedure. The
chromatographic system consisted of a Waters (Millford, MA} 150 °C high femperature
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 purpeses. 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 130 °C. The columns used were 4 20-micron mixed-bed light
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calibration method), was calculated and the intrinsic viscosity and
wholReHlakweight from the 25 mass constant corrected datagfer,ga6R /452502
chromatographic slice was recorded; -41 WO 2008/1.36849
PCT/1J52007/082502 6. The homopolymer linear reference intrinsic
St oy \Was éhgfftéaiBﬁPﬂﬁéffBﬂ@\%‘é‘%Xﬁ&@R@?‘%/ g solventused was 1,24
i hil+ "SCB/I, O(;"brinch oint Ien%f%where IV is the i@%insic vi coii%of.
A RO RIEASES satpla BR dTeStP SBT GOBE WL HaTS sy FEW GhaPlymer in
30 nﬁMﬁéraﬂgsg?&H{a%Q B%'@{%L gé%ta% I§C%f Jegyg%gethél sfaolﬁrxgr]%éfeneaka irog gg[vent
octene); 5 7. g average was cdlculated according to t owing

contﬁgé@gg{ﬁl gﬁ%{%@%ﬁ%qalt\éd\@{%&mgﬁgn%&%%b Xégtﬂr s_%lgent sources were nitrogen

J=YVher 40,000 L j M j=LowestM HighesiM Ici ,j=LowesrM Where c is
spart0€ QAGERTRHOR.Af e Slice dVds Ihe RtiNgig Miscasl o theHDRE anth,

TVLis the intrinsic viscosity of the linear homopolymer polyethylene
injedigferancedcosrestecdfonseBiide ehdha HRRE sampla afinteceshatihe

same molecular weight (M). The IV ratio was assumed to be one at

malaaulatisveighis (©sS thamdGA0Migaccausd foltinatuiaksaatiekuntaveight

light scattering data. The present invention may be embodied in other
distrfonms wittyowtdeparticg dsonmkheolspifidiand the essentidloatftbutes 400,000,

thereof, and, accordingly, reference should be made to the 15 appended
and pleimissaratveinthancdkthie foragomgrspedificationceslindiseting ithebstop

of the invention. -42 WO 2008/136849 PCT/US2007/082502

N

(Shropshire, UK). The polystyrene standards were prepar?adaat 0.025 grams tn 50 milliliters
of solvent for molecular weights equal to or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than 1,000,000, The polystyrene standards
were dissoived at 80 °C with gentle agitation for 30 minutes, The narrow standards mixtures
were run first and in order of decreasing highest molecular weight component to minimize
degradation. The polystyrene standard peak molecular weights were converted to
polyethylene molecular weights using the following equation (as described in Williams and
Ward, J. Polym. Sci., Polym. Ler., 6, 621 (1968)).:
Mpolyethyléne = 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. (Mowrey and Balke,
Chromatography Polym. Chpt 12, (1992)) (Balke, Thitiratsakul. Lew, Cheung, Mourey,
Chromatography Polym. Chpt 13, (1992)), optimizing triple detector log (MW and V)

results from Dow Broad Polystyrene 1683 o the narrow standard column calibration results
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y0O..ate.v~to'am "No iNo~o0 o0-0OONooto onSa 'mvwFoo

WY U0 £ h NTOCLOL"N 110000 Ny GL-MMNG0 O

10N yctIthldad|7 "Cs7v-;Vvo' o~ mO"CmOfO'N
mSMlOlOOJVOWlOOH uOCO5ymmmrn OOOO'OINC'~I
f1omotl}§ @aw%spﬁnﬁw@ jéj@a@)nncwvg @1%@(@@2@6(:“16 molecular weight data for

off-set determination was obtained in a manner consistent with that published by Zimm
(Zimmm, B.H., J.Chem. Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil, P., Classical Light
Scartering from Polymer Solutions, Ylsevier, Oxford, NY (1987)). The overall injected
concentration used for the determination of the molecular weight was obtained from the
sample refractive index area and the refractive index detector calibraticn from a linear
polyethylene homopolymer of 115,000 molecular weight. The chromatographic
concentrations were assumed low epough to eliminate addressing 2" Virial coefficient
effects (concentration effects on molecular weight).

¢ average was calculated for the samples as follow:

L. The light scattering, viscosity, and concentration detectors were calibrated
with NBS 1475 homopolymer polyethylene {or equivalent reference);

2. The light scattering and viscometer detector offsets relative to the
concentration detector was corrected as described in the calibration section;

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 scattening chromatogram that
were obgervable from the refractometer chromatogram;

4, A linear homopolymer polyethylene Mark-Houwink reference line was
established by injecting a standard with a polvdispersity of at jeast 3.0}, and the data file {from
above calibration method), was calenlated and the infrinsic 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 shice was recorded;
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5 7. g’ average was calculated according to the following equation.
HighestM ]V WhereM >40,000

c. X ! + Z C,

. v i

l J=WhereM >40,000 Lj /oy J=LowestM
g - HighestM
¢
Jj=LowestM

Where ¢ 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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zwQLGC,V10OblOa~So ~Y0010S0O:m9?a -48WO
2008/136849 PCT/US2007/082502 Example No. Color Nucleator
wltinkagedn Shrinkage in now direction cross-flow after 48 f@pkS2007/082502
direction after (%) 48 hours (%) Inventive 1 Natural None 3.51 1.01
Inventive 1 Green None 365 0. 96 mventlve 1 Biue None 3.68 1.05
Inventive 2 Natural None 3.77- 0 99 : lnventlve 2 Green None 3.78 1.25
Inventive 2 Blue None 3 93 0. 93 Inventlve3 Natural None 3.48 1.02
Inventive 3 Green NoneS 59 0 83 Inventlve 3 Blue None 3.65 1.05
Inventive 4 Natural Nong 3.47 1;25 Im/eﬂtlve 4 Ggeen None 3.530.78 .
Inventive 4 Blue None 3877-1. 3§Iweﬁt|\ze 5 NatugaldNone 3.44 1.20
Inventive 5 Natural HPI\EZOE 3'52 0. 53 Inventlve 5 Natural KSt 3.59 0 91
Inventive5 While None ?77 1. 17 S

Table [II Continued

‘5‘.
£
=
&
%:
=
®
B
e
P
@
=T
&=
=

ComparatweExmnp}eNo e S S s L e
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Inventive 5 Green None 3.53 1.10 Inventive5 Red None 3.62 0.76

inventive 5 White-2 None 169 1.18 Blue None 145 1.11 Inventive 5

Inventive 5 Orange None 3.70 0.65 Inventive 5 White HPN-20E 3.52 0.53

IRVEhENe: Easeen HPN-20E 3.53 0.73 Inventive 5 Red HPN-gOE 3 2% 052502

0.59 .. Inventive 5 White-2 HPN-20E 3.63 0.39 Inventive 5 Blue
.- HIPN=20E.3.50.0.56..Inventive. 5. Qrange HPN-20E:3.63:0.48.mm. ...
E¥iektve 5 Green KSY4 53 0.97 .- Nutifdititive 5 B 3&@563“56 0.98h
. Inventive 6 Natural None 3.481.10 Inventive 6 Ggé}éb ?ﬁ:r'i:é) %hr iseﬂzger
. Inventive 6 Blue None 3.65 1. Q9 _ Comparative A Nagug@ None fi (%
........ %gmqratlve A Whmqt{ﬁlgne 3 38 1 2&0§Qmpara‘tIVEA ?B{e None 3912
“inComparative A Orapge None- 3.93-0:91 49 MCSLLP- g:égnms R
h| h é(insny pelyeth%llene compesnnl' compﬂsmg-----m---fs --------------------- :

;_Inve five

:mh}\-féntwe 2 N

- Natm a}

";;"Inv{;ﬁtxve 5"_ LG
Inveniive 5 : |

HPN20E
HPN-20E

{ToventiveS . Green

: Inventive 5

g Iuventlve 3  HPN-20E

[n VLn gwe 5 i e esaneiin v

Inventwe 5

- Inventive 6

Inventive 6

EComparatlveA : ang | .
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a first component, said first component is a high molecular weight
ethylene alpha-olefin copolymer has a density in the range of 0.920 to
0.946 g/cm3, and a melt index (121.6) in the range of Ito 15 g/I0 minutes;
and a second component, said second component is a low molecular  ;0g1 1 p
weight ethylene polymer has a density in the range of 0.965 to 0.980
a{pmSz and a melt index (I12) in the range of 30 to 1500 g/10 minutes;
f8P&in said high-density polyethylene composition has a melt index (12)

of at least 1 g/l mjnytes, a density jn the range of 0.950 t0.0.960 g/cm3.
o The M-S PO Rl LR P Bl 3

150000 o 300,006 AR FHeraN LA LI AR KOG R veigh
lecul ight.in th f 12,000 to 45,000. 3. Igh- ity, 5
oK BRI TR SREA BeE YA i RE/EI CAl LoD gem and
t density in t .928 to 0.944 g/cm3, and

%’éﬁ |§§§£X( g%%ﬂi %ﬁ%é%aﬁgﬁg%e@ﬁ%%%ﬁ% esfJ v(\:/rr?ere?r? saaild

second component has a density in,the range of 0.965 to 0.975 g/cm3, .
S S P i T e

and a melt inde¥

PSR AT CEnsh Rl ere ST R 5 e

ng-chain branchin he hig

ﬁalygttﬁ)élgar% gg%o%tgﬁﬁcmf%iﬁ%#gsﬂaim 1, wherein said high-density

yethylene conipositio s a'single ATREF temperature peak, wherein

said ATREF temperature peak;has.a temperature peak maximum .
botween aboul B0 o S er TS Ry et e (b on had s melt index

I vlene compaosition has a calculated purge fraction S than
B R A R L B
composition comprising the steps of:

2. The high-density polyethylene composition according to Claim 1,
wherein said first component has a molecular weight in the range of 150,000 to
300,000, and wherein said second component has a molecular weight in the range of

12,000 to 45,000.

3. The high-density polyethylene composition according to Claim 1,
wherein said first component has a density in the range of 0.928 to 0.944 g/cm’, and a
melt index (Iz16) in the range of 2.5 to 11 g/10 minutes; wherein said second
component has a density in the range of 0.965 to 0.975 gfem’, and a melt index (Ip) in
the range of 50 to 1000 g/10 minutes, and wherein said high-density polyethylene

composition is substantially free of any long chain branching.
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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 is a high molecular weight ethylene MCSLLP
alpha-olefin copolymer has a density in the range of 0.920 to 0.946

?t&tsu@zs R SR P S SO B CAES RO S So oA
T, A A S e
7SS LBl it AR AEA1) e B BP0 5 18P

: r%tg%ﬁ% ﬁ‘ét cggr?t b3t ;?Lg%énge?(g%r%deﬁggg sgee?n%:]eggncsol%position

has a melt ind of at le tes, a density in the ran
o 550100 000 BIETHSA0 NBHE s DTS oG SR F Adrd e
lene c ition..C rising: a first component, said first
%%J%/%%Wsof{g%ﬁﬁ %I[gogi%?ec\ﬁe?ght ethylene alpha-olefin copolymer
has a density in the range of 0.920 to 0.946 g/em3, and a melt index

(121.6) in the range of 1 to 15 g/10 minutes and a second component

said sescond compane tis a OV moI /€l ht0 th oI mer. pas a
density'in the range o §.9657% 5%5 %n }(41 i the
range. of 3(2 S1tSOO 9/I 0 minutes; Whereln said hlgh denS|ty polyethylene

con 610% hasTE Melt index (12) of at least 1 g/10 minutes, a density in

the range Of 0 ggoégog)ng %&g{ene, 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 is a high molecular weight ethylene alpha-olefin copolymer has a density in
the range of 0.920 to 0.946 g/cm”, and a melt index (1)) in the range of 1 to 15 ¢/10
minutes;
introducing said first component and additional ethylene into a second
reactor;
polymerizing said additional ethylene in said second reactor thereby
producing a second component, wherein said second component is a low molecular
weight ethylene polymer has 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
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7. The bottle cap closure of according to Claim 6, wherein said high-

density polyethylene composition has 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 conditioqeg(p
B, 100 % Igepal. 8. A method of producing an article comprising the steps

of: providing a high-density polyethylene composition comprising;. -52 )
MCSLLP a filPEBMBoNER &SR EOrmsHN Xétﬁﬂf?aﬁ FiBlEgLiden, Wherein

weight ethylene alpha-olefin copolymer has a density in the range 920
Ry R R ?Eﬂgeﬁerﬁ%lﬁﬁﬂa@f’h%i,%ﬂﬁ%%g%g@ B %safglg&i{f?mmute&
mjnutes; and a second. component, said.second component is a low
hisREbiAP Weighestylend %Rﬁ@r@&@a density in the range of 0.965 to
0.980 g/cm3, and a melt index (12) in the range of 30 to 1500 g/I0

minutes; wherein said high-density polyethylene composition has a melt

index (12) of atéea t 1’2/ 0 minutes, a density in the range of 0.950 to
0.960 §icm3;’t ?ﬁi?% iGiY AHSIERYPBidWPmolding, or injection molding

id high- densit lyethyl ition thereby formi id article.
5. The high-db A ORI SO SITBR S ARG Chaim 1,
wherein said high-densit gol ethylene.composition ha%asan ard

st arthpsg B

o . Nt saicl tirs) component is a high molecular
deviation of flow dir& geé of feSEthan percenf1 ackdSs

different colors. 10. The.high-density, polyethylene compositio (o]
AP E R DR S R TS B G ST DESRSbA e 246
comprising 100 to 10,000 .ppm by weight of a pucleator. 11, Th ‘
@H-daélhds?ﬁnﬁotlﬁ% jﬁlglg@%]‘ogr&?ﬁ)%sﬁ %%a?élcé?zligggao% M Wherein said
high-density polyeth%lene&&r:n%?sition further corﬁprising 100.to 10,000

. g W molecul
ppm by weight of po Assium € eﬁ%?gnéssﬁbcfgg?gr. CERPOnentis a IO moiectiar

weight ethylene polymer has a density in the range 0f 0.965 to 0.980 g/em®, and a melt
index (L) in the range of 30 to 1500 g/10 minutes;
wherein said 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 glem’.

7. The bottle cap closure of according to Claim 6, wherein said high-
density polyethylene composition has 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 % Igepal.

8. A method of producing an article comprising the steps of:

providing a high-density polyethylene composition comprising;

.52



MCSLLP 12. 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 polyethyler}&CSLLP
composition has a standard deviation of flow direction shrinkage of less

than 4 percent across different colors. 13. The high-density polyethylene

composition accordifdts eIaRPaRy Fifbi L AatRgRcaE Rt 8B rstssriAR

compositign has a 1‘V? secant mOdUIﬁ,eS? in psi of equal or greater to the

Yonelirt sk R Aep ol sea dasit  rhiay) e grEci ) 920 to 0.946

si/(g/lcm3)). -54
gp/ cm(g and a) 2:{16% index (I;¢) in the range of 1 to 15 g/10 minutes; and

a second component, said second component is a low molecular
weight ethylene polymer has a density in the range of 0.965 to 0.980 g/cm’, and a melt
index (I2) m the range of 30 to 1500 g/10 minutes;

wherein said high-density polyethylene composition has a melt
index (I,) of at least 1 /10 minutes, a density in the range of 0.950 to 0.960 g/em’;

compression molding, blow molding, or injection molding said high-

density polyethylene composition thereby forming said article.

9. The high-density polyethylene composition according to Claim I,
wherein said high-density polyethylene composition has a standard deviation of flow

direction shrinkage of less than 7 percent across different colors.

10.  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.
11.  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 as nucleator.
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12, 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 has a standard deviation of flow direction

shrinkage of less than 4 percent across different colors.

13. The high-density polyethylene composition according to Claim 1,
wherein said high-density polyethylene composition has a 1% secant modulus in psi of
equal or greater to the following relationship: [(7,492,165*density (g/em®)) —

6,975,000] psi/(g/cm™)).
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