ETHYLENE-BASED POLYMER COMPOSITIONS, METHODS OF MAKING THE SAME, AND
ARTICLES PREPARED FROM THE SAME REFERENCE TO RELATED APPLICATIONS 5The
present application claims the benefit of U.S. Provisional Application No. 61/017947, filed on
December 3WVOa7/°8¥d%ully incorporated herein.  The present invent&/broH8&8"athylene-based
polymer compositions and articles prepared from the same, and methods of making the same. The
compositions ioof the invention are particularly suitable for use in blow molded articles, films, pipes
and other applications. Chromium (Cr) catalyzed high density polyethylene (HDPE) resins,
produced by slurry polymerization, have good processing properties, as characterized by suitable
swell and melt strength, for blow molded rigid packaging applications. 15However, they lack an
optimum balance of AV dMeRtaERBes Y Ek TRy BRI CEOSS MR B SSHF Aba8 T uired to package
aggressive materials, or retaEreaME fablicarr Qs yeipbi e kM THECAREalyzed resins, ESCR is
maximized at the expense of stiffness or vice versa. Multi reactor gas phase process technology in
combination with Zie Ier-NattaéZ-N catalysts, provide a means to improve the physical property 20
balance of HDPE ?@'gﬁ%?ﬁs&/g ) R %ﬂpﬂgsaccompanied by poor resin processing. Gas
phase, Z-N catalyzed reBingrtypicapyiilaive dpwenisvveltand loddraneitsirapgitatorpared to
Cr-catalyzed resing, gt gionaia Rimedal %gi,r,]a\q/dtm]'}%;}%%&gg@uer%pombination with "bimodal
like" ESCR-stiffness balance has been sought after. for more than 20 years, 25since the first
introduction of Z-N-based high ESCR, bimodal products to the rigid packaging market for household
and industrial chemicalsthe prise® iRatemt 513520 chsdiose sdyaiassmpasiasively high molecular

weight, high densify;athylens-aaivmae bipndsd ke diends g discaredashaipaRpable of being

blow molded with excellent processability into articles, for examples, bottles, of 30superior mechanical
AR RERen 45 RS AR P e b BB el Dot index (Ll of

and other prolﬁerties. THEDIEH AVE g 9Nt
least about 2 g/102ndrether arelicigwsratio (MFR) 121/12 of at least about 60, and a polydispersity index

(PD1) of at least about &hidaauaolyessipidhadalendiGopsishpaseniisiy afsaklsast@hout 0.3 weight
fraction of a relati\%‘?lylut%ghognolcerfnél!%r vi(_e‘i,gljht {%g”\lzlowgscom oerlt?&t,ah%/gp%agﬁ%sity of at least about
0.900 gkm3, a higfi loa melt index (LM 2 113 of at leAst about v. g §'fim "5and a flow ratio (FR)
at least about 10; 8tfePls pertitnslyritsiensta dardr wengidediividpzeknsipp rriticaieniing a density of at least
about 0.930 gicmBloakckA tHae HatrdaX ldhm Gagieatdeihpsmabamt koQQ gk Cimtnee  U.S. Patent

6,248,831 disclosgesg B aeAsdRRIOHHG D R lYE ene MIRNG. ISty SAMRYRIng contacting
ethylene, and at least one alpha-olefin with A 10magnesium/titanium based cata yst system, including

a partially activatetFPrEtarsBIckrRirg: db G Rahresn ol mafdmied Bedea®etst sl connected in
series. The precursifinessfarnied dyacodntictingpagmapiydaioaistraeinaligde witbnvisadish reaction product,
prepared from a maAReSIINAIKAAAS & HLAR IR IGLARKRIEIE ARG 3,8 ?QU&%%BQ%W”Q agent. A

relatively low flow index (120 polymer is produced in 150ne reactor (121 from about 0.20 to about 5.0
/10 min, derfity RO BEES uB RORRS: TRSATPRERY RSt F6BRaB TP BRSO A atively high melt

index (12) copolymretdssipgoizsebhin. & taalyredotons(d2idsintaldew E6welabd itvED00 g/I0 mm, density
from 0.925 to 0.97%0:gie3mldh il et ahei-29:taabout 65). The blend has an 15 from about 0.01 to

about 2.0 g/10 mm, and_121/15 from about 20 to gbgut 45, density from 20 0.915 to 0.958 g/cm3, and
it L8l o e

MWD (molecular weigh Sthbution r%?ﬁaa%sélﬁfw oA AP 6,787,608 discloses a
polyethylene comp®igititsh ithEs BRnss tessariolerdalbas kesigtereisaiisutio mosmidaaditiesrmade there from,
such as high tep leaek hiawnateadaiistesy aagddransAsIRIGMmaas gistilutinnepipas. The composition
25 comprises a Iov‘z’{cripa(élgc}#% W J%gugtpc}{l&r%g QQ‘%B%\Yem%Ecomponem’ and a homogeneous,
high-molecular-wé’ight et g/ene interpolymer component. heslbw_molecular weight component is
characterized as having"=>nidfethidP v e dnsesip sy P LY Blefeasigsular 26510t 8. The composition
is characterized asitteddmgroebiyhoe abimalcelds. Weightrdisirthiiioneamncherguatidersittle transition
temperature, 30 Telh, Sflssndfian vaR Gl omESIRRYIME . G High mAleaulaLeiont component
ri

is characterized by a reverse comonomer distribution. International Publication No. WO 00/18814

(see also BPT117786E 1T (Ranse LB eLus e tHR ey a16A Srgibiyeiiah&°rakins having a
multimodal molec@i2i0eéight distriodtiof; vl it feeo atpriges i (inoatactifgvetiidéMERnonomer and a
comonomer, comprising an alpha-olefin having from 3 to 10 carbon atoms, with a 5first catalyst
system, in a first reactor, under first polymerization conditions to produce a first polyethylene, having a
first molecular weight, a HLMI of not more than 0.5 g/I0 min, and a first density of not more than 0.925
g/cmg; (ii) providing a second polyethylene having a second lower molecular weight and higher
density, and (iii) mixing together the first and second polyethylenes to form a polyethylenexesin having
it)a multimodal molecular weight distribution. The first catalyst system comprises: (a) a metallocene
catalyst comprising a bis tetrahydroindenyl compound of the general formula: (IndH4)2R"MQ?2, in
which each Ind is the same or different, and is indenyl or substituted indenyl; R" is a bridge, which
comprises a CI-C20 alkylene radical, a dialkyl germanium or silicon or siloxane, or an alkyl phosphine

or amine radical, and 15which bridge is substituted or unsubstituted; M is a Group WE transition metal
or vvanaditim: and each O ic hvdroecarbyvl havina 1 to 20 carbon atome nr haloaoen: and (b)Y a coecatalvet



spray-dried catalyst precursor, comprising the reaction product of a magnesium compound, a
non-metallocene titanium compound, and at least one non-metallocene compound of a transition-metal
of[her than ti%ig igggglx%jgpzf\Z) an organoaluminium halide halogenating ag TTIEH?OBQ)((%%?fe also
discloses polymerization processes 25 using, and polymers formed from, the same. .S.
Publication 2004/0034169 (see also WO 03/102075) discloses a polymer composition comprising a
LMW ethylene polymer component and a HMW ethylene polymer component. Preferably, the LMW
polyethylene component and the HMW polyethylene component co-crystallize in the composition, such
that the composition 30exhibits a single or substantially single peak in a lamella thickness distribution
("LTD") curve. The ethylene polymer for the LMW and the BMW polyethylene components can be
either homopolyetiireha SrEahor 8 aphpRARaispersity igdep LRDN of gaees 8BoHiSe1lles an ethylene
copolymer compositioiarcohitpritind cansethylenaly-olefirasogolytdvagiairedobyiising a catalyst

containing an 5 olgARRRMBIHRAY CBPRUI-RH Ahlarsk:ig kindsgleaselfc metallocene
compounds, and a low-density polyethylene obtalged %ﬁ fi%gglépressure radical polymerization. The

ethylene/a-olefin ®5bR AR FeBmp Bighitad Belhipde ifgeap phesbhe Hhai%im applications.
Eu_ropean Paﬁentd}d@a_ﬂﬁ&aiidm;l& Bﬂsbﬁsmlosaaﬂipr@mﬁsslf%vth@ommmign am‘mrm olefin p_olyr_ner,
said process compriging pAlMETzio & deasAnEAleEBs e PIESERER RiATglG(n polymerization
multi site catalyst, in two reaction staéfﬁs, and in which hydrogen is present at a higher concentration in
one reaction stag&e4fdhanahrat WREE R on in the other reaction stage. The multi site catalyst has
the following prc_)pertiesU($) mm@@mmc&@tms&m@mtﬁ@fcpmph]génglaipolymer 15
component of diffgiggtmalecularuslant atsaihiaher and RERIXGGRGAGeAUatons, the MFR2
of the polymer produced during the higher hydrogen concentration reaction stage being 100 to 2000;
and (Il) a cat’éiyti%E@@Eﬁ‘ﬁ%@’&ﬁﬁ%ﬁ%ﬁ@ﬁ%wﬁﬁw@émmﬁh’taﬁf"é\a%r&%ﬁ%lecuIar weight at
said highe.r and lamees &udmgeme@mamtmzﬂm mato&hg:dsaﬁmed theMER2of t.he polymer
20components piadhiged PocaANTE: Sl I3 NG UALSAFIANSIAGES Gl fiadup different hydrogen

concentrations, is at least 50, and ‘the ratio of the MFRZ2 of the polymer components produced by
catalytic site B is FEREIthFFRrred fromtapigrsiian BkritaddieNemvadiossto 20623 discloses a
Ziegler-Natta proeaitmhyisf etimpingiiientinahaiomy pisnbie pasticias pantleonpprisieg magnesium, 25
halide and trapsitign JJA%{%}' %‘%18&%%1;{1} ¥ BQMEL%?shﬁ‘gﬁfﬂﬂi&Va%E@&QFf%I&eox({%éQé gy 10 to 70 pm, and

are characterized by a /D5 particle size ratio of less than, or-equal to, 10. International
Publication No. W{5™obAo%e 25020 0o 3ty etasiyste Aietor tH e BtynepaliBR of ethylene with
C3-C10 olefin_s, ai@qlradpcdgrmanimaﬁiemgmcaggaaus_imgosaish@atalystgsmiemdﬁrsw@duci_ng ethylene
polymers having g §70¢ &) _W@&ZWE'Q&%‘Z%%%H&%%&%% kg IRABERAWITRSR, obtained by such

process. International Publication No, WO 07610 discloses melt bi.ended HDPE
compositions, an@8RAGHY ATetht8 &/ AP PitAst helsieomathouatinr srauciPEPaicR, such as single
and dual walkcornggsteddBREpipad favvidatadeane: moptied fitingsphcnagsesssries. This reference
claims a blended palyathylene composition having a 5 principal component comprising a HMW HDPE
copolymer, blended with at least one LMW HDPE homopolymer and/or at least one LMVV HDPE
copolymer, to produce ¥ BIdAGRLEEHER JisresssnpsehidmneRmrgssirAatitriineitl) and density, such
that the environmenkahstresiziardickivesistand eroflth exblendedreompdsitibipisigraater than 70 hours.
loEuropean Pateq ARplaIQRANL. & b1 86PN alscinaes A arossse apdhadreparation of

polyethylene resins having a multimodal molecular weight distribution, which comprises the steps of:
(i) providing &%firstYRGHSAIBIEALTRR TR RY it hyersemsrsdiies domRas o tensity polyethylene
(mLITDPE) resin haﬁn@r&deﬂﬁﬁi}ﬁrﬂmﬂbﬂ%iibt@%ghm@md @Hhmtrdm @5 to 2 g/lO min; (ii)
providing a secong iahigh.densitpalvativens-pishatsdwsithehyitig iggier-Natta or with a

chromium based catalyst, said pplyethylene having a densﬂy_rangmg from 0.950 to 0.970 g/cm3, and
a HLMI from 5 to 480 8H0-MiWRitip DrSRaaRP hdilg tegetrrtiteriaiacdaisningolyethylenes to
form a polyethylenginesin hakingansenidugihniol souladvesightitde broagior emptimmadal molecular
weight distrihytior, a &%L&yaﬁaﬁw@.gxﬁngn%ﬁﬁe&%,Qh%%?ﬁgméuapae@gmlc&/x',l;sat]émm 21020 ¢/10

min. European Patent No. EP 0 783 022 BI claims an ethylene type polymer composition
comprising 20 to G KEEEABYNIRIAEbF YR AR DE®Bolymer (A) and 80 to 10 percent by weight
of an ethylene type polymer (B). The ethylene type polymer (A) is an ethylene polymer, or a copolymer
of ethylene and an a-olefin of 3 to 2520 carbon atoms, and has a density (dA) of 0.96 to 0. 980 g/cm3,
and an intrinsic viscosity (n) of 0.5 to 3.0 clYg. The ethylene type polymer (B) is an ethylene polymer,
or a copolymer of ethylene and an a-olefin of 3 to 20 carbon atoms, and has a density (dB) of 0.91 to
0.965 g/cm3, and an intrinsic viscosity (i) of 1.0 to 10 dl/g. At least one of the ethylene type polymers
(A) and (B) is prepared using a metallocene 30catalyst. The ethylene type polymer composition has
the following properties: dA/dB is larger than 1; the density is 0.940 to 0.970 g/cm3; the MFR is of
0.005 to 20 g/10 min; the MFR and the melt tension (MT) satisfy the relation log(MT)> -0.4log(MFR) +

0.7; and the diametrical swell ratio exceeds 1.35. International Publication No. WO 97/27225
dicerlncace a2 nroceace for the nolvvmerizatinn of ethvilene and ontionallvy a-nlefine tn ethviliene



composition comprises 40-80 percent by weight of a first polyethylene, and 60-20 percent by weight of
a second polyethylene. The first polyethylene is characterized by having a melt index MI21 <5, and a
polydispersiy @b ¥din> 15. The second polyethylene is characterized By WW23:300s3Rl it contains
alkyl branches in a number 15 of up to 20 percent of the corresponding number of side branches in
said first polyethylene. International Publication No, WO 01/23446 Al discloses a polyethylene
molding compound with multimodal molar weight distribution. The molding compound has a total
density? 0.940 g/cm3, and an MFI190/5 in the range of 0.01 to 2010 g/10 min. The inventive molding
compound contains 30 to 60 weight percent of low-molecular ethylene homopolymer A, which is
provided with a viscosity number, VZA, in the r. f.40 to 150 cm3/ % lding compound also
comprises 30 to 65 wel%l‘ﬁfn slosal s lgaﬁ?aﬁ%ﬁ%%qg{ﬁ%%p S'ffir%%or %’??é%%i %rggggfigfﬁsylene and an
additional olefin, wuithcastdot e préparstano Mivokmiiicngirgine Disvusitywitmisial mekBilin 25 the range of

150 to 800 cm3/gy]$ie dReisinencomaouns ftther campriseshde 3Rmweighhpgreent of

ultrahigh-molecular.ethylene homopolymer C, which is provided with a viscosity number, VZc, in the
range of 900 to 3BV EM ?g“:"mft’é‘Fh’P f‘gr%? 'Tﬂi%ef\?éna‘ff‘d’ﬁn %‘?%"dév AT 8348 the use in injection
molding or extrusion @adtiheywéticuie Sisbritaine rwdet dsH msymdzeapscaidd FDP Bre@@eomprising at
least two polyethylgne,cquapanenta/havirgscifferani pelasuanwaighisdiskibutiops and wherein at
least one of said cogn onents is an ethylene copol Eurgpean A‘pggication No. EP 0 757 076

mer ) A

discloses a proceSE B RHATGH L8 r?&ﬁﬁ:’?%‘%ﬂﬁﬁ&so% or HHEFS SRFRASIRMe (s), each
polyethylene beigiytlenoyayiss prasdlire procksszamed ghawin §ighdedmsityyeanddlitd, or greater than,
about 0.918 g/cmg,with, A AhMpie.satdraiad AliaplsRYSracRE RIS IMichiRig Jigyid at process

temperature, non-polar, essentially amorphous, and cont{giningg less than about 15 percent by weight

paraffin wax: The S8INPEAEPS &F %I‘@ﬂﬁ&ﬁﬁ?ﬂ%ﬁoﬂﬁt AR YR @ RBBT 18 Parts by weight of
“hydrocarbon(s) peri@gparsdnswenriitsoepdisathyiedn{s)sanciipent otiingstherdlend. Additional
‘compositions aresglislpsaminMORIN TGO MM 20T 924746, andEhBERHFEMAINS a need for

ethylene-based resins having "Cr like" swell and "bimodal like" ESCR / stiffness combination. There is
a further need foP ST REHPIRRT & e e GBI b RRIERG bldwr hididmy Bqhirbent, without the
need for major todktky! gerpansoncprdgrammitgachangesikTlirdeephise dsaandt: othiesk hidve been met by
the following, inveytioneigMMARN. R oF HHE PRGOS R Broup 1 diist@sngass there is provided a

composition com risirgég a blend, which blend comprises a high molecular weight ethylene-based

polymer, and a oW AISIEER4F Wgﬁlﬁ DI 2LRE hSigREFghHoms S5 hef: 418 ffigh molecular
weight ethylene-hagedapelyriveh kas Heténsitiplessohpereor dgeaddodp958hylem 3 amd wherein the

blend has a high {eadreltdadaxs(d &highieater dRahAiaedliRoiha-Q5RiPedad wherein the blend

has a molecular weight distribution (Mw/Mn)_greater than, or equal to, 15, and wherein the blend
has a weight fraction rr?(f)“rcemt t’é’ﬁag?“egqﬁ%tf%qﬁ%}%%a%%éé %11?%8 %@l&ﬁf 8RR BISAY which comprises
polymer moleculsatshystdempesiipnsierepiainpeight pratre fehest bOBatpsaudecast detiesmined by the
respective area fraglions Ol AR PRI FRG R ol e Rk e RIBNd of » mikaS6s0Nd aspect, there is

provided a composition com risiréga]?oblend, which blend comprises a high molecular weight

ethylene-based pOlRIaT A% TBSHISTAS HAP WA GIreRs AL 2h Kae S UIOMRF ARt Wherein ~ the
high molecular wetgirpathyfertebiisadnoaheier bantivonenttiss‘ densigntessninam or equal to, 0.945
g/cm3, and a melfzinmaxi6kelale3s BN 1LSeRNh R aBoldaH QMR AR zar o EE&R he blend has a high
load melt index (TO Iessdthe}nmor ?ﬁa%o, 15t W10 min, and a melt index (15) less than, or equal to, 1
9/10 mm, and a r‘ﬁ%’fébﬂaPWelﬁ it distribution ltifx"’f,‘ﬁvln) greater than, or equal to, 15, and wherein
the blend has a weight #&chienisadre 20408746 6 teealse3Y BA38@ U Thédispleighe pdlverblend, which
comprises polymesmpairickiesiiiatpaveramaloriiawaighb arsater thanh@t aimele as detennined by
the respective areaﬁfractions of a clgn%er%tliorgtelal ﬁg‘%éqof{ elof the blend. 4 ]Thg isclosure also
provides a compdSition Compheirg & biand, Which' bfend compreag A Migh mdiecutar weight
ethylene-based puiystiticearprapovehioteceldbzwaight ampleiiothsisddhpoliasenrasitiovherein - the
high molecular weightiethyiererhasashinigrpalymenhas adansibelass hamesqual to, 0.945 g/cms3,
and a melt index (12) less than, or equal to, 0.1 g/10 min, and wherein the blend has a high load melt
index (121) greater than, or equal to, 1 g/10 min, and a molecular weight distribution (M/M") greater
than, or equal to, 15. In a third aspect, there is provided a composition comprising a blend, which
blend comprises a high molecular weight ethylene-based: polymer, and a low molecular weight
ethylene-based polymer, and wherein the high molecular weight ethylene-based polymer has a
density less than, or equal to, 0.945 g/cm3, and a melt index (12) less than, or equal to, 0.1 g/10 min,
and wherein the blend has a high load melt index (121) greater than, or equal to, 1 g/10 min, and a
molecular weight distribution (Mw/Mn) greater thag, or equal to, 15, and wherein the blend has a
weight fraction more than or equal to 4.5, based on the weight of the blend, which comprises polymer
molecules that have a molecular weight greater than 106 g/mole, as determined by the respective area

fractions of a conventional GPC profile of the blend. In a fourth aspect, there is provided a
comnocitinn ecomnriceina 2 hlend which bhlend comnricae a hinh moleciilar weiaht ethviliene-haced



Figure 2A depicts a plot of normalized Light Scattering (LS) Gel Fornication Chromatography (GPC)
response versus retention volume for Inventive Example 11 and several Comparative Examples
(UNIVALT , CONT1INUUMnNi DMDA 6620, and ExxonMobil f) Ei 2B and 2C
depict mole%“rg@@?ggéggistribution profiles for Inventive Example 11 and f?\f’é%g ééfg%gsglr?ative
Examples (UNWAL TM DMDA 6200, CONTINUUMrm DMDA 6620, and ExxonMobil 9856B)
determined by Low Angle Laser Light Scattering (LALLS) GPC and Conventional GPC, respectively.
Figure 3 depicts rheology profiles for Inventive Examples 4-6,9 and 11, and 5 four Comparative
Examples (UNIVAL DMDA 6200, CONTINUUM™ DMDA 6620, ExxonMobil 9856B and Equistar.
5840). Figure ¢ jicts melt strength profiles for Inventive Examples 5 and 11, and four
Comparative Exafilp S)MWFV/AFE&FWP'%WIBW%‘EH& @g‘ﬁwﬁﬂf}‘m'ﬁgf@f[ﬁﬂ%@kﬁf‘%xxonMobil 9856B
and Equistar 5840ympRigr ead eppisishBotiiel ¥atkitynt Sveth)ifue hopelytive Examples 4-6 and 8-12, and
five Comparative Examples(MYAds TM BMRA 6200y GONIINFILMT MDA 6601, CONTINUUM™
DMDA 6620, ExxonMohil 9856B, and Equistar 5840). Figure 6 depicts ATREF (Analytical
Temperature Risiﬁ‘ﬁ’ﬁﬁ%ﬁﬁ%‘ﬁ%ﬂﬁ&ﬁé BYFRRSNY TR P SUBR BT EME B Pentive Example
11 and several CorgparativiemxernotespOuid] whilat Téds DDA B 20 8p<CiGiNdialiskeTm DMDA 6620, and
ExxonMobil 98568),, Oungg%@aioqgggg%%gféggﬂggb%ﬁgygpg@ @gsq}g@gigm& 9 and 11, and four
Comparative ExamP_IPe (UNIVAL TM DMDA 6200, CONTINUUM™ DMDA 6620, 20 ExxonMobil 9856B
and Equistar 58485 YESI R b SBYFTERAIET SPRROGUR ARy Positigaibe HEdIRts the conical bottle
mold used in the boltiegveigitswelindhBhsapgivenhmethod. DETARYD DESCRIPTION OF THE
INVENTION 25The invention nreyider £ empositieRsiRsaIRG uimesal molesular weight

distributions, such that the distribution is preferentially enhanced on the high molecular weight side by
the incorporation grae'ste SRR GFRORTS SRTRRs R RORRATIZnE eblyistRatisls tit? Preferential
comonomer incorpesatierfianthefighlynoleetitarmugight caaponetoiktihacresages] hel imventive
compositions havgyiGr Hikeosural prant 30 apRaneadRRGER ANdSUineasGempRIgHJg standard

"Ziegler-Natta catalyzed" bimodal resins for blow molding applications. More specifically, the

invention provide&*AEBRIBEL iGN COMBFRTIRG S3senth AR WL das BigflRniggular weight
ethylene-based ppiyresesalich ankoslawolectdativeight edpaiend hasethpaluiyersrand wherein the high
molecular weight ghyisag-Haseckintainalmerdas A SRNSEBles s han,alggual to, 0.955 gicms,

preferably less than, or equal AO, 0.950 g/cm3, more preferably less than, or equal to, 0.945 g/cma3,

and even more prRSFABRY RS AT RErE B APl e 879 gk 3rina the highisn BYdiPeHe blend has a high
load melt index (k¥21degieaterthcivneraggbrbid 00 5 GH00: avid (End 4aiyhieséinBthepitiend has a molecular

weight distribution (R R)pBIRALEHRBsM AN RAYBkEM hBtecular MSAASEUIRLNRIght distribution
is'determined by ?ither conventional GPC or LS (Light Scatterin!% GPC. In a further embodiment, the

molecular. weight QRESFBHRF TS RSAFRTTEY B EHVERTRYS ¢ Be MERA RSt PEMIS diment, the molecular
15 weight distributiorpisastereditedtyycdt8y@RE: in anisthes eabodimgnt antdeleealar weight distribution
is determined by b@tfdxanvrspional@ntalish G S W 6AR) IR ARtesAiResHRY LaePC and Mn is

determined by conventional GPC). = In one embodiment, the blend has a molecular weight

distribution (MaMP GPELTRPRRAR PRSP £ EE M A E EfBBYIfent, the blend has a molecular

20weight distribution-(Methippdpresa ibtivaimro¥e il 262008 el mbles uldicplaighieistribution is

determined by either£RYepHpRakARGHRtrm 6758 A dEhe @B@Qﬂﬁ%@b@ﬁrﬂjmecu'ar weight
t

distribution is detﬁr ined by convention GPC. In another embodiment, the molecular weight
distribution ig sdete?}:glﬁ‘%’“d1 &R Bl Uit S RIS ENE A 8RR dH L5 PHBBcular weight
distribution 25 (M) Feeaerihan chraguabddy 2D RMpihelambadineéivssthenbdend has a molecular
weight distributiog,MwWw/MB) greater than, or equal to, 20. The molecular weight distribution (Mw/M") is
determined by both cor}\ﬁgentional %ng LS.GPC. The MXV Abs) is determined by LS GPC and Mn is
determined by conventioRaT BT THPEFE BRBodim AN he Ky fre e AP R RER Rlene-based
polymer is an 30dhapledmchasiint iftehpbhameth C3-C10 defereridedishentithietowemslecular weight
ethylene-basgd pelynasidsan,at e AN 3SR RIEIRIMDBSIymerd RIRQELEMRAdiImENt, the low
molecular weight et,r%‘eﬂ%-l%a?ed &)oé)éﬂwer istha Eﬁel}yethylen_e homolpollg/mer. 5In another embodiment,
the high moleculat Walght ethylaha-basad poryRier e oRBIRF P8 ESy Banched ethylene-based
interpolymer. A heterogeneously branched interpolyrner(s), as known in the art, is,typically produced
by Ziegler-Natta type catalysts, and contains a non-homogeneous distribution of comonomer among
the molecules of the interpolymer.



toln another embodiment, the low molecular weight ethylene-based polymer is a heterogeneously
branched ethylene-based interpolymer. In another embodiment, the high molecular weight
ethylene-ba Bgdg;gb%%?mponent has a melt index, 12i, greater than, or equal to, 0.05 g/I0 min. In
another embodiment, theé high molecular weight ethylene-based polymer cSmBEREHFNESH 15melt
index, 121, greater than, or equal to, 0.1 g/10 min. In another embodiment, the high molecular
weight ethylene-based polymer component has a melt index, 121, less than, or equal to, 2 g/I0 min,
preferably less than, or equal to, 1.5 g/I0 min. In another embodiment, the low molecular weight
ethylene-based polymer 20component has a melt index, 12, greater than, or equal to, 20 g/10 mm. In
another embodiment, the low molecular weight ethylene-based polymer component has a melt index,
12, less than, or equal t6"SBYPIA FRACAY SRTRNICLPRRBG 3 Adisrlo staralt hlesdsBRERy less than, or
equal to, 0.970 g/cm@oBimyetdbicthiep emhanispanitidenirithhasen STelpEeX.ded, greater than, or
equal to, 20 9/10 gpj. 5 sindél@ Ay 854!‘@1?9699&%39—%?%&9?%%'5&%3 %gmlgfgle%tl&p of two or more

nts (bfend, hig

embodiments as described herein. The compone motecular Welgh“lgéomponent, low

molecular 30 weidfif 86ifBHEnd b Efmve edspissinehaialpreacmewitipribevmgombination of two

or more embodimeitsizs desenbeddgraing aHRIMENIND Bl A-RIOVIHRSEAAMNOSIIRR comprising a

blend, which compgises B MRIgGHLaL WrRioht %tQ%LgrLW;‘fé#EC%%/ﬂ%er and a low molecular weight
ight ethyle

ethylene-based polymer, and whérein the high molecuiar we REGALEHP Py Aer component
has a density 5leS&HEA PAY ElYaI60mPesitop Aatiae preskiadty (M3 atbdensitesusiltte; Be940 g/cm3,and
a melt index (12) tessdivamtarseeuali, 1Bk glto sk Reshvhersiosthe: endhaga Hoh load melt index
(121) less than, onggyal to, 15 g/10 mm, and a melt index (I5) less than, or equal to | g/10 mm, and a
molecular weight distribution (Mw/Mn) greater than, or equal to, 15. toThe molecular weight distribution
is determinedby either BB SrrEcsion eLight SO rrglicPes ipadssthetembodiment, the
molecular weight phgtaiburioof ipifetgteninethbyoopventivm&Rmie-aneieembadingnt. the molecular

weight distributionjg, ' G inanother embodiment, the molecular weight distribution
(Mw/Mn) is determinglo? %@o%ﬁ%%ﬁ#gﬁgoaﬂan%ﬂ% éﬁ%% wo?gugﬂ%ﬁqgtd@f&l}ﬁ?ﬁ% by LS GPC

and Mn is determPREH 95§ dorvRT drierbytr onédmbBErenththagsdeinasenmolecular weight
distribution (Mw/NMSpgreassiotyan’, anegHaMDS 33 0l0sapothes emMbegisMiheblshd has a molecular
weight distrigutior, (V. equal to..20. Th lecular.weight distribution is
determined by eith’g\r(I con\;%r%}gg{aﬁk&P%}%ga%éﬁLé%&%ﬁg Ut T?Er}r}%ahé?ﬁt‘)"c’)tai %‘Fﬁf"ﬂﬁ@ molecular weight
distribution is detSFFfffRHEY-carhRshtHITaPEviRe ademier mnbedinrehothe moleear,weight
distribution is deteriiridMiyirbs BP0 ¢/10lmianeihpremodieien thediend Rasgdnolecular weight

distribution (Mw/NiR), 68 an. o gqvalie.. 18, In another embodiment, the blend has a molecular
weight distribution (MW?M?%M;raeatZr than, c%’r eya%)glep&r 0 vén%%&i%%hq}é% O\}%‘i’&ﬁt distribution (Mw/M")

is determined by BEE CONIARACRL b Botspier WrRIghVHis (b Episadisteitnimenbyros GPC and Mn is
determined by coh¥htdh2dSaRE], and sAHAMIGTEr@RediRentpend has a molecular weight

distribution, Mw/M", greafer.thap, gl RQuab ipy 85 getgimined by either conventional GPC or LS
GPC. In a further embodiment, the molecular Weighltg[gfs%h ution é%%t%?ﬁﬁﬁgﬁ‘%y convention GPC. In

another embodinfeRPHEChIABRIRSFRIGRP arstrp RIoKeisht eferrind by e PBRE. (A) In another .
embodiment, thedpfeditih & mreolbgulepiweightaiatibuirpdyheNim) aigalgithan,Qr equal to, 25. The

molecular weightdistki i ' rpined by both. Conventignal and IS GPC. The Mw (Abs)
is determined bytpl_gs? GP@%%C% %%%e%?r%%egg %\%’E%en‘t’.o%@iq%&&i‘f? an o EMBodiment, the

high molecufr walGRTAIR e BALRE FETsii&iAd &P SfgIBrishelsmd intapislyimes. In one
embodiment, theiswesolecelarsweightietiphe rneshasagbpplymer (8)a040atanssHased interpolymer.
In another embo@k@%}semﬁewemﬁk%%@ra}{v&@%:?%W?%Q%E%Qa?%xme Is a polyethylene

i 0 Son o

an as i3 .
homopolymer. _In aénother embodiment, high molecular weig IERe BE2EE BGlymer is a
heterogeneously BYAREREY Bty Rer-Badadianiatisisresosity (W) of 1.0 10 10 dVg. At least

one of the ethylene type polymers (A) and (B) is prepared using a metallocene
30 catalyst. The ethylene type polymer composition has the foliowing properties: dA/dB
. is larger than 1; the density is 0.940 to 0.970 g/em®; the MFR is of 0.005 to 20 2/10



15In another embodiment, the low molecular weight ethylene-based polymer is a heterogeneously
branched ethylene-based interpolymer. In another embodiment, the high molecular weight
ethylene-ba (% Fas a melt index, 12, less than, or equal to, 0.1 g/lJ@IE in. er
embodimen?ﬁ é%?c%gﬁ% ecular weight ethylene-based polymer zocomponen @%%G%Q/r@g%%dex, 12,
greater than, or equal to,~20 g/10 min. In another embodiment, the blend has a density less than, or

equal to, 0.970 g/cm3. In another embodiment, blend has a melt index, 121, less than, or equal to,
10 g/10 min. 25In another embodiment, blend has a melt index, lzi, less than, or equal to, 5 g/10 mm.
In another embodiment, blend has a melt index, 121, less than, or equal to, 1 g/I0 min. An

inventive composition may comprise a combination of two or more embodiments as described herein.
The components {BlaH§ ,%?&aﬂqz%éﬁ%f%%‘i’ﬁﬁgéﬁﬁ%tbsgfetnﬁ e i‘fﬁ%?\ﬂ%ﬁé‘?ﬁag’g%onent) of an
inventive composttib?s mdyhe deimeonmpsisdl satorbindtiohSof two or more embodiments as described

herein.  The inventionels@idHg PiEeR A £00PR&HBMeIBRIEING S Blends Whigh comprises a high
molecular weight e hf\;llene-bas?d polymer, and a low mglecular weight ethylene-based polymer, and

Yy
wherein  the WS RTOIEEGTLT ﬁ@?’éﬂ’ﬁeﬂh@?@ﬂ%%’&”s‘é‘al S et AR S aBRERYEE than, or equal to,
0.945 g/cm3, prefembipdedsthan, tovd quadto 20040 igksnBrierd adgeltpridex fi?) less than, or equal to,
0.1 g/10 min, andyoiymuigERININRMIRNCLRAS B Igh daad el Nsiexdigd hareater than, or equal to, 1

g/10 min, and a molecular weight distribution (MW/Mf%greater than, or equal to, 15. The molecular

weight distributioSSE HERHNTHEE By RS LSS G%%P‘Tf’?‘é@@?‘?f’gﬁﬁtﬁléﬂﬁé) CPC. In a further
embodiment, the bk clital ywelg epodistt imumicnog aéterppisre ddmpiss vertion:GRPL. In another

embodiment, the faiggilanlaweightdistiutop.isopterpned sk MpGmbt gnother embodiment,

the molecular weight distribution (Mw/M") is determined by both conventional and LS GPC (Mw (Abs)
is determined’by FEPEBE SHRP MR EHSHL I ISTERYR TR AIPEB v SRR ERIE®diment, the blend
has a molecular weiglesitistibutioss(10-20Madagrdnteri ghaof, Ofirgquedletbyl &8, indddaber embodiment, the

blend has a moleguapdQwiright fistabumtion (MM BeatarHam Wne fUabhig a0 dt molecular

weight distribution is determined by either conventional GPC or LS GPC. In a further embodiment, the

molecular weight WeREUTEh TSR thTinel by ROUSTEY oMYA 3dSthErersBBtiment, the molecular
weight distributiopdydetermindorbyckiseGR Gl Db theriernisaidimniéyit btive Heleind lmasbar molecular

weight distribytion 2B YA . GEeAlENRAR- S RIHEh iRt R RTRINGEEMbRgiMENt, the blend has a

molecular weight distribution (Mw/Mn) greater than, or equal to, 20. The molecular weight distribution
(Mw/M") is deterRiRSE B Both Conventional and LS GPC. The Mw (Abs) is determined by LS GPC
and Mn is determined byteoavwentiBrdic@RCNo. WO 01y pHittehh dodionsrt pthethyginemolecular weight

ethylene-based plyEIY ISR SN IRRRRABE IR BREibutiod MBRGSRIRPdIment, the low

molecular Weight%[{%glen -based golymer IS an ethylene-based interpolymer. In another

embodiment, the IR ARG AY R eh e et A e ha R Y B P 815 &gneh& Hdopolymer. 5in
another embodimiérg/ thwihighfhmotewgilampldight@ihyten ecbasedpolyineri gbiphetarogeneously

branched ethyleng-hasachinteRaNEImopotihaNRthel£ N BRAIME Wiihe iQusmalesiar weight
ethylene-based p,?%/mer IS a heterogeneously branched ethylene-based interpolymer. In another

embodiment, the 16w MATSENEF aTGRt RS e BERABByHROrBL AR 58MBAINAE B melt index, 12,
greater than, or egfustight 26gM Ofmnitishrarictiercepebodinie ntpthénglehahhascadomsity less than, or

equal to, 0.970 glemBenal oINSl ANOTHE0 SRALIBRNINBIERTL DA & Mg hingdRX VZ L greater than, or

equal to, 10 9/10 in, 15,0}n | ve%ib/e mposition. may comprise a combination of two or more
| s the range o ~1 o c¢m’/g. The molding compound further comprises 1 to 30

weight percent of ulirahigh-molecular ethylene homopolymer C, which is provided
with a viscosity number, VZc, in the range of 900 to 3000 cm?’/g. |
International Publication No. WO 00/71615 discloses the use in injection
molding or extrusion coating of liquids containers, closures and caps, of a HDPE,
30 comprising at least two.polyethylene components having different molecular weight

distributions, and wherein at least one of said components is an ethylene copolymer.



embodiments as described herein. The components (blend, high molecular weight component, low
molecular weight component) of an inventive composition may each comprise a combination of two or

more embodiments ggdgsshibgrhinansin. RO TR Mvention BlrRoREeYidascass RS iigacomprising a
blend, which blend comprises a high molecular weight ethylene-based polymer, and a low molecular

weight ethyleARTRsIEER i\ Pherdiagane or wREs SR XFBYImISHorsehBe WeilgHensbelagaB48 ed polymer
has the followipg R{%&Eﬁe(?r@c@@%% W&E%@eﬂ%i@;ﬂkﬂ%&?t&-%&Q{%aﬂj)aﬁdﬁmé%d melt index
25(121) greater th3an,.or equal to, 0.05 g/10 min, and wherein the blend has a weight fraction
greater than, gesquaiibonesigerpertepicbaliasnhrbovaippeh thdisie A NaiéhrEomprises polymer
molecules thal,axs aRieelie s atareiah fenA R0 inRie ARG (edianddgs a density
greater than, or equal to, 0.93 g/cm3. 30The weight fraction gréater than, or eéqual to, 4 weight percent,
based on the Weigtreof byersightipevhfSn sempiiibespofymertaolebldedethiat drasmeuntdresular weight
greater than 106 g/mole is determined by the. respective area fractions.af el entional or LS
GPC profile o?%ﬂ%g gg)r%(c)l .a?)nméec%grn aérr%gbrxﬁ%%ﬁ%g%ﬁg%eor%agﬁi% jpv%%@t%%%%ﬁ%%%%termined by
convention Galydihgnother anilfolzrend;itgelmblendlar weight distribution is determined by LS GPC.
5In another embodiment,.the blend has a weight fraction u 4.5, preferably
greater than, or equﬁa 1”£1§’n \?\}eﬁaﬁ?jﬁglé%% ,aﬁegé}é; li%sr? 13%%%?§%2@E£%§§3?v%h comprises
polymer molegttethatibave a molecular weight greater than 106 g/mole, as determined by the
respective area fractipns of either the copventiqnal or LS GPC profile of hI blend. in a further
embodiment, the mo EfﬁdF%%ﬁfﬂeﬁfft%ﬁﬁ (le&ez%‘% ey by '¢Bhv t%l?% CPE! BPnother
embodiment, thasnaiETUEE BREIB distikidtiomis detetmineddy iR nkeoOfe embediment, the

blend has a density less than, qr equal to, 0.97 g.cm3. In another emhodiment, the blend has a density
less than, or &BRHGHDD FEBASHD FRBHE % R DE AR FE BB h 34 Y RS G rei¥eliah, or equal
to, 0.92 159.cmdidR @nothesepbadimant hedlendihrseandensiyigiarienianeh eekiahto, 0.93
g/cm3. In another embodiment, the high molecular weight ethylene-based polymer is an
ethylene-basdbeiftlgyugeiarention. 1n one embodiment, the low molecular weight ethylene-based
polymer is an 20ethylene-based interpolymer. In another embodiment, the low molecular weight
ethylene-based polymer is a polyethylene homopolymer. In another embodiment, high molecular

weight ethyle F&INBYARIoYMEHE BIvsibfdRféREously branched ethylene-based interpolymer. 25In

another embodimenty the; Jgw mglegplac eitylengsbase POLRIST IS AREIRI0RREEUSH Gfhylene-based

interpolymer. In another embodiment, the high molecular weight ethylene-based polymer has a

melt index, |l igpedtonthrsesor bighahede@upigirdehiathylencthasad brlyesibaednént the high molecular

weight ethylene- ( I , less than, or equal to, 2 g/10 min, preferably
BB RS S el R b

less than, or equa er embodiment, the high molecular weight
ethylene-based polymwiesrbiasize imeh imdixuiar lesghhatybmechsktopd yvingtibananlensitiniemother
embodiment, Jow rgglfgc%atrov\@égggt ethl\{iene&based polymer has a melt index, 12, greater than, or equal
to, 20 g/I0 min. Bin andther em odi‘f!'i/went,’ fow molecular weight ethylene-based polymer has a melt
index, 12, greater thameeosieduablend gkloinyn ldadanethiedexnthodligneanty kannrolepulbroyiight
ethylene-basegg olymer ?as a melt index, 12, greater than, or equal to, 5 g/10 min. In another
embodiment, b@l’#ﬁﬁé%ﬁ ar weight ethylene-based polymer has a melt index, 12, greater than, or
equal to, 10 g/10 miryietnpethesRmMBodimastuheiend hasaunel MeX1 |2 &reateimthan, or equal
to, 20 g/10 min. In another embodiment, blend has a molecular weight distribution, M"/Mn, greater
than, or equaktogis! in, ddotiidr embodiment, blend has a molecular weight distribution, Mw/Mn,

greater than, or equ3} g, 48 in AgINEL.eMASHMeILbiend 3 tomalasy arueight disroution

Mw/Mn, greater than, or equal to, 20. T 0 ar weight distribution Is determined by either
conventional @Pghopf SGR@d|Iwaikirtvenmméooityest, tha spdksdbikirhweighndistribartioe gt
determined by convention &PC. In another embpdiment, the molecular weight distribution is
determined b)gfgp%%}él}lino@;\ g%ﬁ)é%’ear% 0 |m1élr?t, girlllg ﬁggeg{?,‘{g%ga%ﬁ %%’lgg (t)%?stribution, M/Mn,
20greater thanpoveativahtdyAG poBkathgredridnddiment, blend has a molecular weight distribution,
M/M", greater than, qr equal tq, 18. Ip nother em%ogiment, bIe{Jd has a molec%l?r e\ih%hg}(lzlistribution,
Mw/M", greater than, of &g (%‘Slﬁef?"lt g moleutar w%f@%r?%‘?so’%rilglﬁt‘fgﬁlm%%%) i€'Geteémiined by both
Conventional bledd & Ged hai gMwo(Ahs i svdatermindehbb b diiGmadavina todeteshaingd by

conventional GPC.
weight ethylene-based polymer, and wherein

7



25An inventive composition may comprise a combination of two or more embodiments as described
herein. The components (blend, high molecular weight component, low molecular weight
component) of an inventive composition may each comprise a combination of two or more
embodiments as described herein. In another embodiment, in an inventive composition as described
herein, the high molecular weight ethylene-based polymer, and preferably an ethylene-based

interpolymer, is presgatifAdABAEK (oA ORIZARIaN ReTERAL AHRISHBRI KaMERY 70 weight

percent, based on the sum weight of the iqh molecular weight s component and the low molecular
weight compdagshan, ofeariitite Pihbatimentndr arethindemd:t bisnbsrion s3uabieribbd herein, the
low molecular yyeight ethylene-based polymer is present in an amount from 30 to 60 weight percent,
preferably from 30 to 50 weight percent, based on the sum weight of the high molecular weight

component and the lsheraoldetildenidighe doghderdmelioirdan dthe desmibadimreernih ian ilventive
composition, t I ecul I t - ' I Is.an et efin
interpolymer. #?ghﬁﬁh%&e?n%% u%%é%?{% emégiﬁlg#rﬁz e%%‘l@é?é?f%@%ﬁ%@%ﬁg )élc{?)r?gés%ﬁﬁjg of C3to C10

a-olefins. In yeatetpfitdhanaribadinei, jheatelelimisseleeied, fiomutide group consisting propylene,
1-butene, I-pentene, 1-hexene, 1-heptene, 1-octene, 4-methyl-l-pentene, I- snonene and 1-decene,

and is preferably sel8&@aRd Pheng s corishitig irapyreadhan surme! Rlexdiised fsctene, and
more preferably; {he A-Qefiizl 1hR4e BEmpristd ARG RERAFENEAL HRHAN INVERtVE GrIpesition, the

low molecular weight ethyleéne-based polymer is an ethylene/a-olefin interpolymer. In a further
embodiment, #RetgIoRa1E sreeledrdefetangrbbiptbe raiBtrgveres feraionadiefins. 20In yet a
further embodé&%gﬁ{mp@giﬁr&%@q&%%m the group consisting propylene, I-butene, I-pentene,
1-hexene, 1-heptene, 1-octene, 4-methyl-I-pentene, 1- nonene and 1-decene, and is preferably
selected from the grdil dsakistiraplsopydeives Risarepesitionesrpramt Eddeadewhitdh herd preferably,
the a-olefin s J;hexene, InAngther.smhediment. fehigh mpleaHiar weight ethylene ased polymer of
25an inventivgjo coﬁﬁgosﬁiiﬁlgﬁas a v:/le%htea%?gragg mglec%[gﬁw ight’(Mw) greater than, or equal to, 105
g/mole, as detesrginethbigreithesedgmigmitoald RPGeosit S (PC. In a further embodiment, the molecular
weight distribution is determined by convention GPC. In another embodiment, the molecular weight
distribution is deterrﬁ%ee%%?/rf ilg%f.r%‘%%n%{ﬁg?ngr%%%{%é% ,Ot e e}g o gréﬂ‘l% rr’%\&;’(seig it
ethylene-based golymer®péh drvehtine aoneiasifion(hasess 2baveragguuiciedilibp @ ight, (MO greater

than, or equal to, 106 g/mole, as determined by either conventjonal GPC or LS GPC. In a further
embodiment, W%W&gﬁ%g? dight %ﬂ@%ﬁﬁ%ﬁ% Hle!{l%)%r@?ﬁi%r %%/eé‘ot%n%n(ffo%qﬁi F;IanH(;ther
embodiment, fhe matecHslouaight disttibktionisodeterming iy desttal Gor leyamaihersembodiment, the

blend of an inventive composition has a weight 5fraction greater than, or equal to, 4.5, preferably

greater than, or equahte{iSrdwsipfvt plece it Prasddon e esight eptherisiaad, tandhvdoaidrieed
B e CHERA S A A Rl SSRGS B deeriged e
respective aregl#?gct%]%%ns o%eit er the cone\)%ntionsgl or Lss%aé]g: roegl’g}_&%we blend. In a furt%er
embodiment, ¢y oniduustal pedightr digwdipdoeiis determined by convention GPC. In 10another
embodiment, the molecular weight distribution.is,determined LS,GPC ..In another embodiment,
the blend of an inver#ﬁ?/ekfjl lgglr%lﬁ)o%?ﬁgar{ ha é%%gﬁ? ?ragf%%pé)ré%lt%%ﬁ%%,dglrlsét(fugﬁc%ﬁ},tl %nwoelzight percent,
based on the wpightob 8 lpfend, whichiodnipdise ) dbpmibamoteaplekton &t ha\té amotedular weight

greater than 106 g/male as determined by the respective area fractions of the LS GPC profile of the
ablend. - 1 anotI LA T THe A Gra eSO RSt 2 e F4dton

greater than, afiegual tan8lvwightxeestedistiasgonoMiavirdighiacdrteuhlendgmihioh Icomprises polymer
molecules that have a moleculay wejght greate 'gan 106 g/moJe as determin %l%/ the respective area
fractions of the LS GW@WWE‘%E’&?@ 1A ‘é’ﬁ&gﬁt %%H%ms ?ﬁ]%rﬁ%“fﬁg?gf'% iRt %g%mposition
has a weight fraghipn.gmatgetdanhoseaabiiits HOIweig it letetntitasadaonieneighiaine blend,
which comprises polymer molecules that have a molecular weight greater than 106 g/mole a
determined byPtFFe HpmmE s el st Ron b e T nt, the
blend of an inygrtive.gampasitionhdas a weight 25fraction greater than, or equal to, 0.1, preferably
greater than, or equal to, 0.5, more preferably greater than, or equal to, | weight percent, based on the
weight of the blend, which comprises polymer molecules that have a molecular weight greater than
107 g/mole, as determined by the respective area fractions of the LS CPC profile of the blend. 30In
another embodiment, an inventive composition has a weight fraction greater than, or equal to, 4.5,
preferably greater than, or equal to, 5, weight percent, based on the weight of the composition, which
comprises polymer molecules that have a molecuar weight greater than 106 g/mole, as determined by
the respective area fractions of either the conventional or LS GPC profile of the composition. In a
further embodiment, the molecular weight distribution is determined by convention GPC. In 5another
embodiment, the molecular weight distribution is determined by LS GPC.



In another embodiment, an inventive composition has a weight fraction greater than, or equal to, 6
weight percent, based on the weight of the composition, which comprises polymer molecules that have
a molecular weight greater than 106 g/mole as determined by the respective area fractions of the LS
GPC of the composition. toln another embodiment, an inventive composition has a weight fraction
greater than, or equal to, 8 weight percent, based on the weight of the composition, which comprises

polymer molecules tfia} havera4pQleaHlaE eightigaatesirnrilon imptens detenminadday the

respective area fractions of the LS GPC of the composition. In another embodiment, an inventive

composition &g sragrsaaelibeh grelserimvsigd clylrn e s el welymepatet At Pased on the weight
of the compo%@&uﬁyiﬁj&iwﬁg&pﬁg@%{m%% that have a molecular weight greater than 106
ere

g/mole as determined by t spective area fractions of the LS GPC of the composition. In

another embodimentyksimvidstivetcmwisesiaor ¢iabt gludriet braed oelyreerdpsnban fdlowgasl to, 0.1,
preferably orqigloial O CAURIPI A MOLE Bielriblysaealah Qhar Ahagiphion Lsiant percent
based on the weight of the composition, which comprises polymer molecules that have a molecular
weight greatetlihegred87 thimote, casaldteihiinadiByntite aedpective area fractions of the LS GPC profile
of the composition. In,another embadiment, each onent o inyentive, composition is
independently formeﬁ%ﬁr%hne%?zj?g%%c%agfaa‘?% stt %%%@%t%ﬁ%%tewﬁ%gﬁ c{) ry}seé gﬁe@st 25two catalytic
sites. An iperentiy oo itoneight dtiftleér comptiss onenpriseore additivesednl esfilnther
embodiment, the one qr more additives are sel d.from the, group.capsisting of hindered amines,
hindered phe%%Yse, arﬁ%‘%fc eaarc‘ﬁ\?lﬁqcl)r ,ﬁ%ra%%%ﬁg}eerg%(f/[gf‘ggé%)%%%%%%%ﬁ%%gsg%,at %S)I}P{gerists, alkyl
radical scavengers: Hinslereeqaniine @03tghiliZersdmultifunctional stabilizers, phosphites, phosponites,
acid neutralizers, processing aids, nucleatin ents,.fatty acid stearates, flugrpelastomers, slip
agents, antiblock agehts fil B‘Fs%fﬁ%%%aﬁr?dwgiéﬁﬁ%ﬁ%ﬁ ‘éﬂ&eé ?‘Hﬁﬁg%%ar%slqgége%?? T’rél) 3%§ﬁer
embodiment, {gdnefahimanddiivesoaiprsaleptethimihe giupathasising ticGASDRE 3529
(Cytec), LRGANOX lOlOég:iba Specialty Chemijcals), IRGANOX 1076 (Ciba Slgecialty Chemicals),
IRGANOX 138(53ti8Re8 J8ci&iotna Eéﬂgﬂlg‘ﬁfg@,& RN 6 SAECTBE 'SPy Chemicals),

IRGAFOS 168{Gihaisngciaty f-680icain, Malum stearate, DYNAMAR FX 591 IX or G (3M
Manufacturing and Industry), and combinations thereof. In yet another embodiment, the one or more

additives are selected A&fAEPGFoIBEB MSREONY BT ey AGEARISRBIE N AAE KRION L 6AFPLRBIANOX
1076, IRGAN@X, 1330 {RGANR S MPA0244 HAMERFHROS 9228 io (Dover Chemical Corp.), calcium
stearate, DYNAMAR FX 5911X or G, and combination thereof. In another embodiment, the one or
more additives are selected from the group consisting of UV N30 (Clariant), IRGANOX 1330,
DOVERPHO %228 JR&GANPPIMPEO 24 -HIR AGRIplIR Stearate, DYNAMAR FX 591 IX or G, and
combinations thereof. 15In another embodiment, the blend of an inventive composition has a complex
viscosity (t) at 0.02 sFigrite 19bDicgyeatetithamesrisguaP{olcs a emapase rpfhother embodiment, an
Inventive Compos'ﬁ'oiﬂigai %&%’%}g&‘{y@%?ﬁ%%ﬁ&e%%gﬂtjs%%r%%%i%ﬁt&@ﬂp%&%@hto1 65 kPa.s.
In another embodiment, the blend of an inventive composition has an 20extrudate swell (t300
measured at 300shaaerathyaitt’ (0GP greatarthanc8tiacuntisnce forngegive fambpiditdent, an
inventive composition an extrudate swell ( SUr e H%EHI ) greater than
18 seconds. Endsﬁﬁvgrrgot er em {bvcﬁar%}é%lﬁlﬁfes @gﬁ[ﬁ%n i?\?@[ﬁ%%%}amggﬁtiﬁn has%zﬁgl:iSCR 25 F50
value greater i) p1662liard FXa0Hidubs] 98568k rmipnecsABAST M Dig603nMethbd Beight 0% by
volume aqueous Igepal CO 630 solution. . n another embodiment, an inyentjve composition has an
ESCR Fa0 vl R g A a R o C R T S BOHBUG L REAGTST  y RE A EOR Method B i
10% by volume aqueous Igepal CO 630 solution. In another embodiment the blend of an inventive
composition has tan delta (G"/G') value, measured at 0.02 s'i and 190C, less than or equal to 2.5, and
preferably less than, or equal to, 2.1. In another embodiment an inventive composition has tan
delta (G"/G') value, 5measured at 0.02 and I90C, less than or equal to 2.5, and preferably less than, or
equal to, 2.1. In another embodiment, the blend of an inventive composition has an amount of
trans vinyls per 1000 carbon atoms less than, or equal to, 0.02, preferably less than, or equal to,
0.015, and more preferably less than, or equal to, 0.01. 10In another embodiment, the blend of an
inventive composition has an amount of vinyls per 1000 carbon atoms less than, or equal to, 0.20,
preferably less than, or equal to, 0.17, and more preferably less than, or equal to, 0.15. In another
embodiment, an inventive composition has an amount of trans vinyls per 1000 carbon atoms less than,
or equal to, 0.020, preferably less than, or isequal to, 0.015, and more preferably less than, or equal
to, 0.010. In another embodiment, an inventive comggsition has an amount of vinyls per 1000 carbon
atoms less than, or equal to, 0.200, preferably less than, or equal to, 0.170, and more preferably less
than, or equal to, 0.150. In another embodiment, the blend of an inventive composition has a
viscosity



20average molecular weight (My) greater than, or equal to, 70,000 g/mole, as determined by ATREF.
In another embodiment, of an inventive composition has a viscosity average molecular weight (Mu)
greater than, or equal to, 70,000 g/mole, as determined by ATREF. 25In another embodiment, the
short chain bM¥AGHIEERFbution of the blend of an inventive composition BHEWEHFE§HEHks or one
peak with an extended shoulder or tail at temperatures greater than, or equal to, 80C, as determined
by ATREF. In a further embodiment, blend has a viscosity average molecular weight (My) greater
than, or equal to, 70,000 g/mole, as determined by ATREF. In another embodiment, the short
chain branching distribution of the blend of an inventive composition shows two peaks at temperatures
greater than, or equal to, 80C, as determined by ATREF. In a further embodiment, blend has a
viscosity average (WIBGMaPVRRIGH: 6REG) CraEtRdIHRIT SiMEh 4526, 0 BoewYiell @338 determined by
ATREF.  In angfhenambadigienhdbe shartshainbranehing gfiswtoution,aidiriend of an inventive
composition show&g@eﬁgeak V\{ith an extended shoulder or tail at temperatures greater than, or equal
to, 80C, as determined’| ﬁeﬂﬁyﬁ%F. In a further embodiment, blend has a viscosity average molecular
weight (My) greater tharfigrs? dsaigeithsolpeyGovilgs i ke vens ddtermitived-Byf ATRERNN another

embodiment, the sbartchairdrenchingoieiivuion: phanAryentEeNORPosItomEIAYS two peaks or
one peak with an ed tajl.at tem tures greater than, or equal to, 80C, as
E@nﬁ)ﬁx %ﬂ?g(?gﬁll qggﬁ(ﬂ’ ané I%U}S%af

determined by AT ther embodinient, the composition has a viscosity average molecular
weight (My) greater isth&t srietfaittaictoioe grefdrs ferd vetemtraamss ATRER ad another
embodiment, the Jbartehairdrapchipgdistivation ohanAmzentcCENIIRPosIto MBS two peaks at
temperatures greaggfotl}%go%gbqf@%% 80G, gig,mcli,ggghgﬂined by ATREF. In a further embodiment, the
ISC t’ %’(Mu) greater than, or equal to, 70,000 g/mole,

composition has a viscosity average molecular weig

as 20 determitfed by ATREE 5 denifsBstisel dmbitrhentr TR ehBrerahHS2Nchidg distribution of an
inventive compositiohish@atsparse pdaknyils arNexidniephshe wzie; corsitabtevnperatures greater than,
or equal to, 80C, asyiglesBinebRY AT TR B RERE! SIRRHiRCRsNS campesition has a viscosity
average molecular weight (My) greater than, or equal to, 25 70,000 g/mole, as determined by ATREF.
An inventive compuosition may comprise a combination of two or more embodiments as described
herein. The componé&igise(blizncts-NVIREF, (Avhiljcal BamppventiRastgrBingsition may comprise a

combination of, IWg-QEMERSIRRAEIFRHE: AR EEREHN SR AL G fhventive EIGHPHENIQR also provides an
article comprising at least one component formed from_an inventive composition. In a further

embodiment, the aRICTE CRRTERYS A SR AT imerPh 88 &R SticMRe" pipe. In another
embodiment, the pipisndSseiciavighil 51y purposes. In another embodiment, the pipe is a natural gas

pipe. In another embodimgnt 1hepRip e asiMeh SathventivINERRAENS LaMBACIMER thg article is a blow
molded article. In a.further embodi icled Il iner. In.a fur embodiment, the
G A A I R

blow molded article 1S 3 Dot o ‘ ment, the article’is a geomembrane,
a drip tape or #n 15agRMekil A56Hend Equisian AtAPicpmipotitnent, fnetiantid|Berensheet, a heavy duty
shipping sack, a stretch ke Diepibis@riepiadi e mold hiadnvastemalsdprovigdes a pipe comprising at
least one compon%taggr%%% l%ramda_\n inventive composition. 15The invention also provides a film
comprising at least one component formed from an inventive composition. In a further embodiment,
the film is a battery separator film. In a further embodiment, the film is a film liner, for example, as is
used for tee shirt BzEEAQHITBESSRIKTIGNSHRTIOR & vantimeNrs, and other liner applications. 20An
inventive article may comprige. e mBINAIERBLING:OLMUSERRRAIRENIR RR.AesE/Red herein.

The invention alsogprovides a method of preparing an inventive composition, said method comprising:
1

a) polymerizing th&'HgH SISEedbaharghitEbHinraiberieerismgiarces rahoBIB molecular weight
ethylene-based polyirerinveifihssidedotte imdhyerpiesefroaakatunizdddemetddcdisgtergMatta catalyst

system, to form a ftie[§,tiI?9&%5@@9%9&9%%&%@%&%%@9@&5&9&@%rﬂ&r RQH‘ﬁjiotchﬁieﬁeCO”d reactor;
and c) polymerizin\gﬁef[gq]the second r&gactor é%le ethylene-based polymer not 30produced in the first

) ¢ 1 POlymer no 5
reactor to form the ISR BRAHY SHUSALY CSHPETHESEIRE BR AUAH-B 1 5F flor®ddditives.

30 enhanced ESCR and stiffness, compared to standard “Ziegler-Natta catalyzed”

bimodal resins for blow molding applications.



In one embodiment, at least one reactor is a gas phase reactor. In a further embodiment, both the first
and second reactors are gas phase reactors. In another embodiment, the polymerization of the
high molecules wrighisethylene-based polymer component and/or the low gpglegulas weight
ethylene-based s polymer component takes place by a gas phase polymerization An inventive
method may comprise a combination of two or more embodiments as described herein. Polymer
Composition toAs discussed above, the inventive compositions comprise a blend containing a high
molecular weight ethylene-based polymer and a low molecular weight polyethylene-based polymer.
Additional features of these components are described below. In one embodiment, the composition

comprises greater than, o e 90 isweight percent, preferably greater than, or equal to, 95
T

weight percent, and more pr ( an, or equal to, 98 weig ?rbsél}%g he sum weight of
the high molecul iR RemPaiser Fhieharsular Wraktedpbitetiesl mscndnlae weight of the
composition. In amoﬁwraewwgﬂmmhethgmmpﬁasﬂim does not comprise any other polymer; 20 except
the high molecular component,and e \owmolectiar weioht somponant.. I anather embodiment,
the composition does not comprlsg any other po merypresen? In‘a a%ounf’grea’t‘er’ihan 5 weight
percent, preférabfFifhah eirrihiogPeatar/ smarpeicrabbidase ercarratshised 9 Bfaniaighet of the
composition, excepidaigh malecuakeornpengaidnddbelonsmplaeuiay waight camponent. 25In one
embodiment, the %%WB%EW 1as aanr(’golecular weight distribution (Mw/M) greater than, or equal to, 18.
In another embodi ent, the composition has a molecular weight distribution (M/M") greater than, or
equal to, 20. The moled{eirileig bleeddwin highiesbaednimet:beithehebnvemidmallEPC or LS GPC.
In a further embogimgi, #he molecular weight distribution is determined by convention GPC. In
30another embodiment,ghe,mﬁl ?uI%E‘wei ht distribution_is determined by LS GPC. In another
embodiment:"the compOSTtion' %12%1 3R WE St SRB B (M vy greatte®an, or equal to, 18.
In another embodiment thescomposition has a molecular weight distribution (MIK) greater than, or

equal to, 20. The molegylarwei istributi is;determipe tr)”th ntional and LS
GPC. The 5 M (Abg) ?é“de%%%%"eﬁfﬁ%;ﬁ“é%@*““%gﬁsga%e%@ﬁfnﬁ S Sieational GPC. In
§naa

ry - a . v
another embodinf&ft $HERESAPEERD SR GrRPSEEHt AR ARAIGH MHsHM", greater than, or
equal tO, 25 as dés_mmimclsld_ytehhmﬁ@mvemﬁﬁﬁkﬁ@(}@nbﬁe@%@odm&aﬁwﬁhero&mm_diment, the
molecuiar weloht Al RIS S-S RIIR BY Ls GRAVEIHBRPhSa AR IGLEpodiment, the
y

molecular weight distribution is i0 determine . n another embodiment, the composition

has a molecular WERhEHIEMEOR GirsTriRes) Ph PRyhdataraionelopebm SRe My (ke iolecular weight
distribution (M,,,, Mleisoheternniif €PO bt cotrveniiodalyanshbSiaf GrThe Mw (Abs) is determined by
LS GPC and Mn is determined, by.conventional, GPC. isln.another embodiment, composition has a
molecular weight distriIglﬁ%i}(])gr]f,:HR}T%VM mﬁ%rgée;%? %hhgﬁ?crﬂoé:aﬁigf o gﬁé?eﬁtlng)ﬁto'%&q é%gzjiment,
composition has ﬁ%@é@ﬂlaﬂf mhjmdﬁstﬁbmwm mﬂm_m@;eamms@mmmo, 18. In another
embodiment,CorpanuaRAaR:R AIClesy ke, digiaylions Myl dieglethen. or equal to, 20.

The molecular weight distribution is determined by either 20 conventional GPC or LS GPC. In a further

embodiment, thedHERBIaMRIS ArtrgRingrshi B osvasiershPRE Byt i dtofu@iRC. In another
embodiment, theemiglaiadar wveighéaiafiiidioaiigeaiermisachhndddGRielfcangibeembodiment,
composition has g melecular.weight distribution, Mw/M', greater than, o eq%q: 15. In another
embodiment, composition has a 25%_0%8%%{ Wé% t‘é‘fé’t’r‘?ﬁ% ifgﬁg,eﬁ\?‘vm ,,%rea é)(rét'han, or equal to, 18.
In another embodiment? BTHISHEMRAT ISR dimblraeitaramsisenlensteiskitinrivvan, greater than, or equal

to, 20. The mplequanysigfatisbibsttianaMwa this.o6te emiaaghby, bathigenygntional and LS GPC.
The Mw (Abs) is determined by LS GPC and Mn is determined by conventional GPC. An inventive

composition mayStfipHkeERlEPEI N M Hratblep eiseuhiert® d3vmsisaved herein. The
components (blegchighmalasiior WeidbbGomRRIZPLARIMR oM MAleey apweight component) of an

inventive composition may comprise a combination of two or more embodiments as described herein.

.5 The High Moldé¥&r A eigRterRvRAMESRBoeAMn is frismenstbormieniiontlSRGh molecular weight

ethylene-based polymes hias:aiti@nséy, mssihanclenesuaide, £hQsk glemIopaierally less than, or
equal to, 0.950 gé&m&ler_ggge% g{g{gg@mgr_less than, or equal to, 0.945 g/cma3. Inlanother embodiment,

10



10the density is less than, or equal to, 0.940 g/cma3. In a further embodiment, the high molecular
weight ethylene-based polymer is an ethylene-based interpolymer. In another embodiment, the
high moleculagn wpighisethylene-based polymer has a density greater thanpefrgaaddas 2800 g/cm3,
preferably greater than, or equal to, 0.905 g/cm3, preferably greater than, or equal to, 0.910 g/cm3,
and more preferably 15greater than, or equal to, 0.915 g/cm3, or greater than, or equal to, 0.920
g/cm3. In a further embodiment, the high molecular weight ethylene-based polymer is an
ethylene-based interpolymer. In another embodiment, the density of the high molecular weight
ethylene-  based polymer is in the range from 0.910 to 0.945 g/em3, and preferably in the range
20from 0,815 to 0.940 gleminiodifrl Bl SRARSIAL S 08, VD MOISCUIRLNGIGN: SihYlene-Dased
polymer is an ethylene-based interpolymer. In another embodiment, the high molecular weight
ethylene-based FONIFST B PIFBRRNAGEX (121) less than, or equal to, 2 g/10 min, preferably less than,
or equal to, 1.5 g/10 miin,aandiamareopirederalyde ssolbair orelguahitend- gk payméniadurther 25
embodiment, theﬂ%ig&ﬂ%@%lﬁ&ﬁ%m? ethylene-based polymer is an ethylene-based interpolymer.
In another embodimeng the high molecular weight ethylene-based polymer has a melt index (121) less
than, or equal to, 1 g/lé"r?ffﬁt,}‘ﬁr%‘fﬁ’f’gw]?ég?mgh?‘&ké‘&ﬁfa‘l’ﬂﬁhﬂ?ﬁ‘gﬂatﬁﬁ?ﬂ eYI§dE@ preferably less
than, or equal to hex&aqgkhBonsin bimnehéd rithele BOeRtd datimelinthedighroielesuianwaighd ethylene-based
polymer is an etiiyleRarases, IIGIRAMMEL .. i 4 ARARRLAIPRAMENLGE, gh moleclar weight

ethylene-based polymer hasa melt index (12§ iess than, or equal to, 0.1 g/10 hm. In a further
embodiment, the* AR thaNaRirine gt BempRTe kL dsE BHIgHeE Fm e BeRgTeMe ased interpolymer. As
understood in thenattgilke dfighestemlgsigtar weight component has a higher 5 molecular weight than
the lower mojecular wejgly RraRNAH-ASASISIMIGEL BYJis ol iezalan sondiions of each

0

component, melt index, GPC methods (molecular weights and/or average cular ?Neights), and/or
other methods kﬁ'ﬁ?ﬁﬁ‘?ﬁf’f‘ﬂ‘ﬂésgrf’.’a“‘:h% RprehastA BEmARMC the high molecular weight ethylene-based
polymer has a moleculér aveightsisidibiatio hghamtentbatndy asafemygraaterdthas 3.5, and more lo
preferably greate iiaeh a3 AEIGHINNSS DX RINGLCBINEANIRNBLEDS Ot 5. Gl In a further

embodiment, the high molecular weight ethylene-based go ymeris ane erne-Based interpolymer. In
another embodirfiERPHIGAt BEIBP RRIGh Y e/ghy e prBaadroly e cPraBoasm BRscular weight
distribution gseateethiaded, Inreferably:greaiprathan. 4 Hl@siaetermined by either conventional or LS
GPC. In a further 15 erphipdie 0l R ORISCHALRIIN, siuiSns:hased pghuper is an

ethylene-based interpolymer. In another embodiment, high niolecular weig el)ﬁyféne-based polymer
has a molecular GEgPAIFUREH Eater iathe: ﬁféf@%&fgﬁ’é%f@ﬂtﬁ&f???é@edétermined by either
conventional or LtBuGRGEqlal efurdhertembodiment, the high molecular weight ethylene-based polymer
is an ethylene-based infealumar As-2A0iRCHRS 5 RRS, N6 MYesuar weight distribution is -

determined by either conventional GPC or LS GPC. In a further embodiment, the molecular weight

distribution i& deEARTES BH°CIRYERTEH & FeashlatotherehibadiBihtithe molecular weight
distribution is determinéuokbyiticSe@h@ rmariother meitoadinmeinh; tae/ bighadl eertasweight

ethylene-based pglymBrikas 23R mAlecylakwalghtdisiibulion greqigy than 3, preferably greater than
3.5, and more preferably greater than 3.§, as determined by both conventional GPC and LS GPC. In a

further embodiment, th& ARGRFhIMReimFRL <R ot RAL A e der HORMRE FIsA P AR ne-based
interpolymer. In afsother embodiment, high molecular weight ethylene-based polymer has a molecular
weight distribytion greajeraiian: BEAIREARN 3 BRARIRL NABI DL, deleringy By both conventional
and LS GPC. In a further embodiment, the high molecular weight ethylene-based polymer is an
ethylene-based fAEEHSOISRRI® Ai%nother embodiment, high molecular weight ethylene-based polymer
has a molecular weightdistrilaitio rogeatertthap Gpprister abiybgreatarf tharmas determined by both
conventional and.L&.8R8%: ks aduhanemhodiment, the high molecular weight ethylene-based
polymer is an ethylene-l\?)ased interpolymer. As 5 discussed above, the molecular weight distribution is
determined by both cof gﬁﬂ%ﬁ%ﬂeépﬁ@{?ﬂdht% BEUa e coaBeNs et deterfiFdby LS GPC and Mn
is determined byvogiventipnednG PGn invelth anothers simbodimehtothgikighambleaidaniveight
ethylene-based polysranhis anveliviane/aslefiRdmterpolyrner. In a preferred embodiment, the a-olefin is
a C3- 35C20 a-olefin, a C4-C20 a-olefin, and more preferably a C4-C12 a-olefin, and even more
preferably a C4-C8 a-olefin, and most preferably 06-C8 a-olefin. The term "interpolymer," as used
herein, refers to a polymer having polymerized therein at least two monomers. It includes, for example,
copolymers, terpolymers and tetrapolymers. As discussed above, it particularly includes a polymer 15
prepared by polymerizing ethylene with at least one comonomer, typically an alpha olefin (a-olefin) of 3
to 20 carbon atoms (C3-C20), preferably 4 to 20 carbon atoms (C4-C20), more preferably 4 to 12
carbon atoms (C4-C12) and even more preferablyi4 to 8 carbon atoms (C4-08) and most preferably
C6-C8. The a-olefins include, but are not limited to, propylene 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, |- 20heptene, and 1-octene. Preferred a-olefins include propylene, I-butene,

1-pentene, 1- heicene, 4-methyl-l-pentene, 1-heptene, and 1-octene. Especially preferred a-olefins
inchide 1-hevene and l-octene and more nrefarahlhv I-hevene The a-olefin ie decirahlhvy a CR.CQ



25Interpolymers include ethylene/butene (EB) copolymers, ethylene/hexene-I (EH), ethylene/octene-1
(EO) copolymers, ethylene/alpha-olefin/diene modified (EAODM) interpolymers such as
ethylene/prapyglene/disyze modified (EPDM) interpolyrners and ethylene/pmpyesmisariasterpolymers.
Preferred copolymers include EB, EH and BO copolymers, and most preferably EH and EO
copolymers. 35In a preferred embodiment, the high molecular weight ethylene-based interpolymer is
an ethylene/l-hexene interpolymer - The high molecular weight polymer may comprise a
combination of two or more embodiments as described herein. The Low Molecular Weight (LMW) -
Component 5In one embodiment, the low molecular weight ethylene-based polymer has a density

greater than, or equal 0RO RRICINS pRAGEES abbmPheRlR AR Ha1aldavi 835 9/cm3, and more

preferably greater than, or equal to, 0.940 g/cm3. In a further embodiment, the low molecular weight

ethylene-based FORIRREFi& HRPEPRIAIAS BHE S IMERB SRR TR S B the P& SESRENL, the low molecular
weight ethylene-basgd s ypolytresd sdypetysthylemarhomopolymer.  In one embodiment, the low

molecular weight ethy'm@%mkm&gﬁ%ﬁeﬂ@.@%&u BERAE hARmeR gUALRsG-945 g/cm3,
preferably greater than, or equal to, 0.950 gkm3, and more preferabl %%eater than, or equal to, 0.955

gkm3. In a fufthelSiBBCARTER. thd fone/iBloRiTErR b gH B IE D 8 oK Rerid 2in
ethylene-based Ibthtedsalfiniess tnarotuer embogitfent. tire low molecular weight ethylene-based
polymer is a polyethylepg NaMoNANAGE a nigNQREEMRAAMEesthRaI0 W Baler gy weight

ethylene-based polymer has a density less than, or equal to, 0.965 g/cm3, preferably less than, or
equal to, 0.960 gFHFh33AAMRET Bt Sl desibamer savli FeHGER AR H8UEF15%0.965 g/cm3, and 20
preferably from Ow24dhitai @rBo6og omaingeedurthes, emdaedimerst, the low molecular weight
ethylene-based polymef,his a et@;lene-pgse.g inter.gtalélmer. Icp ano}lher embodi;pgg the low molecular

; 3 by eit
weight ethylellhe-based p(flyr/nrﬁgcrmls awﬁigpyefﬁ? ene Iomocﬁ%l ?fc'ner’f Th 6ne embodimen , the low molecular

“weight ethylene-lsat&dlpgliyhsetenas SV dbriditytiesarbritment cuaiecroBo gifcm3, preferably less

than, or equal to,d@ibaeic e dmaRe thabsmbrdicEntiihadensivianges HomRA4P to 0.980 gicms3,
and preferably from 0.945 10 0.975.q/cm3. r embaodiment, the low molecular weight
cthylene-based P T ETs Sl T o R AR T AT e B e low molecular
weight ethylene-basgd giotimmemi §va,Hbly s ttedenaddhbriopolyendonal andlhSoBRCGeivibodiment, the low
molecular wejght eflyleng-based Rvmer NAsAMEL e 19 ChI9G ARGty weight, ASTM
1238-03) grelater(tha%, or gqual toﬁ,}zo g/?O rr%i prefer{ab y gregtcer thgn? or equial to, 50 g/10 mm, and
more preferably greatebthemererodierabtéhe 8B/ 20 mrpideniafmalabt Bsbodimeviv/vhe low molecular
Sweight ethylenezRaged,ROIYNEGLLIS AN RRRNASRAIRIIRAMIRGE i 2ptbgi.embodiment, the low

molecular weight ethylene-based polymer is a polyethylene homopolymer. In another embodiment, the

low molecular we§He ik ER MR A8 P8R e ROndRk mPECRE VN, or equal to, 3000
/10 min, 5)referamhfri@?&ﬂgaam@;mgabtﬁ&t@a;?@fl@:ﬂ(&@llrnplu andsraete E{?fﬁmmy less thlan, or equal
to, 1000 g/10 min. In a.further emhodiment, the low molecular weight ethylene-hased polymer is an
ethylene-ba§éd iﬁf@rﬁ%@?ﬂ%r‘?’?ﬁn ano aé‘rwé]ﬁwhﬁg] Frh\é/gtr’l ; thejow’ ?ﬁ%c?g lffé{'ry Wg?dhegeéhy ene-based
polymer is a polyathirsseprsinspo eTevicniarvtisar dsibytimmsrictenairdikd&SPrange from 20 to 1000
9/10 min, 15 preferablyrijuthadangadram:ofaed0.4/4 B sukuineprafeialtydn the range from 80 to
300 g/10 min. In a further embaodiment, the low molecular W(\%{i}ght ethﬁlene-based polymer is an

ethylene-based itterPon A& Fah ST o Saith 8RO H S TOR IRERe Ot N REAE ethylene-based
polymer is a polygifiyenehagmapalingn (i aihenembadisnenfalthelovwrmneigrdiadrweight
ethylene-based polymer is_20 an ethylene/a-olefin interpolymer. In a preferred embodiment, the
a-olefin is a €3- CoBH Hpsfhiand fy semireddrbet finnisidard e bteeRshy e c4-C12 a-olefin,
and even more prgierablyiadednai8ea wlefircand st peterably GoeRanaielicrhe a-olefins include,
but are not limited to, propﬁlene 1-blétene, 1-epgr111tene, %-h xene, 4- me_tty,l-l -pentene, 1-heptene, and
1-octene. Preferred a-ofefNENHETRR BIEH RS PE DBBIGTRRE “E8l dHR P
4-methyl-l-pentengsadendpicnegain o] 26 eteherhsgsyaiipeiematbmioiPing LEERE Inhexene and
1-octene, and moyg, preferablyAshexenenthe 379l s daniAb ARG 8 Aalelifuand more
desirably a C4-C8 a-olefin and most desirably a C6-C8 a-olefin. Interpolymers include
ethylene/butene-1 (EB) copolymers, ethylene/hexene-1 30(EH), ethylene/octene-1 (EO) copolymers,
ethylene/alpha-olefin/diene modified (EAODM ) interpolymers such as ethylene/propylene/diene
modified (EPDM) '
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interpolymers and ethylene/propylene/octene terpolymers. Preferred copolymers include EB, EH and

EO copolymers, and most preferred copolymers are EH and EO. In one embodiment, the low
molecular wgighi@amyeenent is an ethylene/lhexene copolymer. 5In anothgfembadisaen the low
molecular weight component is a polyethylene homopolymer. The low molecular weight

component may comprise a combination of two or more embodiments as described herein. 10
Polyethylene Blend As discussed above, the polyethylene blend of the invention comprises a high
molecular weight ethylene-based polymer and a low molecular weight ethylene-based polymer. An
inventive composition may comprise one or more features (density, 121, 12, 121/12, MWD, etc.) as
described in this sggtion. Isin one embodiment, the blen s a density greater. than, or equal to, 0.910
g/cm3, preferablfl§ g(?ég‘t]earn ﬂ%llgﬁ ; r&%%%ﬂ%?%ﬁ °o‘?15’§‘?§“g?{:%%g,q‘£r?a‘ tﬁ%r%’ e er@éﬁfg}egrgégf%r than, or equal to,
0.940 g/em3. In &&8ther embodiment, the blend has a density less than, or equal to, 0.970 g/cm3,

preferably less than, onregualdenbabimdicmdiindanothesiemaodinsiskiaadhas a density less than,
or equal to, 0.97gwgfcm3, 20preferably less than, or e(;lual to, 0.965 g/cm3. In another embodiment, the

blend has a dend¥ A EEESBCFRIYRAS, y?fo"}? EFIABIE ERL B R 88n §9:888 i§/cm3, and more
preferably from Gi@éthie:dQ60tH oM IEntiondrernbSiEr@Modimentsthaibienthhns aslensity greater
than, or equal 1o BO4% UsNIRIsieraklY. Qreaterthapcor equal to, 0.945 g/cm3, and more preferably

greater 25than, or equal to, 0.950 g/cm3. In another embodiment, the blend has a density less than, or
equal to, 0.970 g/cm3, profTRBRABER 115 hishmeriralaor Debbs hyleradased apumRsiembodiment, blend
has a density lesshhate; aseaiguaticiyd60 gJcma3, preferably less than, or equal to, 0.955 g/cm3. In
another embodiment, t ity fr 94 0 a/cm3, and preferably from 0.945 to
0.965 g/cm3, and 30 m%qr)épé &%%é@gﬁ%?g%ﬁb%%%%%ggggg/%ﬁ%negéaﬁﬁ I?’;{;rfi\l}(gﬂ?girsea?nbodiment, the
blend has a YheltHUE3E (8254 RIEPHEKT or equal to, 100 g/10 min, preferably less than, or equal to, 75
9/10 mm, and more prifanabiyt lesisotiam: ohelguahit:cbRrg/tQHNimy linabathieiogrmiasiment, the blend
has a melt indexp((;I} y%&%%&'ﬁ Q[ equal to, 6 9,/10 min, or greater than, or equal to, 12 g/10 mm,
or 5greater than, or equal to, 15'g/10 min. In another embodiment, the blend has a melt index (121)
greater than, or equal 18 238G e bRt JHehmplasuiar weiskjartsobrsd@dhmedr greater than, or
equal to, 25 g/l Chentrgtncandihteinennbetinasnbatbeibiendyias a melt index (121) from 2 to 50 g/10 min,
preferably frgm 12 to ' 0, R{ rom 5 g/10.min. ioln another
embodiment% the blengghga{égie?nggi?%lﬂdgé{(m I{}% R{\gzﬁﬁgret% gfn;&g}g gé%lﬁ%lét%elasgcfl%o%rﬁr gragreater than, or
equal to, 2 g/I0 rﬂ?fﬁr‘?ﬁ‘e@?@éﬂéPfﬁ&ﬁ?%?‘@éﬂ‘éfgﬁf"@‘aﬁeoﬁﬁ?ﬁrin another embodiment, the blend has a
melt index (171) greatés shaheramequiadda, the gl choriaragierteh s baee golghte h20 g/10 min, or

greater than, or gq&@tli%ég%g{gsgtmblgﬁgﬂm%yleg?g%%ment, the blend has a melt index (121) from 1
15to 15 g/10 mm, preferably from 2 to 13°g/10'mm, and more preferably from 3 to 12 g/10 min.’ In

1
another embodiment, ﬂ’?é"lﬂ@ﬁbeﬁ’agdé“}ﬁéi%lﬁw’?%%é%“tﬂéﬁ,ettﬂyé’t‘,fErQP%‘?ﬁ PPBTBYL0 min, preferably
less than, orequainipe@ii igid Omminindnid Ingratpraterabbgless thag omaqual to, 0.15 g/10 min. In
anather embodiment, e, RBIASAIMELDURNAALALALRARL NAR.PLERNRIG,P.05 910 min, and
preferably greater than, or equal to, 0.1 g/210 min. In another embodimerit, the blend has a melt index
(12) less than, orgé‘aﬁal to, 1 g/10 min, preferably less than, or equal to, 0.5 g/I 0 min, and more
preferably less than, ofregudicten®igid0, bind hasanoethérdembodimenh, thedigne has a melt index
25(12) greater thgﬂo%gqual to, 0.01 g/10 min, and preferably greater than, or equal to, 0.05 g/l 0 min.
In another embodiment, the blend has a melt flow ratio (121/12) greater than, or equal to, 100,
preferably gfeater tharl” BPERESTR TN rhiSPS Preteralblydgrebielethdhn oF 881#AIa0, 120. 30In another
embodiment, thezBileméchhbsaaorheltfibwdiratio, Eléat/i:R)grelaiedeshdn, o elginabiequkB, preferably greater
than, or equal togA4g;,In another embodiment, the blend has a molecular weight distribution (Mw/Mn)
greater than, or equal to, 12, preferably greater than, or equal to, 15, or greater than, or equal to, 18,
as determined by eithé‘?’b’é‘ﬁ%ﬁvﬁﬁﬁﬁ‘%?‘%@ BB TR LA EAL e molecular weight
distribution is greatexiivans es égudtabh@€pas determined by GPO, as determined by either
conventional or LS GPO. In another embodiment, the blend has a molecular weight distribution
(MWI/Me) less than, or equal to, 50, preferably less than, or equal to, 40, and more preferably less
than, or equal to, 35, as determined by either conventional or LS GPO. In another embodiment, the
blend has a molecular weight distribution 10(Mw/Mn) greater than, or equal to, 7, preferably greater
than, or equal to, 10, or greater

13



than, or equal to, 13, as determined by either conventional or LS GPO.  As discussed above, the
molecular weight distribution is determined by either conventional GPO or LS GPO. In a further
emladdimeniyghsygneiesrlar weight diStribution is determined by conventi %E’S Isn(}%nother
embodiment, the molecular isweight distribution is determined by LS GPO. In ano%ér g%%odiment,
the blend has a molecular weight distribution (Mw/Mn) greater than, or equal to, 12, preferably greater
than, or equal to, 15, or greater than, or equal to, 18, as determined by both conventional and LS
GPO. In another' embodiment, the molecular weight distribution is greater than, or equal to, 20, 20 as
by both conventional and LS GPO. In another embodiment, the blend has a molecular weight
distribution (M/M") less ore arg referably less than, or equal to, 40, and more preferably
less than, or equal to, 3@%.?3%{%%#% bét%’ g}%ﬁ%fﬁ“@%ﬁ%}éﬁ'ﬁ' SPEREES EP@°krddother embodiment,
the blend has a nt6i8¥ AP RAERGRE R iNYEHE CMMREVIR)greataritampose250aibalatn B preferably
greater than, or aguat tack@ndogirRaiehiRaRninaearal to, 13, as determined by both conventional and
LS GPO. As discu q%boi\llg %Se molecular weight distribution is determined by both conventional
GPO and LS GPO. The Mw (Abs) is dBterine& By 1°8 6 A BitPRMPIEdetdiffiined by conventional
GPC. In anotherefibseirmeiah meteeiiahrrighe chidensbigtt pilypienesbased intespatymer is present in an
amount greater thaighostpaerl tas&lbweight-peaent;or greater than, or equal to.55 weight percent, or
greater than, or equal 0 weight percent, based qn the sum weight of the high molecular weight
ethylene-based 5 poly&%}% t%{;éc\ftij"iv'{/“r’ﬁi f‘ééﬁ%{?ﬁ %f’éf‘ﬂ RehrEhessadH L 5 another
embodiment, the*f IndIEE8Ie(eWeRgtiewtinlen Sivaseehpolpmisris giradent i amaunt less than, or
equal to 50 weigltnescaas, 6 d@ss #)aN, Hiadaldie 45 weight percent, and or less than, or equal to 40
weight percent, based ‘ggﬁ}% %urqvggi%ht gf h]e %l%ih molecular weight ethylene-based interpolymer
and the low molecular weight Toethylene-Baeed pBIIMAISY fauheiilr BatoBhrtatie: the weight ratio of
the high molecul&! highndormstaselar iighedowbrisle SvleMueigbtcarapaneqia{kdyia/LMW) is from

50/50 to 70/30, more praéatiabifiom g/ 4948 86433 sanchmer 6,RiaR AR fHQm, 23/48 to 65/35. In

another embodiment, the_high molec eight ethylene-based polymer is 15present in an amount
greater than, or é’%ﬁé@%é%ﬁ’ ef)é%(;%;r\?f,’ %%”6’5’8%%’?’%5%“&“&3 FEBlsvEigibht percent, or greater

than, or equal toStriREighisristearnc Ay cohomtieGREn Iveightobthednightniel ecidanweight
ethylene-based pelymeraindibieiieumalrevlar aanteyrne:hased.Rol Mg i another

embodiment, thewlo ! .Olegul‘ar Wei%%%grp/lene-based polymer is present in an amount less than, or
equal to 60 20weight percent Bl esaReEh Py Yb STl erht SERCEMess than, or equal to
50 weight perceritbopis@etamiing buls WehiaNine Righmalacanwaight 6Hylene-based interpolymer
and the low molecuIarI\!/,ivg;grgn%@{leen%-tlaagiedd%ol mer. In another embodiment, the weight ratio of the
high molecular weight component 16 the Tov toteedisFManKeehAistrafersdMW) is from 40/60
to 70/30, more pFekitabinn28 fayah t6.114 0GB nendimara i sieipinly e &Ri48 to 65/35. The
blend may compyj - inati ; r more embqdiments as described herein. Catalysts
30Typical tr?nsﬁ%%%ﬁﬁ?&%ﬁy@ggﬁg%g% ich¢a uffgwlewijse'ol B AresaraHE Mg h molecular weight
and low molecul&FRIEPR toleiparesskbyotidisedemrentivel SiBAd: BSEPiRgles-MNaita catalyst systems, such

as the mixed metabsingheihdiaoiuwhased:salabst Svaiamss 85 desaiRs i njernational
Publication No, W&%OQ%Q&%%%&@%&E rpor_ggeg, herein by reference. More specifically, the present
catalyst compositions comprise rmagnesiim saiehiorae WA AEPpBrER tef¥n a mixture of Group 4

metal halides, especidfy2CHixamecdimnetnirhlietdbrdesoirdenivrgtelidistidasrand/or hafnium chlorides,
and more preferalaiyng meistuennblitreinmshigrges and Haspim.chior gn%) In a further embodiment,
the catalyst composition is suitably prepared by spray drying, and ‘prefera Py prepared by spray drying
a solution compRSHEP & ivatEHEdIAREiomPGUING) espeuizty megrbsin diechieridejand the mixture of
Group 4 metal ; i é\ I} ontaining. compounds in a primary diluent, especially a
diltient compris?r?g%q}ﬂ@ﬁeﬁug?f g%“?g){ E? g?c[%éﬁ'g‘?saa{’ g gu %’ga'&téoﬁl yaﬂ%\ ggﬁgti%? preferably
chlorinating the &%ty s SR prrticd- DB enddranditiomined tal dalicemaiiecaanixture of titanium
bichloride (which maylhereamplaxachiith b3t dasiiad ang i lahalaiim glraghjoride. Preferred
halogenating agﬁqﬂ;l%r@[g Qgg%rt}oalyminum halides, especially alkylaluminum chlorides, such as
ethylaluminum sesquichforlde ?ﬁ%ﬁ"c“ﬁﬁascm). The relative quantities of magnesium compound,
transition metal compounds, ‘and halogenating agent employed, as well as the identity of the
halogenating agent, all affect the relative performance of the resulting catalyst 20composition. The
molar ratio of magnesium compound to transition metal compounds used preferably lies in the range
from 0.5/1 to 20/1, and more preferably is from 10/1 to 3/1. The molar ratio of titanium compound to
hafnium or zirconium compound in the preferred catalyst precursor compositions preferably lies in the
range from 100/1 to 14



251/20, and more preferably is from 10/1 to 1/10. Most highly preferred catalyst precursors comprise
magnesium, titanium, zirconium and hafnium metals, wherein the molar ratio, Mg/Ti/Hf/Zr, is xly/zizl,
where x is amamipengsom 2 to 20, and y is a number from greater than 0 tef)yanfsiandszlare
numbers from 0 to 10, and the sum of z and zl is greater than zero. Depending on the desired polymer
properties, the 30 range of x and y and z and z | may be varied to produce different polymer properties
for particular end uses. Preferred ratios of (z+z1)/y are 0.5 to 2. Suitable primary diluents, used in
the spray drying process, include organic compounds that are capable of dissolving the magnesium
compound and transition metal compounds used in forming the catalyst composition. Especially suited
are alcohols, ethers, (p I ) € n% ixtures Sthereof.
Preferred primary diluegllté}gr%%?)zla %%%%gflﬁéﬁgég %E%ﬁgﬁg%%%@%@fg (%g% é’rt%érg,a&4 to C6 cyclic
ethers, and mixtUFEEtRPasT MTBPERIErred primary diluents are ethanol, n-propanol, isopropanol and
n-butanol.and mixturesithereef.citidiional Gplionaltengonesis-onihe-eampasiien wged to form the
spray-dried catal¥§fyg{®@éﬁres&m(j %(;[,_g A) one or more fillers or bulking agents; B) one or more io
internal electron donors; and/or C) one or more secondary diluent compounds selected from the group
consisting of &iloxanes PpyIyaRyTERRIGIRo e Bty msissranyrishs b digibtrdmabmeatices of
polyalkylene glycolerandcigywbrathedzthylediryasaligiefiaphneispersed material that is inert to the other
components of the Catad}’é&o%yéf&mo%ﬂﬂeﬁ%ﬂQé‘%%%n@ﬁlm%ﬁ%i&“re%&@ Qeedﬁezri)%%VEd as filler or

tH s ljll

bulking 15agent for the present compositions. Desirably, theTiller provi and_ssatrength to the
resulting solid, sp¥aSFERRG PN HaRssed s Brkvehesa i@ disnstegration upon particle formation and

drying. Suitable fillers darrb&argatidias:indiganicsdocanplesinebdesticad espeeially fumed silica),
boron nitide, (e e, AU AS, S EAIGT carlional, Fyimed hydrophobic, surface

modified, silica is préferred 20because it imparts high viscosity tot e'gflljrry and good strength to the
spray-dried particles. THEHIBT ERGAfMsa ffaeblmd Basnsieesivdess hmdreassimbif8urface modified as
well. Surface mogifieation, such as silane treatment may be used to remove reactive hydroxyl or other
functional groups from iller Sy t a critical feature of the invention. The filler is not
utilized to provide an in%r%%%ﬁ%%t%%%%%%bﬁ%%Eé?l‘acma%gl?éeﬁ’é?ﬁ’ﬁé%ﬁ ?Bﬁ%fﬁgﬁ%%lking agentsf/fillers
that are soluble if?*tﬁ@géb?é@l”drying mixture may also be used. Polystyrene allyl alcohol interpolymers
that are solusle in alkaneliseimertsomaysibenusactoApees dinghpimnaiesaisdaving high internal porosity
are not essential fap use.ruitahle fillgrs.should have an average particle size (D50) no greater than 50
pm, 30preferably no greater than 5 pm. Preferred fillers are aggregates of smaller primary particles
having a D50 particle sPP6 SMPRer Blendekishiprles e eiehi remepasibac werelsaCabosil available
from Cabot Corpeeigtonpapehdrerasih avatabie digmsDagusseach duipiebaiffeient dypes of fumed
silicas may be usgd gsfilletsawererihesuiase, modified types, Cab-O-Sil TS-610 and Aerosil

R-972 are especially preferred. Fillers that possess some porosity may also be used, as long as 5the
average parfitle size is/SGHfBHE ANBIPISFAEIRpIS DSt RRtsBE? YAl c¥pebRlmd< 5 pm. Sufficient
filler is employedctonpriseiucis zh siviecyistitaiple dhiylspesedyoigmtinainis: &wnidlalacluding a primary
diluent that is liquig; af; BRRA. RIBPSAPGEHC ganditions, but readily volatilized under reduced pressure or
elevated temperature, the filler and the desired quantities of the above described transition metal
compounds to and maifEEit it iehmriga s eeidib R Wrashig eehmantestheddingring an amount from 0
percent by weightrepetiep €iicedniivy Ve gint;, prefped iy o6 g 2.0’ p@incansibaeighide:10 percent by

weight. _Upoggspr@m(g;ymgtgg;g({%m@& Qb@%‘ﬁ%ﬁﬁ?%e discrete catalyst particles after evaporation
of the primary diluent. Desirably, the amount of filler or-bulking agent present in the resulting catalyst

y : .
particles is an 15amouRPfFEME f3°Bd e porvighfartrsyr Ao itotean sertasishased on total
composition weightcehihdsptay-trivdigateiyist padiciespronipded piolthisr makaasstyiaically have D50
particle size of frame5, (RO RWeiDSESRTARIK e LAHA30 B MhereinSCARGAN: dilgRE cOmpounds may
be employed to prepare spray-dried productg exhibiting particular properties such ag uniform particle
size, particle Zoﬁﬁg?fctﬁ?,"i?ﬁﬁ%i‘}éﬁ At activity, and reduced fines. Preferred polyalkylene glycol
secondary dituents inclligevpelydtinflengrglyctisrcontgining fremighB: teberallglenenxiee repeat'units.
Siloxanes and croupEPaLRIE RAHIEUARDHRISIEREE: SREQNHRNLAIMS, BRSaMSSIRY can provide
improvements in particle morphology as well as increased activity in comparison to polymerization
reactions conducted 25without the presence of such siloxane or crown ether compounds. Preferred
siloxanes include hexamethyldisiloxane, hexaethyldisiloxane and hexaphenyldisiloxane. Preferred
crown ethers include 18-crown-6-ether and 15-crown-5-ether. The secondary diluent is preferably
present in the catalyst composition in an amount in the range of from 0.5 to 10 percent, based on total
catalyst composition weight. Additional, optional ingredients in the composition to be spray dried
include antistatic agents, emulsifiers, and process$ing aids, which are known to be useful in the art of
spray drying to prevent particle agglomeration or fractionation. Spray-drying may be affected by any
spray-drying method known in the art. 5 One example of a suitable spray-drying method comprises

atomizing the catalyst composition, optionally with heating, and drying the resulting droplets.
Atomiz7zatinn ic aceomnliched by meance nf anv crntabhle atomizinAa device to form diceecrate AdAronlete that



10atomizing device together with an inert drying gas, that is, a gas which is non reactive under the
conditions employed during atomization and aids in removal of volatile components. An atomizing
nozzle or awentusugeddnigh speed disc can be employed to effect atomizationiwireseRyz @ spray or
dispersion of droplets of the mixture is formed. The volumetric flow of drying gas, if used, preferably,
considerably exceeds 15the volumetric flow of the slurry to effect atomization of the slurry and/or
evaporation of the liquid medium. Ordinarily the drying gas may be heated to temperatures, as high as
200C, to facilitate atomization and drying of the slurry;,however, if the volumetric flow of drying gas is
maintained at a very high level, it is possible to employ lower temperatures. The specific choice of

drying gas inlet tgmperatirevih2Rdenanthandbe Hesigacal dhp SpEavArNGuRawpment and the
inherent thermal stability of the material bein Atomization pressures of from 1-200 psig

dried.

(100-1.4 MPa) ar‘é"é"ﬁﬂ%\‘ﬁ?@l.OA}ngrﬁ%?eﬁi??%cﬁﬁ%&oblﬁf’gs&Pef‘iﬁhﬁﬁ(?’%?%ﬂ?f’é&g%’ﬂ%@ﬁﬁon of the dryer
can be employedwsghfféetibalich pradticte forhiationy<Bim SBRainplethof apradiadmiinige methods 25
suitable for use with.the Rresentcatalyst g%@mmgrg)mg@g@those disclosed in US-A-5,290,745,
US-A-5,652,314, US-A-4,376,062, US-A-4,728,705, US-A-5,604,172, US-A-5, 306,350, US-A-4,638,
029, and US-A-5,716, 5880 U RO0RG a ae HRIL sy HAarRt dApien sreatgs (hapioiaaid the size of the
orifices of the atomizérpotitimbigpeedahratatian0fa0tve: giopaizet,diskemployeditdwiing spray-drying; it
is possible to Obtﬁl@bﬁ@;ﬁtﬂQﬁéh%mﬂgsge%fﬁge?%@:ﬂfemmﬁ!@esd%iggﬁlmlegr&%m 5-200 pm.

a

Typically, a rotary atomizer, such as iro FS-10 or FS-15, is used to provide the preferred narrow

particle size distriBthith $igie ?ﬁ%‘ﬁﬁ’é’ﬁ’%ﬁiﬂ?“ﬁ?@@ﬁ?ﬁﬂﬁ@&%lﬂfﬁ H&or is recovered and
halogenated withcauvorgaricalliniRdnprhalided tha idedér boafbrrheamnaickirecoohplesi@ilire magnesium and
Stransition metal halides The i St ARt sARe Al dheRalogenAling AdRNL&RIoYed is selected to

result in a catalyst composition having the desired performance properties. A particularly preferred
halogenating ageRt AR RS L IRAMSHIGE P ke fBfogenation agent is employed in molar
quantities, based on the meashirdtheno)| dredtaaling afdesigues dikanokdiklesnmpetinds measured in
the spray io .drieg, splifpLamuiiaL ROmAASIIaN: vsing Al angldicaldsghpigues thal require

dissolution of the solid Precursor sample in aqueous media. One skilled in the art will note that the
then measured alkanol"t8PRERPARMF (Rf 58P P b FArTd g EfRE¥ e 8-#Rat may have formed
via reaction of dilgent. compoenemwitkitivetztrcblrhdrhatitamsing gehafmiampcanpoyods. The
halogenation age‘b;)gljgapplied at a ratio of Cl to 15 measured alkanol residue from 1/1 to 10/1,
preferably from 1.5/1 to 2.5/1. At lower ratigs of halogenating agent, catalyst productivity is adversely
affected. At higher ratid® %Pﬂ’ﬁf&ﬁ@ﬁg‘fﬁfé“a'ﬁémgﬂwg\@%‘ﬁ&%%?X%B?g‘??f?ﬁé’ﬁ]ﬂﬂﬂdﬁ (MaMn) is too
narrow. Halogenatiemyseansettac@dpoeding to conventional techniques. Preferably 20the solid
precursor particles are gUspeREES S HLiRd NARINeYdi i@lﬂﬂa@.lﬁgge&@&@%@@aﬁ'iphaﬁc or aromatic
hydrocarbon liquid, most preferably one or more C6- - 50 hydrocarbons. Typical materials are hexane,
mixed solvehts sﬁ@ﬁl%{?@éﬁdﬂtw 8ral oils, such as the Kaydol and Hydrobrite mineral oils
available from Chemtuia aiidtiehaibgdinetio thaenhsdinbn ecdgedityithe mixdyreyraadsallowed to react
with the 25precursgrfanadimgofiagmane minute to one day. Thereafter the solid particles are
optionally rinsed free from unreacted halogenated agent, and dried or maintained in a liquid medium
until use. In one particlEFeRBSEMERTH ’%ﬁﬂ%ﬁ%ﬁﬁé‘ﬁ‘ﬁ‘éﬁtmﬂ}eﬁ’é‘%@ﬂﬂfﬁ%d“jﬁ-line, with the
polymerization reattogetiratsly bunchsdtatiy ve-bratdgenatmeeaction in a plug- 30flow manner, in which

the catalyst precursor ig,agtivaterldhinkal Re'Raenatian. andithesaastionmpiure is pumped directly
into the polymerization reactor. Apparatus, as described in U.S. Patent 6,617,405 (incorporated herein

by reference), is Bﬁ?ﬂ’&ﬁlﬁﬂgﬁBr%?&?@?i%?diﬂfﬁwgwﬁﬁfogenation step. Formation of olefin polymers is
achieved by contactingloaeberrobedimiditioe pily meriaiil e dtbficthylorcmerdpolithatecataly st

composition and apactivating, sesatalysteespecialb/ amerganoaluminum compound, especially a
trialkylaluminum comp?und. Preferred cocatap(sts include trimethyl aluminum, triethyl aluminum,

triisobutyl aluminum and tACHFERCAITR (i Eh B e L LIS PR Y SRR Bimployed in a
range based:on muoigsivfsokataty stamolesiof tradsitlOmmatafcarypeanichofoireqmtd. to 100,000: |,
preferably in the fangegaffrom 5:1 to 10,000: 1, and most iopreferably in the range of from 5:1 to
100:1. In formulating the catalyst composition, it is preferred that the co-catalyst be separately
added to the reactor contents, to the recycle stream of the reactor, or to the monomer or monomers
charged to the reactor, and not incorporated into the catalyst particles per se. 15The catalyst
composition may be used for any reaction for which Ziegler-Natta type polymerization catalysts are
normally useful, especially suspension, solution, slurry, gas phase polymerizations, and combinations
thereof. Such reactions can be carried out using known equipment and reaction conditions, and are
not limited to any specific type of reaction systemi®&uch polymerization can be conducted in a batch
20wise mode, a continuous mode, or any combination thereof. Generally, suitable olefin



polymerization temperatures are in the range of from 0 to 200C, at atmospheric, subatmospheric, or
superatmospheric pressures up to 10 MPa. It is generally preferred to use the catalyst compositions, in
polymerizatiqrs@begaeentrations sufficient to provide at least 0.000001, praferably &90Q01 percent,
by weight, of transition metal 25 based on the weight of the monomers to be polymerized. The upper
limit of the percentages is determined by a combination of catalyst activity and process economics.
Preferably, gas phase polymerization is employed, at superatmospheric pressure in the range of from
1 to 1000 psi (7 kPa to 7 MPa), at temperatures in the 30range of from 30-130C. Stirred or fluidized
bed gas phase reaction systems are particularly useful. Generally, a conventional gas phase, fluidized

bed process is condu%%Jg&/&%g&&ét{&@{gmgf@mgg@#g_ ar ﬁ%%é?bo'e ino_ lonomers continuously

through a fluidized bed reactor, under reaction conditions sufficient to po?)s/?ngn Sthe monomer(s), and
in the presence ot BR'AREXile S B Lo RataR 2 &HF¥Rition and an activating cocatalyst, at a °
velocity sufficient to maintaither batodfreolid pantittestinvagisuspragdesseondiiennd stream containing
unreacted monomeg ;th@d@gggrf[ﬁ)Jp heepgionsentingously, compressed, cooled, optionally fully or
partially-condensed as disclosed in US-A-4,543.399, US-A-4,588, 790, US-A-5,352,749 and
US-A5,462,989 (each iRCBIqSRReRoHEREth 1Y mekratic o an g helepeibaad nelemerdvsor. Product is
withdrawn from tinelréaistol,, ek ian atked; upeanomey is atideddathe sasygiad Feam. In addition, a
fluidization aid suygh ag sarhon blagk, silica, ;94%%5@%@%9&&?%9@%% fisclasgg,in US-A-4,994,534

(incorporated herein by reference). Suitable gas phase. reaction systems aré 2188 Fescribed in
US-A-5,527,752 [hadfHoritednorsii sipbedimericley srisryiarvedehtiohvisorhasadraivreprocesses may
utilize subatmosphetiedr ihBes|ipaaimosph efieqpiesS WS, tans temperatures in the range of from
40-110C. Usgful liquid ghass fQlumsrization. sagtion systems are known in the art, for example, as
described in US-A-3,324,095, US-A-5,453,471, usfig?g{’%z‘?%zr‘?‘t%?‘}i‘?%f@’ EAN0 96/04322 and
WO 96/04323 (e&bﬁqwﬁ‘é‘?ated herein by reference). Liquid phase reaction systems generally

comprise a reactor vesgeldanstighsaiafinseaemes micaiahsl sameesition ardmocatalyst are added,
and which contains a liquid reaction medium for dissolving or suspending the polyolefin. The liquid
reaction medium Ay CRsRE8FHE B Fiatat s ontadimeny bt iggiacharsibon that is
nonreactive undetisthieupoly ivig/izatienateanslitions@mp)|oy.eoh Alfeugh-sssh aninerhliouid hydrocarbon
need not function as als‘olve t for 25the catalyst composition or the polymer obtained by the process, it
usually servés ad™ §owiear{tvf8'rht1ég%ﬂ%?ﬂe%" PTG TR ORI RefatihmalfiBiag the inert liquid
hydrocarbons typically disathfanthiscpuipesspeahatkanes:ishgiGaS propane. hytangsiso- butane,

isopentane, hexaag, SYFANGARA.ARR 05 RENASNS ARG olens  Reactive contact between the olefin

monomer and the catalyst composition should be 30ma|nta|ﬁglaeby constant stirring or agitation.

Preferably, reactfSAREdTGAT SRt My e B6isp diyriRiiprda dreanieed Ard&cfRE olefin monomer is

withdrawn continuouslyn fiaidhentaasten: Glatimaalynesprogiiptigisapaisieth, and unreacted olefin
monomer is recycled intﬂo the reaa?tor. The catalysts of the current invention are capable of

producing oféfin pofymers cVErE Wit rdn e BB e WRlgH s prRoleRTsHIsRUlar weight
component is 5 utifoemignbiéptibdsatabeimolecilal teviel withtiedeweidamelecsilag weight component.
Such resins are d_ifff'cu t, if noﬁ{igjggssible to obtain by means of a post-reactor melt blending process.
The additional high mofecutar W'elgﬁ%'tb%’lWEaﬁrFé%mﬂb TSR T theecats i compositions of the
invention desirabliicaaseaithenneilsrenginimel hiasasinAneogkoiher bepefitgppThese catalysts

are also especially useful. when employed in two-stage polymerizations such as those disclosed in
US-A-5,589,539%‘?4%%%51%5%%&%%§EP&W MESTABranierhRYSHTPIRI8EREe. The catalyst

compositionz, in conjurictioreniith thiampiioriadyprogessingpodindifions, teanhecxtsed to obtain
ethylene/alpha-olgfindiasins Rfbigadenedpr multimodal molecular weight distribution, wherein the
amount of 15comonomﬁ‘r incorFore%ltgﬂ inéo théa%olymer in each reactor is independently controllable.
Such processes require & CAtARSE COMPos B AFABc 5T 6URIAG L YanpPrifshltholecular weight
polymer in one ré&stsarcamrpreidwinolecnlae weightipolymeedh accgoond ceabbarichhe catalyst thus
must be able to preduaRFresibalvent Mah2@pepRagation/chain termination ratios in one reactor, and
much lower propagation/chain termination ratios in the second reactor. The resulting polymers having
extremely high melt strength, are useful for manufacture of cast sheet, large size blow molded articles
and pipe products. The catalyst compositions result in polymers that are characterized by a 25general
lack of undesirable small (1 to 5 pm micron) particulate residues that normally result from the
fragmentation of catalyst compositions impregnated on porous silica supports during the
polymerization process. The presence of these residues in the resulting polymer interferes with certain
applications such as filament spinning. Such residues are difficult to economically remove from the
polymer via melt screening or 30similar post reaator technique. It is understood that the present
invention is pperable in the absence of any component, which has not been specifically disclosed.
Unless otherwise stated, implicit from the context or conventional in the art, all parts and percentages

herein are based on weight. These spray dried catalysts yield polymers with narrow patrticle size
dictribhiitinn and hiab Aaraniilar hiilk dencitxy hinhivy cirntahle for oacec nhace nolvvmerization raactinne



may be made by blending or mixing the high molecular weight interpolymer and the low molecular
weight interpolymer, or by melt-blending the individually melted components. Alternatively, it may be
made in situwip QeREMmOre polymerization reactors, including, but not limileg{Q;qésaksgactor
configuration. 15If the polymer composition is prepared in situ, in a dual reactor configuration, the
polymer made in the first reactor can be either the HMV/ polymer or the LMW polymer as defined
above. The polymer in the second reactor has a density and melt flow rate such that the overall
density and melt flow rate of the composition are met. Typically if in the first reactor a HMW polymer is
made, in the second reactor 20 relatively little or no comonomer is used, and relatively high hydrogen

concentration is used tq,apgip. i usial el fowateand drasival e faal sqpuposition. Similar
Aendd ,

polymerization processes are described in W02004101674A, incorporated herein by reference. A high

density polyethyl&Ha-BREEHFRHEN Fislire BsHiRaties P ERSHE eI A ESHB9sy metal-alkyl chain.
The molecular weéiginp@frtize mpistaliiscantieliehydbrealking Hf e giomingaanetalalkyl chain. In
contrast to other eaiglysl,SyaIomS.H NG TN AL EAILRreaking echanism is the reaction of the

i ’ ' %tal-ﬁyérloge E’oné 5

growing metal-alkyl chain with dihydrogen to give am and aTree alkane (i.e., the free
polymer). 301h ZiEYBrRRAYL ke Qiemaletie Wi apBRmepkndant alkane groups (CH3, CH2) are
exceedingly rare unless$ncombaemiedis:atdeantonibeive actaioans B dsseardr:réleglected as
contributors in the,GUHRNLERSE: FOENASIEAMRSSIieNIS IS sssentally f.lineg|, fGH2-CH2-) chain.
The resin density is that expecte%; béf B%?Aal{ sél%le Jomonc m?gexgzglig{r?eg%hain within the

. he folding of a , comonomer-
formed polymer &% Pieriobtefrghiefirng Harth weighhprierntrbasedres hemwietust Weight distribution

that is typical for tuhigih melicriclexcRiegtanyesin adhmcatalysioas: heamrttmphatch mode for three
hours in the |ab reactoryvithoit Ay BRHIGeaPIG Ghanas é&ﬁ"éé‘?‘ﬁf [Qperties. spfhat the rate of chain

. . 1t . .
scission by hydrogen has remained essentially constant t Poug out itsTesidence time in the reactor.

The catalyst has SR&*bERARs PR R ERa s FRulnra msmolymere It Afadesn product that
mirrored the lab pmimwheiomméh_eicambt&t_ 'f_ﬁ)ﬁu&érgﬁw@mﬁgled@ @ﬁdt{eusﬁsﬁmd stage of a
two-stage systeny{lay, ?{191%9ulﬂio\é{ﬁ!&m}tﬁé)&‘%@%‘§ché’i‘e5&')§ﬁfr%%”:ﬁg rB%rf)'goh%iE?ade’ whose molecular

weight (and thus melt index) and molecular weight distribution, is See ygefln ermeation

chromatography P°BEE6's {I{/RFFeaGHBeXEnT thbcpiin radmechpribduteepiena single-stage
reactor. This:is becauserihe-palywmendormetiablyneetan mom 1Rigrhighciessity plipglae mode has very
limited degrees of fregdom,as disqyssed above, Ihe r@@rgﬁg,t Lresin ro%ﬁg)(eegaby the catalyst in the

low molecular weight stage is a function of the decay rate of the catafysli € reaction conditions in the
second reactor, and th&rESIHErEPAECH iR e SWFRTbRRUmRP ] Sheste aorlamieight is measured by
- the ratio of secondhpactonedatdyiattc totahyratarisieprasenidndibe fiwahpnaduct. 20In a preferred dual
reactor configuralifJhi-Gakaish prrsucsauan e cosalplvstale. itodead in g, frst reactor, and

u |

the polymerizing mixture is transferred to the second reactor for er polymeriza ori. Insofar as the
catalyst syst¥m i&'c6ht BTG cBRRIESaLHRAPIfindsirRg o BRIy eBPHIeYBBEAY reactor from an
outside source. Qptiviatly!thetaatdlystipiediisanmayidpepatiadiynaclivaied Drendas2 dthe addition to

the reactor (prefergfab Usg fuskisadier), SRlowsd. dudusthen, . iasior Activation. py.he cocatalyst.

In the preferred dual reactor configuration, a relatively high molecular Welgr]‘%tpfl%}) mélt flow index)

copolymer is preparsefn e APEeRIdctair A Rat it &fs kYo heFroietuial Wesgis copolymer can be
prepared in the first redctontbarativednight 36: kighasolan incighihc epghtneseandpenprepared in the
second reacfor. Eor purposes of the present disclosure. the reactor, | ich the conditions are
conducive to making a hiqho'%rﬁ%?é(t:% arﬁv%%%%é%%ﬁ%ﬁﬁ% TR &M‘Qﬁ@ﬁ%‘?ﬁ&@cﬂfw weight
reactor". Alternatfaedy iahid reanqlsr airfstamenehly chaditonsrirad Sifuois ©PMakiag a low molecular

weight polymer, isaieeias: i vnieleH AHeIBHBEaGIN dltesnacive Ahyhich component is
made first, the mgl;%rehc‘)g P?ﬂ%ﬂ%ggd an t%ctiv 5 cataliy}s&t (iis referably transferred from the first
reactor to the second rBactor, Via Sh HterconRectng deee HEMY Rt SlEmBrLBLaNd reactor recycle
gas, as a transfeFPRfedium. One particular characteristic of polymerization of the inventive polymers
is a generally high levelohagelemsyaieformaionandeshesHarmaienieduiripgseactor toshutdowns
for cleaning. This is believed to be caused by the production of very high molecular weight polymer, .

that is, the invenfiV& BBV EPLRIMIR M iAT SPpe Bk Yanesishs TP 1831 68%atic voltage
within the fluidized bed. This then leads to particle segregation to the walls, stagnant,zones, and
formation of agglomerates or sheets. In-order to effectively produce the inventive polymers, an
additional aspect of 15the invention is the introduction of a "continuity additive (CA)" that blocks this
tendency for sheet formation.  The exact method of action of these continuity additives is not known.
Based on one set of measurements, they appear to minimize static generation, however, it is also
clear that the simple minimization of static (i.e. sugh that static voltage in the 20 fluid bed is near zero)
is not sufficient to prevent agglomerate/sheet formation since the mere cessation of continuity additive
feed (CA), even with minimal static voltage, results in rapid sheet formation and reactor shutdown.

Thus, another embodiment of the invention is the utilization of CA to allow continuous production of the
invzentinvie nalvvmere 265CAntinitiityy additinve ic aenarallvy a mivtiire of 'nwo comnoneante |In Nnne



s corresponding PCT application (64183A), each fully incorporated herein. Particularly preferred
compounds are aluminum distearate and AS-990 (a commercially available ethoxylated distearyl
amine). In piagtiaeytaeeA should be a 0.5 to 2 to 1 mixture of these two ¢@mpRIRRISs-8R¢ fed directly
to the polymerizing reactor bed. The preferred method of feeding these components is as a mineral oll
slurry. The preferred location iofor the CA feed is above the distributor plate, and in the lower 1/3 of the
polymerizing bed, that is, the region wherein sheets are most likely to form. An effective amount of this
material is fed to the first reactor, in series, to promote good operation and minimize sheet and -
agglomerate formation. The polymerization in each reactor is preferably conducted in the gas phase

‘15using a continyguipdlidized RRARFAGESS 1R MRiGal fluidired haddpacinr, Mig.bed is usually made

up of the 'same granular resin that is to be produced in the reactor. Thus, during the course of the
polymerization, trf& BB A Sl roRh B e HO SIS R e e gy pRishfier %Eﬁicﬁ%s, catalyst

partic.les fIuigi.zedabytmmeﬂinaﬁomeMemadM@gtgasﬁmmmdmn@is}}imﬂm@gd ata fl_ow rate or
velocity sufficient to 20gayse the paricles 19 S8nRr S ARCANASAIMit, g fWiiging gas is made up

of the initial feed, make-up feed, and cycle (recycle) gas, that is, comonomers, and, if desired,
modifiers andior AT BEAIFKEI YR 902! B+ midaP AR HEAAS etnof fANRIERs 5 Pisittion vessel, a bed, a
gas distribution plategrinletsaheh thgipmg}e&hﬂmwmw@epgmmﬁwcwﬁmpro.duct discharge
25system. In the ygssel, ahaue &Ja%d?%féam%iw 9¢I% [RAUGHAR gARE AR, Ihe bed, a reaction

[

zone. Both are above the gas distribution plate. A@J{El(:al fluidized bed reactor is further described in

U.S. Patent 4,485 88" iRE SHEF DG EAMEAIOHE RHie P aFePrENSiA e blsdrdietiihrsference. The gaseous
feed streams of ethpleivesoitemgasetnsaiphaisaisfine; aridte3tihytitogen,wharGrsed; are preferably

fed 10 the reaglordrasieningfsied AsAMAAIARaSONEAIPRAIGRe,AR] hsprocaralyst solution,
Optionally, the liquid cocatalyst can be fed direc "g/ to the fluidized bed. The partially activated catalyst

precursor is preferably IAjEEE FRBoHReH e B W] A< HIREIar OMNRSRIFRAP DAL RSN is generally
complete_d in the ﬁeaﬁnd:orgda;eltmrcocai@dygt. ﬂ\hﬁghrqdpattcmmmitmme@t be_twabileﬁ_hby chang_ing the
molar ratios of the, mangmersIodlcadiip. (e fyidized ned. Ths RIQAUE! [zgogtinuously discharged

in granular or particulate form from the reactor, as the bedolevel builds up with polymerization. The
production rate is*CB BT ST B bE g ReclstaRrarRabans=REEd ST 8retis M partial pressures in
both reactorss Hemteferred mode is to take batch quantities of product from the first reactor, and

transfer these to the segpRdreaCIRbHFING NewlifieEpaliAlRIASSHIR ASRGIIRM Ry the torecycle gas

compression system, A system similar to that described in U.S. Patent 4,621,952 (the entire contents
of which are herelRSAEbEFBIEEE Y FateHh Sy AeTeant eiserdie weigkhef rdettte is about the
same in both the fitstiesuhpess nolysactaiscibe tienbiivg ondbaiapeecifie prethotansel to transfer the
mixture of polymey,and L dentaiped salalvstdom hedistieacinniodbe seaeRligactor, the second

reactor pressure may be either higher than, or somewhat lower than, that of the first. If the second
reactor presgire is lowd? N8P el Lt BE D RrRsitiesRetamEigt of the polymer
catalyst mixture ffowiiReaeter han Reqaeion;2 0litighssrond beadtar hressgineofateighead, the differential
pressure across W ayclm HAsGRIPREERRNLAOMRY AR USRHIAS PG MRLYE.IOr GR.Iq nove polymer. The

pressure, that is, the total#ressure in either reactor, can_be in the range of about 100 to about 600
|

psig (pounds per ¥4 fAHHRLY) BederrsveraralnFirtnel tnbe SFGeble b%o about 450 psig
(1.38, 3.45, 1.86 and 3.hGniviRa craspauntivetys bEhé dtinyheretivaritalposessure inwttighfirst reactor can be

in the range of aautid0 de R anh IeAqside, AN iRREGHE pRIINHhe 2253096 kaReut 20 to about 100
psia, and more preferably is in the range of about 25 to about 90 psia, (68.9, 1034, 138, 552, 172 and

414 MPa, respechUaRAP BEBThIENY FRIAPprSSLEFPHF ik ot e §Et & Bt according to the
amount of copolybiradiebehprotusechiiytins mekctdrs todehicvedherhpprdghtigteaspiitalt is noted that
increasing the ethyfepg partialiassr ey hihefisieaciorleadsaanrn §16pea36dR sthylene partial
30pressure in the segond reactor. The balance of the total pressure is provided by alpha- olefin other
than ethylene anéhgﬁ Bt gas such as nitrogen. Other inert hydrocarbons, such as an induced
condensing agent, for éranegies, imbpénmtan aromnaxan eonfos woritrianeipht thedwezaltpressure in the
reactor, accordingy}, QiMEROL PIESRM By YRARE g%,tmgﬁ%g@@@wgﬁ’rgmienced in the
reactor. The hydrogen:ethylene mole ratio can be adjusted to control average molecular 5weights. The
alpha-olefins (other than ethylene) can be present in a total amount of up to 15 percent by weight of
the copolymer, and, if used, are preferably included in the copolymer in a total amount from about 0.5
to about 10 percent by weight, or more preferably from about 0.8 to about 4 percent by weight, based
on the weight of the copolymer. toThe residence time of the mixture of reactants including gaseous
and liquid reactants, catalyst, and resin, in each fluidized bed can be in the range from about 1 to
about 12 hours, and is preferably in the range fron® about 1.5 to about 5 hours. The reactors can be
run in the condensing mode, if desired. The condensing mode is - described in U.S. Patent 4,543,399,
U.S. Patent 4,588,790 and U.S. Patent 5,352,749, 15the entire content of each is herein incorporated
by reference.



While the polyethylene blends of subject invention are preferably produced in the gas phase by .
various low pressure processes, the blend can also be produced in the liquid phase in solutions or
slurries by omgvestiogmabkiechniques, again at low pressures. Low pressurerpiogessessestypically run
at pressures below 1000 psi, 20whereas high pressure processes are typically run at pressures above
15,000 psi (6.89 and 103 MPa, respectively). As discussed above, in a dual reactor system, the high
molecular weight component or the low molecular weight component can be prepared in the first
reactor or second reactor. Multiple reactor systems include, but are not limited to, two gas 25phase
fluidized bed reactors in series, two stirred tank reactors in series, two loop reactors in series, two

solution spheres g Q988 ¥ BEEGESp RIS WHAN G AAHRINANARPHNR M TRQY Galeactors. For the reaction
of interest, approgrifeltelcomogomer argoulrégs, et@glen& 1}gartiald ressures, and temperatures will be
adjusted to prod e B RN FEa B5LHOre BOEN A S ITTHISA LY OFTHRCAIXEE DY those skilled in the
art. 30 High Molé&ectans\wisigher ResctoeOpet atibh GRihpitbiasf harpepbitdimént Suitable for pipes,

operating temperatyeg;can, MoaR iam:-AkaHt HAGivabeutLl3maty &iuans-Baseg,interpolymers, the
mole ratio of alpha-glefin to e_thé/le ein Lhis reacj%rhgan be. in the range of from about 0.005:1 to

5about 0.10:, aARPHhFERIEBI N IR & PASEE SHHESHT S8 Y SR8 8Y 508 and most preferably
from about 0.010:1 to dbewtig088:ddimhe. Aok vetiic ofrhyairogen(id wsigh) fracetinydeaterin this reactor

can be in the rangg,offegim 3D QUL GRilndrichabaul Brdkt wiigherakly QhfFea:ab 402 to about 0.02:1.
In an embodiment suitable for blown films, the high molecular weight reactor iooperating temperature

is generally in thE¥BRGE PSR EhBIeTBes Lt f%fiﬂ‘h‘%ﬂﬁﬁﬁﬁ?ﬁﬁﬁtf'é%wg%w& 48 preferably
varied with the ddsitadiddhsitietoaroiteprodivstistickinkskS GH{Eofebrtompbligomole ratio of alpha-olefin

to ethylene gan be in the fanae SYTuARALLR :AAI0ABRAWEQsbrhLefeiah Mdnithgkange from about
0.01:1 to about 0.05:1. The mole ratio of hydrogen to ethylene can be in the range from about 0.01:1

15to about 0.3: 1, RIS PIRAS AoK A RE TR AR BbSGHE0 65 e P TRBIHW: R |n an
embodiment suitebietfsrsipownmcidingldhbad igvem olelcolir weigh kreastbro pErgting tsmperature is
generally in the range.fem,ARewsFQGI0AR YL LS Cr il eseReraling ISHIRRIAIKIre is preferably varied

with the desired densitﬁ/%to avoid product stickiness in the reactor. The mole ratio of alpha-olefin to

ethylene can 20be in tHRFHYE T30 £ B (MRS BRI PhE¥Fange from about
0.01:1 to about 0i68; br el molé raigviglehpdidged to bthwhigie adfaie benipadiéonangieifrom about 0.01:1
to about 1:1, andis-RrREC AP HREARIEARM: Ak DAL 18 3Ra 80314« ZRdiow Molecular

Weight Reactor (ggeration Caonditions In an embagdiment suitable for pipes, blown films and blow

molding, the opef St BT ePATGR Y T BRGF IR IRE Pang o BESAPPBEIS about 113C. For
ethylene-based interpolyenetsr tebedstentativivfcalivh acolpdiitito kihyleright fnachenigrelierrange from zero
to about 0.065:1 spretgrapi i) the sRRI8TermaZ Rl 2Reu & AP5: hoRd e meledatio of hydrogen to

ethylene can be ip the ran%e fr(i)m about 0.1:1 to about 2:1, and js preferably in the range from about
0.2:1 to abodt 1.8™ B3 BReE B e NN R Ih SRS & 1R oW Holecular weight
reactor. In commesoialsee actiorrsystenrs: traldevguantitosaoegmerrerehamay lsanckrred over into the

low molecular weighttgagtargenstalie as dissabRdGamnenesassiathe Mok melgssiar weight polymer.
Maximization of Catalyfts Prhoducai)vi(}}/ while (!:XIaximizin };}otal Monomer Ratio (TMR) In one
embodiment of the invehfith, AT O MEe B CORTEICERNSHE AT IS XMREL N catalyst productivity in
multiple reactorsiadardsdentp épimed djuktipngst S ofialystsfordcrttlystsulobbtbrphiesyetieter, limited by its
maximum allowakle werkingirsessure (MAWP), operates at or near the MAWP, without having to vent
. monomer from the reactor. Additional cqnstraint§ on the eth%/Iene partial pressure in the other
reactor(s) would be redtirade e Broce ST Iy S THE SRR 81K PEIRBISIY T dhconomical
manner. The schimisrcar¢bngssdhfornmentipies rddiisesugsdssing feoretictenodibeopenttion. The process is
useful in venturegsthigthaysnanve ssaldbabisdinitaetHyMAVMEs and firyssreactant that, when

maximized, yield Qetter E.%pﬁerties, or o&erates more, e icge 'ilé Prog_u%tion Rate Maximizer '
(PRM) is currently ieed i UNTEB P reactdrs et Y5 RO Roal AR b UMCHFOFUVERt flow rate or total
pressure limitatiotbilzre RO Weheitr! Febidiattak ®eitseC oharpbidayevdnintolRRM, but has no
limitation on ventpf@eg;@geiggvtmamm@%gﬁs[imﬂp&i@@&}h@@n}%@mg@&&ﬁﬁ@ agggyse process relates to
the maximization of catalyst productivity in a reactor (either stand alone or as in any multi-reactor
train), by adjusting catalyst flow rate, such that the reactor operates at or near the MAWP of the
vessel, without venting monomer from the reactor. The 25advantage of this process is that reactor(s)
operate at conditions that yield desired resin morphology, while controlling venting of monomer (better
economics). For example, for two reactors are linked in series, a Ziegler-Natta type catalyst is fed only
to the first reactor producing a high molecular weight resin. This resin containing residual active
catalyst is transferred from the first reactor to the Zecond



30reactor via an inter-reactor transfer system. The second reactor typically operates at or near the
MAWP of the reactor vessel, and produces a low molecular component that is intimately mixed with
the high molgeilasoweiafit component, produced in the first reactor. The mgstpraiRsaRia €SN
morphology is produced when the ethylene partial pressure in the second reactor is maximized. This is
accomplished by reducing the catalyst feed to the first reactor, thus reducing the residual catalyst
transferred to the second reactor, resulting in an increased ethylene partial pressure. The catalyst feed
is reduced, until the ethylene partial pressure in the second reactor is such that the total pressure of
the reactor is at or near the MAWP of the reactor vessel thereby maximizing the ethylene partial
pressure in the r%%ﬁff?&ﬁ’vaitg%sjtéﬂ%@ti& mol cg_‘(:nelre;‘rtcs)i Ztee flgre, nd reducin f'I' R S)F%atio of total
monomer feed to polymerproduced). - 1n summary . this relates 10 Al 4e6matsd €ontrol scheme
that maximizes tH&beaiangat SroeRfcvRyTRA SRS e sxetsliyy dotjustirr osistiysofeed rate, such that
the reactor limiteg-by stSRAAYYS (opetatessawn eRbitel EWRIHRaME NI ViRg Asgnt monomer from
the reactor. Addit] nstraints on the eth jal, pressure in the other reactor(s) would be
required. The pro@é?s@lge “1%’1%* o%/[r]é'3 ?céasf% %?ﬁgﬁ%%%%@éﬁ% ggpeegg%ﬁﬂﬁrgfcﬁ"%{hner. As discussed
above, the schemRERIRKAES 1984 (Sék FrevialtifiacraiseorBoeraid nstdRibaSpesimlyle reactor operation.

Additives The invaeiiaisp BARAGHIQES68 Y QOMBIR BREsO! IRFeAgRitinaksamponants 200r additives.
Suitable additionrf\!lo%omF)%Q(TQ}’%LQE?I‘HQIQ,Jj(e)reggalmg)Ie, ottperegglc}/_ ers, fillers or additives, with the
proviso that these addilonal Components do not advareaty TESHRIZ WM tRe B8 d advantageous
properties of the estitiyessiroistcerdieom hermiom Ruibidrs ti &€ KABRBABITIOMENE are selected such

as to support the jadyaR@gReNs IpMePREASOkan IOVRIMeP MBASHOBAVEIGHESsPROM, or enhance,
25 the composition's icular. suitability for a desir ication. "Other polymers," comprised in the
composition of th ?H\g{}eacéﬁ%nﬁj,c%gé S ’pcg f/lrlhné%eav{/ i %@%t& &%%P égj?ao Wdinterpolymer or a LMW
interpolymer, as @efibieatine fasreof doanedigeonbidimensthsolynee moareddimpatibieanith the inventive
composition.  fronRfefBER-aIIANG COTRBO MRS SHIDANISY Mt GA\ddidyRssinclude
30processing aids,.acj [ tabilizers, hydro peroxide decompaosers, thiosyngerists, alkyl
radical scavenge%,z%i{r%g%cgs gngﬁgﬁs%\é_@z%?sa!%ﬂlfﬁ%%‘ﬁ har YT 28 YR hitee, antioxidants,
process stabilizeegmbiattiprichgrabiators, additives to improve oxidative or chlorine resistance, pigments

or colorants ;aucleatingragenis, datasieh sreaaiesr vaueslrsiamsersisd RS io-pedify impact
properties of the pol er and hinations thereof. 50ne or more jmpact modifiers, such as
ethylene-based césp%%?%@ré] grﬁgfgéryﬁgép%%g’ rg'f“ﬁﬁéymalg%e%'éagaugégnﬁ8'%in inventive composition.
Fabricated Articles Th& @apHiisosiieniinesintan preessn ¢aventitondan Hwmples toomsanficture a
10shaped article a0r.@ne' onprecoRpenBaMsetaaharedastcle. Such articles may be single-layer or
multi-layer articles, whigh are typically obtain (ib uitable known conyersion techniques, applying
heat, pressure, or a comgrr?atfgnnfﬁgéé%ef?%hg% %\nl%/(%’g] JoSHeE SPTIESHitab8 conversion techniques
include, for éranpiedsienraidiaifgmessvesd 3 bibew: mislandd SRiDatienebiban Polding, injection
molding, injectiondsaigetch blow molding, compression molding, compression blow forming,
rotomolding, extrusion,IE)uItr sion..calendering and thermoforming. Shaped articles provided by the
invention include, for exaan‘%%ﬁgé‘”irfgf‘é%@,”a‘?ﬁ‘maé‘,%‘g fgg,caﬁﬁotgétf)oe“slhg%?f’t% t%%gme 5’5”1% ranes, films,
sheets, fibers, proBRESred PR dEbr2irtaiard FAOHS gredtrd&hapuf aseonds limited to, blown films, cast films

and bi-oriented films. 20EhaicoBpRGIHRRAS AeCRMIRYIOiha Ve seRpiNvRRHANAPArticularly suitable
fpr fabrl_catlozr]:‘ of pgl!,gy&/eccggg%}qggg’ \(/)\{J%h an g)g(bslﬁegltsbgaslggtge 943?1?%@'?&2%'.?? erties. Furt_hermore,
light weight containers can be produce While still meeting the Eontamer per 8 ance requirements. A
higher percentagd#q5détiedR%UPH P s e9Bceuizard B $AReppwicited in containers fabricated from the
inventive 25 compositiansnetiaosesm et Contpiner PeEYNans 8L HERREY Sawe  The compositions
according (o the pissentinvention araiRg.Rartisulary, shtable qnducablc, appligations, especially
pipes, without th neecf for crogs- inking. Pipes abricated from an mventive composition have good
sag resistance. Pip&dyierims resrirlperablife §3%gknas multilayer pipes, including multilayer
composite 30pipes. Typically, the pipes of the invention are' formed from inventive compositions,
which also contain a suitable combination of additives, such as, an additive package designed for pipe
applications, and/or one or more fillers. In one embodiment, the inventive compositions may be used in
powder (granulate) applications, such as those applications which benefit from the narrow 5particle
size distribution in rotomolding applications, and/or the better dispersion of the in-situ blends.
Monolayer pipes according to the present invention consist of one layer made from a composition
according to the present invention and suitable additives typically used or suitable for pipe
applications. As discussed above, such additives, typically ioinclude colorants and materials suitable to
protect the bulk polymer from specific adverse emtironmental effects, for example, oxidation during
extrusion, or degradation under service conditions. Suitable additives include process stabilizers,
antioxidants, pigments, metal de-activators, additives to improve chlorine resistance and UV
protectors. 15The resins and compositions provided by the present invention are particularly



suitable for use in domestic and industrial pipe applications required to be operable at higher
temperatures, for example, above 40C, and in particular in the range from above 40C to about 90C.
Suc_h pipe am%{,@mg%mde, for example,. hot water pipes, for example,lje%/g%%g%%n 8and/.or |
sanitary purposes and under floor heating pipes. Such pipes may be monolayer or mu |fayer pipes.
Preferred pipes according to the invention meet the performance requirements, as defined in the
norms for hot water pipes, for example, in ISO 10508 (2006). The multimodal polyethylene resin
according to the present invention enables pipes combining an excellent high temperature
performance, as 25reflected, for example, in excellent long term hydrostatic strength at higher
temperatures (well aboye,20C) with good flexibility. Good flexibility facjlitates pipe installation. The
pipes can be produced\l\llr\ln’atl %%tr&%g%gllm %%gﬁ\?\? ’?f?;? fﬁ?o‘\'/’v‘é??%Vﬁr%o\%’d’%?%@%%fﬂbdél&nomics and
subsequent weld Y Forpradmese a8 Rcatiods 201/ esfdrantiaiofabord Streds performance as set
forth in 1ISO 9080p2Re:d)aed e dLi&1.(2996) is an important requirement. The long term behavior
or lifetime of plastic pipﬁ]sacgﬂetr)g n?)r(%dicted based. on creep rupture data and curves, which establish
the allowable hoop stress (Circurnterential StreLe) RrPRSHIBL e R GhE WithSut failure.  In
another embddinfesees ARt erb PSS tisrthavay berhedSpninudifie usiaghazicte-coupling,
oxygen tailoring, andi@s, ather forms of post reactor Smodification. The rheology modified compositions
may be used in the fabEicat(i) n of tra smissLorélor d%b_ution, pipes for water, gases and other liquids
or slurries, for example, P& 2708, PEA 7LD BhAPEATH (B SerPRAsie haeh #pAstrM D-3350-05;
and especially pipESRatiwdure, Hl08 zadeu aqrRie80 perfommahce taiingefEhblyheshagy, modified

compositions carvhesises] 60 iBcipasRtR-ReRsi¢ el e pipg, JUAh pipes o may be formed by
extruding _thqocomposit'&or%go escri%ggl h,erteg;né){ aﬂpéfconveni_ent method. U.S. Patent 6,204,349; U.S.
Patent 6,191,227; U.S. Patent 5.908,670" U5, PaeriPsB8Y e S iphighi#em561 and U.S.
Patent 5,290,498 0116 8er vEPfrsbpipseraie nteth odeyedlmalkizly thépige sewhiieh, 6an be used in
embodiments of feainventinandnsivshithsidisdasiies QfLalkobthe preceding patents are fully
15incorporated herein B}/ r%fgrgnc Other useful fabricated articles can be made from the

compositions or the rheofogy ?neoraﬁ?gﬁng%trnaﬁc’)ns‘fﬁ'gh? HERBR Ravatrrursidrile, molding
operations can b¥tdeertd def sehoe e bric e artipldsco £ 020t priorubth é:eahapasitions disclosed
herein, including aEI0ESOIDISCHANHRISHEEr P G85965. (6~ Squtn®f #8$6ribed in Modern 20 Plastics
Encyclopedia/89, Mid nctgggrrm%% ssue, Volume 65, Number 11, pp. 264- 268, "Introduction to
Injection Molding" by H. Bandall Parker ahd oh Bh o 789 ot OISR g di¥hoplastics” by
Michael W. GreeH¥herdhatrsansésohmwhicerbingShfopatidbigieinthynreferpriae) and blow molding
processes (e.g., thandescibedirdMegass Rlastics;Rney¢apgdia/89, Mid October 1988 Issue, Volume
65, Number 2511, pp. nlgf;%&g,e;%xgﬁéongh&gw !‘\/Ic%ldin%" ?% Christopher Irwin, the disclosure of which
is incorporated herein by Telerencey. profe extrisai i & Sy SiHRRgsiton BideritgsiBltrusion, and the
like. The inventiveyeezapusiioaswriglt §40 beausedtoofermfibersootapablaments and monotapes. Film
and film structureg,particyiayyhagefit from this invention, and can be 30made using conventional |
blown film fabrication techniques or other, preferably biaxial, orientation processes, such as tenter
frames or double bubbl8 FrYRESGRedimentrofan;ipvenisrerapmiionlbgier Greavititiagregdilms. The film
made using this invesiinnweaihald beeaendhusiadusith, Fieoatehiny 85 @hQkilg fim can be laminated
onto another lay Hﬁﬁ)pjp a secondary operation. If the film is a coextrusion of two or more layers (also
described by Osbom and Jenkins), the film may still be laminated to 5additional layers of packaging
materials, depending d# thetfstirboliysivateduitemerisoftthe finabiiian Mewolayesand coextruded
films can also gaoHIROBRFRARHEXEWSINN SealRiaueSesuchAT Adiation indyged cross-linking of

the polymer andtéaﬂbaitatxial orientation process. Extrusion coating Is yet another technique for
producing multilayer fimtoatrictaras ueotHa RotePEonfidsirmracd e AibRRFnérein.  Generally for
a multilayer film Strbeterahdfienmvetetimpositons dessgacihersivsamnpisecideast one layer of the
total multilayer fi . The inventive campositions also be used to form battery separator
films. The compc{)gai?i%og#sg fgﬁ% ﬁf/ogg oﬁqla?r'easv(ég S eeé()jgf’o‘ﬁ‘r?éé‘Ifqormation of isgeomembranes, which
are essentially impermeable synthetic sheets used for the containment of liquids, gases and/or solids.
Geomembranes are used to convey water, hold water, cover water, and protect water by containing
hazardous materials. Geomembranes are also used a hydraulic barrier in purification processes, and
as a gas barrier. In particular, geomembranes are used to contain water for agricultural use, 20 and/or
to keep pollutants out of a clean water supply. A geomembrane may be prepared by sealing, via heat
or other means, films or sheets formed from polyolefin compositions, along one or more overlapping
seams, to create a long, wide sheet with-fused overlaps. A geomembrane may also be formed from
sheets of polymer that are welded together on thg site of end use, such as on a piece a farm land.
Films and 25sheets may contain multiple layers of coextruded polymer compositions. Polyolefins may
be coextruded with polar polymers, such as polyamides, ethylene vinyl alcohol and polyesters.

DEFINITIONS 30Any numerical range recited herein, includes all values from the lower value and the
1innar vvaliie in incremante of one 11init nrovvided that theare ic a cenaratinn of at laact hwo 11Ni1te



- For ranges containing single digit numbers less than ten (e.g., 1 to 5), one unit is typically considered
to be 0.1. These are only examples of what is specifically ic intended, and all possible combinations of
numerical vajiilgshehuesy the lowest value and the highest value enumerated, are to be considered to
be expressly stated in this application. Numerical ranges have been recited “As8"drRe888E herein, in
reference to density, melt index, weight percent of component and other properties. The term
"polymer" is used herein to indicate, a homopolymer, a copolymer, 15 or a tetpolymer. The term
"polymer" as used herein includes interpolymers such as, for example, those made by the
copolymerization of ethylene with C3-C10 alpha olefins or polypropylene with ethylene and/or C4-C10
alpha olefins. The tgrm |t ter%?}géner," 3’5 used herertmefers to polymers prepared by the
polymerization of at least tho direrent yped dF I AEdranchine gisibnoceefibblindsipolyrer thus
includes copolymapsnesmiyiosenpsitefishes polypreks prepacedfeomdne difieseniynes of monomers,

and polymers preperedsfaerhmeoiN RO ﬂlﬁ%@ﬁﬂ%&%&ﬁﬂ% [ 4 viscoiey &M
"ethylene-based polymer," as used herein, refers to a polymer that comprisés At feast a majority mole

percent ethylene {SHEELTIFEBE wigsLA Seo8painmertsed mditdidegmakdaoptionally, one or more
additional comondeessnASKRAGWAAN the art, the monomers are present in the polymer in polymerized
form. The term "ethylene:based interpolymer.” as.used herein, refers to an interpolymer that
comprises at least a maflpr?tg/mrfﬁgfg%é}rrggﬁt tlgfhsﬁ%fﬁé DA S RE LT R HRPR 1BF PleNFrAErized monomer),
and one or more &At{fIH%T eBPROTIEMN SRR YBOTIRh erir mithatngiendéd shlefideintaniiolymer,” as used herein,
refers to an ethylensphased siaep MHNe Al COBIRTSSSALIRASE By RAUEE ﬁgglﬁl Rercent ethylene

(based on total a@oﬁ%qt of ng)%lymerizied monomer), an a-olefin, and optionally, one or more additional
comonomers.  CTR& tBFRT RIMtHBHAM e AHSFN? T Harareigbic Y Xarassrahall. MWD of comparative
examples orin referance/dthe/MW D ofct:paimyaaentyaatymer of the inventive composition means the
MWD in a Gel Permeatjpp. Ghromatograph éGhP curye does not substantially exhibit multiple
component polymers, i.e., no humps, s oﬂfge?socg):r?:%’ag S eXSt o %IF nsgﬂ%%lﬁﬂﬁ‘éfﬂfﬁ]’éﬁ“emible in the
GPC curve. The fEMROHHHGYSIMS 1Y LRSS IRE ABRMDSIK i ik thraidd WdleroGRQucurve exhibits two

component polyntensemhereincareieompenanticelyes maeMALEXISREF, 1) Adpp. shoulder or tail
relative to the MWxPogJiﬁbceég'er com on%nt o_Ié/mer. The term "multimodal" as used herein

means that the MWD in a GEC cURe exhibits THETe FH g5 ebmiB Heiats Sveraisiherein one
component poblynfepraesaealén dxid0admihayistshduddey artkaiRelative to the MIND of the other

component polymer. LThgdRetisnet @S 4SRRI BiRianse o e MWD, of the LMW component

and the 11MW component means there is no substantial overFapplng ot eaf‘v@%v%’g’r‘r’%sponding

molecular weight diStBUTIONS 1 tAS FES Rt e &t ibanorequ ind&uksr weight distribution is
sufficiently narroWFEreinpehy avER B e Imofetiiasmbeitjhtatane suifieiently riftereasdaat the MWD of both
components subgtaptialy,20.exkibi line on its HM\V side ell as on its LMW side. As used
herein, the term "rheglpgé/0 modifica%ﬁér;wg %é%%éﬁ?ﬁﬁre |ua>{n\{8|t vi{s)g(g \?,ﬁ‘/og‘)ef &polymer as determined by
creep measatemBHTER ‘E?I%?a’?’éﬁmamic Mechanical Spectroscopy). The term "inertly substituted"
refers to substitution withuatomeasaeins B5wbickhan natundesialikdRteTsts with the desired
reaction(s) or degjied RroRsrties of the resulting coupled polymers. . The term melt processing” is
used to mean an prggcésg(%ir;}g\%%%ﬁ N B’éﬁ/?ﬁegrx f§n§o4t5eﬁgl(q%ro’fﬁ@t@d‘?’g%ﬁ“ﬁ?éﬁ?%ion, pelletizing,
film blowing and C&StH§TtHePRSTErfideieerReE GYATRETN Ipelfmn mmaivfdrentane the like. 30The term
"extrude?' is use%ﬁﬁoﬂﬁ&rﬁm&d@ﬁgamgf nsbidesHehARYirgs, a8 @, device which extrudes

I V. 3

pellets. The_terms "blend" or "polymer blend," as used herein, mean ablehd ot two or more
polymers. Stich gbbée HRYSY Brirtrivst BeAiREMle. Such a blend may or may not be phase
separated. Such a blerd@ imeptor oot CONERICMPAOL BGIREGMaIN GoBfigdrations, as determined
from transmissiog:lesiramk RUGLesHRRY.lght scattering, x-ray scattering, and other methods known in
the art. The term "polyethylene homopolymer,” and like terms, as used herein, refer to a polymer
polymerized in a react%ﬁ%?‘iﬁ‘@%?@géh’%%ﬁ&m%?@%ﬂ%ﬁr*FWI'TFCW eRpesiosampnomer is fed into the
reactor. Fresh copmmigtrexraEiaiont indlhenste sefiers tems ioerdssamuegeaf comonomer located outside
a reactor or located outside one or more toreactors operated in series or parallel, and which
comonomer is fed into a reactor from this outside feed source. Very low levels of comonomer, if any,
are present in the reactor in which the homopolymer is polymerized. Typical comonomer to ethylene
molar ratio is "less than 0.001" to 1 (as determined by minimum level of comonomer detectable by
on-line gas chromatography to the reactor at issue). 15The terms "comprising", "including", "having"
and their derivatives are not intended to exclude the presence of any additional component, step or
procedure, whether or not the same is specifically disclosed. In order to avoid any doubt, all
compositions claimed through use of the term "cgmprising" may include any additional additive,
adjuvant, or compound whether polymeric or otherwise, unless 2Dstated to the contrary. In contrast,
the term, "consisting essentially of* excludes from the scope of any succeeding recitation any other

component, step or procedure, excepting those that are not essential to operability. The term
"~Ancictina of aveliidee anyy ecomnnnent otean Nr nrocediire not eneacificallyvy delineated or licted 2K



Resin density was measured by the Archimedes displacement method, ASTM D 792-00, Method B, in
isopropanol. Specimens were measured within one hour of molding, after conditioning in the
isopropanolipatined/@d&for 8 minutes to achieve 30thermal equilibrium prnariemessigrement. The
specimens were compression molded according to ASTM D-4703-00, Annex A, with a 5 min initial
heating period at about 190C and a 15 C/min cooling rate per Procedure C. The specimen was cooled
to 45C in the press, with continued cooling until "cool to the touch."” Melt Flow Rate by Extrusion
Plastomer 5Melt flow rate measurements were performed according to ASTM D-1238-04, Condition
190C/2.16 kg, Condition 190C/5 kg and Condition 190C/21.6 kg, which are known as 12, Is and 121,

respectively (ethylene-hasgd RabAMRED-MEL HoMkiale s IRvRESR I RIQROLUAREILA the molecular weight
of the polymer. Thus, tr}e igher the molecular weight, the lower, the melt flow rate, although the

h .
relationship is notHREA q@%‘e‘ﬂvﬁl&ﬁeﬁ%{ﬂﬁ"fm%)‘% {HEPPE AT SRS AIBGATAEE 1280 melt flow rate
(12), unless othehaselispeuifiainATREHPSE RS MREverie\WisT He anubertrmebbiiimehis characterized by

ATREF (Analyticgl TAmRaIaHs fisibl St racionaionb.amaasHtad iiasxample, in Wild et al.,
I @E%g ( %ﬁ%: Par'zent 4,798,081 (Hazlitt

Journal of Polymer Science, Poly. Phys. Ed., Val. 20, p. 441 (1982); in

etal.); orin US. 55%?\?éfb%@f%%TE‘?ﬁﬂl‘ﬁ?’&t%ﬁﬁ‘?ﬁ@%l%&ié%res of all of which are fully incorporated
herein by reference. Séde mlshet er@bobiamtitt ik sy i20Roky/nm8diardepp! InRdiytSymp., 45, 25-37
(1990), which is iy NeRIPAFILAREGIRRAYFRIFIBRLE In a riRHDSHBEERIGHEQS iiRRlytical Temperature
Rising Elution Fractionation (as described in U.S. Patent 4,798,081), the polymer composition to be
analyzed is dissoRRSFIHELEIEANE Nt <o Rt (for example, 1,2,4-trichlorobenzene), and allowed 25to
crystallized in a columrircowthénamgpedinres tteppdtiffogexamiplaestainpassestesl shot), by slowly
reducing the, tempgjalisgiqighe column. The column is equipped with both an (1) infra-red detector
(for example, an IR-4 from Polymer ChAR, Valencia, Spain), or a refractive index, and (2) a differential

viscometer (DV) detectBr*RIFA FRIEFFI At SRS FuhiERe (Hoh BeRB&IE By eluting the
crystallized 30 polyirbitapampkeframantbéfdslumn by slowly increasing the temperature of the column.

The ATREF curve is algqfTeaugatieaied e shrilalpnpranchind diskiuianneBD), since it
indicates how the comonomer (for example, hexene) is distributed throughout the sample, in that as
elution temperat FEHELYAREE WSS er content increases. The IR detector provides concentration
of polymer as a 5functidhedftanipesatuneyidts eliivarcberissectEgemerataheestfortmehain branching

distribution. The differantial MRcomplehoR GCIOLRIOMAESARAS i alR & JRgnigcosity average
molecular weight at each_elution temperature (see U.S. Patent 4,798,081). The generated curves that

show data obtainSEFAFh BBt E R FEPResBPRh dhfHa R MRS dRbFREREI & Ector are known as,
collectively, an ATRER-BY sbivevkay. toprafilecks, ingithpregaeni(#0CsR0G)kraizregression slope can be
calculated from thg,lpgfMy) versus elution temperature, using a linear regression technique, such as
available in the EXCEL program LNEST (Microsoft Corp., Redmond, Washington). The regression

slope is also®8enoted a3t FHLFAEISH: BAYSRUALSG AR IR BN STRURFWEBREEMY). A more
detailed descriptigriesktibeddnaigtical Temperature Rising Elution Fractionation - Differential Viscometry

(ATREF-DV) analysis igwlestshnes 80l pivides Reighbu oatiep.Rhdhs ireificient affiscosity Average

Molecular WeightaggMﬁ\g#lsin 20 ATREF-DV Fractionation by Analytical Temperature Rising

Elution Fractionatfon™ Diffefehtial Viscometry, ATREF-DV, was performed on the polymer samples,

using the methods and2appatrsitmaesaribe b Bynwiidiardelgeaitdde Phedpliymer wakzconstructed from

1/8" x 18" thin-wall stainIess-ga%&@m,o@lfg,%g@{é&s\é@éhQﬁﬁ%r%%ﬁ@s@?éﬁéﬁmgés-steel shot from
in

Pellets Inc. (Tonawanda, New Yorke). he,c%umn ad a 1.5 ml interstitial volume. A controlled GC
(Gas Chromatography) oven VARt (B AFRE & RRIFTO TR PR BioRIBE™ R P RafiShal ovens
provided high temperature therlymridroduifd, T.R. Ryle, D.C. Knobeloch, and 1. R. Peat, Journal of
Polymer Science: Polygjer Physifsragifiofiey 0bi el 4bbidtR (19828 rabioFigditt and D. Moldovan, US

Patent 4,798,081, 1989, 3 L. Hf;\zlitL Journ%‘lﬁof A glied Poé;/%m rSci(?E?c%: Applied Polymer Symposia,
45, 25-37 (1990). contfdl, reBPECHVEINE 1O BR & EAM FTE ¥al %g'é’ﬁeé'ﬁﬁ f&F- &Hd 8 Afe section, which
contained various valves for dirdethigsbi/ist fteverthisse fhtdtawioandens were maintained at 130C.
As discussed above, thg polynamsayBifo¥RiHiSeobed Wil swiahliesalmiesuch as
1,2,4-trichlorobenzene (containing 180 ppm BHT as an antioxidant)to form a polymer solution. The
initial polymer concentration was between 50 mg and 200 mg in 50 ml (at room temperature) of the
1,2,4-trichlorobenzene (TCB), and this concentration was adjusted to accommodate the sharpness of
the Outing peaks, so that it would not exceed the maximum response for the concentration and

viscosity

4



10detection in the data collection hardware. Such adjustments can be made by one skilled in the art.
The polymer solution was deposited on the stainless steal column, at a column temperature of 130C.
Once deposiigslamiggaelumn, the temperature of the column was decreasegal,amainained rate of
-0.1C/min, to a final column temperature of 15about 20C. Next, the elution temperature was increased
at a rate of 1.0C/min, from 20C to 122C. The solvent elution also began at this time, and the solvent
(1,2,4- trichlorobenzene containing 180 ppm BHT as an antioxidant) flow rate was 1.0 ml/min. The
elution was directed, via heated transfer lines, to,-first, an 1R-44 infrared detector, second, PD2040
low angle laser light scattering (LALLS) detector5, and finally a Model HSO2C differential viscometer6.
Each detector was maintained temperature of 140C. A reservoir for splvent waste was provided
after the sequence of d%gt%g%frrgj% éﬁ%?ﬁiﬁ%%’ﬁ%@%ﬁﬁ/ aé%ﬁgﬁ%ﬁar'a%’da U ollection were
achieved using L&Bbedirrrédiaiiahe S6ivac serersiareiompseigas. s thagtwwsollected for each copolymer,
during each elution of theaAdiREdmbdiZbapparalite SRS thohiemMMmp liion temperature [RTD,
Ti(C)1, the mass folqetelyle a@éﬁath‘?n response ‘];L%?]r? dsaotecto[, IR%mv_%, th(]-;; gifferent'al viscosity
response [differential viscom eP’"BfD?nRBT tha et 5 /R8RS TR r S SR RMStEr. 11, (mv)], and
the light scattérinBteSpee Rt e tiase tora B phesgjpohttessizatien 4 Sold by PolymerChar of Valencia,
Spain. 5 Sold by Precisindeteet il Balinghane MAnhiSaichRy Viseoiakof Houton, Texas. 7
Trademark of Nagf%géimesn um gltc%gfd,%g%}in, TX. collected at five second intervals. The detector
offsets or lag times are corrected in the data processing step. The various detectors are calibrated by
using polymers of known weight average molecular weight and intrinsic viscosity9. The baseline
subtracted data iPeiseerigdipdadaving equations, where the subscripted i represents an arbitrary data
point. Equation | sh t lationship between the intrinsic viscosity, [rdo, and the viscosity
average mol(%e%cular. Weig{r\ﬁ‘,ﬁﬁ/l&%f%gg %gv\?\}ﬁ%énﬁ% };K’rﬁgﬁmpﬁselﬂ\?anfu%)én BF K %S%} ﬁé; AE%E2# -4 and 0.7,
respectively. (EqiiigRoerE Jeigtibihy!enedassoeo e and alifferepiiedioiscagity, rib and the inlet
pressure, Inlet, Ppoiscusagidoasiippaiad rikadosanramitosy slatanabahising he.geacentration, c,. 4. th
Inlet P - 2. ¢,(Eqygtign 2) 15Equation 3 describes how to calculate the viscosity average molecular
weight, Mv,i 4. 77, 1" 1 IP; - 2.77, K (Equation 3) Equations 4 and 5 describe how to use the
signals from the viscontBR 5bodpapdthipcemrRostiivmeamnnesaiftertenthtviecenityofland the inlet

pressure, Inlet_Theithepéioant PRI atianr 4046t g Tokos We(Eapatiaon 21d8nAkitten under contract
with Quantum AERAILRLHANSION.oJ% B Ac Degiool et gl Walers Inigingtional GPC Conference

(1998). Equation 6 escribes how to calculate the concentration, c1,°for an arﬁkl‘trary point from the
ER response, K. BOLGYAT WRIERENIATS PO S et cPraprivsstbesrdpmiiiizeigh ety needed to

calculate the overathpngreants, Mv and M. Canal Eci W/

In another embodiment, the composition does not comprise any other polymer;
20 except the high molecular component and the low molecular weight component.

In another embodiment, the composition does not comprise any other polymer
present in an amount greater than 5 weight percent, preferably in an amount greater
than 2.5 weight percent, based on the weight of the composition, except the high
molecular component and the low molecular weight component.

25 In one embodiment, the composition has a molecular weight distribution
(M/My) greater than, or equal to, 18. In another embodiment, the composition has a
molecular weight distribution (My/M,,) greater than, or equal to, 20, The molecular

weight distribution is determined by either conventional GPC or LS GPC. In a further
embodiment, the molecular weight distribution is determined by convention GPC. In

30 another embodiment, the molecular weight distribution is determined by LS GPC.

25



(Equation 7)  Equation 8 shows how to calculate the weight average molecular weight for an
arbitrary point. k LS LS1 ei (Equation 8) Equations 9 and 10 are used to estimate the values of the
various deteglgrygopeftstants, km; km, km, and kis, using at least two diﬁeﬂs(?}r%%%?)&r_?ﬁqgor which the
15intrinsic viscosity and the weight average molecular weight are known, and adjusting the detector
constants, until he proper moments are obtained. -lI/a a (Equation 9) Ec, A f (Equation 10) 20
Alternatively, the viscometer can be calibrated using methods described by the manufacturer, and the
remaining coefficients, km, and kis, can be obtained as described above. For the purposes of the
current invention, only the viscosity average molecular weight, M",1, is required. 2$As discussed
above, the viscosity av e.molecular weights, KJ, and the elution temperatures, Ti, are used to
calculate the coefficien?%%g\ﬁglgagﬂyoa{/néﬁglee Fﬁglg%%ﬁlgp%’vaesi&maﬁ NX?/I YRR LRI hear regression.
This coefficient iS¥heMlogedor the. egmeskian $ink dogith ejnvsdieletiohdesmipesaiai ejsusing the points
between 70C and 90C in the ATREE-DV data. The values of the logarithm of the viscosity average
molecular Weightrsn,ol%g?{f%gr% f{r%%% ¢ °§ﬁﬁr§”§»§é‘ﬁf§"§,‘%aﬁ‘d°{he@“é‘fdﬁ&?-5%?&9&%&53%s, Ti, are treated
as the x values. AsiglsdissediabotoMbaseagasaiansiape canheabtanes asingrgemmercially
available routines, such as the functjon T in, EXCEL1. Flexural and Secant Modulus Properties
loThe resin stsiffnzdsvéttv%gg?é%%%c énr?‘z%ﬁ y%ggégﬁkﬁ@?fﬁstm‘%ﬁ?ﬁyma‘?agnﬂ 8Bt strain and Secant
Modulii at 1% strain, arifl @St epbetinsh Beinehpomti(l BasmmotiolperckR D #RA;99 Method B. The
specimens were LRMBIessIRR HR!ded, 8GR HRY JQAR T Q'é%@@&? o 'nnea.ﬁ%PCW c'}rlﬁl 5 mm initial
heating period at about I90C and a 15C/min cooling rate per Procedure C. The specimen was cooled
to is45C in the prees-with LEHeEHTRPESSIh e Mol weighedistbriomedsitenroberties  Tensile
strength at yield, elorgasioGHL. yieladotiliabediansi|emstrangihaangoglanaatianat break we-re measured
according tolf‘STMeRﬁ@%gb(}iﬁ’%é test speed of 20 two inches per minute. All measurements were
performed at 23C on rigid type IV specimens, which were compression molded per ASTM D 4703-00,
Annex A-1, with a 5 mifUtBHAR AMRedinsgtoBrietnac v 0 O leavlar v IS Msiriboboling rate per
Procedure C Thexpeajyaenieasa0segdiod 26 inthauass: w@ﬁ%&@m%ﬂ BaoARg yntl “cool to the
touch.” 25 Enviropmental Stress Crack Resistance (ESCR he resin environmental stress crack

resistance (ESCH WAL 84 avLePperioas -1 685 Ghheriobsbs datsraisnéPubS6 or 100% Igepal
CO-630 (vendor R{omsl Poukstidtdnes pe cimensons @PMolded according to ASTM 0 4703-00, Annex

SoA, with a smm initialaalingdneashak RAKLIIAG ARSI ealng fale per | Sold by
| _

Microsoft Corp. Procedure C. The specimen was cooled to 45C in the press, with continued cooling
until "cool to the Youdfr-ereatarihpe ¢ SR edf- thrapdeepbillipot.sepstitomhechanical failure by

cracking is meassedundesgRaRtaBLRIAR, ANdHans wARd N8 Rresence of a crack Saccelerating
agent such as, soaps,. Wettilng agents, and the I%fe. ; Per Aé'FM-E;?%G%?-IMLWethOd B.

measurements VFEYEOEAERE FOOPSH pokehe trdpatimesnghtidiarbogerbylvililingedgepah CO-630 aqueous
solution, maintaifiadah 89Go, TAi SREEMEIS WP AYHIKAR ARG MEASHIGent. The ESCR value of the
0

. b ! cl. .
resin was reJoorted as F50 gF calculated 50% failure time from the ability graph. 10
o conventional GPC or LS GPC. In a further embodiment, the molecular weight

distribution is determined by convention GPC. In another embodiment, the molecular

weight distribution is determined by LS GPC.
In another embodiment, composition has a molecular weight distribution,
Myw/M,, greater than, or equal to, 15. In another embodiment, composition has a
25  molecular weight distribution, My,/M,, greater than, or equal to, 18. In another
embodiment, composition has a molecular weight distribution, M,/M,, greater tham,
or equal to, 20. The molecular weight distribution (M,,/M,) is determined by both

conventional and LS GPC. The Mw (Abs) is determined by LS GPC and Mn is

determined by conventional GPC.
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Polymer Fines The amount of polymer fines in a given sample was determined using the following
method: 500 grams of polymer were added to a standard sieve set consisting of the following US
mesh sizes: 10O 18, 35, 60, 120, 200 (corresponding to 2000 gm, 151000 pm, 500 pm, 250 gm, 125
pm, and 75 g% r%{?ﬁg}éﬁ%y) and pan. A Rotap or Gradex 2000 shaker wa®4ta§1¢&epaiste the
particles. The materials which pass through the 120 mesh screen and remain on the pan are classified
as fines. The geometric mean is used to calculate the average particle size (APS). 20 Bulk Density
Bulk density of the polymer was determined using ASTM D1895-96. Differential Scanning Catorimetry
(DSC) The peak melting temperature Tm, heat of fusion ham, peak crystallization 25temperature Tc,
and heat of crystallization AHc, were generated via a TA Instruments Model QI000 DSC, equipped
with an RCS (refrigeratetPdBytycsipstat)ienmin omeciss sorynbinetian cfute sampter. A nitrogen purge
gas flow of 50 mUsmiibdiasnussdidiiraisghasih. The sampienvasdiesatd N adhig film using a press at
175C and 1500 p%gp%ﬁ% I\/Igig)ﬁ{y%&rpn% T %?3%”5}% for about 15 seconds, then air-cooled to room
30temperature at atmosp?]erlc pressure. ABoUt % to 107G Bt that e A< eReRstifinto a 6 mm
diameter disk usiftfaFaPEs eI Wekhedmertiebrdimest 8s@Rkhed maced in a light aluminum
pan (ca 50 mg) and then crimped shut. The thermal behavior of the sample was investigated with the
following temperajyre prafile. Th I idly heated to 180C and held isothermal for 5 3
minutes in order?(})%reefr%?/g%ﬁ?ugfévigﬁg{%m?p ?éﬁ:‘)"r"ﬁ." The sample was then cooled to -40C at

10C/min cooling rate, aftiREEhetimsrt4bchish ueksalpincisbte Trensdmplesias:thenaheated to 150C
at 10C/min heatindpusite Ickheeooliagand Gesunchn GabRGNYNESIE S LeeRIdasbig Gel Permeation

Chromatography (RRC). .. .PRlymer molecular weight \was characterized by high temperature triple
detector gel perméeatio’n chrbmatograp 5‘ ?@IS%%@&%%%W&?@ I TR tonsisted of a

Waters (Milfdfd, NPA{TBEE Kl thshscanstécchidReltarrdbh fathepesdivitna (Rrégjsion Detectors
(Amherst, MA) 2-angleilasesijghiiscaiedng siejaetas.Vaeaalw04Q.And 3.4-capillary 15differential
viscometer detector, M?Q?A&j?é?%h% imb}ﬁs Q |kh(1|;|10l'IStPn’ TX). The 15 an%le of the light scattering
detector was used for calculation purposes. Concentration was R4 EY AL AMFSred detector
(IRA) from Polym&feTidy, sieaienters; wsatl o, 0998 w(ces)ptsiionbivasperformeckysing, Viscotek TrSEC

software version awttzarﬁ’;qhefmeiy\gisa@m{g,pa;taqm@.@5@)4{{,@,%]%,@9@&5@ lvent was 1,2,4- 20

trichlorobenzgne (LER), The system equipped with an on-line solvent degas device from Polymer
Laboratories, Theé carousel C%partm%%% a?éﬁre%raﬁagﬁ ﬁai‘éﬁﬁﬁught&t%gzgé(ﬁ%n @o'*mpartment was

operated at 150C " FBYGHRE Sichishmdetyiarcisibehyoresotxetine88 mm, 20 micron columns.
The reference podhpensodstionspneyaprepared in TCB. The inventive and comparative samples were

prepared in 25decalin. Mtﬁﬁ@%%m‘{'?’%%%%ﬁg ?af][tg‘e 0 on of 0.1 grams of polymer in 50 ml

centra ]
of solvent. The chromatographic solvent e sa pTeQ] ﬁ%%ﬁfﬁ%@ﬂﬁﬁt (TCB or decalin)
contained 200 ppi et BTk EdHEraEr SR AG BRI G-P4B sltmi oive peBualives thsragritrogen sparged.
PolyethylenesanfpedWere stied/gehtly alul@aGhosddhayise iixe migcinnyelime was 200 pl, and

the flow rate waseghrge’ﬁg,%g@' Ber is an dinGRreferred colymn set is of 20 micron particle size and
"mixed" porosity gel to adequgzt)gy sréfj‘g!ratg ﬁsge?ﬁsgeh%gtte%%yéncedlar weight fractions appropriate to the

claims. Calibration'BPIRE G ABRMRIrisdtisharolssiar rrehttyiene hasedwolpotebedar weight
distribution polystyrehéndeariards. taeonglecuwar yeights ptihastandardsrangad,from 580 5to

8,400,000 g/mol,janghweis aH@Rged, ikl progktail’ mixtures ig) t least a decade of separation
between individual mglecular weights. %ﬁe%ﬁ??t‘??éﬂreeg §n‘8’§r ;})ﬁeg'f(n'rr?gl%giﬂg?rweights were

converted to’ boly SRS TERE BT R AP isein Rl B e tirnTdHesipR) e tioretateneladbed in Williams
and Ward, J. Polinm8bimeRolym. Let., 6, 621 (1968)): 10Mpolyethylene =A x (Mpolystyrene)B (1A).
Where M s the moleculgg il iass? SUSHIALEN 04340, 00 B s equl o 1.0, An aerative

value of A, herein referred to as "g" or as a "q factor, was ex erlmér?f'gﬁifsﬁ fPMEERTo be 0.39. The
best estimate of *q" WA HeterHFeBrBIRERHED retfarininedewbliglscibaragemmlecular weight of a
broad linear poly@thy/éheinemopoly pratriMyiekbhih, 00 aimob. dmMA L 349 sd@id weight average
molecular wgight Qbtal ' istent with H;Pa ublished by Zimm (Zimm, B.H.,
J.Chem. Phys., 1%@%?1@%;@5%? %@a%%%%%ﬁ%%r%%gk\%? fﬁg?gglssié’éfﬁl?g caering from
Polymer Solution®EBE&WEr, Oxford, NY (1987)). The response factor, /Qs, of the laser detector was
determined using the certificated value for the weight average molecular weight of N1ST 1475 (52,000
20g/mol). The method for obtaining the alternative "qg factor” is described in more detail below. A
fourth order polynomial was used to fit the respective polyethylene-equivalent calibration points
obtained from equation IA to their observed elution volumes. The actual polynomial fit was obtained so
as to relate the logarithm of polyethylene equivalent molecular weights to the observed elution
volumes (and associated powers) for each polysyrene 25standard. '



. The total plate count of the GPC column set was performed with Eicosane (prepared at 0.04 g in 50
milliliters of TCB, and dissolved for 20 minutes with gentle agitation.) The plate count and symmetry
were measured on a 200 microliter injection according to the following equations: 30 PlateCount =
5.54 * (RV at PEARKIEX Hum / (Peak width at 1/2 height)) 2 (2A), where RRERUBEFI8AIN volume in -
milliliters, and the peak width is in milliliters. Symmetry = (Rear peak width at one tenth height - RV at
Peak maximum) / (RV at Peak Maximum - Front peak width at one tenth height)(3A), 5 where RV is
the retention volume in milliliters, and the peak width is in milliliters. ~ The plate count for the
chromatographic system (based on eicosane as discussed previously) should be greater than 22,000, -
and symmetry should be between 1.00 and 1.12. The Systematic Approach for the determination of
each detector offset wa®ienfitiplamhadiagninthe fiaih mefecunsistieht withetharpdipidhad iy Balke, Mourey,
Cheting, Mourey. Chromamiron ot O L s e A e e tre

eung, Mourey, Chromatogra rn. t 13, (1992)), using data obtained from the three
detectors while arzllé‘(ﬁ’/z{?r% ctﬁgr B’r%éﬁ ?l’% gl}ebbgﬁ%t%%f i R AN NI L T8 B nol) and the narrow
polystyrene standards. Fhansyseahaiberppiodithwawissder tocigitinoimgosathisaeigetor offset to give

molecular weight resetisasclasaAsRISHPBIRANASERSEMEshRING dhe-haiygYtignal GPC method.
The overall injected conce tratiogitused for the determinations of the molecular weight and intrinsic

viscosity, was obt%ﬁ]. B4 from the samiel FLcPaR %@é,“&%‘d?ﬁﬁ’é fifamehede fmeler@libration (or mass
constant) from thé"fisba rpily évsiaenadsmupoligner okt 5100ngimadl kitwendhramatographic
concentrations were 20Rssiahad ABBRMIR. 9 8lindeale-adtipssing~0s M jalsesflicient effects

(concentration eﬁectqeou {PQ,,L‘? ul 1§meﬁi ht).  The calculations of Mn, Mw, and Mz based on GPC
results using the 1R4 de ectorgcz&onven O I L AR S5 €t R0 Art <M Fation were
determined frém MefFshbisiaeicsthiatichss feterRinddhy 4y, Mnwe(Bia)lESRpe, BS GB(INiFA4,3,J) mz- .(6A)

and Mz +1 - (Me Mepfife aRbaAH (A high mowm%@m%#e—%feél}ﬁlﬁ&%ﬂme corrected
response and conyentional calibrated polyethylene molecular weight forthe ith slice of the IR
eYh Ii‘ene—base%%n OT . r.Y? % rg

response, elution volume paire el PPRECLFURBRE LA BABKBRY R are calculated from
polymers preparetitiyicsefpserhrobinge bedimmoleciirevtighadtorbuésceibad pravdopsiyravas obtained by
adjusting "g" or Agisdequatians!As waikMiva e weiabl RYsEAAS.Melepdar, Weight, calculated using

equation 5A 1asnd 'gh gorresp, lequ relten ion Voﬁur&e]gol)égomlal, agreed with the independently
determined value 10 0f Mw’ Obtamed i accordanca il 2APIor e Hro e deis8lyethylene
homopolymer (118'®@pgsjrerolln anotheneniyedijnpérel ntobfopletymisbfralstion-hithdMolecular weights >
106 g/mol was cajeitaterkby surRMNIRG dhiss asalitecourstad B 153090555 48har-ihe elution volume

slices whose calibrated molecular weights, MpEd_, were greater than 106 g/mole and expressing this
B cined Bt ST oL LS e dBt STl SR SES e al elution

15partial sum as a fraction of the sum o
volume slices. A SRR Etbtiidsnaesrdodaultten tieylweightwancapshgeniasolymer fractions with

absolute molaculasweightsove 196 re-1ar vaignobistis ahselue melecyanyeight was calculated use
the 15 laser light scattering signal R concentration detector, Mpg abs=KLy*RS iYURD, using
the same Ku calig?gﬁeo%_o&%ngg%? %%Ei%%&gu%’t?gfhgrgﬁr 6’? ﬁ%"B%ﬂf’etHed%‘f}f%? Sfi8# eh slice of the IR
response and LS%&&gtHnads daisaiied ot ensirigeh Stetdrmintdr ofiseimsdibenssealim the Systematic

Approach. In additightithakavesaemlations.soset of alternative Mw, Mz and Mz.e., [Mw (abs), Mz
(abs), Mz (BB) and Mzilﬂjan(c\)/t\%val%egiwere ali%%%%g!;a ed with the method proposed by Yau and

Gillespie, (Yau and Gillespie. Boymar 55" B B AR BGREFHRRREH 3RS the following

equations: E{L.S f)molecular weight distribution greater than 3, preferably greater than 3.5, and more
preferably greater than 3.8, as determined by both convéntional GPCand LS GPC. In
a further embodiment, the high molecular weight ethylene-based polymer is an
cthylene-based interpolymer. In another embodiment, high molecular weight
cthylene-based polymer has a molecular weight distribution greater than 4, preferably
30 greater than 4.5, as determined by both conventional and LS GPC. In a further

embodiment, the high molecular weight ethylene-based polymer is an ethylene-based

28



Mw(abs)= K * EOR,) where, Kis= LS-MW calibration constant. As explained before, the response
factor, Kus, of the laser detector was determined using the certificated value for the weight average
molecular W% hzt %/MS'ZI' 1475 (52,000 g/mol). 21R, * (LS, | IR, )2 5Mz (abs) = 9@)’, * (LS, | IRA)
E(Lis, *mn.i) (L5 R N2(BB)=.(10A) and(11A), >(L51)* M ps,i) where LS, } 1WHEYHPER LS signal,
and the MpEi uses equation IA, and the LS detector alignment is as described previously. In order to
monitor the deviations over time, which may contain an elution component ID (caused by
chromatographic changes) and a flow rate component (caused by pump changes), a late eluting
narrow peak is generally used as a "flow rate marker peak". A flow rate marker was therefore
established based on a decane flow marker dissolved in the eluting sample prepared in TCB. This flow
rate marker was UEE@MARdryediveerbrdinet idemolcataarnists sthylatidarmeptiphthe decane
peaks. For samples disspbed ingacaifibtihprecalintkasoent8avg.a.0ue spike in the elution curve
which overflowed R-4.detector therefore ne peak can be used as flow rate marker. In
order to minimize t gn%arﬂ(%@) }éegﬁgec Vf/négw{r%}t%?‘c %Er;%e%t é% Fow SRadaieistied st the linear
polyethylene honBpiefeYsghs bDong /st preparéirthrgwited suamelascthaflow rate marker was
used as the sameiliawsahaiaeierishictonsekitionsanales epaRin,dsanlinsunarthe same
carousal. 20 Extr thod udate swell . testj as.used to evaluate the average
extrudate swell ogﬁggﬁrggr& s%gr?(ﬁ Te%‘\‘/fiﬁ%é%ig |Eaercr)?"éen %&E%%%ﬁl ﬁ?%ﬁ&ﬁb‘ée%frﬁ‘ﬁ?g Pépresentative of
a manufacturing FP8EEE€rE#HCas blow molding process. A strand-of polymer was 25produced by a
piston-driven capillary rheasueiesmGiien Rheng apRR003 aaMiRRaE Wil & %a,m@? iliameter barrel
and almm diam%tg{h%iégg‘lxa}&g}% of Ien%t@elolnmamf \fvith a 90 (?ntran%g ag%e at shear rates of either
300 or 1000 and at a temperature of 1906, The Vorumetria ig At Hr s Keptitaistant. The strand
was cut at a tistaht®ootiefien frbfthe didreand mats tiefairhbrastdreid. a/lén, thd steand reached a total
length of 27 cm (raseekyraabiyerementablengdhohdd par-after theimelsiarted), the Stimer was
stopped. High swell m gi%lgnprjo%u%?dmtf:hipléeg ea(krudate hose lepgth grows more slowly than that of
lower swell materials. The recorded fime for'the strand to reach the’ fAd&Hi8Atal length of 23 cm
relates to the extRtatergsishcrrietieastrontepmorasirowbdteddiveaimissepooeount for measurement
variability, and thepvehgearasiapaaianoredsciiecmssidate.awallls Rersin reppred as the time, two
10seconds, nguigpega;gg gge (ﬁxtrgrg%t]e i overthe c@asttance of 23 cm when extruded at a shear rate of
1000 and the tima t300 secords when the extrusion Sheat 73 BTG BIRIE Wéligﬁ‘t Method In this
method the resin 458I(fCEkipres 3de 3A seherasmisdE IR ghtiBdtidsd Bwaterfaborisated on an

Improved B-15 in@#aitinidiopreralslingiexbreision mashineeayipredawiih. sonrical hottle mold. The
extrusion temper@%r%%sam%ﬁ@mﬁeg at i%{g)slt: Iger}gr atti)]g ég%%ov%% 0(?_>c()§r§deol at a screw speed of 75

rpm. A conical bottle mold, as shown in Figure 8, was use FEAEE™ BYvER BB for swell
measurement. THEHBIKA P ariaRyENS drb1ETIn dtisiennd tRKsewemstheld -constarit. The bottle weight
20was equated tadhenwaightsueal, Wilbrikeocaemaalme FuasROssIBL0 SRELEUL a single point
measurement of fae parjson,diameter at approximately the mid paint between the parison top and
bottom. The UNI\_/AETFn ch%?%ﬂ%%ﬁz’éacﬁ ‘%%W’r%%ﬁ%‘éef’ee;]ﬁ?ﬁgﬁ%%? g%ﬁ?ﬁf%g?’@/cmS density, 33
g/10 mm 121), colfHesdilinyeas andbieciamamdape wdindiyiédierseofinarfiwas used as the bottle

weight standard. datitaieystant-afgtheeni i easidema .he-extiugion candiiqnsweip adjusted such
thatina 2.3 0.1 gpagisop.formation time, a 75 0.5 g trimmed bottle, with a lower flash (tail) of
acceptable dimension ri+ 0.25 in outside the mold) could be produced from the DMDA 6200 control.
The extrusiofi condition&SBfLEEE Nehdarbarsisena il samiyobot ssizisroB8set the tail length, and

the die gap to co(RR) ehgluveightaf tEGYirBpBehEOHayITNE.H0. MR 20d-P Rdawese held constant, at the
settings determingd srthe. RMIRA,620Q .control resin,. during the swell rement of the test
resins. The resir?% be te)ste%iBwa%%rxtru%igggé%i\?\;}%%?gga??#ég?gﬁng;gz}%eéé%ﬁgi the weight of the
trimmed bottle re{ftTROGRE TR ebicne/RIePWIg Rt etratraivmete Botitordiannebaneat approximately the

midpoint reportednelsdhBR) Efiban B@am@teymers, and most preferably EH and EO copolymers.
30 In a preferred embodiment, the high molecular wei ght ethylene-based

interpolymer is an ethylene/1-hexene interpolymer
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5 Rheology = The sample was compression molded into a disk for rheology measurement. The disks
were prepared by pressing the samples into 3.0 mm thick plaques, and were subsequently cut into 25
mm diameter %;\%ks. The compression molding procedure 10was as follows: 350F (177 C) for 5 min at
1500 psi (10% E%Oﬁ??&%r N2 purge protection, then the chase is transferf&d & A AfMblent
temperature oven with N2 purge until the sample plaque is solidified, then the plaque is removed from
the chase. The resin rheology was measured on the ARES-LS model Rheometer from TA
isinstruments. The ARES is a strain controlled rheometer. A rotary actuator (servomotor) applies shear
deformation in the form of train to a sample. In response, the sample generates torque, which is
measured by the transducer. Strain and torque are used to calculate dynamic mechanical properties
such as modulus and viSEOURY Mrtfswlis iR BY epticasmstithe samhpieionerd wesasured in the melt
using a 25 mm 20shareeterpahatiel pledebsehetgiat 190C, and as a function of varying frequency (range
500 s'3 to 0.01 s-l). A small constant strain (5%) was applied to ensure the measurement was in the
linear viscoelastic region. The storage modulus (0'), loss modulus (0"), tan delta (G"/G"), and complex
viscosity (eta*) of kfelres M <frsréan dteishiiHe s frrraseimetrics Orchestrator software (v. 6.5.8). 25
I3C NMR - Cemonomet:Ganteaitiodimeh hemonaenai-canianéivame piaianpslodepy 3C NMR. The
samples were pr %p ing nbaggdyﬁé of a 50/50 mixture of

tetrachIoroethan((e%gg‘7r?)ar€tj %ﬁ%ﬁ%@b%ﬁ%@ﬁ%’, whic |r590?6§ ] [?r% atr%mfﬁ}r‘r? ra@é’f‘;lzI%t)(:etonate (relaxation
30 agent), to 0.4 §EIEETR i TORRFIRINIE sk tap exambis. NGRS eiygolVed fudrhomogenized by
heating the tube améldéneaniaatsvanbzoila: Theklataywasteolesiaehad siRg anViasiarddnity Plus 400 MHz

spectrometer, or g SEL) If,(_:iiﬂs% 400 Mlglzd%pegt&]orpeter gorrespo ing fo a 13C resonance
frequency of 100.4 Hz}?’n Aléquigit?or? Sénre{)mletegré were selected 1o ’é}r]]seﬁg%}ed’ﬁgﬁstﬁative 13C data

acquisition irf the }Y&RENES B YERORIMOIRAYBSHt. The data was acquired using gated 5decoupling,
4000 transients per dath file, enBogitepritselsenatidon.d ey speunalvucihof24.2QQHz, and a file size
of 65K data pointg, \¥i e pipbe head he t0, 130C. The comonomer incorporation was
determined using i“s‘%%son-gl - ténd?%g%ggmg{ﬁfgﬁ?grgﬁg Eérqgrhnﬁrﬁé;tﬁﬁﬂué]ftﬁ‘inear Low Density
Polyethylene CorrBosHBR AP ERAFORSS kR e Mbn etRITRE Ko AR &/cBantpreither are prepared io
with a chromium eatalyistearmhbr-analizaid usight Brardliosassignneentasfan gthyierarhexene
[Brandolini, A, J., Hills,, 0. D..-NMR Spectra of Polymers and. Polymer, Additjves,” 64 (2000)]. Volatile
Determinatioln 151'I'hgI§ ?o%?l \iola'?ile Ieevel o(‘? tﬁré {?Jt’e ?et %\gm%%g %&e}éﬂgﬁhﬁ%“gﬁ’ﬁﬁd{he weight loss -
method, which inDUKBY KRBy <aplE sk a vacuum oven, at 100C, for one hour. The
measurement was carriedreuhtodiuplicaiel samplealad he ayeragadassdnpygightyas reported as the
percent total volatgggg{pqgsgqﬁgnlr&t_lg%lﬁg)algﬁszgcpﬁfltréggﬂg%ss thaT,ho(-%- ggi?allt str Q&th was measured at

190C on the Rheotens Model 71.97 Melt Strength Tester in accordance With the operating conditions

of this tester. Str&iraltHeBTEmbivanosherfiensiyereoohon &%derateismmbend content was

determined by A$TERrDI6A48-084 i) 96ethyhdr au pSiHOQAG ais-SeterminesdeAS TM D2238.

EXPERIMENTAL i 055U, SEATSA ALyl s nverign and o ot it i
olg re by wei ier s¢ % B

30Ratios, parts, and percentages a weight, Unless ot state .anlf)eepresentative
Polymerization S™PUNRfrT4IBH SOWerde ey Shltmebpirsrebansris aomray¥ascribed in U.S. Patent
6,187,866, incorperatedhinerein by reference. Catalyst was fed only to the high molecular weight

reactor. Cocatalyst andgGantinuity; Additive (CALwere also fed sepayately to the high molecular weight
reactor. CA feed occurred at a becli heiigh{3 ?ﬁfrox?&ately%nteea}%ef%aég%; ﬂ?@%ﬁigﬁ/%t feed point,

however thigis n8t S BHEEAPR0r8"BF the Fgfrar 2afeabbrise dencon sesbipeldTas maintained at 20
to 50 ppm, basedzomih poijrrenprodusctioherdiasint-a ey ebsLificient dogwonie, sheet formation. In the
representative pQIMREHFAIGNS 95500 B dhe 10Ieshe!oNs 19,19, campnomer was deliberately added

to the low molecular weight reactor; however small amounts (equivalent to {Pla%c i$solved in the
polymer; comonotiE 8 Bl fatrechRhrs it enetirmbesebitianelimme Hasodromatography to
reactor)) are carristhaimsenntbeheviowlasiesuigntwaight ieaaigbl thene isapianatcocatalyst feed to this
low moleculay wejghtseagigr Reaction conditions used to produce these samples are 15given in
Table IAto 1C. The Inventive examples are suitable for various applications, including films, pipes
and blow molded articles, and in particular, Examples 1-3 and 7 are especially suitable for films and
pipes, and Examples 4-6 and 8-12 are especially suitable for blow molding applications. WO
2009/085922PCT/US2008/087378
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Table IA: Process Conditions Used to Produce Inventive Examples 1 - 5 Inventive Example 12345
Reactor High MW High MW High MW High MW High MW Catalyst Type B B B B B Reaction
Conditions Temp. C 80 80 80 80 80 C2 Part. Pressure, psi 86.9 79 109.8 74.5 84.5 H2/C2 Molar
Ratio 0.1 0,159 U5 0,21 C6/C2 Molar Ratio 0,031 0,031 0,031 FCHUSIMISTSH

In one embodiment, the low molecular weight ethylene-based polymer has a
melt mdex, I, (190°C, 2.16 kg weight, ASTM 1238-03) greater than, or equal to, 20
/10 min, preferably greater than, or equal to, 50 g/10 min, and more preferably
greater than, or equal to, 80 g/10 min. In a further embodiment, the low molecular

5 weight ethylene-based polymer is an ethylene-based interpolymer. In another

embodiment, the low moiecular weight ethylene-based polymer is a polyethylene
homopoiymer.

In another embodiment, the low molecular weight ethylene-based interpolymer
has a melt index, Iz, less than, or equal to, 3000 g/10 min, preferably less tha‘n, or

10 equal to, 2000 g/10 min, and more preferably less than, or equal to, 1000 g/10 min. In
a further embodiment, the low molecular weight ethylene-based polymer is an
ethylene-based interpolymer, In another embodiment, the low molecular weight
ethylene-based poiymer is a polyethylene homopolymer. ‘

In another embodiment, the melt index range from 20 to 1000 g/10 min,

15 preferably in the range from 50 to 500 g/10 min, more preferably in the range from 80
to 300 g/10 min, In a further embodiment, the low molecular weight ethylene-based
polymer is an ethylene-based interpolymer. In another embodiment, the low
molecular weight ethylene-based polymer is a polyethylene homopolymer.

In another embodiment, the low molecular weight ethylene-based polymer is
zo  an ethylene/a-olefin interpolymer. In a preferred embodiment, the g-olefin is a C3-
C20 o-olefin, a preferably a C4-C20 a-olefin, and more preferably a C4-C12 a-olefin,
and even more preferably a C4-C8 g-olefin and most preferably C6-C8 a-olefin. The
a-olefins include, but are not limited to, propylene 1-butene, 1-pentene, 1-hexene, 4-
methyl-1-pentene, 1-heptene, and 1-octene. Preferred a-olefins include propylene, 1-
25°  butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, and l-octene. Especially
preferred ¢-olefins include 1-hexene and 1-octene, and more preferably 1-hexene.
The a-olefin is desirably a C3-C8 a-olefin, and more desirably 4 C4-C8 a-olefin a‘nd
most desirably a C6-C8 u-olefin. )
Interpolymers include ethylene/butene-1 (EB) copolymers, ethylene/hexene-1

3o (EH), ethylene/octene-1 (EO) copolymers, ethylene/alpha-olefin/diene modified

(EAODM ) interpolymers such as ethylene/propylene/diene modified (EPDM)
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~ 0.015 0.026 Alkyl Feed 184.7 164 163.4 163.1 152.3 Isopentane Mol% 9.4 10 9.3 10.5 10.4
Cocatalyst Type TEAL TEAL | bAL TEAL TEAL Catalyst Feed cc/h 9 9 9 9 9 E.B. Production Rate, Ib/h

i 7.377.378.378.3 |
20921 297\%78 220509§ﬁ%g9¥¥elght’ b7 PCT/USZ008/087378

interpolymers and ethylene/propylene/octene terpolymers. Preferred copolymers
include EB, EH and EO copolymers, and most preferred copolymers are EH and EO.,
In one embodiment, the low molecular weight component is an ethylene/]-
hexene copolymer.
5 In another embodiment, the low molecular weight component is a polyethylene
homopolymer, ' ‘
The low molecular weight component‘ may comprise a combination of two or

more embodiments as described herein,

10 Polyethylene Blend
As discussed above, the polyethylene blend of the invention comprises a high
molecular weight ethylene-based polymer and a Jow molecular weight ethylene-based
polymer. An inventive composition may comprise one or more features {density, Iy,
b, I)/Iy, MWD, etc.) as described in this section.

15 In one embodiment, the blend has a density greater than, or equal to, 0.910
g/cm3 » preferably greater than, or equal to, 0.935 g/cm®, and more preferably greater
than, or equal to, 0.940 g/em”. In another embodiment, the blend has a density less
than, or equal to, 0.970 g/cm?, preferably less than, or equal to, 0.965 g/cnf. in
another embod.iment, blend has a density less than, or equal to, 0.970 g/cm’®,

20 preferably less than, or equal to, 0.965 g/cm’. In another embodiment, the blend has a
density from 0.930 to 0.970 g/cm’, and preferably from 0.935 t0 0.965 g/cm®, and
more preferably from 0.940 to 0.960 g/em”.

In another embodiment, the blend has a deﬁsity greater than, or equal to, 0.940
glem?®, preferably greater than, or equal to, 0.945 g/fem®, and more preferably greater

25 than, or equal to, 0.950 g/em’. In another embodiment, the blend has a density less
than, or equal to, 0.970 g/erm’, preferably less than, or equal to, 0.965 g/cm®. In
another embodiment,. blend has a densify less than, or equal to, 0.960 g/cm®,
preferably less than, or equal to, 0.955 g/cm®, In another embodiment, the blend has a

_ density from 0.940 to 0.970 g/em®, and preferably from 0.945 to 0.965 g/cm’, and

30 more preferably from 0.950 to 0.960 g/om”®.
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77.7 Residence Time, h 3.7 3.7 2.6 3.1 3.1 SGV (ft/sec) 1.8 1.8 1.5 1.3 1.3 High MW Resin Properties
Flow Index, g/10 min 121 0.48 0.41 0.44 0.26 0.69 Melt Index, g/10min 15 Not determine d Not .
determine d 0.03 0.02 0.03 Density, gkm3 0.9306 0.9296 0.9308 0.9328 0.9337 12145 Not determine

d Not determine " 7444233 PCT/US2008/087378
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In another embodiment, the blend has a melt index (Iz;) less than, or equal to,

100 g/10 min, preferably less than, or equal to, 75 g/10 min, and more preferably less

- than, or equal to, 50 g/10 min. In another embodiment, the blend has a melt index

(I21) greater than, or equal to, 6 g/10 min, or greater than, or equal to, 12 g/10 min,.or
greater than, or equal to, 15 g/10 min. In another embodiment, ihe blend has a melt
index (Ip;) greater than, or equal to, 18 g/10 min, or greater than, or equal to, 20 g/10
min, or greater than, of equal to, 25 g/10 min. In another embodiment, the blend has a
melt index (I21) from 2 to 50 g/10 min, preferably from 12 to 40 g/10 min, and more
preferably from 15 to 35 /10 min. .

In another embodiment, the biend has a melt index (12;) greater than, or equal
to, 1 g/10 min, or greater than, or equal to, 2 g/10 min, or greater than, or equal to, 3
/10 min. In another embodiment, the blend has a melt index (I;) greater than, or
equal to, 12 g/10 min, or greater than, or equal to, 20 g/10 min, or greater than, or
equal to, 25 g/10 min. In another embodiment, the blend has a melt index {Iz;) from 1
to 15 g/10 min, preferably from 2 to 13 g/10 min, and more preferably from 3 t0 12
g/10 min.’

In another embodiment, the blend has a melt index (1) less than, or equal 1o,
0.3 /10 min, p;referably less than, or. equal to, 0.2 g/10 min, and more preferably less
th{m, or equal to, 0.15 g/10 min. In another embodiment, the blend has a melt index
(I2) greater than, or equai to, 0.05 g/10 min, and preferably greater than, or equal to,
0.1 g/10 min.

In another embodiment, the blend has a melt index (1) less than, or equal to, |
g/10 min, preferably less than, or equal to, 0.5 g/10 min, and more prefefabiy less
than, or equal to, 0.2 £/10 min. 'In another embodiment, the blend has a melt index
{I2) greater than, or equal to, 0.01 g/10 min, and preferably greater than, or equal to,
0.05 g/10 min. :

in énother embodiment, the blend has a melt flow ratio (I.+/12) greater than, or
equal to, 100, brefefably greater than, or equal to, 110, more preferably greater than,

or equal to, 120,

In another embodiment, the blend has a melt flow ratio (I21/12) greater than, or

. equal to, 130, preferably greater than, or eqgual fo, 140.
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Titanium, ppmw 5.9 6.9 7.7 9.5 8.5 Hafnium ppmw 20.5 23.2 27 33 29.8 Aluminum ppmw 130.3 136.1
114.6 139 158.8 Al/Ti 39.4 35.2 26.5 26 33.1 AIM from Alkyl Feed 24.3 20.2 11.5. 10.9 18.1 Bulk

Density, Ih/f@&%}%%’%szzglA 22.9 25.6 APS, in 0.037 0.043 0.045 0.041 OPQ%%BBI&%S\%I% LT 120
Mesh

In another embodiment, the blend hés a molecular weight distribution
(M/M,,) greater than, or equal to, 12, preferably greater than, or equal to, 15, or
greater than, or equal to, lé, as determined by either conventional or LS GPC. In
another embodinhent, the molecular weight distribution is greater than, or equal to, 20,

s as determined by GPC, as determined by either conventional or LS GPC.

| In another embodiment, the blend has a molecular weight distribution
(Mw}"Mn) less than, or equal to, 50, preferably less than, dr equal to, 40, and more
preferably less than, or ec‘luaE to, 35, as determined by either conventional or LS GPC.

In another embodiment, the blend has a molecular weight distribution -

10 (My/M,) greater than, or equal 1o, 7, preferably greater than, or equal to, 10, or greater
than, or equal to, 13, as determined by either conventional or LS GPC,

As discussed above, the molecular weight distribution is determined by either
conventional GPC or LS GPC. In a further embddiment, the molecular weight
diztribution is determined by convention GPC. In another embodiment, the molecular

15 weight distribution is determined by LS GPC.

' in another embodiment, the blend has a molecular weight distribution
(M/My) greater than, or equal to, 12, preferab-ly greater than, or equal to, 15, or
greater than, or equal to, 18, as determined by both conventional and LS GPC. In
another embodiment, the molecular weight distribution is greater than, or equal to, 20,

26 as by both conventional and LS GPC,
In another embodiment, the blend has a molecular weight distribution (I\&Q/Mn) less
than, or equal to, 50, preferably less than, or equal to, 40, and more preferably less
than, or equal to, 35, as determined by both conventiona! and LS GPC. In another
embodimcn;, the blend has a molecular weight distribution (M,/Mp) greater than, or
25 equal to, 7, preferabﬁy greater than, or egual to, 10, 61* greater than, or equal to, 13, as
determined by both conventional and LS GPC.

As discussed above, the molecular weight distribution is determined by both

conventional GPC and LS GPC. The Mw (Abs) is determined by LS GPC and Mn is

determined by conventional GPC.
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0.50.20.21.10.7 5 Table IA Continued: Process Conditions Used to Produce Inventive Examples
1-5 Inventive Example 1 2 3 4 5 Reactor Low MW Low MW Low MW Low MW Low MW Reaction

iti ig 390.7.394.1 393.1 393.4 394.9
Conditions WJ %HBOS%%%)Q.S 109.9 109.9 109.9 109.8 Pressure, psig 3 e 393,12

In another embodiment, the high molecular weight ethylene-based
interpolymer is -present in an amount greater than, or equal to' S0 weight percent, or
greater than, or equal to 55 weight percent, or greater than, or equal to 60 weight
percent, based on the sum weight of the high molecular weight ethylene-based

5  polymer and the low molecular weight ethy]ené-bascd polymer, In another
emiﬁodiment, the low molecular weight ethylene-based polymer is present in an
amount less than, or equal to 50 weight percent, or less than, or equal té 45 weight
percent, and or less than, or equal to 40 weight percent, based on the sum weight of
the high molecular weight ethylene-based interpolymer and the low molecular weight

10 ethyiene-based polymer. In another embodiment, the weight ratio of the high
molecular weight component to the low molecular wei ght component (HMW/LMW)
is from 50/50 to 70/30, more preferably from 51/49 to 67/33, and more preferably
from 52/48 to 65/35.
In another embodiment, the high molecu]ar'weight ethylene-based polymer is
15 present in an amount greater than, or equal to 40 weight percent, or greater than, or
equal to 45 weight percent, or greater than, or equal to 50 weight percent, based on the
sum weight of the high molecular weight ethylene-based polymer and the low
molecular weight ethylene-based polymer. In another embodiment, the low molecular
weight ethylene-based polymer is present in an amount less than, or equal o 60
2c  weight percent, or less than, or equal to 55 weight percent, and or less than,.or equal 1o
50 weight percent, based on the sum weight of the high molecular weight ethylene-
based interpolymer and the low molecular weight ethylene-based polymer. In another
embodiment, the weight ratio of the high molecular weight component to the low
. molecular weight component (HMW/LMW) is from 40/60 to '70/30, more preferably
25 from 51/49 to 67/33, and more preferably from 52/48 to 65/35.
The blend may comprise a combination of two or more embodiments as

described herein.

Catalvsts
30 Typical transition metal catalyst systems, which can be used to prepare the

high molecular weight and low molecular weight components of the inventive blend

]
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C2 Part. Pressure, psi 98.1 81.7 69.8 102.1 84.2 H2/C2 Molar Ratio 1.5 1.5 1.5 1.5 1.5 C6/C2 Molar
Ratio0 000 0 SGV (ft/sec) 1.8 1.8 1.8 1.9 1.8 Overall Mass Balance Prod. Rate 32.1 23.6 42.9 51.3

in Fi ' m121 10.84 8.83 9.85 31.85 31.37 Melt Index, W10
4Q Rr:asm Flnaj J’{&%%%gzsz Flow Index, g/10 m 8o SL3r Melt In
min _

are Ziegler-Natta catalyst systems, such as the mixed metal magnesium/titanium based
catalyst systems, as described in Internationa} Publication No, WO 2005/052010, fully
incorporated herein by reference. . ' _ |
More specifically, the present catalyst compositions comprise magnesinm
5 dichloride having supported thereon a mixture of Group 4 metal halides, esp:;cial]y a
mixture of titanium chlorides, zirconium chlorides, analor hafnium chlorides, and
more preferably a mixture of titanium chlorides and hafnium chlorides. In a further
embodiment, the catalyst composition is suitably prepared by spray drying, and
preferably prepared by spray drying a solution comprising a magnesium compound,

10 especially magnesium dichloride, and the mixture of Group 4 metal compounds,
especially halide containing compounds in a primary diluent, especially a diiuent
comprising one or more C2 to C6 alcohols, and subsequently halogenating, preferably
chlorinating 'the resulting solid particles. Preferred transition metal halides are 2
mixture of titanium bichloride (which may be complexed with AICI; if desired) and

15 hafnium tetrachloride. Preferred halogenating agents are organoaluminum halides,
especially alkylaluminum chlorides, such as ethylaluminum sesquichloride
(AL(C;Hs)iCls). The relative quantities of magnesium compound, transition metal
compounds, and halogenating agent employed, as well as the identity of the
halogenating agent, all affect the relative performance of the resulting catalyst

20 composition. '

The molar ratio of magnesium compound to transition metal compounds ﬁsed
preferably lies in the range from 0.5/1 to 20/1, and more pfeferab}y 1s from 10/1 to
3/1. The molar ratio of titanium compound to hafnium or zirconium compound in the
preferred catalyst precursor compositions preferably lies in the range from 100/1 to

25 1/20, and more preferably is from 10/1 to 1/10. Most highly preferred catalyst
precursors comprise magnesium, titanium, zirconium and hafnium ﬁuctais, wherein the
molar ratio, Mg/Ti/Hf/Zr, is x/yfz/z1, where x is a number from 2 to 20,andyisa
number from greater than 0 to 10, and z and z1are numbers from 0 to 10, and the sum
of z and z] is greater than zero. Depending on the desired polymer properties, the

30 range of x and y and z and z1 may be varied to produce different polymer properties

for particular end-uses. Preferred ratios of (z+21)y are 0.5 t0 2.

36



0.40 032 0.37 0.99 1.06 Melt Index, g/10 min 12 0.07 0.06 0.07 0.16 0.20 Density_, g/qms 0.9505
0.9498 0.9502 0.957 0.9544 Inns 27 27 27 32 30 121112 155 147 141 199 157 Titanium, ppmw 3.2

3.6 3.9 4.2' 3;9)Hafidrg,ppmw 10.6 11.7 13.4 14.4 14.1 Aluminum ppmw %&%952008/087378

Suitable primary dilueﬁts, used in the spray drying process, include organic
compounds that are capable of dissoi\?ing the magnesium compound and transition
metal compounds used in forming the catalyst composition. Especially suited are
alcohols, ethers, (poly)alkyleneglycols, (poly)alkyleneglycol ethers, and mixtures’

5 thereof. Preferred primary diluents are C2 to C6 aliphatic alcohols, C2 to C4
. dialkylethers, C4 to C6 cyclic ethers, and mixtures thereof.  Most preferred primary

diluents are ethanol, n-propanol, isopropano! and n-butanol and mixtures thereof.
Additional optional components of the composition used to form the spray-dried
catalyst precursors include:; A) one or more fillers or bulking agents; B) one or more

w0 internal electron donars; andfor C) one or more secondary diluent compounds selected
from the group consisting of siloxanes, pofyalky]ene glycols, alkyl or phenyl mono-or
diether derivatives of polyalkylene glycols, and crown ethers.

Any solid, finely dispersed material that is inert to the éther components of the
catalyst system and subsequent polymerization, can be employed as filler or bulking

15 agent for the present compositions. Desirably, the filler provides bulk and strength to
the resulting solid, spray-dried particles, to prevent particle disintegration upon
particle formation and drying. Suitable fillers can be organic or inorganic. Examples
include silica, (especially fumed silica), boron nitride, titanium dioxide, zinc oxide,
and calcium carbonate. Fumed hydrophobic, surface modified, sibica is preferred

20 because it irﬁparts high viscosity to the sturry and good strength to the spray-dried
particles. The filler should be free of absorbed water, and is desirably surface
modified as well. Surface modification, such as silane treatment may be used to
‘rc.mcve reactive hydroxyl or other functional groq;ﬁs from the filler, although this is -
not a critical feature of the invention, The filler is not utilized to provide an inert

25 support for deposition of catalyst composition. Other bulking agents/fillers that are
solable in the spray drying mixture may also be used. Polystyrene allyl alcohol
interpolymers that are soluble in alkanol solvents may be used. .

Accordingly, materials having high internal porosity are not essential for use.
Sujtable fillers should have an average particle size (D50) no greater than 50 jim,

30 preferably no greater than 5 um. Preferred fillers are aggregates of smaller primary

particles having a D50 particle size of 0.1-1.0 um. Examples include fumed silica,
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119.5 88.6 85 95.8 Al/Ti 64.2 59.8 40.6 36.1 43.9 Bulk Density, Ib/ft3 27 26.2 25.2 27.5 30.3 APS,
inches 0.042 0.047 0.051 0.044 0.03 Fines, Wt% LT 120 Mesh 0.7 0.4 0.3 0.9 0.8 Spllt HMW 0{0 b)g o
X-ray 54.8 5%:8 g4 Ao-5 Table 1.8: Process Conditions Used to Produpci:eszlrggzeOr&g}{/g_ll;%éamp es 6 -
Inventive Example 6 7 8 9 Reactor High MW

such as Cabosil available from Cabot Corporation, and Aerosil available from
Degussa. A number of different types of fumed silicas may be ﬁsed as fillers;
however the surface modified types, Cab-O-Sil TS-610 and Aerosil R-972 are
especially preferred. Fillers that possess some porosity may also be used, as long as
s the .average particle size is sufficiently smail, for example, Dsp <10 um, and especially
<5 um. Sufficient filler is employed to produce a slurry suitable for spray-drying,
that is, a mixture including a primary diluent that is liquid at normal atmospheric
conditions, but readily volatilized under reduced pressure or elevate& temperature, the
filler and the desired quantities of the above described transition metal compounds
zo  and magnesium dichloride. Desirably the sturry contains such filler in an amount
| from O percent by weight to 15 percent by weight, preferably from 2.5 percent by
weight to 10 percent by weight. Upon spray-drying, the resulting droplets produce
discrete catalyst particles after evaporation of the primary diluent. Desirably, the
amount of filler or bulking agent present in the resulting catalyst particles is an
15 amount from O to 50 percent, preferably from 10 to 30 percent based on total
composition weight. The spray-dried catalyst particles produced in this manner
typically have D50 particle size of from 5 to 200 um, preferably from 10 to 30 pum.
Secondary dileent compounds may be employed to prepare spray-dried
products exhibiting particular pro;ﬁerties such as uniform particle size, particle
20 sphericity, improved catalyst activity, and reduced fines, Preferred polyalkylene
glycol secondary diluents include polyethylene glycol, containing from 2 to 5
alkyleneoxide repeat'units, Siloxanes and crown ethers are particularly preferred
| secondary diluents because they can provide improvements in particle morphology as
well as increased activity in comparison to polymerization reactions conducted
25 without the presence of such siloxane or crown ether compounds. Preferred siloxanes
include hexamethyldisiloxane, hexaethyldisiloxane and hexaphenyldisiloxane.
Preferred crown ethers include 18-crown-6-ether and }5~cro®n-5-ether. The
secondary diluent is preferably present in the catalyst co;nposition in an amount in the

range of from 0.5 to 10 percent, based on total catalyst composition weight.
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High MW High MW High MW Catalyst Type B A A A Reaction Conditions' Temp. C 80 80 75 80 C2
Part. Pressure, psi 96.1 30.3 49.9 50.1 H2/C2 Molar Ratio 0.207 0.067 0.121 0.14 C6/C2 Molar Ratio

0.027 0.039,9 D4 fd:fyky! Feed 159 143.6 108.4 106.9 Isopentaneol% %3-4bd5,iAdd245.83

Additional, optional ingredients In the composition to be spray dried include
antistatic agents, emulsifiers, and processing aids, which are known to be useful in the
art of spray drying to prevent particle agglomeration or fractionation.

Spray-drying may be affected by any spray-drying method known in the art.

s One example of a suitable spray-drying method comprises atomizing the catalyst

' composition, optionally with heating, and drying the resulting droplets. Atomization
is accomplished by means of any suitable atomizing device to form discrete droplets
that, upon drying, form spherical or nearly spherical shaped particles. Atomization is
preferably effected by passing a slurry of the catalyst composition through the

10 atomizing device together with an inert drying gas, that is, a gas which is non reactive
under the conditions employed during atomization and aids in removal of volatile
components. An atomizing nozzle or a centrifugal high speed disc can be employed
to effect atomization, whereby a spray or dispersion of droplets of the mixture is
formed. The volumetric flow of drying gas, if used, preferably, considerably exceeds

15 the volumetric flow of the slurry to effect atomization of the slurry and/or evaporation
of the hiquid medium. Ordinarily the drying gas may be heated to temperatures, as
high as 200°C, to facilitate atomization and drying of the slurry; however, if the
volumetric flow of drying gas is maintained at a very high level, it is possible to
employ lower temperatures. The specific choice of drying gas inlet temperature will

20 depend on the design of the spray drying equipment and the inherent thermal stability
of the material being dried.

Atomization pressures of from 1-200 psig (100-1.4 MPa} are suitable.
Alternately, reduced pressure in the spray recovery section of the dryer can be
employed to effect solid particle formatioln. Some exampies of spray-drying methods

zs  suitable for use with the present catalyst composition include those disclosed in US-
A-5,290,745, US-A-5,652,314, US-A-4,376,002, US-A-4,728,705, US-A-5,604,172,
US-A-5, 306,350, US-A-4,638, 029, and US-A-5,716,558; each incorporated herein
by fcfercnce.

By adjusting the size of the orifices of the atomizer or the speed of rotation of

30 the atomizer disk employed during spray-drying; it is possible to obtain particles

having désired average particle size, for example, from 5-200 pm. Typically, a rotary
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duction Rate, Ib/h 22.5
Cocatalyst Type TEAL VEAL TEAL TEAL Catalyst Feed _cc/h 99 9 9 E.B. Pro ,
18.8 16y17 4yI§ed Weight, Ib 77.6 126.7 127.9 127.5 Residence Time, h 3.5 4.9 5.8 5.4 SGV (ft/sec)

1.31.9 1.8 1 ¢ 4High ng Eiesm Properties  Flow Index, g/IO min In 0.58 0.44 0.27 0.45 Melt Index,

g/I0Omin Is Not determlne Not determine d

i

15

29

25

30

PCT/US2608/087378

atomizer, such as a Niro FS- 10 or FS-15, is used to provide the preferred narrow
particle size distribution in the final dried solids.
The spray dried solid precursor is recovered and halogenated with an

organoaluminum halide, in order to form an active complex of the magnesium and

transition metal halides. The identity and quantity of the halogenating agent employed

is selected to result in a catalyst composition having the destred performance
properties. A particularly preferred halogenating agent is ethylalummum
sesquichloride. The halogenation agent is employed in molar quantities, based on the

measured molar amount of residual alkanol diluent compounds measured in the spray

-dried solid precursor composition, using standard analytical techniques that require

dissolution of the solid precursor sample in aqueous media. One skilled in the art will
note that the then measured alkanol content will include both free alcohol and any
alkoxides that may have formed via reaction of diluent compound with the zirconjum,
titanium or hafnium compounds. The halogenation agent is applied at a ratio of Cl to
measured alkanol residue from 1/1 to 10/1, preferably from 1.5/1 to 2.5/1. At lower
ratios of halogenating agent, catalyst productivity is adversely affected. At higher
ratios of halogenating agent polymer molecular weight distribution {M,,/M,) is too
narrow. _ ‘

Halogenation is conducted according to conventional techniques. Preferably
the solid precursor particles are suspended or slurried in an inert liquid medium,
usually an aliphatic or aromatic hydrocarbon liquid, most preferably one or more C6- -
50 hydrocarbons. Typical materials are hexane, mixed solvents such as Isopar, or
mineral oils, such as the Kaydol and Hydrobrite mineral ols availrablc from Chemtura.
The halogenation agent is then added to the nnxture and allowed to react with the
precursor for a t1me from one minute to one day. Thereafter the solid particles are
optionally nns_cd free from unreacted halogenated agent, and dried or maintained ina
liquid medijum untj] use.

In one particular embodiment, the halogenation step ﬁ}ay be conducted in-line,
with the polymerization reactor, that is conducting the halogenation reaction in a plug-
flow manner, in which the catalyst precursor is activated through halogenation, and

the reaction mixture is pumped directly into the polymerization reactor. Apparatus, as
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Not deterrnine d Not determine d Density, Wecm3 0.9327 0.9237 0.9266 0.9285 121115 Not determine
d Not determine d Not determine d Not determine d Titanium, ppmw 10.5 4.3 5.6 5.7 Hafnium ppmw

35.2 Not detggningskiyei determine d Not determine d Aluminum ppmw 4805 8 Alai 25.1
32.6 28.7 26.7 Al/Ti from Alkyl Feed 10.1 19.4 15.5 13.5 Bulk Density, Ib/ft3.25.6 21.2 23.8 25.2 APS,

in

described in U.S. Patent 6,617,405 (incorporated herein by reference), is particularly
preferred for “in-line” halogenation step.
Foﬁnatioh of olefin pols‘/mefs is achieved by contacting one or more addition

polymerizable olefin monomers with the catalyst composition and an activating

5 cocatalyst, especially an organoaluminum compound, especially a trialkylaluminum
compound. Preferred cocatalysts include trimethy] aluminum, tﬁethyi aluminum,
triisobutyl aluminum and tri-n-hexyl aluminum. The activating cocatalyst is generally .
employed in a range based on moles of cocatalyst:moles of transition metal compound
of from 2:1 to 100,000: 1, preferably in the range of from 5:1 to 10,000: 1, and most

1 preferably in the range of from 5:1 to 100:1.

in formulating‘thé catalyst compositioh,.it is preferred that the co-catalyst be
separately added to the reactor contents, to the recycle streafn of the reactor, or to the
monomer or monomers charged to the reactor, and not incorporated into‘the catalyst
particles per se. | _ '

13 The catalyst composition may be used for any reaction for which Ziegler-Natta
type polymerization catalysts are normally useful, especially suspension, solution,
slurry, gas phase pblymerizations, and combinations thergof. Such reactions can be
carried out using known equipment and reaction conditions, and are not limited to any
specific type of reaction system. Such polymerization can be conducted in a batch

zo  wise mode, a continuous mode, or any combination thereof., Generally, suitable olefin
polymerization temperatures are in the range of from 0 to 200°C, at atmospheric, _
subatmospheric, or superatmospheric préssures up to 10 MPa. It is generally preferred
t0 use the catalyst compositions, in polymerizations, at concentrations sufficient té
provide at least 0.000001, preferably 0.00001 percent, by weight, of transition metal

25 based on the weight of the monomers to be polymerized. The upper limit of the
percentages is determined by a combination of catalyst activity and process
ECOnOMmIcs.

Preferably, gas phase polymerization is employed, at superatmospheric
pressure in the range of from 1 to 1000 psi (7 kPa to 7 MPa), at temperatures in the

30 range of from 30-130°C. Stirred or fluidized bed gas phase reaction systems are

particularly useful. Generally, a conventional gés phase, fluidized bed process is
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Low MW Loy, /W 4.ea4MW Reaction Conditions  Temp. C 109.8 100 1%%:][ SRSYIS, psig 394.6
394.6 394.3 393.5 C2 Part. Pressure, psi 78.9 106.6 105.2 105.1 112/C2 Molar Ratio

conducted by passing a stream containing one or more olefin monomers continuously
through a fluidized bed reactor, under reaction conditions sufficient to polymerize the
monomcr(sj, and in the presence of an effective amount of catalyst composition and
an activating cocatalyst, at a velocity sufficient to maintain a bed of solid particles in a
5  suspended condition, A stream containing unreacted monomer is withdrawn from the
reactor continuously, compressed, cooled, optionally fully or partially condensed as
disc]osed in US-A-4,543,399, US-A-4,588, 790, US-A-5,352,749 and US-A-
5,462,999 (each incorporated herein by reference), and recycled to the reactor,
Product is withdrawn from the reactor, and make-up monomer is added to the recycle
ic  stream. In addition, a fluidization aid such as carbon black, silica, clay, or talc may be
used, as disclosed in US-A-4,994,534 (incorporated herein by reference). Suitable gas
phase reaction systems are also described in US-A-5,527,752 (incorporated herein by
reference). o
Slurry or solution polymerization processes may utilize subatmospheric or
15 superatmospheric pressures, and temperatures in the range of from 40-110°C. Useful
1iquia phase polymerization reaction systems are known in the art, for example, as
described in US-A-3,324,095, US-A-5,453,471, US-A-5, 527,752, US-A-5,834,571,
WO 96/04322 and WO 96/04323 (each incorporated herein by reference). Liguid
phase reaction systems generally comprise a reactor vessel to which clefin monomer,
20 catalyst comp'osition and cocatalyst are added, and which contains a liquid reaction
medium for dissolving or suspending the polyolefin. The liquid reaction medium may
consist of the buik liquid monomer or an inert liguid hydrocarbon that is nonreactive
under the polymerization conditions employed.
Although such an inert liquid hydrocarbon need not function as a solvent for
25 the catalyst composition or the polymer obtained by the process, it usually serves as
solvent for the monomers employed in the polymerization. Among the inert liquid
hydrocarbons typically used for this purpose are alkanes, such as propane, butane, iso-
butane, isopentane, hexane, cyclohexane, heptane; benzene and toluene. Reactive
contact between the olefin monomer and the catalyst composition should be
30 maintained by constant stirring or agitation. Preferably, reaction medium containing

the olefin polymer product and unreacted olefin monomer is withdrawn continuousty
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from the reactor. Olefin polymer product is scparated, and unreacted olefin monomer
is recycled into the reactor.
The catalysts of the current invention are capable of producing olefin polymers

over a wide range of molecular weights. The high molecular weight component is

s uniformly blended at the molecular level with the lower molecular weight component.
Such resins are difficult, if not impossible, to obtain by means of a post-reactor melt
blending process. The additional high molecular weight polymer tail resulting from
use of the catalyst compositions of the invention desirably increases the melt strength

. of the resin among other benefits. ’

10 These catalysts are also especially useful when employed in two-stage
polymerizations such as those disclosed in US-A-5,589,539, 5,465,901 and 6,248 831,
each incorporated herein by reference. The catalyst compositions, in conjunction with
the specified processing conditions, can be used to obtain ethylene/alpha-olefin resins
of broadened or multimodal molecular weight distribution, wherein the amount of

15 comonomer incorporated into the polymer in each reactor is independently
controllabie,

Such processes require a catalyst composition capable of producing a very
high molecular wéight polymer in one reactor, and a low molecular weight polymer in
a second reactor. The catalyst thus must be able o produce resin at very high

20 propagation/chain termination ratios in one reactor, and much lower
propagation/chain termination ratios in the second reactor. The resulting polymers
having extremely high melt strength, are useful for manufacture of cast sheet, large
size blow molded articles and pipe products.

The catalyst compositions resuit in polymers that are characterized bya

25 general lack of undesirable small (1 to 5 Wm micron} particulate residues that normally
result from the fragmentation of catalyst compositions impregnated on porous silica
supports during the polymerization process. The presence of these residues in the

'resulting polymer interferes with certain applications such as filament spinning. Such
residues are difficult to economically remove from the polymer via melt screening or

30 similar post reactor technique.
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It is understood that the present invention is operable in the absence of any
component, which has not been specifically disclosed. Unless otherwise stated,
implicit from the context or conventional in the art, al) parts and percentages herein
are based on weight.

These spray dried catalysts yield polymers with narrow particle size
distribution and high granular bulk density, highly suitable for gas phase

polymerization reactions.

Polymerization

The novel composition can be made by a variety of methods. For exampie, it
may be made by blending or mixing the high molecular weight interpolymer and fhe
low molecular weight interpolymer, or by melt-blending the individually melted
components. Alternatively, it may be made in situ, in one or more polymerization
reactors, including, but not limited to, a dual reactor configuration. _

If the polymer composition is prepared in situ, in a dual reactor configuration,
the polymer made in the first reactor can be cither the HMW polymer or the LMW
polymer as déﬁncd above. The polymer in the second reactor has a demnsity and melt
flow rate such that the overall density and melt flow rate of the composition are met.
Typically if in the first reactor a HMW polymer is made, in the second reactor
relatively little or no comonomer is used, and relatively high hydrogen concentration
is used to obtain the overall melt flow rate and density of the final composition.
Similar polymerization processes are described in WO2004101674A, incorporated
herein by reference.

A high density polyethylene-based resin is made by insertion of ethylene into a
growing metal-alky} chain. The molecular weight of the material is controlled by
breaking of the growing metal-alkyl chain. In contrast to other catalyst systems, the
dominant chain breaking mechanism is the reaction of the growing metal-alkyl chain
with dihydrogen to give a metal-hydride bond and a free alkane (i.e., the free
polymer).

In Ziegler catalysts, such as the current one, pendant alkane groups (CH3,

CH2) are exceedingly rare unless comonomer is added to the reactor, and thus can be
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1.8 0.9 0.9 Split HMW To by X-ray 43.9 54.5 42 44.3 Table IC: Process Conditions Used to Produce
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Type A A B Bgaglignsseonditions  Temp. C 80 80 80 C2 Part. Pressure, pshpR80eéRsk42/C2 Molar
Ratio 0.145 0.149 0.141 C6/C2 Molar Ratio 0.04 0.012 0.012 Alkyl Feed

neglected as contributors in the current case. The resin composition thus is essentially
a linear —[CH2-CH2-] chain. The resin density is that expected by the folding of a
solid, comonomer-free alkane chain within the formed polymer matrix,
The low molecular weight component features a molecular weight distribution that is
5 | typical for a high melt index Ziegler resin. The catalyst has been run in batch mode
for three hours in the lab reactor without any noticeable change in polymer properties,
so that the rate of chain scission by hydrogen has remained essentially constant
throughout its residence time in the reactor. The catalyst has also been run in the gas
phase in continuous mode, where it made a product that mirrored the iab product.

10 When the catalyst is run in two-stage mode, as the second stage of a two-stage
system (low molecular weight conditions), a high density resin is made, whose
miolecular weight (and thus melt index) and molecular weight distribution, is seen by
gel permeation chromatography to be substantially the same as if the resin had been
produced in a single-stage reactor. This is because the polymer formation mechanism

15 in high density Ziegler mode has very limited degrees of freedom as discussed above.
The amount of resin produced by the catalyst in the low molecular weight stage isa
function of the decay rate of the catalyst, the reaction conditions in the second reactor,
and the residence time in the low molecular weight stage. The amount is measured by
the ratio of second-reactor material to total material present in the final prodoct.

20 In a preferred dual reactor configuration, the catalyst precursor and the
cocatalyst are introduced in the first reactor, and the polymerizing mixture is
transferred to the second reactor for further polymerization: Insofar as the catalyst
system is concerned, only cocatalyst, if desired, is added 10 the second reactor from an
outside source. Optionally the catalyst precursor may be partially activated prior to

zs  the addition to the reactor (preferably the first reactor), followed by further “in reactor
activation” by the cocatalyst.

In the preferred dual reactor configuration, a relatively high molecular weight
(10W melt flow index) copolymer is prepared in the first reactor. Alternatively, the
low molecular weight copolymer can be prepared in the first reactor, and the high

30 molecular weight copolymer can be prepared in the second reactor. For purposes of

the present disclosure, the reactor, in which the conditions are conducive to making a
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high molecular weight polymer, is known as the "high molecular weight reactor”.
Alternatively, the reactor, in which the conditions are conducive to making a low
molecular weight polymer, is known as the "low molecular weight reactor.”
Irrespective of which component is made first, the mixture of polymer and an active
catalyst is preferably transferred from the first reactor to the second reactor, via an
interconnecting device, using nitrogen, or second reactor recycle gas, as a transfer
medium.

“One particular characteristic of polymerization of the inventive polymers is a
generally high level of agglomerate formation and “sheet” formation requiring reactor
shutdowns for cleaning. This is belicved to be caused by the production of very high
molecular weight polymer, that is, the inventive polymers, which in turn, appear to
generate very high levels of static voltage within the fluidized bed. This then leads to
particle segregation to the walls, stagnant-zones, and formation of agglomerates or
sheets. In order to effectively produce the inventive polymers, an additional aspect of
the invention is the introduction of a “continuity additive (CA)" that blocks this
tendency for sheet formation.

The exact method of action of these continuity additives is not known. Based
on one set of measnrements, fhey appear to minimize static generation, however, it is
also clear that the simple minimization of static (i.e. such that static voltage in the
fluid bed is near zero) is not sufficient to prevent agglomerate/sheet formation since

the mere cessation of continuity additive feed (CA), even with minimal static voltage,

resuits in rapid sheet formation and reactor shutdown. Thus, another embodiment of

the invention is the utilization of CA tb allow continuous production of the inventive
polymers,

Continuity additive is generally a mixture of two components. In one
embodiment, each compound is a high molecular weight organic compound
containing either hydroxyl functionality, or hydroxyl funcfionaiity and amine
functionality. The CA compounds are ideally used as solids or waxes. In one
embodiment, hydroxyl functionality is introduced as a compound of formula
((RCO,),AI-OH, where R is a hydrocarbon radical from 13 to 25 carbons. In one

embodiment, the amine functionality is introduced as a compound of the formula
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(R")xN(R”OH), where R’ and R” are each, independently, a hydrocarbon radical (R’
having from 14 to 26 carbons, and R” having from 1 to 4 carbons, x +y=3,and x = 1
or 2). More than one CA compound may be used in a polymerization. See U.S.
Provisional Application No. 61/017986, filed on December 31, 2007, and the
s . corresponding PCT application (64183A), each fully incorporated herein. Particuiarly
preferred compounds are aluminum distearate and AS-990 (a commercially available
ethoxylated distearyl amine). In practice, the CA should be a 0.5 to 2 to 1 mixture of
these two components, and fed directly to the polymerizing reactor bed. The preferred
method of feeding these components is as a mineral oil slurry. The preferred location
ro  for the CA feed is above the distributor plate, and in the lower 1/3 of the polymerizing
bed, that is-. the region wherein sheets are most likely to form. An effective amount of
this. material is fed to the first reactor, in series, to promote geod operation and
minimize sheet and agglomerate formation.
The polymerization in each reactor is preferably conducted in the gas phase
15 usinga éoﬁtinuous fluidized bed process. In a typical fluidized bed reactor, the bed is
usually made up of the same granular resin that is to be produced in the reactor. Thus,
during the course of the polymerization, the bed comprises formed polymer particles,
growing polymer particles, catalyst particles fluidized by polymerization, and
modifying gaseous components, introduced at a flow rate or velocity sufficient 1o
20 cause the particles 10 separate and act as a fluid. The fluidizing gas is made up of the
initial feed, make-up feed, and cycie {(recycle) gas, that is, CO{nonomers, and, if
desired, modifiers and/or an inert carrier gas.
A typical fluid bed system includes a reaction vessel, a bed, a gas distribution
plate, inlet and outlet piping, a compressor, cycle gas cooler, and a product discharge
25 system. In the vessel, above the bed, there is a velocity reduction zone, and, in the
bed, a reaction zone. Both are above the gas distribution plate. A typical fluidized
bed reactor is further described in U.S. Patent 4,482,687, the entire contents of which
are herein incorporated by reference. _ .
The gaseous feed streams of ethylene, other gaseous alpha-olefins, and
- 30 hydrogen, when used, are preferably fed to the reactor recycle line, as wel.l as liguid or

gaseous alpha-olefins and the cocatalyst solution. Optionally, the liquid cocatalyst can
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be fed directly to the fluidized bed. The partially activated catalyst precursor is
preferably injected into the fluidized bed as mineral oil slurry.  Activation is generally
completed in the reactors by the cocatalyst, The product composition can be varied by
changing the molar ratios of the monomers introduced into the fluidized bed. The
s product is continuously discharged in granular or particulate form from the reactor, as
the bed level builds up with polymerization. The production rate is controlled by
adjusting the catalyst feed rate and/or the ethylene partial pressures in both reactors.
A preferred mode is to take batch quantities of product from the first reactor,
and transfer these to the second reactor using the differential pressure generated by the
1 recycle gas compression system. A system similar to that described in U.S. Patent
4,621,952 (the entire contents of which are herein incorporated by reference) is
particularly useful.
The pressure is about the same in both the first and second reactors.
Depending on the specific method used to transfer the mixture of polymer and
15 contained catalyst from the first reactor o the second reactor, the second reactor
pressure may be either higher than, or somewhat lower than, that of the first. If the
second reactor pressure is lower, this pressure differential can be used to facilitate
transfer of the polymer catalyst mixture from Reactor 1 to Reactor 2. If the second
react.c.)r pressure is higher, the differential pressure across the cycle gas compressor
20 may be used as the motive force to move polymer. The pressure, that is, the total
pressure in either reactor, can be in the range of about 100 to about 600 psig (pounds
per square inch gauge), and is preferably in the range of about 270 to about 450 psig
(1.38,3.45, 1.86 and 3.10 MPa, respectively). The ethylene partial pressure in the
first reactor can be in the range of about 10 to about 150 psia, and is preferably in the
25 range of about 20 to about 100 psia, and more preferably is in the range of about 25 to
about 90 psia, (68.9, 1034, 138, 552, 172 and 414 MPa, respectively). The ethylene
partial pressure in the second reactor is set according to the amount of copolymer to
be produced in this reactor, to achieve the appropriate split. It is noted that increasing -
the ethylene partial pressure in the first reactor leads to an increase in ethylene partial
30 pressure in the second reactor. The balance of the total pressure is provided by alpha-

olefin other than ethylene and an inert gas such as nitrogen. Other inert hydrocarbons,
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such as an induced condensing agént, for example, isopentane or hexane, also
contribute to the overall pressure in the reactor, according to their vapor pressure,'
under the temperature and pressure experienced in the reactor.

The hydrogen:ethylene mole ratio can be adjusted to control average molecular
weights. The alpha-olefins (other than ethylene) can be present in a total amount of
up to 15 percent by weight of the copolymer, and, if used, are preferably included in
the copolymer in a total amount from about 0.5 to about 10 percent by weight, or more
preferably from about 0.8 to about 4 percent by weight, based on the weight of the
copolymer,

The residence time of the mixture of reactants including gaseous and liquid
reactants, catalyst, and resin, in each fluidized bed can be in the range from about 1 to
about 12 hours, and is preferably in the range from about 1.5 to about 5 hours.

The reactors can be run in the condensing mode, if desired. The condensing mode is

" described in U.S. Patent 4,543,399, U.S. Patent 4,588,790 and U.S. Patent 5,352,749,

the entire content of each is herein incorporated by reference.

While the polyethylene blends of subject invention are preferably produced in
the gas phase by various low pressure processes, the blend can also be produced in the
liquid phase in solutions or slurries by conventional techniques, again at low
pressures- Low pressure processcs are typically run at pressures below 1000 psi,
whereas high pressure processes are typically run at pressures above 15 000 psi (6 89
and 103 MPa, respectively).

As discussed above, in a dual reactor system, the high molecular weight
component or the low molecular weight component can be prepared in the first reactor
or second reactor. Multiple reactor systems include, but are not limited to, two gas
phase fluidized bed reactors in series, two stirred tank reactors in series, two loop
reactors in series, two solution spheres or loops in series, or a suitable combination of
two or more reactors. For the reaction of interest, appropriate comonomer amounts,
ethrylene partial pressures, and temperatures will be adjusted to produce the desired

composition. Such adjustments can be made by those skilled in the art.
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0.3:1, preferably of from about 0.02 to about 0.02:1.

In an embodiment suitable for biown films, the high molecular weight reactor
10 operating temperature is generally in the range from about 70°C to about 113°C. The
operating temperature is preferably varied with the desired density to avoid product
stickiness in the reactor. The mole ratio of alpha-olefin to ethylene can be in the range
from about 0.005 to about 0.1:1, preferably in the range from about 0.01:1 to about
0.05:1. The mole ratio of hydrogen to ethylene can be in the range from about 0.01:1
15 to about 0.3:1, and is preferably in the range frém about 0.05:1 to about 0.25:1.

In an embodiment suitable for blow molding, the high molecular weight
reactor operating temperature is-generally in the range from about 70°C to about
113°C. The operating temperature is preferably varied with the desired density to
avoid product stickiness in the reactor. The mole ratio of ‘alpha‘oleﬁn to ethylene can

20 be in the range from about 0.005:1 to about 0.10:1, preferably in the range from about
0.01:1 to about 0.05:1. The mole ratio of hydrogen to ethylene can be in the range
from about 0.01:1 to about 1:1, and is preferably in the range from about 0.02:1 o
about 0.03:1,

zs  Low Molecular Weight Reactor Operation Conditions
In an embodiment suitable for pipes, blown films and blow molding, the
operating temperature is generally in the range from about 70°C to about 113°C, For
ethylene-based interpoiymers, the mole ratio of alpha-oicfin to ethylene can be in the
range from zero to about 0.065:1, preferably in the range from zero to about 0.055:1.
so The mole ratio of hydrogen to ethylene can be in the range from about 0 1:1 to about

2:1, and is preferably in the range from about 0.2:1 to about 1.8:1.
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By “zero” above we mean no comonomer is fed in the low molecular weight
reactor. In commercial reaction systems, trace quantities of comonomer may be
carried over into the low molecular weight reactor, generally as dissolved comonomer

in the high molecular weight polymer.

Maximization of Catalysts Productivity while Maximizing Total Monomer Ratio
(TMR)

In one embodiment of the invention, an automated control scheme that

maximizes the catalyst productivity in multiple reactors can be used by adjusting

10 catalyst feed rate, such that the reactor, limited by its maximum aliowable working
pressure (MAWP), operates at or near the MAWP, without having to vent monomer
from the reactor. Additional constraints on the ethylene partial pressure in the other
reactor(s) would be required. This process yields improved resin morphology in an
economical manner. The scheme can be used for multiple reactors or a single reactor

15 operation. The ﬁrocess 1s useful in ventures that have a vessel that is limited by
MAWP, and have a reactant that, when maximized, yields better properties, or
operates more efficiently,

Production Rate Maximizer (PRM) is currently used in UNIPOL™ reactors,
There is no constraint built in for vent flow rate or total pressure limitations in the

20 scheme. Production Rate Control is woven into PRM, but has no limitation on vent
flow rate or total pressure limitations. The uniqueness of the above process relates to
the maximization of catalyst productivity in a reactor {cither stand alone or as in any ‘
multi-reactor 'train), by adjusting catalyst flow rate, such that the reactor operates at or
near the MAWP of the vessel, without venting monomer from the reactor. The

25 advantage of this process is that reactor(s) operate at conditions that yield desired
resin morphology, while controlling venting of monomer (better economics).

For example, for two reactors are linked in series, a Ziegler-Natta fype catalyst
is fed only to the first reactor producing a high molecular weight resin. This fcsin
containing residual active catalyst is transferred from the first reactor to the second

30 reactor via an inter-reactor transfer system. The second reactor typically operates at or

near the MAWP of the reactor vessel, and produces a low molecular component that
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is intimately mixed with the high molecular weight component, produced in the first
reactor. The most preferable resin morphology is produced when the ethylene partial
pressure in the second reactor is maximized. This is accomplished by reducing the
catalyst feed to the first reactor, thus reducing the residual catalyst transferred to the

second reactor, resulting in an increased ethylene partial pressure. The catalyst feed is

reduced, until the ethylene partial pressure in the second reactor is such that the total

pressure of the reactor is at or near the MAWP of the reactor vessel thereby
maximizing the ethylene partial pressure in the reactor, without venting monomer to
the flare, and reducing TMR (Ratio of total monomer feed to polymer produced).

In summary, this relates to an autornated control scheme that maximizes the
catalyst productivity in multiple reactors by adjusting catalyst feed rate, such that the
reactor limited by its MAWYP operates at or near the MAWP, without having to vent
monomer from the reactor. Additional constraints on the cthylene partial pressure in
the other reactor(s) would be required. The process yields improved resin morphology
in an economical manner. As discussed above, the scheme could also be used in

multiple reactor operations and in a single reactor operation.

Additives

The inventive compositions may contain one or more additional compaonents
or additives. Suitable additional components include, for example, other polymers,
filiers or additives, with the proviso that these additional components do not adversely
interfere with the desired advantageous properties of the compositions of the
invention. Rather, the additional components are selected such as to support the
advantageous properties of an inventive composition and/or to suppert, or enhance,
the composition’s particular suitability for a desired application. “Other polymers,”
comprised in the composition of the invention, means polymers which do not qualify
as a HMW interpolymer or a LMW interpolymer, as defined herein. Advantageously,
such polymers are compatible with the inventive composition,

Preferred additional components are non polymeric, Additives inctude
processing aids, acid neutralizers, UV stabilizers, hydro peroxide decomposers,

thiosyngerists, alkyl radical scavengers, hindered amine stabilizers, multifunctional
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32.5 Theoretical Yield, kg 4.2 3.9 3.8 4.1 4.1 3.8 % Recovery 94 89 101 90 91 87 Mass Balance Metal
“Ratios Mg/Ti5.24.95.255.25.2 Ti/Hf 0.96 -na- 1.9 21 1.9 Ti/Zr NA 1 NA 2 NA NA

WO 2009/083822 PCT/US2008/087378
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stabilizers, phosphites, antioxidants, process stabilizers, metal de-activators, additives

to improve oxidative or chiorine resistance, pigments or colorants, nucieating agents,

fatty acid srearates, fluoroelastomers, agents to modify impact properties of the

polymer and combinations thereof.
One or more impact modifiers, such as ethylene-based copolymers and acrylic

polymers, may also be added to an inventive composition.

Fabricated Articles

The compositions of the present invention can be used to manufacture a
shaped article, or one or more compenents of a shaped article. Such articles may be
single-layer or multi-layer articles, which are typically obtained by suitable known
conversion technigues, applying heat, pressure, or a combination thereof, to obtain the
desired article. Suitable conversion techmques include, for example, blow-molding,
co-extrusion blow-moiding, injection blow molding, injection moiding, injection
stretch blow molding, compression molding, compression blow forming, rotomolding,

extrusion, paltrusion, calendering and thermoforming. Shaped anticles provided by

~ the invention include, for example, pipes, drums, bottles, drip tapes and tubing,

geomembranes, films, sheets, fibers, profiles and molded articles. Films include, but
are ﬁot limited to, blown films, cast films and bi-oriented films,

‘ The compositions according to the present invention are particularly suitable
for fabrication of hollow containers with an excellent balance of mechanical
properties. Furthermore, light weight containers can 'Bc produced while still meeting
the container performance re.quirements. A higher percentage of post consumer
recycle can also be incorporated in containers fabricated from the inventive
compositions without loss of container performance reguirements.

The compositions according to the present invention are also particularly
suitable for durable applications, especially pipes, without the need for cross-linking,.
Pipes fabricated from an inventive composition have good sag resistance. Pipes
include monolayer pipes, as well as multilayer pipes, including multilayer composite

pipes. Typically, the pipes of the invention are formed from inventive compositions,
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Mass Balance 'Composition wt% ethanol 22 to 26 22 to 26 22 to 26 22 to 26 22 to 26 22 to 26
mmole Mg/g 2.2 2.3 2.5 2.3 2.2 2.5 mmole Ti/g 0.42 0.47 0.48 0.46 0.43 0.47 mmole Al/g 0.14 0.16

0.16 0.15 0.%002&@’%@9? Hf/g 0.44 0 0.25 0.23 0.43 0.24 mmole Zr/g PCT/US2008/087378

which also contain 2 suitable combination of additives, such z;s, an additive package
designed for pipe applications, and/or one or more fillers.

In one embodiment, the inventive compositions may be used in powder
(granulate) applications, such as those applications which benefit from the narrow

s particle size distribution in rotomolding applications, and/or the better dispersion of
the in-situ blends. .

Monolayer pipes according to the present invention consist of one layer made
from a composition according to the present invention and suitable additives typically
used or suitable for pipe applications. As discussed above, such additives, typically

10 include colorants and materials suitable to protect the bulk polymer from specific
adverse environmental effects, for example, oxidation during extrusion, or
degradation under service conditions. Suitable additives include process stabilizers,
antioxidants, pigments, metal de-activators, additives to improve chlorine resistance
and UV protectors,

15 The resins and compositions provided by the present invention are particularly
suitable for use in domestic and industrial pipe applications reguired to be operable at
higher temperatures, for example, above 40°C, and in particular in the range from
above 44°C to about 90°C.

Such pipe appiications inciude, for example, hot water pipes, for example, for

z¢  drinking and/or sanitary purposes and under floor heating pipes. Such pipes may be
monoiayer or multilayer pipes. Preferred pipes according to the invention meet the
performance requirements, as defined in the norms for hot water pipes, for example,
in ISO 10508 (2006). The mu}timodél polyethylene resin according to the present
invention enables pipes combining an excellent high temperature performance, as

25 reflected, for example, in excellent long term hydrostatic strength at higher
temperatures (well above 20°C) with good flexibility, Good flexibility facilitates pipe
installation. The pipes can be produced without cross linking, which allows improved
processing economics and subsequent welding. For plastic pipe applications,
circumferential (hoop) stress performance as set forth in ISO 9080 (2003) and ISO

30 1167 (1996) is an important requirerent. The long term behavior or lifetime of -

plastic pipes can be predicted based on creep rupture data and curves, which establish
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_..._00.4600.2300 NA =- Not Applicable 5 Spray Drying Catalyst formulations for spray
drying are shown in Table 3 below. Feedstock charges are in kg, as shown in Table 3. Spray Drying

Conditions in.rable 4. WO 2009/085922PCTTS2008/087378 t}é 3. Specific Catalysts
g S

Sample Number Ethanol IvigC12 HiCl4 TiCI3 Cab-O-Sil TS-610 6-24 17, BYY 5558 1.88

6-28 17.57 1.321 0.882 0.54 1.92 Dry Powder Analyses (of the spray dried powder) Wt % mrn/g mm/g
mm/g EASC (added gig) 6-24 (Cat. A) 22.17 2.02 0.41

the allowable hoop siress {circumferential stress), which a pipe can withstand, without
failure. ' '
In another embodiment, an inventive composition may be rheclogy modified
| using azide-coupling, oxygen tailoring, and/or other forms of post reactor
s modification. The rheology modified compositions may be used in the fabrication of
transmission or distribution pipes for water, gases and other liquids or slurries, for
example, PE 2708, PE4710 and PE-100 (pipe performance, as per ASTM D-3350-05;
and especially pipes that equal, or exceed, a PE 80 performance rating. The rheology
meodified comp;ositions can be used to increase the service life of the pipe. Such pipes
s0  may be formed by extruding the compositions described herein by any convenient
method. U.S. Patent 6,204,349; U.S. Patent 6,191,227; U.S. Patent 5,908,679; U.S.
Patent 5,683,767, U.S. Patent 5,417,561 and U.S. Patent 5,290,498 disclose various
pipes and methods of making the pipes which can be used in embodiments of the
invention. As such, the disclosures of all of the preceding patents are fally
15 incorporated herein by reference. |
Other useful fabricated articles can be made from the compositions or the
rheology modified compositions disclosed herein. For example, molding operations
can be used to form useful fabricated articles or parts from the compositions disclosed
herein, including various injection molding processes (e.g., that described in Modern
z0  Plastics Encyclopedia/89, Mid October 1988 Issue, Volume 65, Number 11, pp. 264-
268, "Introduction to Injection Molding" by H. Randall Parker and on pp. 270-271,
“Injection Molding Thermoplastics" by Michael W. Green, the disclosures of which
are incorporated herein by reference) and blow molding processes (e.g., that described
in Modern Plastics Encyclopedia/89, Mid October 1988 Issue, Volume 65, Number
zs 11, pp. 217-218, "Extrusion-Blow Molding" by Christopher Irwin, the disclosure of
which is incorporated herein by reference), profile extrusif:n (i.e., for pipes),
calandering, pultrusion, and the like. The inventive compositions may also be used to
form fibers, monofilaments and monotapes.
Film and film structures particularly benefit from this invention, and can be
30 made using conventional blown film fabrication techniques or other, preferably

biaxial, orientation processes, such as tenter frames or double bubble processes.
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0.427 0.794 6-28 (Cat. B) 22.5 2.3 0.48 0.494 0.806 Table 4: Spray Drying Conditions Cycle Gas
(Ib/hr) Tin (C) T out (C) Feed Rate pph Atomizer % 616 160 103.9 35 95 [6-24 (Cat. A)] 604. 160
106 35 95 [W (e85 Example Chlorination Procedure Catal)i%p/r[%%@@gg were then
chlorinated using ethyl aluminum sesquichloride as chlorinating agent, at an aim added C1/0Eth ratio
of approximately 2.0 The procedure used to chlorinate the inventive catalysts, used in the specific
polymerization experiments described above, is given below. Catalysts A and 13 roabove were
produced using an identical chlorination procedure as that described below. See Table 5 Table 5:
Example Chlorination Sample 17

The films may be monolayer or multilayer films. The film made using this
invention can also be coextruded with the other layer(s), or the film can be laminated
onto abothcr layer(s) in a secondary operation. If the film is a coextrusion of two or
more layers {also described by Osborn and Icnkins),‘the film may still be laminated to

5 additional layers of packaging materials, depending on the other physical requirements
of the final film. Monolayer and coextruded films can also go through other post
extrusion techniques, such as radiation induced cross-linking of the polymer and a
biaxial orientation process.

. Extrusion coating is yet another technique for producing muitilayer film

10 structures using the novel compositions described herein. _

Generally for a multilayer film stracture, the novel compositions described
herein comprise at least one layer of the total multilayer film structure. The inventive
compositions may also be used to form battery separator films.

The compositions of the invention are well suited for the formation of

15 geomembranes, which are essentially impermeable synthetic sheets used for the
éontainment of liquids, gases and/or solids. Geomembranes are used to convey waler,
hold water, cover water, and protect water by containing hazardous materials.
Geomembranes are also used a hydraulic barrier in purification processes, and as a gas
barrier. In p.articuiar, geomembranes are used to contain water for agricultural use,

20 and/or to keep poliutants out of a clean water supply. A geomembrane may be
prepared by sealing, via heat or other means, films 6r sheets formed from polyolefin
compositions, along one or more overlapping seams, to create a long, wide sheet with
fused overlaps. A geomembrane may also be formed from sheets of polymer that are
welded together on the site of end use, such as on a piece a farm land. Films and

25 sheets may contain multiple layers of coextruded polymer compeositions. Polyolefins
may be coextruded with polar polymers, such as polyamides, ethylene viny] alcohol

and polyesters.

- DEFINITIONS
30 Any numetical range recited herein, includes all values from the lower value

and the upper value, in increments of one unit, provided thal there is a separation of at

36



Aim metal ratio Al wt% Hf wt% Mg wt% Si wt% Ti wt% Mg/Ti/Hf/Zr 5/1/0.5/0.5 0.46 4.03 5.54 17 2.13
Al, mmol/g Hf, mmol/g Mg, mmol/g Ti, mmol/g Zr, mmol/g % Ethoxide measure d as EtOH Chloride ,
rnm/g 0.16 Q.23 44 0.22 25.7 6.2 A six liter glass vessel, equipped with a heating jacket
and a helica%a%%a éfg;gi%zﬁsed in the chlorination reaction. Some pressure SfétetdfBpases
evolved during the chlorination step due to reaction of residual alcohol with the alkyl groups of the
ethyl aluminum sesquichloride. 5To the mix tank was charge 2500 ml of dried HB-380 mineral oil. The
temperature control was set at 20C. The agitator was stated at 50% of its maximum speed. The
precursor powder (600-700 grams) was then charged to the reactor, and the mixture was stirred for 30
minutes to disperse the precursor. Next, the EASC solution (available as 50% by weight in dry mineral
oil) was charged {EATh&Y AHAs PetWrEy i draystalie Fdanprkishersabisntioliercwmapisell i0i2 psig. The EASC

solution was chargeeli e secipgstianlapiatiehly: athd OprapaHIEe REHO G ERGRdItion was stopped if

excessive foaminlg (olel W@Qﬁ y if tpe mperature.inc es.above 35C. The addition was resumed
after foaming subs?d%g, and ‘%ﬁéntlgr#[gleer}é’tgs%o e[:sr%g)s[éegﬁﬁo S IRER B R re was agitated for

another 60 minut¥¥ §f-tFishtai BerilrétReticn andsuitoee 585 @ 1Atredss 156 sefpoint to 35 C during
this 60 minute agitatiortoR esuy lis-2xe-shownuinlable: thalunand thedorudatingnisishown in Table 7.
Table 6 values which are less than one, or containing fractional numbers greater than one {e.g.,
L1, 1.5, etc.}, one unit is considered to be 0.0001, O.GOi, 0.01 or 0.1, as appropriate,
For ranges containing single digit numbers less than ten (e.g., 1 to 3), one unit is
typically considered to be 0.1. These are only examples of what is specifically
10 intended, and all possible combinations of numerical values between the lowest value
and the highest value enumerated, are to be considered to be expressly stated in this
application. Numerical ranges have been recited, as discussed herein, in reference to
density, melt index, weight percent of compoﬁent' and other pfoperties, ,
‘The term "polymer" is used herein to indicate, a homopolymer, a copolymer,
15 oraterpolymer. The term “polymer” as used herein includes interpolymers such as,
for example, those made by the copolymerization of ethylene with C3-C10 alpha
olefins or polypropylene with ethylene and/or C4-C10 alpha olefins,

The term "interpolymer," as used herein, zgfers to polymers prepared by the
polymerization of at Jeast two different types of n%oﬁérriers. The generic term

20 interpqumcr thus includes copolymers, employed to réfer to polymers prepared from
two different typcs.of monomers, and polymers prepared from more than two different
types of monomers.

The term “ethylene-based polymer,” as used herein, refers to a poiymer that
comprises at least a majority mole percent ethylene (based on total amount of

25 polymerized monomer}, and, optionally, one or more additional comonomers. As
known in the art, the monotmers are present in the polymer in polymerized form.

The term “ethylene-based interpolymer,” as used herein, refers to an
interpolymer that comprises at least a majority mole percent ethylene (based on total
amount of polymerized monomer), and one or more additional comonomers:

.30 The term “ethylene/g-olefin interpolymer,” as used herein, refers to an

ethylenc-based interpolymer that comprises at least a majority mole percent ethylene
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Ethanol wt % C1/0Eth Neat EASC gig Precursor -17 26.4 2 0.92 zoTable 7: Formulation Ingredient
Aim Amount Mineral Oil (HB380 or Kaydol) 2500 ml Precursor-15 600 g EASC Solution 50% wt in Oill
1132 g Startgmperaite 20C Maximum Temperature during Addition 35C Addition Time 10 minutes
Cookout Time at 35C 60 minutes Net Yield -3600 g Continuity Additive (CET/US24488%G/kinuity
additive is a mixture of aluminum distearate, and commercially available AS-990 dispersed in mineral
oil, at 10 weight percent loading of each component. The HB-380 mineral oil is typically used, but any
dry, oxygen free, high viscosity mineral oil may be used as the dispersant. The effect of the
continuity additive is more than just as an agent'to control static generation. This is illustrated in Figure
1. As seen in Figure 1, the effect of the continuity additive is not just one of static control, that is, it is

not an anti-static S5ETt PePaLEPRIPLA RYRHETFEC REMBE: teavlehnendapignabOthestiactors also
affect reactor contivitgdditong verdivenemique effect of the continuity additive allows for continued

production of the inventivg fesing.despitethe Presense.ef.a veryhigh ar weight component.
Thus, the continui% additive must be fed, Ssuch that a cgnéer}]cﬁé%gﬁggfgéga &HREn 0 ppm is
r

maintained in the TFRPYRRE6F FBGS HURRCESFRATIMIa YR et sempanc pepolstatepitihs to operation, in
that at 15highslevisteittindltbepascataiyshpdisoWA suitatlpdangeiarioaasatipyiysaggitive feed is from

5 to 100 ppm, ba%adm@%%@&ﬁ@&hgﬁéi%{ﬁﬁme%'5&9‘38&%!1'{% \&‘?E%@(‘?%.fee% rate is from 5 to 70 ppm.
|

Melt Extrusion 20I®ar e size compounded samples of the inventive examppé)s Werd produced by melt
extrusion of the ifVRHHITE SAHIHRE SR FhitAnsAtp titrariting dsaRGSevmetralizer. The melt extrusion
was carried out on a Kdire @MbL06iaiktssickes @epdip pranvith: Bk 2awaions: e @ptioxidants were 0.02

weight percent FRGANQS, 140,a0d Q108 nelghi.percent ERGAFOS 168. The acid neutralizer was 0.1
weight percent calcium stearate. Ty Efcai’j?laextrusieon‘ 25condftions \9\?2%%%&%5’?%’%3? point

temperature The®ifVBRtE SIS Wavzersths MW BiehheaperenarecTnelartruder screw speed was
typically 220 rpm; resinTeedrmaten860dba/histhedheltipuinpstatienNaves sk s Esigvand the gate

position, 10% opegyinits g€ RERRESUISS e £AmeuRded inventive samples are given in Tables 8 to
11, and shown in Figures 2-6, The inventive samples properties aré comparas to
eveh exist as a hump, shoulder or tail relative to the MWD of the other component

polymer.

15 The term “distinct” as used in reference to the MWD of the LMW component
and the HMW component means there is no substantial overlapping of the two
corresponding molecular weight distributions in the resulting GPC curve. That is,
each molecular weight distribution is sufficiently narrow and their average molecuiar
weights are sufficiently different that the MWD of both components substantially

20 exhibits a baseline on its HMW side as well as on its LMW side.

As used herein, the term “rheology modification” means change in melt
viscosity of a polymer as determined by creep measurements and DMS (Dynamic
Mechanical Spectroscopy).

The term “inertly substituted” refers to substitution with atoms or groups

25 which do not undesirably interfere with the desired reaction(s) or desired properties of
the resulting coupled polymers.

The term “melt processing” is used to mean any process in which the polymer
is softened or melted, such as extrusion, pelletizing, film blowing and casting,
thermoforming, compounding in polymer melt form, and the like.

30 The term “extruder” is used for its broadest meaning to include such devices,

as a device which extrudes pellets.
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30commercially available products. Inventive examples 4 to 6 and 8 to 12 are suitable for
fabrication of extrusion blow molded articles. The performance of Inventive example 11 was
extensively Q@é}%@ﬁgsgﬁversus the reference samples listed below. UNIVALTm DMDA 6200
(0.953 g/cm3 density, 3 0,/10 min 121): UCATTm B375 Cr catalyzed unirﬁ%ﬁi%@%,}gﬁr”%uced in the
gas phase process, and commercially available from the Dow Chemical Company.

CONTINUUMTm DMDA 6601 (0.954 g/cm3 density, 27 g/I0 min 121) and CONTINUUMTm DMDA
6620 (0.958 g/cm3density; 27 g/10 mm 121): UCATTm-J Ziegler-Natta catalyzed, bimodal resins,
produced in the gas phase process, and ID commercially available from the Dow Chemical Company.
ExxonMobil HD 98568 (0.957 g/cm3 density, 0.46 g/10 min 12): bimodal resin produced via the slurry
Mitsui process; comme %W%Qﬂﬂﬁle°fr&?¥%8ﬁﬂﬂoﬁ? useddTRigdReAL AR EIOR] 98270 (0.958 g/cm3
density; 0.35 g/1@mepd2yebinfodak tdsin pigduneg noiebEne di6 Lels SaiciNi Stad-Miarozan, process;
commercially avajiahle, RS Shen « WERAHRI ISRV QIS aHRSLIGr Sifinessfoughness balance

and the ability to fabricate light weight articles without loss of performance. However, bimodal resins

are usually low sFREHIEY2AIS B eI fENR AroTHE R FGSOR BiswsrrBYskehssttiedavithout tooling

changes and advargyedaperiso anp wigranethodg ks ainabellirof these 20processing difficulties, the .

resulting fabricated arti%ﬁ&ﬁ”‘ﬁlﬁ‘&’e‘ﬁa?@ﬁ‘e‘H%Qﬁ%miﬁkgﬁéﬁkgié'il}ﬁ%%is%e%ﬁfé?e‘i,i,aﬂé’fe@%‘g the weld lines
. ue to

causing them to fail prematurely in physical property testing such as drop tests.
processing differREELHiROIRT TGN ATGARRS Ethin BEHRRSHRESHARS arfritouiFsateslly zed regrind
resulting in additiomaiexpendedfondite falrieateesmieloenahpred Usewn in tRiRIQAaEFESIRS available in the

markethave cilhe; G004 PSSR L A0SR RS ORI o Tl venton overcomes

. £ O O &}y
the above mentioned problems by offering resins with goo _ ity ?ﬁ'ai)rl% fl) and excellent
stiffness-ESER BAIECPTAIR B cmrs or Balish rovbist spmpyoecinfelimi 2aerspidions of extrudate
swell measured ItyithetddktfocbtensweN andascementsmethadrde seribed peyiousaly, and fabricated part

* swell characterizeg by hatie.nieiglt,Jhe hotte weiaht sl date s depicted ip Figure 5 and in Table |

IC, The improvement in processability was also measured in terms of the improvement in melt strength
(Figure 4) and adBBAEIR EHET bR Y bY lo# drsaritrddusripineadereivfanrmompatste 11 and Figure 3)
and tan delta detéweainsition Sfiguyre dpomatddigexeatie rlapiopeidies.of the inventive resins are

achieved by innovativermolecular architecture design. fjzed by malecular weight distribution
depicted in Iéigur_e 2 and Table 18;%%%# detler&lr?;%é.(éj8 %ﬁ%grf%%]dﬁe%?gﬂcﬁﬁas all-est?\lét\{)ution (Figure 6);
and incorporatiod"SPeEHOMSHET BriRTEARSATHY PG RAEASPSRIe RIRCI ORESHBR. The ATREF

determined propettgsofcompasative saaifitelyaiehs:followe:DMPAGHZA8s athigh density fraction

87.4%, % purge i$Gob%ioM iRA%IAIMASSEERM I8 89623 9male;apg purge MI" is 50,388
g/mole; ExxonMobiI,%SSIG has a high deé;msity%ractign 78.8 /Or': %gpurgyeui%sh%f@?/{), M" is 73,455 g/mole,

SCE Mv is 73,408 QiR S ATHEa0h S 3reers GhRBRS PEIKTISAC 6D DA A WHSH 15 density fraction
79.7%, % purge #a@BYehdLbisrds, 69 Sop/ramlehe THOR Mynis:hiG, 28ingAmole; anm®bgeMV is 72,150

g/mole. 20 25 30 gl 8P LQRRLIRS ALLAM B VIRY BleHen: PR AL operties Units Metho d
ple

Inventive Example 1 Inventive Exam ) -
excepting those that are niot essential to operability. The term “consisting of*

excludes any component, step or procedure not specifically delineated or listed.

2s  TEST METHODS -
Density
Resin density was measured by the Archimedes displaccmém method, ASTM
D 792-00, Method B, in isopropanol. Specimens were measured within one hour of
molding, after conditioning in the isopropanol bath at 23°C for 8 minutes to achieve
30 thermal equilibrium prior to measurement. The specimens were compression moided

according to ASTM D-4703-00, Annex A, with a 5 min initial heating period at about
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2 , Inventiv e Example 3 Inventiv e Example 4 Inventiv e Example 5 Density gicm3 ASTM 0792 0.9523
0.9496 0.9518 0.9589 0.9568 12 W10 min ASTM 1238 0.06 0.04 0.05 0.14 0.16 g/10 mm ASTM 1238

0.29 0.23 048 1otk PCT/US2008/087378

190°C and a 15 °C/min cooling rate per Procedure C. The specimen was cooled to

45°C in the press, with continued cooling until “cool to the touch.”

Melf Flow Rate by Extrusion Plastomer
5 Melt flow rate measurements were performed according to ASTM D-1238-04,
Condition 190°C/2.16 kg, Condition 190°C/5 kg and Condition 190°C/21.6 kg, which
- are known as I, Is and Iy, respectively (ethylene-based polymers). Melt flow rate is
inversely proportional to the molecular weight of the polymer. Thus, the higher the
molecular weight, the lower the melt flow rate, although the relationship is not linear.
1e Melt Flow Ratio (MFR) is the ratio of melt flow rate (Iz;) to melt flow rate (1,), unless

otherwise specified.

ATREF
General Overview

15 The inventive blend is characterized by ATREF {Analytical Temperature
Rising Elution Fractionation), as described, for example, in Wild et al., Journal of
Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441 {1982); in U.S. Patent 4,798,081
(Hazlitt et al.); or in U.S. Patent 5,089,321 (Chum et al.), the disclosures of all of

which are fuily incorporated herein by reference. See also L. G. Hazlitt, J. Appl.
zo  Polym. Sci.: Appl. Poly. Symp., 45, 25-37 (1990), which is fully incorporated herein
by reference.

In the technigue of Anal yticaI Temperature Rising Elation Fractionation (as
described in U.S. Patent 4,798,081), the polymer composition {o bé analyzed is
dissolved in a suitable hot solvent (for example, 1,2,4-trichlorobenzene), and allowed

25 tocrystallized in a column containing an inert support {for example, stainless steel
shot), by siowly reducing the temnperature of the column. The column is equipped
with both an (1} infra-red detector (for example, an IR-4 from Polymer ChAR,
Valencia, Spain), or a refractive index, and (2) a differential viscometer (DV) detector.
An ATREF-DV chromatogram curve is then generated by eluting the crystallized

z¢  polymer sample from the column by slowly increasing the temperature of the column.
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121 g/10 mm ASTM 1238 11.0 6.9 8.7 30.4 34.6 1202 -183 154 174 21.8217 12111$ 38 30 31 26
35 Total Volatiles % Weight loss method 0.044 0.042 0.036 0.130 0.060 IRGANOX 1010 ppm HPLC

142 145

WO 2009/085922 BCT/US2008/087378
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The ATREF curve is also frequently called the short chain branching
distribution (SCBD), since it indicates how the cornonomer (for example, hexene) is
distributed throughout the sample, in that as elution temperature decreases,
comonoimer conient increases, The IR detecior provides concentration of polymer as a
function of temperature, which can be used to generate the short chain branching
distribution. The differential viscometer detector provides an estimate of the viscosity
average molecular weight at each elution terﬁperaturc (see U.S. Patent 4,798,081).
The generated curves that show data obtained from both the IR detector and the
differential viscometer detector are known as, collectively, an ATREF-DV overlay
profile. |

In the region (70°C-90°C), a regreésion slope can be caiculated from the
log(Mv) versus elution temperature, using a linear regression technique, such as
available in the EXCEL program LINEST (MicroSoft Corp., Redmond, Washington).
The regression slope is also denoted as the coefficient of the viscosity average
molecular weight {CMv).

A more detailed description of the Analytical Ternperature Rising Elution

Fractionation — Differential Viscometry (ATREF-DV) analysis is described below.

Determination of the Coefficient af Viscosity Avefage.Moleculczr Weight (CMv) using
ATREF-DV

Fractionation by Anaiytical Temperature Rising Elution Fractionation —
Differential Viscometry, ATREF-DV, was performed on the polymer samples, using
the methods and apparatus described by Wild' and Hazlit™. The column was
constructed from 1/8” x 18" thin-wall stainless-stee] tubing, and packed with 0.023” x
0.023” stainless-steel shot from Pellets Inc. (Tonawanda, New York). The column
bad a 1.5 ml interstitial volume.

A controlled GC (Gas Chromatography) oven was used to affect the

temperature profiles. Two additional ovens provided high temperature thermatl

' L.Wild, T.R. Ryle, D.C. Knobeloch, and 1, R, Peat, Journal of Polymer Science: Polymer Physics
Edition, Vol. 20, 441-455 (1982).

?1.. Hazlitt and D. Moldovan, US Patent 4,798,081, 1989.

* L. Hazlitt, Journal of Applied Polymer Science: Applied Polymer Symposia, 45, 25-37 {1990},
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control, respectively, for the sample Joading chamber, and a value section, which
contained various valves for directing solvent flow. These later two ovens were
maintained at 130°C,

As discussed above, the polymer sample was dissolved in a suitable solvent,

_ 5 such as 1,2 4-trichlorobenzene (containing 180 ppm BHT as an antioxidant) to form a
-pdiymer solution. The initial polymer concentration was between 50 mg and 200 mg
in 50 ml (at room temperature) of the 1,2,4-trichlorobenzene (TCB), and this ‘
concentration was adjusted to accommodate the sharpness of the eluting peaks, so that
it would not exceed the maximum response for the concentration and VisCosity

10 detection in the data collection hardware. Such adjustments can be made by one
skilled in the art. | ‘

The polymer solution was depos-ited- on the stainless steal column, at a column
temperature of 130°C. Once deposited on the column, the temperature of the column
was decreased at a maintained rate of -0.1°C/min, to a final column temperature of

15 about 20°C. Next, the elution terperature was increased at a rate of 1.0°C/min, from
20°C to 122°C. The solvent elution also began at this time, and the solvent (1,2,4-
trichlorobenzene containing 180 ppm BHT as an anﬁoxidant) flow rate was 1.0
mi/min. The elution was directed, via heated transfer lines, to, first, an IR~44 infrared
detector, second, PD2040 low angle laser li ght scattering (LALLS) detector®, and

zo  finally a Model H502C differential viscometer’, Each detector was maintained at a

‘ temperature of 140°C, A rcs;:rvoir for solvent waste was provided after the sequence
of detectors. Temperature control, valve sequencing and data collection were
achieved using .LabVif:w7 software® on a personal computer.

The data collected for each copolymer, during each elution of the ATREF-DV

. 25 apparatus, consisted of the column elution temperature [RTD, Ti(°C)], the ma§s or
concentration response [infrared detector, IR;(mv)], the differential viscosity reéponse
[differential viscometer, DP;(mv)], the Inlet Pressure [differential viscometer,

IPi(mv)], and the light scattering response [LALLS detector, LSi{mv)]. These are

4 Sold by PolymerChar of Valencia, Spain.

> Sold by Precision Detectors of Bellingham MA.

® Sold by Viscotek of Houton, Texas.

7 Trademark of National Instruments of Austin, TX,
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~ collected at five second intervals. The detector offsets or lag times are corrected in the
data processing step: The various detectors are calibrated by using polymers of
known weight average molecular weight and intrinsic viscosity’. The baseline
subtracted data is used in the following equations, where the subscnptcd i represents
s an arbitrary data point.
Equation 1 shows the relationship between the intrinsic viscosity, [v]y, and the
viscosity average molecular weight, M,, for the whole polymer. The values of K and

2 are 6.3*10% and 0.7, resl:;ectiveiy.

e
Mv = {—;E : [77]0}
{Eguation 1)

10 Equation 2 describes how the differential viscosity, n;, and the inlet pressure,

Inlet, P;, is used to estimate [n]y; for an arbitrary data point using the concentration, ¢;.

Inlet _ P ~2n.
[77]0,i = -5 T c. : .
i (Equation 2)

15 Equation 3 describes how to calculate the viscosity average molecular wci-ght,
My,
4.1, e
M, = _11;; IP, 0:2 7,
(Equation 3)

Equations 4 and 5 describe how to use the signals from the viscometer, DP;
20 and I[P; to estimate the differential viscosity, v;, and the inlet pfessure, Inlet P

7; =kpp ' DF, (Equation 4)

Inlet _P, =k, IP, (Equation 5)

¥ Written under contract with Quantum Automation of Houstén. TX.
*A. Degroot et al, Warers International GPC Conference (1998).
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: [ ded

g/mole ATR E? 14,121 119,127 100,788 97,147 Table 8B: Properties of Compoun
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Equation 6 describes how to calculate the concentration, ¢;, for an arbitrary

point from the IR response, IR;.

¢ =k IR, (Equation 6)
5 Equation 7 shows the normalization steb needed to calculate the overall
moments, M, and M,.. '
rom! z
! (Equation 7)

Equation 8 shows how to calculate the weight average molecular weight for an

10 arbitrary point.

i (Equation 8)

Equations 9 and 10 are used to estimate the values of the various detector
constants, kpp, Kip, K, and kys, using at least two different polymers, for which the
15 intrinsic viscosity and the weight average molecular weight are known, and adjusting

the detector constants, until the proper moments are obtained.

ch vi

' C

tota!

M
(Eguation 9)

Zci M.,

Cloat (Equation 10)

M

20 :
Alternatively, the viscometer can be calibrated using methods described by the

manufacturer, and the remaining coefficients, ki, and kg, can be obtained as
described above. For the purposes of the current inveﬁtion, only the viscosity average
molecular weight, M, ;, is requiréd.

25 As discussed above, the viscosity average molecular weights, M, and the

elution temperatures, T;, are used to calculate the coefficient of viscosity average
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molecular weight, CMv, using simple linear regression. This coefficient is the slope
for the regression line (log(Mv) vs. clution temperature) using the points between
70°C ahd 90°C in the ATREF-DV data. The values of the logarithm of the Viscosity
average molecular weights, Log M,;, are treated as the y values, and the elution

5 temperatures, T;, are treated as the X values. As discussed above, the regression slope
can be obtained using cormercially available routines, such as the function LINEST
in EXCEL". ;

Flexural and Secant Modulus Properties

10 The resin stiffness was characterized by measuring the Flexural Modulus at
5% strain and Secant Modulii-at 1% strain, and a test speed of 0.5 inch/min {13
mm/min) per ASTM D 790-99 Method B. The specimens were compression molded
according to ASTM D-4703-00 Annex 1, with a 5 min initial heating period at about
190°C and a 15°C/min cooling rate per Procedure C. The specimen was cooled to

15 45°C in the press with continued cooling until “cool to the touch.”

Tensile Properties
- Tensile strength at yvield, elongation at yield, ultimate tensile strength, and
elongation at break were measured according to ASTM D-638-03 with a test speed of
26 two inches per minute. All measurements were performed at 23°C on rigid type IV
specimens, which were compression molded per ASTM D '4703-{_)0, Annex A-1, with .
a 5 minute initial heating period at about 190°C, and a 15°C/min cooling rate per
Procedure C. The specimen was cooled to 45°C in the press, with continued cooling
until “cool to the touch.”
25
Environmental Stress Crack Resistance (ESCR)
The resin environmental stress crack resistance (ESCR) was measured per
ASTM-D 1693-01, Method B, with either 10% or 100% Igepal CO-630 (vendor
Rhone-Poulec, NJ). Specimens were moided according to ASTM 1D 4703-00, Annex

s¢ A, with a2 5 min initial heating period at about 190°C and a 15°C/min cooling rate per

' $oid by Microsoft Comp.
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Procedure C. The specimen was cooled to 45°C in the press, with continued cooling
until .‘;cool to the touch.”
In the ESCR test, the susceptibiliiy of a resin to mechanical failure by cracking
is measured under constant strain conditions, and in the presence of a crack
5  accelerating agent such as, soaps, wetting agenté, and the like.
| Per ASTM-D 1693-01 Method B measurements were carried out on notched
specimens, in a 10% by volume Igepal CO-630 aqueous solution, maintained at 50°C.
Ten specimens were evaluated per measurement. The ESCR value of the resin was
reported as F50, the calculated 50% failure time from the probability graph.
1i¢
Polymer Fines
The amount of polymer fines in a given sample was determined using the
following method: 500 grams of polymer were added to a standard sieve set consisting
of the following US mesh sizes: 10, 18, 35, 60, 120, 200 (corresponding to 2000 pm,
15 1000 pm, 500 wm, 250 pm, 125 pm, and 75 pm respectively) and pan. A Rotap or
Gradex'ZOOO shaker was used to separate the particles, The materials which pass
through the 120 mesh screen and remain on the pan are classified as fines. The

geometric mean is used to calculate the average particie size (APS).

20 Bulk Density
Bulk density of the polymer was determined using ASTM D1895-96.

Differential Scanning Calorimetry (DSC)
The peak melting temperature Tm, heat of fusion AHm, peak crystallization
25 tcmpérature Te, and heat of crystallization AHc, were generated via a TA Instruments
Model Q1000 DSC, equipped with an RCS (refrigerated cooling system) cooling
accessory and an auto sampler. A nitrogen purge gas flow of 50 mi/min was used
throughout. The sample was pressed into a thin film using a press at 175°C and 1500
psi (10.3 MPa) maximum pressure for about 15 seconds, then air-cooled to room

30 temperature at atmospheric pressure. About 3 to 10 mg of material was then cut into a
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6 mm diameter disk using a paper hole punch, weighed to the nearest 0.001 mg,
placed in a light aluminum pan (ca 50 mg) and then crimped shut.
The thermal behavior of the sample was investigated with the following
temperature profile. The sample was rapidly heated to 180°C and held isothermal for
5 3 minutes in order to remove any previous thermal history. The sample was then
cooled to -40°C at 10°C/min cooling rate, and was held at -40°C for three minutes.
The sample was then heated fo 150°C at 10°C/min heating rate. The cooling and

second heating curves were recorded.

10 Gel Permeation Chromatography (GPC)

Polymer molecutar weight was characterized by high temperature triple detector gel
permeation chromatography (3D-GPC). The chromatographic system consisted of a Waters
(Milford, MA) 150°C high temperature chromatograph, equipped with a Precision Detectors
{Amherst, MA) 2-angle laser light scattering detector, Model 2040, and a 4-capillary

15 differential viscometer detector, Model 150R, from Viscotek (Houston, TX). The 15° angle
of the light scattering detector was used for calculation purposes. Concentration was
measured via an infra-red detector (IR4) from PolymerChar, Valencia, Spain.

Data collection was performed using Viscotek TriSEC software version 3 and
a 4-channel Viscotek Data Manager DM40Q. The Carrier solvent was 1,2,4-

ze  trichlorobenzene (TCB). The system was equipped with an on-line solvent degas
device from Polymer Laboratories, The carousel compartment was operated at 150°C,
and the column compartment was operated at 150°C. The columns were four Polymer
Laboratories Mixed-A 30 cm, 20 micron columns. The reference polymer solutions
were prepared in TCB. The inventive and comparative samples were prepared in

25 decalin. The samples were prepared at a concentration of 0.1 grams of polymer in 50
ml of solvent. The chromatographic solvent (TCB) and the sample Iireparation
solvent (TCB or decalin) contained 200 ppm of butylated hydroxytoluene (BHT).
Both solvent sources were nitrogen sparged. Polyethylene samples were stirred gently
at 160°C for 4 hours, The injection volume was 200 pl, and the flow rate was 1.0

10 mi/minute,
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The preferred column set is of 20 micron particle size and “mixed” porosity gel to
adequately sei:arate the highest molecular weight fractions appropriate to the claims. _

Calibratiofi of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards, The molecular weights of the standards ranged from 580
1o 8,400,000 g/mol, apd were arranged in 6 “cocktail” mixtures, with at least a decade of
separation between individual molecular weights.

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. Let., 6, 621 (1968)):

Mpolyethylene = A x (Mpolystyrene)®  (1A).
Where M is the molecular weight, A has a cited value of 0.4316, and B is equal to 1.0. An
alternative value of A, herein referred to as “q” or as a “q factor”, was experimentally
determined 10 be 0.39. The best estimate of “q” was determined using the predetermined
weight average molecular weight of a broad linear polyethylene homopolymer (Mw ~
115,000 g/mol, Mw/Mn ~ 3.0). Said weight average molecular weight was obtained in a
manner consistent with that published by Zimm (Zimm, B.H., J. Chem Phys., 16, 1099
(1948)) and Kratochvil (Kratochvil, P, Classical Light Scattering from Polymer Solutions,
Elsevier, Oxford, NY (1987)). The response factor, K| 5, of the laser detector was determmed
using the certificated value for the weight average molecular weight of NIST 1475 (52,000
g/mol). The method for obtaining the alternative “q factor” is described in more detail below.

A fourth order polynomial was used to fit the respective polyethylene-equivalent
calibration points obtained from equation 1A to their observed elution volumes. The actua]
polynomial fit was obtained so as to relate the logarithm of polyethylene equivalent molecular
weights to the observed elution volumes (and associated powers) for each polystyrene
standard.

. The total plate count of the GPC column set was performed with Eicosane {prepared
at 0.04 g in 50 milliliters of TCB, and dissolved for 20 minutes with gentle agitation.) The
plate count and symmetry were measured on a 200 microliter injection according to the

following equations:

PlateCount = 5.54 * (RV at Peak Maximum / (Peak width at ¥ height)) > (24),
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75,250 SCE Mv g/mole ATREF 70,051 88,750 89,827 75,243 Purge Mv g/mole ATREF 117,949_
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D792 0.9523

9590 12 WIG min ASTM 1238 0.11 0.16 0.21 15 WRETHIRME/PRI3ID38 0.63

Not determined Not determined

10

15

29

25

where RV is the retention volume in milliliters, and the peak width is in milliliters.

Symmetry = (Rear peak width at one tenth height - RV at Peak maximum) / (RV at Peak
Maximum - Front peak width at one tenth hei ght) _ (3A),

where RV is the retention volume in milliliters, and the peak width is in milliliters.

The ;;iatc count for the chromatographic syétem (based on eicosane as discussed
previously) should be greater than 22,000, and symmcfry should be between 1.00 and 1.12.

The Systematic Approach for the détermination of each detector offset was
implemented in a manner consistent Wi.th that published by Balke, Mourey, et. Al (Mourey
and Balke, Chromatography Polym. Chpt 12, (1992)) (Balke, Thitiratsakul, Lew, Cheung,
Mourey, Chromatography Polym. Chpt 13, (1992)), using data obtained from the three
detectors while analyzing the broad linear polyethylene homopolymer (115,000 g/mol) a_r;_d
the narrow polystyrene standards. The Systematic Approach was used to optimize\eachﬁ
detector offset to give molecular weight results as close as possible to those observed using
the conventional GPC method. The overall injected concentration, used for the
determinations of the molecular weight and intrinsic viscosity, was obtained from the sample
infra-red area, and-the infra-red detector calibration (or mass constant) from the linear
polyethylene homopolymer of 115,000 g/mol. The chromatographic concentrations were
assumed low enough to eliminate addressing 2nd Virial coefficient effects {concentration
effects on molecular weight).

The calculations of Mn, Mw, and Mz based on GPC results using the IR4 detector
{Conventional _GPC) and the narrow standards calibration were determined from the

following equations:
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L E(JR.- *M;E.i) i(IR;' *MJ::E.E)
Mz= —— (6A) and Mz+l= IR — (TA).
Z (IR;' * Mrs.x) Z(IRr * M.'Z’E.‘.r‘ )

Where IR; and Mpg,; are the IR bascline comrected response and conventional calibrated

polyethylene molecular weight for the ™ slice of the IR response, elution volume paired data
s set. The equations 4A, 5A, 6A, and 7A are calculated from polymers prepared in solutions of
decalin.

The *“g-factor” described previously was obtained by adjusting “q” or A is equation
1A until Mw, the weight average molecular weight calculated using equation 5A and the
corresponding retention volume polynomial, agreed with the independently determined value

1e - of Mw obtained in accordance with Zimm- for the broad linear polyethylene homopolymer
{115,000 g/mol).

The weight percent of polymer fraction with molecular weights > 10° g/mol was
calculated by summing the baseline corrected IR responses, IR;, for the elution volume slices
whose calibrated molecular weights, Mpz; , were greater than 10° g/mole and expressing this

15 partial sum as a fraction of the sum of all the baseline corrected IR responses from all elution
volume slices. A similar method was used to calculate the weight percentage of polymer
fractions with absolute molecular weights > 10° and 107 g/mol. The absolute molecular
weight was calculated use the 15° laser light scattering signal and the IR concentration
detector, Mpg; aps=K, ::s*( LSi/(IR;), using the same K¢ calibration constant as in equation 8A.

20 The paired data set of the i* slice of the IR response and LS response was adjusted using the
determined off-set as discussed in the Systematic Approach.

In addition to the above calculations, a set of alternative Mw, Mz and My, [Mw
(abs), Mz {abs), Mz (BE) and My,, (BB)] values were also calculated with the method
proposed by Yau and Gillespie,(Yau and Gillespie, Polymer, 42, 8947-8958 (2001)), and

25 determined from the following equations:

S(Ls,)

> (IR}

Mw{abs) =K o (8A),
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where, Ki g = LS-MW calibration constant. As explained before, the response factor, Kig, of
the laser detector was determined using the certificated value for the weight average
molecular weight of NIST 1475 (52,000 g/mol).

S IR *(LS,/IR,)

5 Mz (abs) = (9A),

3 IR, *(LS, /IR,)

L E(LSJ *M.Ps.z) o Z(LS. *M.gs,s)
Mz(BB)= —————— (10A) and M, (BB)=——— (l1A),

Y (Ls,) . SLS, «M,p,)°

where LS, is the 15 degree LS signal, and the Mpg; uses equation LA, and the LS detector
alignment is as described previously. '
In order to monitor the deviations over time, which may contain an elution component
10 (caused by chromatographic changes) and a flow rate component (caused by pump changes),
a late eluting narrow peak is generally used as a “flow rate marker peak”. A flow rate marker
was therefore established based on a decane flow marker dissolved in the eluting sampie
prepared in TCB. This flow rate marker was used to linearly correct the flow rate for all
samples by aii gnment of the decane peak's. For samples dissolved in decalin, the decalin
15 solvent gave a huge spike in the elution curve which overflowed the IR-4 detector therefore
no decane peak can be used as fiow rate marker. In order to minimize the effect caused by
ﬂoﬁ rate change, the ﬂO\;V characteristics of the linear polyethylene homopolymer (115,000
g/mol) prepared in TCB with decane as the flow rate marker was used as the same flow
characteristics for solution samples prepared in decalin run on the same carousal.
20
Extrudate Swell Method
Extrudate swell testing was used to cvaluate the average extrudate swell of &
polymer strand leaving the die of an extruder, in a range of time representative of a
manufacturing process, such as blow molding proce.ss. A strand of polymer was
25  produced by a piston-driven capillary rheometer (Gittfert Rhcog'réph 2003 equipped

with a 12 mm diameter barrel and a | mm diameter circular die of length 10 mm, with
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13C NMR 1.9 Not determined Not determined Branches/I000 carbons 13C NMR 3.2 Not determined
Not determined High Density Fraction % ATFtEF 68.9 82.3 86.1 Purge % ATREF 13.8 9.7 12.4 Mv

Average g/
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ow Index (LI)

Series - Inventive Examples 1-3,7

0

15

22

25

30

a 90° entrance angle) at shear rates of either 300 5™ or 1000 s and at a temperature of
19G°C. The volumetric flow rate was kept constant. The strand was cut at a distance
of 4 cm from the die exit, and the timer started. When the strand reached a total
iength of 27 cm (namely an incremental length of 23 cm after the timer started), the
timer was stopped. High swell materials produced thicker extrudate whose length
grows more slowly than that of lower swell materials, The recorded time for the
strand to reach the incremental length of 23 cm relates to the extrudate swell. The
measurement was repeated five times, to account for measurement variability, and the
average result was reported. The extrudate swell is hcréin reported as the time, t)000
seconds, required for the extrudate to cover the distance of 23 cm when extruded at a

shear rate of 1000 s”' and the time 1300 seconds when the extrusion shear rate is 300 57,

Bottle Weight Method

In this method the resin swell is expressed in terms of bottle weight, Bottles
were fabricated on an Improved B-15 intermittent blow molding extrusion machine
equipped with a conical bottle mold. The extrusion temperature was maintained at
350-"F and the resin was extruded at a screw speed of 75 rpm. A conical bottle moid,
as shown in Figure 8, was used to fabricate 2.2 liter bottles for swell measurement.
The die gap and parison formation time (PFT) were held constant. The bottle weight
was equated to the weight swell. With the conical mold it was possible to carry out a
single point measurement of the parison diameter at approximately the mid point
between the parison top and bottom. _

The UNIVAL™ chrome catalyzed blow molding resin, DMDA 6200 {0.953
g./cm3 density, 33 g/10 min I,), commercially available from the Dow Chemical
Company), was used as the bottle weight standard. At the start of the swell
measuremeiit, the extrusion conditions were adjusted such that in 2.3 £ 0.1 s parison
formation time, a 75 + 0.5 g trimmed bottie, with a lower flash (tail) of acceptable
dimension (+ (.25 in outside the mold) could be produced from the DMDA 6200
control. The extrusion conditions adjusted were the reciprocating screw shot size to
set the tail length, and the die gap to control the weight of the trimmed botle. The die
gap and PFT were held constant, at the settings determined with the DMDA 6200
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Properties Units Metho d Inventive Example 1 Inventive Example 2 Inventive Example 3 Inventive
Example 7 Density g/cm3 ASTM D792 0.9523 0.9496 0.9518 09464 W 10 mm ASTM 1238 0.06 0.04

0.050.05 g ' 1238 0.29 0.23 0.28 0.28 In g/l 0 min ASTM 1 9.5121/12
005 0.05 ol ASTM R TRGHS

control resin, during the swell measurement of the test resins. The resin to be tested
was extrusion blow molded; the tail size adjusted; the weight of the trimmed bottle
reported as the resin bottle weight swell and the bottle diameter at approximately the -

midpoint reported as the parison diameter.

Rheology
The sample was compression molded into a disk for rheology measurement.
The disks were prepared by pressing the samples into 3.0 mm thick plaques, and were
~ subseguently cut into 25 mm diameter disks. The compression molding procedure
10 was as follows: 350 °F (177 °C) for 5 min at 1500 psi (10.3 MPa) under N2 purge
protection, thén the chase is transferred into an ambient temperature oven with N2
purge untii the sample plaque is solidified, then the plague is removed from the
chase.
The resin rheology was measured on the ARES-LS mode! Rheometer from TA
15 Instruments. The ARES is a strain controlled rheometer. A rotary actuator
(servomotor) applies shear deformation in the form of strain to a sample. In response,
the sample generates torque, which is measured by the transducer. Strain and torque
are used to calculate dynamic mechanical properties such as modulus and viscosity.
The viscoelastic properties of the sample were measured in the melt using a 25 mm
2t diameter paralle] plate set up at 190 °C, and as a function of varying frequency (range
'500 5™ 10 0.01 s'l). A small constant strain (5%) was applied to ensure the
measurement was in the linear viscoelastic region. The storage modulus (G'), loss
modulus (G”), tan delta (G"/G’), and complex viscosity (eta*) of the resin were
dctcfmined using Rheometrics Orchestrator software (v. 6.5.8).
25
13C NMR ~ Coemonomer Content
The comonomer content was determined by 13C NMR. The samples were
prepared by adding approximately 3 g of a 50/50 mixture of tetrachloroethane-
d2/orthodichlorobenzene, which is 0.025 M in chromium acetylacetonate (relaxation
z0  agent), 1o 0.4 g sample in a 10 mm NMR tube. The samples were dissolved, and

homogenized by heating the tube and its.contents to 150°C. The data was collected

73



154 174 194 121/15 ASTM 1238 38 30 31 34 ESCR F50 (10% Igepal, notched) h ASTM-D1693- B
>1000 >1000 >1000 >1000 Tensile Impact ft*Ib/in 2 ASTM B1822 279 318 288 302 . 1% Secant
Modulus p&%ﬁgwa% § -B 156,590 149,309 153,980 140,839 Flex Modulus psi ASTM D790-B
187,029 175 / 175,158 Ultimate Tensile Strength BERE iy

using a Varian Unity Plus 400 MHz spectrometer, or a JEOL Eclipse 400 MHz
spectrometer, corresponding to a 13C resonance frequency of 100.4 MHz.
Acquisiiio;x parameters were selected to ensure quantitative 13C data acqﬁisition in
the presence of the relaxation agent. The data was acquired using gated 1H
5 decoupling, 4000 transients per data file, a 6 sec pulse repetition delay, spectral width
of 24,200Hz, and a file size of 65K data poinfs, with the probe head heated to 130°C.
- The comonomer incorporation was determined using ASTM D5017-91 -
Standard Test Method for Determination of Linear Low Density Polyethylene
Composition by Carbon-13 Nuclear Magnetic Resonance. Samples that are prepared
1¢  with a chromium catalyst can be analyzed using Brandolini’s assignments for
ethylene-hexene [Brandolini, A. J., Hills, D. D., “NMR Spectra of Polymers and.
Polymer Add}tlves 64 (2000)].

Volatile Determination

15 The total volatile level of the pellet samples was determined by the weight loss
method, which involved heating a 10 g sample, in a vacuum oven, at 100°C, for one
hour. The measurement was carried out on duplicate samples. The average loss in

weight was reported as the percent total volatiles present in the sample.

20 Melt Strength
“The melt strength was measured at 190°C on the Rheotens Model 71.97 Melt

Strength Tester in accordance with the operating conditions of this tester.

Structural Characterization
25 The vinyl/1000C, and trans vinyl/1000 C content was determined by ASTM
D-6248-98; and methyl groups/1000C was determined by ASTM D2238.

EXPERIMENTAL

The following examples are to illustrate this invention and to not limit it.

30 Ratios, parts, and percentages are by weight, unless otherwise stated,
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psi ASTM 638 4,793 5,022 5,150 4,929 Elongation at break % ASTM 638 786 778 790 658 Yield
Strength psi ASTM 638 3,242 3,002 3,514 2,931 Yield Strain % ASTM 638 3.5 3.6 4.5 3.5 510 Table

9B: Mechamgelf@&%@tﬁgs High flow Index (120 Series - Inventive Examp@uéggﬂ%%%ﬂ:’ropertl es
Units Method Inventiv e

Representative Polymerizaiion
Polymerizations were carried out in a pilot scale reactor as described in U.S.
‘Patent 6,187,866, incorporated herein by reference. Catalyst was fed only to the high
molecolar weight reactor. Cocatalyst and Continuity Additive (CA) were also fed
s separately to the high molecular weight reactor, CA feed occurred at a bed height
approximately one foot above the catalyst feed point, however this is not a critical
feature of the polymerization process. CA feed rate was maintained at 20 to 50 ppm,
based on the polymer production rate, at a level ‘s.ufﬁcicnt to control sheet formation,
In the representative polymerizations as shown in the tables below, no
10 comonomer was deliberately added to the low molecular weight reactor; however
small amounts (equivalent to that dissolved in the polymer; comonomer to ethylene
molar ratio less than 0.001/1 {on-line gas chromatography to reacior)) are carried over
into the low molecular weight reactor. There is optional cocatalyst feed to this low
molecular weight reactor. Reaction conditions used to produce these samples are
15 givenin Table 1A to 1C.
The inventive examples are suitable for various applications, inciuding films,
pipes and blow moided articles, and in particular, Examples 1-3 and 7 are especially
suitable for films and pipes, and Examples 4-6 and 8-12 are especially suitable for

blow molding applications.



Exampl e4 Inventiv e Exampl e 5 Inventiv e Exampl €6 Inventiv e Exampl e 8 Inventiv e Exampl e9_ '
Inventiv e Exampl e 10 Density ASTM D792 0.9589 0.9568 0.9573 0.9526 0.9533 0.9523 @/10 min

ASTM 1238\9’&%099;09592%4 0.080.150.11 PCT/US2008/087378

‘Table 1A: Process Conditions Used to Produce Inventive Examples 1 - 5

Inventive Example 1 2 3 4 5
Reactor High MW | High MW | High High High
. MW MW MW
Catalyst Type B B B B B
Reaction Conditions _
Temp. °C 80 80 80 80 RO
C2 Part. Pressure, psi 86.9 79 109.8 74.5 §4.5
H2/C2 Molar Ratio 0.1 0.107 0.127 ' 0.152 0.21
C6/C2 Molar Ratio 0.031 0.031 0.031 0.015 0.026
Alkyl Feed 184.7 164 163.4 163.1 152.3
Isopentane Mol % 9.4 10 9.3 10.5 10.4
Cocatalyst Type TEAL TEAL TEAL TEAL TEAL
Catalyst Feed cc/h 9 9 g 9 9
E.B. Production Rate, Ib/h | 20.9 121 297 25 25
Bed Weight, 1b 71.3 77.3 78.3 78.3 77.7
Residence Time, b 3.7 3.7 26 3.1 3.1
S5GV (ft/sec) 1.8 1.8 1.5 13 1.3
| High MW Resin Properties ’
Flow Index, g/10 min Iy 0.48 .41 0.44 0.26 0.69
‘| Melt Index, g/10min I Not Not .03 0.02 0.03
determine | determine
d d
Density, g/em’ 0.9306 0.929¢6 0.9308 0.9328 0.9337
Iy/1s Not Not 15 13 23
determine | determine
d d
Titanium, ppinw 5.9 6.9 7.7 9.5 8.5
Hafnium ppmw 20.5 23.2 27 33 29.8
Aluminum ppmw 130.3 136.1 114.6 139 158.8
AVTi 39.4 35.2 26.5 26 33.1
AVTi from Alkyl Feed 24.3 20.2 il.y . 10.9 18.1
Bulk Density, Ib/ft” 225 21.7 214 22.9 25.6
APS, in 0.037 0.043 0.045 0.04} 0.028
Fines, Wt% LT 120 Mesh {05 0.2 0.2 1.1 0.7
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15 g/10 min ASTM 1238 1.16 1 1.04 0.5 0.81 0.63 121 9/10 min ASTM 1238 30.4 34.6 34.8 15.2 23.7
16.5'21"2 ASTM 1238 218 217 255 190 159 149 12145. ASTM 1238 26 35 33 31 29 26 boo,

WO 2809/085922 PCT/US2008/087378

Table 1A Continued: Process Conditions Used to Produce Inventive Exampies 1- 5

Inventive Example 1 2 3 4 5
Reactor Low MW | Low Low Low Low
MW MW MW MW
Reaction Conditions
Temp. °C ~ | 1098 109.9 109.9 109.9 109.8
Pressure, psig 390.7 394.1 303.1° 393.4 394.9
C2 Part, Pressure, psi 98.1 g1.7 69.8 102.1 84.2
H2/C2 Molar Ratio 1.5 1.5 1.5 1.5 1.5
C6/C2 Molar Ratio 0 0 0 0 0
SGYV (ft/sec) 1.8 1.8 1.8 1.9 118
Overall Mass Balance 32.1 23.6 42.9 513 40
Prod. Rate
Resin Final Properties
Flow Index, g/10 min I, 10.84 8.83 9.85 31.85 31.37
Meit Index, g/10 min Js 0.40 0.32 0.37 0.99 1.06
Melt Index, g/16 min I, 0.07 0.06 0.07 0.16 0.20
Density, g/cm” 0.9505 0.9498 0.9502 0.957 0.9544
¥3/1s 27 27 27 32 30
Ln/l; 155 147 i41 199 157
Titanivm, ppmw , 3.2 3.6 3.9 42 3.9
Hafnium ppmw 10.6 11.7 13.4 14.4 14.1
Aluminum ppmw 116.6 119.5 88.6 85 95.8
AT 64.2 59.8 40.6 36.1 43.9
Bulk Density, Ib/it’ 27 26.2 252 27.5 30.3
APS, inches 0.042 0.047 0.051 0.044 0.03
Tines, Wt% LT 120 Mesh | 0.7 0.4 0.3 0.9 0.8
Split HMW % by X-ray 54.8 51.6 50.5 44 45.5

0
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s Extrudat e swell 19.5 20.2 19.8 22.3 21.6 22.0 11000 av s Extrudate swell 7.1 7.27.17.6 7.8 7.7 -
ESCR F50 (10% Igepal, notched) h ASTM D-1693- B >1000 >1000 >3000 >1000 >1000 >1000

Tensile IMpagh §i/iRLASTM 131822 78 123 136 272 PCT/US2068/087378

Table 1B: Process Conditions Used to Produce Inventive Examples 6 - 9

Inventive Example 6 7 8 9
Reactor High MW | High MW | High MW | High MW
Catalyst Type B A A A
Reaction Conditions
Temp. °C 80 80 75 80
2 Part. Pressure, psi 96.1 303 49.9 50.1
H2/C2 Molar Ratie 0.207 0.067 8.121 0.14
C6/C2 Molar Ratio 0.027 0.039 0.04 0.04
Alkyl Feed 159 143.6 108.4 106.9
Isopentane Mol % 9.8 11.45 114,02 15.83
Cocatalys{ Type TEAL TEAL TEAL TEAL
Catalyst Feed cc/h 9 9 9 9
E.B. Preduction Rate, Ib/h | 22.5 18.8 16 17.4
Bed Weight, b 77.6 126.7 127.9 127.5
Residence Time, h 3.5 4.9 5.8 5.4
SGV (ftisec) 1.3 1.9 1.8 1.7
High MW Resin
Properties
Fiow Index, g/10 min I, | 0.58 0.44 0.27 0.45
Not Not Not Not
determine | determine | determine | determine
Melt Tndex, g/10min Is d d d d
Density, g/cm’ 0.9327 0.9237 0.9266 0.9285
Not Not Not Not
determine | determine | determine | determine
Ta3/1s d d d d
Titanium, ppmw 10.5 4.3 5.6 5.7
Not Not Not
determine | determine | determine
Hafnium ppmw 35.2 d d d
Aluminum ppmw 147.7 79 90.5 B5
AlTi 25.1 326 28,7 26.7
A¥Ti from Alkyl Feed 10.1 194 15.5 13.5
Bulk Density, Ib/ft® 25.6 21.2 23.8 25.2
APS, in 0.025 0.029 0.028 0.027
Fines, Wt% LT 120 Mesh | | 1.4 1.2 1.3
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226 233 % Secant Modulus psi ASTM D790-B 207,535 185,909 190,616 162,246 167,221 168,614_
Flex Modulus psi ASTM D790-B 250,405 228,182 224,395 201,930 208,004 202,392 Ultimate Tensile

i 0 El atio n at break % ASTM 638 695 -
Strength ps%&'&%lg%g%gﬁ% 3,626 2,847 4,653 4,444 5,03 ong PCT[US2008?’087378

Table 1B Continued: Process Conditions Used to Produce Inventive Examples 6 - 9

Inventive Example 6 7 8 9
| Low

Reacior MW Low MW | Low MW | Low MW
Reaction Conditions '
Temp. °C 109.8 100 100 100
Pressure, psig 394.6 394.6 394.3 393.5
C2 Part. Pressure, psi 78.9 106.6 105.2 105.1
H2/C2 Molar Ratio 1.5 1.6 1.6 1.3
C6/C2 Molar Ratio 0 0 ¢] 0
SGV (ft/sec) 1.8 1.7 1.7 1.7
Overall Mass Balance :
Pred. Rate 32.8 46.7 65.8 75.7
Resin Final Properties _
Flow Index, g/10 min I, [30.28 {890 14.70 22.80
Melt Index, g/10 min Is 1.00 (.39 0.55 .92
Melt Index, /10 min I, 0.19 0.08 0.12 0.18
Density, g/em® 0.9552  |0.9444 0.9502 0.9513
| 374 P 159 111 122 127
Iny/1x 30 23 27 25
Titanjium, ppmw 4.6 24 2.4 2.5

Not | Not Not

determine | determine | determine
Hafnium ppmw 15.7 d d d
Alaminum ppmw 96.8 52.3 48 40.1
AVTi . 37.6 39.6 36.2 28.4
Bulk Density, ib/ft’ 30.6 24.9 27.2 20.1
APS, inches 0.029 0.031 0.033 0.031
Fines, Wt% LT 120 Mesh | 1.1 1.8 0.9 0.9
Split HMW % by X-ray 43.9 54.5 42 44.3

10
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779 756 722 773 834 Yield Strength psi ASTM 638 3,854 3,601 3,510 3,257 3,267 3,493 Yield Strain
% ASTM 638 3.8 2.8 3.7 3.1 3.4 4.5 WO 2009/085922PCT/US2008/087378 Table 9C: Mechanical

Properties -{ighhFlguedpgdex (121) Series -- Inventive Examples 11-12 andpg,&@%%é%\@@amp es.

Properties Units Method Inventive Example 11 Inventive Example 12 Dow ference

5 Table 1C: Process Conditions Used to Produce Inventive Examples 10 -12
Inventive Example 10 11 12
Reactor High MW | High MW | High MW
Catalvst Type A A B
Reaction Conditions
Temp. °C 80 30 30
C2 Part. Pressure, psi 50 80 70.1
H2/C2 Molar Ratio 0.145 0.149 0.141
C6/C2 Molar Ratio (.04 0.012 0.012
Alkyl Feed 95.1 299.1 126.7
Isopentane Mol % 15.54 0.72 0.69
Cocatalyst Type TEAL TnHAL TEAL
Catalyst Feed cc/h g 13 1G
E.B. Production Rate, Ib/h | 17.4 28.2 22.5
Bed Weight, Ib 130.5 122.3 122.1
Residence Time, h 7.6 43 3.4
SGV (ft/sec) 1.6 2 2
High MW Resin
Properties .

Flow Index, g/10 min I, [0.5 1.22 .76
| Melt Index, g/10min I; Not Not Not
: determine | determine | determine
d d d
Density, g/em” 0.9288 0.9359 0.938
1215 . Not “Not Not
determine | determine | determine
d d d
Titanium, ppmw 5.9 3.6 3.3
Hafnium ppmw Not Not Not
determine | determine | determine
d d d
Aleminum ppmw 76.3 174.4 177.7
AT 22.9 86.3 96.5
AVTi from Alkyl Feed 7.9 73.1 83.4
Bulk Density, Ib/ft’ 26.2 27.5 27.8
APS, in - 10.025 0.029 0.025
Fines, Wt% LT 120 Mesh | 2.8 1.1 0.4
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Dow DMDA 6601 Reference Dow DMDA 6620 Reference Exxon Mobil 9856B Reference Equistar
5840 Reference  a b b c d Density g/cmr ASTM D792 0.9591 O_.9590 0.9541 0.955 0.9591 0.9575

0.9598 12 g/10 min ASTM 1238 0.16 0.21 0.38 0.29 0.33

WO 2009/085922 PCT/US2008/087378

- Table 1C Continued: Process Conditions Used to Produce Inventive Examples 10 - 12

Inventive Example 10 11 12

Reactor Low MW | Low MW | Low MW

Reaction Conditions

Temp. °C 100 111.9 111.9

Pressure, psig 392.5 360.5 395.4

C2 Part. Pressure, psi 90 104.1 124.8

H2/C2 Molar Ratio 1.1 1.4 1.3

C6/C2 Molar Ratio 0 0 0

SGV (ft/sec) Jq 1.7 1.8 1.8

Overall Mass Balance 46.6

Prod. Rate

Resin Final Properties

Flow Index, /10 min I,; 3 18.10 26.40 29.40

Melt Index, g/10 min I 0.76 1.11 1.30

Melt Index, /10 min I, 012 0.22 0.27

Density, glem® 0.9501 0.9581 0.9584

I:/1> 151 120 109

I23/1s 24 24 23

Titanium, ppmw 2.8 1.7 1.5

Hafnium ppmw Not Not Not ‘

: determine " | determine | determine
. d d d

Aluminum ppmw 57.8 67.6 71.7

AVTi 37.3 70.8 87.3

Bulk Density, 1b/ft" 30.1 324 34.3

APS, inches 0.028 0.028  |0.028

Fines, Wt% LT 120 Mesh | 1.9 09 0.4

Split HMW % by X-ray 46.5 47.2 44.6

(HMW)

The Energy Balance Production Rate (E.B.) is used for process control, ltisa

10 calculation based on standard engineering principles using the known heat of
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0.47 0.33 121 g/10 min ASTM 1238 24.9 32.5 33.0 28.8 27.1 43.1 40.4 121/12 ASTM 1238 154 156
87 97 83 92 123 ESCR F20 (10% Igepal, notched) h ASTM D- 1693-B 439 507 24 >1000 194 128 50

Tensile Impaghiti0ing, . PCT/US2008/087378

polymerization of ethylene, estimated heat losses to the environment from the
polymerization reactor and tﬁe specific gas compositions, The “SGV” is the
superficial gas velocity through the polymerizing bed of the reactor, measured in
feet/second.

5 The split provides the weight percentage of the high molecular weight
component, based on the sum weight of the high molecular weight component and the
low molecular weight compohent. The split is determined by X-ray fluorescence
determination of residual metals analysis of resin samples obtained from both
reactors. Since catalyst is added only to the first reactor, the decrease in residual Ti,

10 Hf or Zr from first reactor to second reactor allows calculation of the fraction
produced in the second reactor, and hence the split. In these examples, residual Hf
was not measured for convenience. Since the catalyst compositions were fixed, the
residual Hf can be simply caiculated, if desired, from the Ti levels and the catalyst
compositions given below.

15
Catalyst Preparation

Catalyst was prepared using equipment and methods described in U.S. Patent
6,982,237 (incorporated herein by reference), Catalysts may be prepared according o
the non-limiting formulations listed in Table 2. Other precursor compositions can be

zo  prepared using other slightly modified formulations.
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AS TM B1822 127 120 82217 178 107 85 1% Secant Modulus psi ASTM D790-B 201,369 201,260
160,939 179,423 205,421 186,813 199,781 Flex Modulus psi ASTM D790-B 244,912 244,806 190,527

imate Tensile Strength psi ASTM 638 3,159 3,422 4,276 4,663
216,123 238@38%{)%3%%899%9 232,709 Ultimate gth p 8315934224

Table 2: Examples of Catalyst Formulations

.| Catalyst Number 10 13 i5 17 -] 21 23
Description 5/171/0 | S/1/0/1 {1 5/1/0.5/0 § 5/1/0.5/0.5 | 5/1/1/0 | 5/1/0.5/0
Feedstock Charges, kg ,

Ethanol 17.65 1176 17.6 17.6 17.6 17.3
MgCl2 0.875 {087 .}0886 0.895 1 0.882 | 0.895
TiCl3 AA 0.35 0.367 }0.338 0374 0.354 033586
HfCl4 0586 |0 0.298 0.299 0.572 ]0.297
ZrCl4 0 0423 |0 0.221 0 0
Cabosil TS-610 1.3 1.3 13 1.3t 1.3 1.3
Spray Drying

Conditions

Inlet Temp, C 164 160 163 163 162 162
QOutlet Temp, C 100.7 |99 101 101 1005 11004
Atomizer Speed, % 95 95 90 90 %0 S0
Gas Flow, Ib/h 506 534 524 524 521 521
Slurry Feed, 1b,h 34 31 32 32 31.8 325
Theoretical Yield, kg 4.2 39 3.8 4.1 4.1 3.8
% Recovery 94 89 101 90 ia! 87
Mass Balance Metal

Ratios

Mg/Ti 5.2 49 52 5 52 52
TifHf 0.96 -na- 1.9 2 1 1.9
TiZr NA 1 NA 2 NA NA
Mass Balance ‘
- Composition -

wt% ethanol 22t [22to 22t026 (221026 2210 [22t026

26 26 26 :

mmole Mg/g 2.2 2.3 2.5 2.3 2.2 2.5
mmole Ti/g 0.42 0.47 048 0.46 0.43 0.47
mmole Al/g 0.14 0.16 0.16 0.15 1014 0.16
mmole Hf/g 0.44 0 0.25 0.23 0.43 0.24
mmole Zr/g 0 0.46 0 0.23 0 0

NA = Not Applicable

s Spray Drying
Catalyst formulations for spray drying are shown in Table 3 below. Feedstock
charges, are in kg, as shown in Table 3. Spray Drying Conditions are shown in Table
. _
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4,135 4,077 3,185 Elongation at break % ASTM 638 878 726 943 764 783 845 847 Yield Strength psi
ASTM 638 3,682 3,449 3,493 3,471 3,777 3,707 3,986 Yield Strain -,-,, ASTM 638-.5.145"' .3.7

ggl frgeﬁ.zza %;?Q&B@M@%Phase Polymerization b: UCATTm J (Zlegler-Natl;% TCI%%&% 8/7 %gs Phase

Table 3: Specific Catalysts

Sample Namber Ethanol | MgCi2 | HICH4 | TiCI3 Cab-0-8il
b T5-610 -
6-24 17.6 0.886 0.592 | 0.358 - 1.88
6-28 17.57 1.321 0.882 054 |- 1.92
Dry Powder Analyses {of Wt % mm/g mmvg | mm/g EASC
the spray dried powder) (added g/g)
6-24 (Cat. A) 22.17 2.02 0.4] 0.427 0.794
'6-28.(Cat. B) 22.5 2.3 0.48 0.494 0.806

Table 4: Spray Drying Conditions

Cycle Gas Tin {°C) T out (°C) Feed Rate pph | Atomizer %
{Ib/hr)
616 160 103.9 35 25
[6-24 (Cat. A)] ' _
604 | 160 106 35 95
[6-28 (Cat. B)]

s Example Chlorination Procedure
Catalyst precursors were then chlorinated using ethy! aluminum sesquichloride
as chiorinating agent, at an aim added CI/OEth ratio of approximately 2.0 The
procedure used to chlorinate the inventive catalysts, used in the specific
polymerization experiments described above, is given below. Catalysts A and B
10 above were produced using an identical chlorination procedure as that described
below. See Table 5. '

Table 5: Example Chiorination

Sample 17 Aim metal | Al wt% | Hf Mg Siwt% | Ti wt%

ratio wit% wit%

Mg/Ti/HI/Zr | 0.46 4.03 5.54 17 2.13

5/1/0.5/0.5 '

Al mmol/g | Hf, Mg, Ti, Zr, % Chloride

mmol/g | mmol/g | mmol/g | mmol/g | Ethoxide |, mmJ/g

measure
d as
EtOH

0.16 0.23 2.28 0.44 0.22 25.7 6.2
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c: Exxon Mobil - Mitsui process and d: Equistar - Nissan-Maruzen process

WG 2069/085922 PCT/US2008/087378

A six.litcr glass vessel, equipped with a heating jacket and a helical agitator, is
used in the chlorination reaction. Some pressure is generated by gases evolved during
the chlorination step due to reaction of residual alcohol with the alkyl-groups. of the
ethyl aluminum sesquichloride. |

5 To the mix tank was charge 2500 ml of dried HB-380 mineral oil. The
temperature control was set at 20°C. The agitator was stated at 50% of its maximum
speed. -Thé precursor powder (600-700 grams) was then charged to the reactor, and
the mixture was stirred for 30 minutes to disperse the precursor. Next, the EASC
solution (available as 50% by weight in dry mineral oil) was chatged to the alky]

1o charging system. The pressure controller was set to 2 psig. The EASC solution was
charged per recipe, over a roughly a “10 minute” period. The addition was stopped if
excessive foaming occurred, or if the temperature increases above 35°C. The addition
was resumed after foaming subsided, and the temperature decreased to less then 35°C.,
The mixture was agitated for another 60 minutes. If the temperature has not reached

15 35°C, increase the set point to 35 °C during this 60 minute agitation. Results are

shown in Table 6 below, and the formulation is shown in Table 7.

Table 6
_ Ethanol wt % | CVOEth Neat EASC g/g
Precursor -17 264 2 6.92
20 Table 7: Formulation
Ingredient : Aim Amount
Mineral Oil (HB380 or Kaydol) 2500 ml
' Precursor-15 600 g
EASC Sohition 1132g
50% wt in Oil
Start Temperature 20°C
Maximum Temperature during Addition 35°C
Addition Time 10 minutes
Cookout Time at 35°C 60 minutes
Net Yield ~3600 g
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Continuity Additive (CA)

. The continuity additive is a mixture of aluminum distearate, and commercially
available AS-990 dispersed in mineral oil, at 10 weight percent loading of each -
component. The HB-380 mineral oil is typically used, but any dry, oxygen free, high

s viscosity mineral oil may be used as the dispersant.

The effect of the continuity additive is more than just as an agent to control
static generation. This is illustrated in Figure 1. As seen in Figure 1, the effect of the
continuity additive is not just one of static contral, that is, it is not an anti-static agent

‘per se, but an agent that promotes reactor continuity.

10 Other factors also affect reactor continuity, however, the unique effect of the
continuity additive allows for continued production of the inventive resins, despite the
presence of a very high molecular weight component. Thus, the continuity additive
must be fed, such that a concentration of greater than 0 ppm is maintained in the first
reactor. Too much continuity additive also can be deleterious to operation, in that at

15 high levels it will be a catalyst poison. A suitable range for the continuity additive
feed is from 5 to 100 ppm, based on polymer production rate, an especially preferred

feed rate is from 5 to 70 ppm.

Melt Extrusion

20 Large size compounded samples of the invéntivc cxamples were produced by melt
extrusion of the inventive sample powder with antioxidant and catalyst neutralizer. The melt
extrusion was carried out on a Kobe LCM 100 extruder equipped with EL-2 rotors. The
antioxidants were G,OZ weight percent IRGANOX 1010 and 0.06 weight percent IRGAFOS
168. The acid neutralizer was 0.1 weight percent calcium stearate. Typical extrusion

25 conditions were 180°C barrel set point temperature. The inventive powders were fed at
ambient temperature. ‘The extruder screw speed was typically 220 rpm; resin feed rate 550
Ibs/h; the melt pump suction pressure, 7 psig; and the gate position, 10 % open.

The properties of the compounded inventive samples are given in Tables 8 to

il, and shown in Figures 2-6. The inventive samples properties are compared to

20 commercially available products.
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Inventive examples 4 to 6 and 8 to 12 are suitable for fabrication of extrusion
blow molded articles. The performance of Inventive example 11 was exiensively
benchmarked versus the reference samples listed bclo’@. _

UNIVAL™ DMDA 6200 (0.953 g/em? density, 33 g/10 min I)): UCAT™ B-
375 Cr catalyzed unimodal resin, produced in the gas phase process, and
commercially available from the Dow Chemical Company.

CONTINUUM™ DMDA 6601 (0.954 g/cm® density, 27 g/10 min L) and
CONTINUUM™ DMDA 6620 (0.958 g/em’ density; 27 g/10 min In;): UCAT™.]
Ziegler-Natta catalyzed, bimodal resins, produced in the gas phase process, and
commercially available from the Dow Chemical Company. ‘

ExxonMob:il HD 68568 (0.957 g/c:m3 aensity, 0.46 ¢/10 min L): bimodal resin
produced via the slurry Mitsui process; commercially available from ExxonMobil

Equistar ALATHON L5840 (0.958 g/cm’ density; 0.35 g/10 min L): bimodal
resin produced via the Equistar-Nissan-Maruzen process; commercially available from
Equistar.

Bimodal ICSiI;S offer superidr stiffness-toughness balance and the ability to
fabricate light weight articles without loss of performance. However, bimodal resins
are usually low swelling, and difficult to fabricate into extrusion blow molded articles
without tooling changes and advanced parison programming. As a result of these
prbcessing difficulties, the resulting fabricated articles can have non-uniform
thickness distribution especially along the weld lines céusing them to fail prematurely
in physical property testing such as drop tests.

Due to processing differences bimodal resin regrind cannot be mixed with
unimodal Cr catalyzed regrind resulting in additional expense for the fabricated article
producer.

Bimodal resins available in the market have either good processability or good
stiffness-ESCR balance. '

This invention overcomes the above mentioned problems by offering resins
with good processability (Table 11) and excellent stiffness-ESCR balance (Table 9).

- The resin processability is characterized in‘terms of extrudate swell measured

by the extrudate swell measurement method described previously, and fabricated part
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swell characterized by bottle weight. The bottle weight swell data is depicted in Figure
5 and in Table 11C, The improvement in processability was also measured in terms
of the improvement in melt strength (Figure 4) and additionally characterized by low
shear viscosity measurements (Tablc .11 and Figgre 3) and tan delta determination
(Figure 7).

The excellent properties of the inventive resins are achieved by innovative
molecular architecture design characterized by molecular weight distribution depicted
in Figure 2 and Table 10; ATREF determined short chain branching distribution
(Figure 6); and incorporation of comonomer primarily in the high molecular weight

fraction. The ATREF determined properties of comparative samples are as follows:
DMDA 6620 has a high density fraction 87.4%, % purge is 6.7%, M, is 86,994
g/mole, SCB M, is 89,623 g/mole, and purge M, is 50,388 g/mole; ExxonMobil
9856 has a high density fraction 78.8%, % purge is 11.8%, M, is 73,455 g/mole, SCB
My is 73,408 g/mole, and purge M, is 73,803 g/mole; DMDA 6200 has a high
density fraction 79.7%, % purge is 9.8%, M, is 66,699 g/mole, SCB M, is 66,101

g/mole, and i)urge M, is 72,150 g/mole.
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Table 10B: Molecular Weight Data - Inventive Examples 11 and Comparative Examples Property
Inventive Example 11 Dow DADA 6620 Reference Exxon IViobil 9856B Reference Dow DMDA 6200

Reference Gop\aRsipighsPC  Mn 9,77010,0109,930 11,010 Mw o nusios7ans

Table 8A: Properties of Compounded Blends - Examples 1-5

Properties | Units { Metho JInventive | Inventive | Inventiv | Inventiv | Inventiv
‘ 1 d Example | Example e _ e e
1 2 Example | Example | Example
3 4 5
Density glem® | ASTM 0.9523 0.9495 09518 0.9580 0.9568
D792 :
I g/10 | ASTM 0.06 0.04 (.05 0.14 0.16
min 1238
I g10 | ASTM 0.29 0.23 028 | 116 1.00
min 1238 ’
Iy g8 | ASTM 1.0 [ 6.9 8.7 304 34.6
min 1238
Iy/1; w183 154 174 218 217
Iy/1s 38 30 31 26 35
Total % Weight 0.044 0.042 0.036 0.130 0.060
Volatiles loss |
method
IRGANOX ppm | HPLC | 142 145 135 149 142
1610
IRGAFOS Ppm HPLC 675 626 675 727 690
168 _ ‘
Trans/1000 : ASTM 0.012 0.012 0 0.005 0.002
carbons D6248 :
Vinyls/1000 ASTM 0.160 0.133 0.147 0.165 0.138
carbons 6248 :
Methyls/1000 1 ASTM Not Not 2.69 2.28 2.85
carbons D2238 | determine | determine
d d
T °C DSC 1183 1174 117 . 118 117.8
crystallization
AH Mg DSC 203 198 197 212 205
crystallization . )
T melt °C DBSC 131 131.2 132.3 133 132.6
AH melt Jg DSC 201 159 197 212 207
High Density % ATREF 61.2 - 492 48.6 733 61.8
Fraction
Purge % ATREF 204 229 222 16.1 23.6
Mv Average | g/mole { ATREF 87,433 01,475 89,156 77,661 76,170
SCB MV g.mole { ATREF | 82,255 84,749 80,604 73,223 69,690
Purge Mv | g/fmole | ATREF | 107,637 114,121 119,127 't 100,788 97,147
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235,680 154,060 159,790 108,530 Mz 2,329,300 946,400 1,151,700 694,600 Mw/Mn 24.1 15.4 16.1
9.9 % Wi. fraction of polymer with molecular weight > 106 g/mole 5.7 2.6 3.4 1.2 Light Scat)terlng-GZg
' BB) 2,141,5
(LS) Mn Gﬁ 0@ gfi ,176 12,763 Mw(Abs) 587,020 197,860 434,920 129,790 Mz ,141,
1,060,600 1, 9"1?J 6% 2?800 Mz (Abs) 8,784,100 1,496,100 6,785,500 IS |

Table 8B: Properties of Compounded Blends - Examples 6-9

Properties Units Method Inventive Inventive | Inventive | Inventive
Example 6 | Example Example | Example 9
: 7 8
Density glem® ASTM 0.9573 0.9464 0.9526 0.9533
D792
I g/10 min ASTM 0.14 0.05 0.08 0.15
1238 .
Is 2/10 min ASTM 1.04 0.28 0.5 - 081
‘ 1238 )
Iy g/10 min ASTM 348 9.5 . 152 23.7
1238
#9 255 194 190 159
s - 33 34 31 29
Total Volatiles % Weight 0.091 0.062 0.060 0.079
loss '
_ method
IRGANOX ppm HPLC 154 146 - 152 148
1010
IRGAFOS 168 ppm HPLC 784 662 674 723
Trans/1000 ASTM 0.010- 0.010 0.011 0.017
carbons D6248 .
Vinyls/1000 ASTM 0.164 0.127 0.123 0.13
carbons D6248
Methyls/1000 ASTM 3.00 4.39 " 359 3.43
carbons D2238 '
T erystallization °C Dsc 1184 116.8 7.5 117.4
T AH Jg DSsC 212 191 206 203
crystallization
T melt °C Dsc 131.6 131.3 131.7 1322
AH melt e nsc 212 191 210 205
Wt% Hexene % 13C NMR Not 24 1.8 1.5
, determined
Branches/1000 13C NMR Not 34 2.6 2.3
carbons determined
High Density % ATREF 52.0 63.8 73.8 72.4
Fraction
Purge Fraction % ATREF 297 10.0 12.3 12,6
Mv Average g/mole ATREF 84,277 89,909 90,435 75,250
SCB My g/mole ATREF 70,051 88,750 89,827 75,243
Purge Mv g/mole ATREF 117,949 100,344 84,772 75,296
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852200 Mz+1(BB) 6,033,300 2,910,200 2,980,400 4,160,900 Mw(Abs)/Mn(Conv) 60.1 19.8 43.8 11.8
Mz(Abs)/Mw(Abs) 15.0 7.6 15.6 6.6 Mz+1(BB)/Mw(Abs) 10.3 14.7 6.9 32.1 % Wi fraction of polymer
with molec ioht-2,106 a/mole 9.04 3.75 6.77 1.67 % Wt. fraction of rvyi lecular
weight > 1%]%%%%%% 0.01 0.650.00 5 Representative polymerizg%l%!\@% i{%égﬁ}%ﬁ molecular
weight component as shown in Table 10C below. 10Rheological and swell properties of inventive
and.comparative examples are shown in Tables 11A and 11B. Swell properties by Conical Bottle
Weight Method of inventive and comparative examples are shown in Tablel IC. Table 10 C: Molecular
Weight Data - High Molecular Weight Component of Inventive Blends Sample Inventive HMVV

Componen t#13
P Table 8C: Properties of Compounded Blends - Examples 10-12

Properties Units Method Inventive Inventive Inventive
Example 10 | Example 11 | Example 12
Density gom® | ASTM 09523 ] 0.0591 09590
D792
L /10 ASTM 0.11 0.i6 0.21
min 1238
Is 2/10 ASTM 0.63 Not Not
min 1238 determined determined
I g/10 ASTM 16.5 24.9 32.5
min 1238
L/t 149 154 156
L/l 26 Not Not
determined determined
Tota) Volatiles % Weight 0.048 0.100 0.140
loss '
method _
IRGANOX 1010 ppm HPLC 145 160 152
IRGAFOS 168 ppm HPLC 649 417 553
Trans/1000 carbons ASTM 0.008 0.001 0.001
D6248
Vinyls/1000 ASTM 0.124 0101 0.104
carbons D6248
Methyls/1000 ASTM 2.58 1.67 1.64
carbons D2238
T crystallization °C DSC 117.1 1182 118.5
AH crystallization Jig DSC 159 201 205
T mekht °C DSC 132.4 133.9 133.8
AH melt Mg DSC 202 200 204
Wi% Hexene % I3CNMR |19 Not Not
determined determined
Branches/1000 I3CNMR [ 3.2 Not Not
carbons determined determined
High Density % ATREF 68.9 82.3 86.1
Fraction ‘
Purge % ATREF 138 9.7 124
Mv Average g/mole | ATREF 82,601 71,344 77,206
SCB My g/mole | ATREF 80,051 71,499 75,118
Purge Mv g/mole | ATREF . 08,527 70,090 91,954
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Inventive HMW Componen t#14. Inventive HMW Componen t#15 Inventive HMW Componen t#16
Inventive HMW Componen t#17 121 (10 min/gL 0.8 1.23 0.39 0.55 0.50 Density (g/cm3) 0.9389

0.9429 0.939% 9887k H9374 Conventional GPC Mn 37,360 45,600 57, 1485dk 22, 46.a#§0 Mw
496,100 337,560 444,740 433,020

Table 9A: Mechanical Properties - Low Flow Index (I21) Series — Inventive Examples

1-3,7
Properties Units | Metho | Inventive | Inventive | Inventive | Inventive
d Example | Example | Example 3 | Example
: 1 2 7
Density glem® | ASTM | 0.9523 0.9496 | 0.9518 0.9464
D792
I g/ 10 ASTM § 0.06 004 - 1005 . 1005
min 1238,
Is g/ 10 ASTM | 0.29 0.23 0.28 0.28
min 1238 '
I g/10 ASTM | 11.0 6.9 8.7 9.5
min 1238 ) _
Ii/T, ASTM {183 154 174 194
1238
o 1238
ESCR Fsg h ASTM | >1000 >1000 >1000 >1000
(10% Igepal, D1693-
notched) B
Tensile Impact | fi*lb/in | ASTM {279 - 318 288 302
2 B1822 -
1% Secant | psi ASTM | 156,590 149,309 | 153,980 140,839
Modulus D796-B : ,
Flex Modulus | psi ASTM | 187,020 175,813 | 180,841 175,158
i : D790-B |
Ultimate psi ASTM | 4,793 5,022 5,150 4,929
Tensile 638
Strength
Elongationat | % ASTM | 786 778 750 658
break 638 :
Yield Strength | psi ASTM | 3,242 3,002 3,514 2931
638
Yield Strain % ASTM 3.5 3.6 4.5 3.5
638

1c
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413,200 Mz 6,545,300 1,377,000 1,613,500 1,598,900 1,553,400 Mw/Mn 13.3 7.4 7.8 8.0 8.8 Light
Scattering-GPC(LS) Mn 47,799 54,911 73,972 69,798 57,547 Mw(Abs) 579,970 607,050 855,6100
842,520 818,380 \l(R8),2,808,800 1,564,400 1,718,800 1,741,600 1,751,200 Mz (Abs) 4,337,40
3,779,200 4,822,800 4,947,800 5,268,200 Mz+1(BB) Not determined 2, 585E0p>2008/08

Table 9B: Mechanical Properties - High Flow Index (I,)) Series — Inventive Examples

4-6, 8-10.
Properti Units | Method | Inventiv | Inventiv | Inventiv | Inventiv | Inventiv | Inventiv
es e e e e e e
Exampl | Exampl | Exampl | Exampi Exampl | Exampl
ed es eb e8 e9 ell
Density | g/em® | ASTM | 09589 | 0.5568 | 0.9573 | 09526 0.9533 0.5523
D792 . , .
b g/10 ASTM 0.14 0.16 C.14 0.08 0.15 .11
min 1238 ,
Is g/10 ASTM 1.16 i 1.04 0.5 0.81 0.63
min |+ 1238
Ias g/10 ASTM 304 346 34.8 152 23.7 16.5
min 1238 .
L/l ASTM 218 217 . 255 160 159 149
1238
I/is ASTM 26 35 33 31 29 26
: 1238
300 av 5 Extrudat 195 .1 202 19.8 223 216 22.0
& swell : .
11000 2v s Extrudat 7.1 7.2 7.1 7.6 78 7.7
e swell .
ESCR Fy h ASTM | >1000 >1000 >1000 >1000 >1000 >10600
(10% D-1693- ‘
lgepal, B
notched)
Tensile | fi*ib/in | ASTM 78 123 136 272 226 233
Impact : B1822
1% psi ASTM | 207,535 | 185909 | 190,616 | 162,246 | 167,221 | 168614
Secant D790-B '
Moduius '
Flex psi ASTM | 250,405 | 228,182 | 224,395 | 201,930 | 208,004 | 202,392
Moduius. D7%0-B
Ultimate psi ASTM 2,994 3,626 2,847 4,653 4,444 5,030
Tensile 638 '
Strength
Elongatio % ASTM 695 779 756 722 773 834
n at break | . 638
Yield psi ASTM 3,854 3,601 3,510 3,257 3,267 3,493
Strength 638 '
Yield o ASTM 38 2.8 3.7 3.1 34 4.5
Strain 638
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2,866,800 2,878,900 2,885,000 Mw(Abs) / Mn(Conv) 15.5 13.3 15.0 15.5 17.5 Mz(Abs) / Mw(_Abs) 7.5
6.2 5.6 5.9 6.4 Mz+1(BB) / Mw(Abs) Not determined 4.26 3.35 3.42 3.53 Table 11A: Rheolo ical and

Swell Propesgesagéropaniple # Inventive Ex. 1 Inventive Ex.2 Inventive EXP%’MYS%B%’&%&J h (g/10
min) 0.06 0.04 0.05 0.05 15 (g/10 min) 0.29 0.23 0.28. 0.28 12, (9/10 m

Table 9C: Mechanical Properties - High Flow Index (I,;) Series — Inventive
Examples]1-12 and Comparative Examples.

Properties § Units | Method | Inventive | Inventive Dow Dow Dow Exxen Equistar
" | Example | Example | ‘DMDA DMDA DMDA Mabil 5840
11 12 6200 6601 6620 98568 Reference
Reference | Reference | Reference | Reference
a b b [ d
Density glem?® ASTM 0.6591 (.9550 09541 0.955 0.9591 0.9575 (.9598
D792
I /10 ASTM 016 0.21 038 0.29 0.33 047 .33
min 1238 . )
I 210 ASTM 24.9 325 330 288 27.1 43,1 40.4
nin 1238
I/l ASTM 154 156 87 g7 83 92 123
1238 )
ESCR Fs h ASTM 439 507 24 »1000 194 128 50
(10% , D- : ' :
lgepal, 1693-B
notched}
Tensile fr*lbjin® | ASTM 127 120 82 217 178 107 85
Impact B1822
1% Secant psi ASTM | 201,369 201,260 160,939 179,423 205,421 186,813 199,781
Modutus X790-B
Flex psi ASTM | 244912 244,806 140,527 216,123 238,203 221,086 232,709
Modulus D790-B
 Ultimate psi ASTM 3,159 3422 4,276 4,663 4,135 4,077 3,185
Tensile 638
Strength
Elongation %o ASTM 878 726 943 764 783 845 847
at break 638
- Yield psi ASTM 3,682 3,449 3,493 3,471 3,77 3,707 3,986
Strength 638
Yield % | ASTM iy 4.5 37 3.7 37 - 32 3
Strain 638
5 a: UCAT'" B (Chrome catalyst) / Gas Phase Polymerization

b: UCAT™ J (Ziegler-Natta Catalyst) / Gas Phase Polymerization
¢ Exxon Mobil - Mitsui process and d Equistar — Nissan-Maruzen process
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116.9 8;7 9.5 Extrudate swell t300 (s) 20.6 20.1 20.5 20.8 Extrudate swell t1000 (s) 6.6 6.7 6.9 6.7

Eta*@0.02s4 (Pa.$) 191,971 199,473 196,221 176,721 Eta*@0.0211/Eta*@200s1 151 140 152 126
tan delta@0.02s-1 1.37 1.41, 133 1.45 tan delta@0.0211/tan delta@200s4 2.87 3.00 2.73 3.02 WO

200910859220 10P18528081087378 Table 11B: Rheolog'cal and Swell Fiop®ffs¥identive
Examples 4-6, 8-12 and Comparative Examp es Sample # 12 (g/10 min) 121 (g,/10 min)
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Extrudat e swell t300 (s) Extruda te swell t1000 (s) Eta* @ 0.02sd (Pa.$) Eta* @ 0.02s-1 /Eta*@20 0
s-1 tan delta @0.02s- | tan delta @0.02s'l /tan delta (r)200s-1 Inventive Example 8 0.08 15.2 22.3 7.6
173867 158x03402:884912ventive Example 10 0.11 16.5 22.0 7.7 130172 1PATIUS2083HR7378

Table 10B: Molecular Weight Data - Inventive Examples 11 and Comparative

Examples
Property - | Inventive | Dow Exxon Dow
. Example | DMDA Mobil PMDA
11 6620 98568 6200
Reference | Reference | Reference
Conventional GPC
Mn 9770 16,010 8,930 11,010
Mw 235,680 " | 154,060 159,790 108,530
Mz 2,328.300 | 946,400 1,151,700 | 694,600
Mw/Mn ' 241 154 16.1 9.9
% Wi, fraction of polymer | 5.7 2.6 34 1.2
with molecular weight > 10°
g/mole
Light Scattering-GPC
(LS)
Mn 6,940 16,772 8,176 12,763
‘Mw{Abs) 587,020 167,860 434,920 129,790
Mz(BB) 2,141,500 | 1,060,600 | 1,538,100 | 851,800
Mz (Abs) -1 8,784,100 | 1,496,100 | 6,785,500 | 852,200
Mz+1{BB} 6,033,300 §2,910,200 | 2,980,400 | 4,160,900
Mw{Absy/Mn(Conv) 60.1 19.8 43.8 1.8
Mz(Abs)Mw(Abs) 15.0 76 15.6 6.6
Mz+1{BBYMw{Abs) 10.3 14.7 6.9 321
% Wi, fraciior of pelymer | 9.04 3.75 6.77 1.67
with molecular weight > 10°
g/mole
% Wt. fraction of polymer 1.54 0.01 0.65 0.00
with molecular weight > 107
| g/mole

Representative polymerizations of the high molecular weight component as
shown in Tabie 10C below.

10 Rheological and swell properties of inventive and-comparative gxamples are
" shown in Tables 11A and 11B. Swell properties by Conical Bottle Weight Method of

inventive and comparative examples are shown in Tablel 1C.
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Inventivé Example 9 0.15 23.7 21.6 7.8 111324 118 1.56 2.80 Inventive Example 4 0.14 BQ.4 1957.1
117212 141 1.44 2.75 Inventive Example 5 0.16 34.6 20.2 7.2 94981 107 1.63 2.88 Inventive Example
6 0.14 34.8 ¥080bd/80547 121 1.54 2.79 Inventive Example 11 0.16 24.8c1/ps2008/087378

Table 10 C: Molecular Weight Data ~ High Molecular Weight Component of Inventive

Blends
Sample Inventive | Inventive | Inventive | Imventive | Inventive
' HMW ‘HMW HMW HMW HMW
Componen | Componen | Componen | Componen Componen
t#13 t #14. t #15 t#16 t#17
Iy (10 min/g) 0.8 1.23 0.39 0.55 0.50
Density 0.9389 0.9429 0.9391 0.9371 0.9374
(g/em’)
Conventional
GPC
Mn 37,360 45,600 57,110 54,270 46,770
Mw 496,100 337,560 444,740 433,020 413,200
Mz 6,545,300 | 1,377,000 | 1,613,500 | 1,598,900 | 1,553,400
Mw/Mn 13.3 7.4 7.8 8.0 8.8
 Light Scattering-GPC(LS)
Mn 47,799 54911 73,872 69,798 57,547

Mw(Abs) 579,970 607,050 855,610 842,520 818,380
Mz(BB) 2,808,800 | 1,564,400 | 1,718,800 | 1,741,600 | 1,751,200
Mz (Abs) 4,337,400 | 3,779,200 | 4,822,800 | 4,947,800 | 5,268,200

Mz+1(BB) Not 2,583,500 | 2,866,800 | 2,878,900 | 2,885,000
determined

Mwi{Abs) / 15.5 13.3 150 15.5 17.5

Mn(Conv)

Mz(Abs) / 7.5 6.2 5.6 5.9 6.4

Mw(Abs)

Mz+1(BB)/ Not 426 3.35 342 3.53
Mw{Abs) determined :

E Table 11A: Rheological and Swell Properties ~ Inventive Examples 1-3 and 7

Sample # Inventive | Inventive | Inventive | Inventive
Ex. 1 Ex.2 Ex. 3 Ex. 7

1 (/10 min) 0.06 0.04 0.05 0.05
Is (g/10 min) 0.29 0.23 028 0.28
I3 (/10 min) 11 6.9 8.7 9.5
Extrudate swel] t3 (5) 20.6 20.1 20.5 20.8
Extrudate swell t)090 {5) 6.6 6.7 69 , 6.7
Eta*@0.02s" (Pa.s) 191,971 199,473 196,221 176,721
Eta*@0.025™' /Eta*@200s" 151 140 152 126
tan delta®0,0257 1.37 141 133 1.45
tan delta@®0.02s /tan 2.87 3.00 2.73 3.02
delta @200s™ ' '
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20.6 7.2 88413 94 1.76 ' 3.09 Inventive Example 12 0.21 32.5 20.5 7.2 70468 77 1.96 3.33 DMDA
6200 Reference 0.38 33.0 21.7 7.0 58357 72 1.78 2.48 DMDA 6601 Reference 0.29 28.8 16.1 5.6
46118 46 3.55 6.23 DMDA 6620 Reference 0.33 27.117.1 5.8

WO 2609/085922 PCT/USZO08/087378

Table 11B: Rheological and Swell Properties — Inventive Examples 4-6, 8-12 and
Comparative Examples

Sample # L I Extrudat | Extruda Eta* Eta* @ tan deita tan. delta
(g/10min) | (/103 eswell | teswell @ 0.02s7 @0.025 @0.02s"
min) | 300 (s | 1000 0.02s7 | [Ba*@20 ! /tan delta
(s) (Pas) |- Gl @200s"
. 5
Inventive 0.08 15.2 22.3 7.6 173867 158 1.34 2.69
Example 8 _
Inventive 0.11 i6.5 220 7.7 130172 121 1.52 2.72
Example 10
Inventive 0.15 23.7 21.6 7.8 111324 118 1.56 2.80
Example 9
Inventive 0.14 30.4 19.5 7.1 117212 141 1.44 2.75
Example 4
Inventive 0.16 34.6 202 7.2 94981 107 . 1.63 2.88
Example 5 .
Inventive 0.14 34.8 19.8 7.1 105347 121 1.54 2.79
Example 6
Inventive 0.16 24.9 20.6 7.2 88413 94 1.76 3.09
Example 11 )
Inventive 0.21 32.5 20.5 7.2 70468 77 1.96 3.33
Example 12 '
DMDA 62060 0.38 330 21.7 7.0 58357 72 i.78 2.48
Reference
DMDA 6601 0.29 28.8 16t} 56 46118 46 3155 6.23
Reference
DMDA 6620 0.33. 27.1 17.1 5.8 42636 41 4.06 7.17
Reference
Exxon Mebil 0.47 43.1 17.8 6.2 32606 38 2.92 4.34
98568
Reference
Equistar 0.33 404 21.6 6.9 64702 30 1.27 1.74
4840 K
Reference
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42636 41 4.06 7.17 Exxon Mobil 9856B Reference 0.47 43.1 17.8 6.2 32606 38 2.92 4.34 Equistar
5840 Reference 0.33 40.4 21.6 6.9 64702 80 1.27 1.74 Table 11C: Swell Properties by Conical Bottle
Weight Method- Inventive Examples 4- 6, 8-12 and Comparative Examples Sample # Bottle Weight
Parison Diametet (Gt (cm) Inventive Example 8 74.2 2.51 6.37 Inventif& EUSHHHE818783.3 2.56

6.50

Table 11C: Swell Properties by Conical Bottle Weight Method- Inventive Examples 4- -
6, 8-12 and Comparative Examples

Sample # Bottle | Parison Diameter
: Weight

(8) {in) {cm)
Inventive Example 8 74.2 2,51 6.37
Inventive Example 10 83.3 2.56 6.50
Inventive Example 9 88.0 2.64 6.69
Inventive Example 4 88.0 2.64 6.71
Inventive Example 5 84.2 2.47 6.29
Inventive Example 6 834 2.55 6.47
Inventive Example 11 77.8 2.58 6.55
Inventive Example 12 76.7 2.58 6.55
Dow PMDA 6200 Reference | 74.8 2.45 6.22
Dow DMDA 6601 Reference | 62.3 2.31 5.87
Dow DMDA 6620 Reference | 61.0 2.40 6.10
Exxon Mobil $856B 63.0 2.40 6.10
Reference
Equistar 5840 Reference 72.0 2.40 6.10

The inventive resins’ processability was also evaluated on large scale
continuous Graham Machinery wheel and shuttle Uniléy 350-R2 extrusion blow
molding equipment,

The resin extrusion blow molding performance was evaluated on the Uniloy

10 blow molding line in a standard 3.8 liter (I gallon) milk bottle with a handle, and on the
Graham Machinery wheel blow molding line in a '1.9 liter (64 oz) handle bottle, The
inventive resins were very easy to process, and bottles with excellent pinch off were
readily fabricated. The process operation window was narrower for the reference
bimodal DMDA 6620, DMDA 6601 and Exxon Mobil 985618 resins. Bottles fabricated

15 from these reference resins had holes in the handle area. It was also demonstrated that
the inventive resins have potential to produce light weight bottles. The superior
stiffness-ESCR balance enables a higher percentage of post consumer recycle to be
incorporated in the blow molded articles while meeting the finished article performance

requirements.

99



Inventive Example 9 88.0 2.64 6.69 Inventive Example 4 88.0 2.64 6.71.Inventive Example 5 84.2 2.47
6.29 Inventive Example 6 83.4 2.55 6.47 Inventive Example 11 77.8 2.58 6.55 Inventive Example 12
76.7 2.58 6.55 Dow DMDA 6200 Reference 74.8 2.45 6.22 Dow DMDA 6601 Reference 62.3 2.31
5.87 Dow DMIR B8 Kérerence 61.0 2.40 6.10 Exxon Mobil 98568 RefePENEESeYHI374T6.10

Equistar 5840 Reference 72.0 2.40

id

15

28

In summary, the invenﬁve resin extrusion and blow molding performance was
equivalent or better than that of the comparative reference, DMDA 6200 and Equistar
5840. The inventive resin extrusion and blow molding performance was superior 1o
that of the bimodal DMDA 6601, DMDA 6620 and ExxonMobil 9856B references.
The surfaces of bottles made from the inventive resins were supcﬁor to both DMDA
6200 and DMDA 6620, and the bottles had very uniform knit lines in the handle areas.
The inventive resins have “drop-in” processability on existing extrusion equipment.
The mechanical properties of the inventive resins were vastly superior to those of the
comparative DMDA 6200 and Eguistar 5846. The mcéhanicai properties of the
inventive resins were equivalent or superior fo those of the comparative bimodal
DMDA 6601, DMDA 6620 and ExxonMobil 98568 references.

Thus, the inventive resins have swell similar to Cr catalyzed resins, an
environmental stress crack resistance (ESCR)-stiffness balance equivalent to, or better
than, current bimodal Ziegler-Natta catalyzed resins; and better sag resistance, melt
strength, and bubble stability than current bimodal Ziegler-Natta catalyzed resins.

These resins bridge the poor processing (low swell, melt strength, etc.) gap
encountered with cumently available multimodal resins,

Although the invention has been described in certain detail through the
preceding specific embodiments, this detail is for the primary purpose of illustration.
Many variations and modifications can be made by one skilled in the art, without
departing from the spirit and scope of the invention, as described in the following

claims.
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6.10 The inventive resins' processability was also evaluated on large scale continuous Graham
Machinery wheel and shuttle Uniloy 350-R2 extrusion blow molding equipment. The resin extrusion
blow molding performance was evaluated on the Uniloy toblow molding line in a standard 3.8 liter (|
gallon) milk bottle with a handle, and on the Graham Machinery wheel blow molding line in a 1.9 liter
(64 oz) handle bottle. The inventive resins were very easy to process, and bottles with excellent pinch
off were readily fabricated. The process operation window was narrower for the reference bimodal
DMDA 6628hBMDA66dIsand Exxon Mobil 98568 resins. Bottles fabricated 15from these reference
resins had holes in the handle area. It was also demonstrated that the inventive resins have potential
to produce.light Wfigqht botttlles.(;l'tgne sy %ri%ﬁ stgfn%s%%RE&CIg\ %alag%gsea a}ﬂrlens,10 e@;gggr percentage of
post consumer recyc 2B ThErporated it the Blow molded articles whife meeting the finished article
performanee g uitertentsased phlysumarery,ithemventivevresit esttylsionand ithyumenoiding
performance was ivalent or,better th (0] ve re c 6200 and
Equistar 5840. Tﬁ@%ﬁ%@nﬁ?} ]r‘éehsfﬁ%ﬁ(ﬁ&%%%@%}E:IJﬁﬁ%%gr%—g%%@%%%?ﬁ%%egevlgis}@?lié)serior to that of the
bimodal DMBA G602 DMBA F6Z0wnenExxonMobil 9856B references. The surfaces of bottles made
from the inventive iesins were.sungrioniarbeth RMDAS200 30c DMBA,6620, andthe bottles had very
uniform knit lines in the handle areas. The inventive resins have "drop-in" processability on existing
extrusion @jﬂj@p‘ﬁfén@%e mechanical properties of the inventive resins were vastly superior to those of
the comparative RIMDAG20% BRd F9u 318840 e BRehARieA Rionargs.alhpoigyentive resins
were equivalent or superior to those of the comparative bimodal DMDA 1, DMDA 6620 and
ExxonMob#@856B Irefenénces. Thus, the inventive resins have swell similar to Cr catalyzed resins,

an environmental slress chackresistance (FSER)SNCsthaaNss sauivalanko gr, belter than,

current bimodal Ziegler-Natta catalyzed resins; and better sag resistance, melt 15strength, and bubble
stability tharetgirrehtlisifriondl widgleoNpttecpetiyradreisides tharipse rasipeubridyddite poor
processing {lowy. swell, mell i rngthRicHGam e AroHRiRIed Wb ciEeRHy qupllghlemulgmodal resins.
Although the invention has been described in certain detail through the preceding specific
embodimeftBCtaTsHetailtie foiete primary purpose of illustration. 20 Many variations and modifications
can be made by one skilled in the art, without departing from the spirit and scope of the invention, as
described ip the f%%"&%%'ﬁ%ﬁo%&'ﬁ,%@?&q {fie A £ OMRRAIIPY SoMRIRRG AhieRd, which blend
comprises a high molecular weight ethylene-based polymer, and a low molecular weight
ethylene-bagénsoly e eiafenc-bajidpssPEiGh molecular weight ethylene-based polymer has a
density less than, or equal to, 0.955 g/cm3, and wherein the blend has a high load melt index (1.,1)
greater thag, or eqyjal gl {30 Jpin. rhwheieiR be blgndbasarnleculanweight |
distribution,11N4,-,) greater than, or equal to, 15, an wherein the blend has a weight fraction more
than or equatighisshemebasedthe weightof wedilengraghictolconpriseisipouraeaitoldenles that have a
molecular weight gre than 10h g/mole d ined by the respective area fractions of a
conventional g’ﬁ 8?0 |Ieg6?jt$1lg’ Sfe%eé?ng?#%sg%%%%gsition of Claim 1, wherein the high molecular
weight ethylene-based polymer is an ethylene-based interpolymer. 3. The composition of any of the
preceding @laims, Mhereindkizidight meleftilapweighizethytenevbasedtpohiphenbiaswgaweight average
molecular Wei,ggt 1{)}4" greater than, or equal to. 10 gimole, as determined b%ﬁ,GaP . 4. The composition
of any of thEPFELE M&“&%ﬁ%, W@%&‘iﬁ%‘feaﬁfﬁﬁeﬁ?gf:eﬁ?fg? i&fﬁ}éﬁ’ly EHEES G PolYmer has a
z-average @1@4@@@!qrowggllate,lggd_@éﬂﬁt@é@tlﬁ@@}m.equal to, 106 gimoie, as determined by GPC. s.The
composition of any of the preceding claims, wherein high molecular weight ethylene-based polymer is
a heterogeneously branched ethylene-based interpolymer. 6. The composition of any of the preceding
claims, whérein thE'RigHBIBRNAT fsight st RISFENEEE IS oG AL R R MRS greater than,
or equal to 6,02k aiNs ol TmENS compRSitienofl Anyeihe Hreredingselpimspwherein the blend has a
density less than, or equal to, 0.970 gicm3. 8. The composition of any of the preceding claims,
wherein the Mend has a melt inde 21, greater than, or equal to, 20 g/10 min. 9. The composition of
any of the Precedify GaMRES AR FLiAYI8h M H BE St RImE WEGHEHSE EH SR RARAN, greater than,
or equal to sl Thecomposiionafiany afdhepeeceding:claimsn Whetrin theohighymolecular
weight ethylene-based polymer is present in an amount from 40 to 70 weight percent, based on the
sum weight™8f'the high molecular weight ethylene-based polymer and the low molecular weight
ethylene-based polymer. 11. A composition comprising a blend, which blend comprises a high
molecular weight ethylene-based polymer and a low molecular weight ethylene-based polymer, and
wherein the high molecular weight ethylene-b&sed polymer component has a density less than, or
equal to. 0.945 gicin3, and a melt index (12) less than, or equal to, 0.1 g/10 min, and



‘wherein the blend has a high load melt index (121) less than, or equal to, 15 g/10 min, and a melt
index (15) less than. or equal to 1 g/10 min, and a molecular weight distribution (1v1"/M11) greater
than, or equal to,15, and wherein the blend has a weight fraction more than or equal to 4.5, based
on the weight of the blend, which comprises polymer molecules that have a molecular weight greater
than 106 g/mole. as determined by the respective area fractions of a conventional GPC profile of the
blend. 12. The composition of Claim 11, wherein high molecular weight ethylene-based polymer is a
heterogeneously branched etayleng-hagerinierpalyimerimt 3w h ReicamnRasiiomof @E‘;ysf%{: Claims 11-12
wherein blend has a melt index, lit, less than, or equal to, 10 g/10 min. 14. A composition comprising
a blend, wifiehthener c8HIpFsds’d higHmolecular weight ethylene-based polymer, and a low molecular
weight ethylene-based polymer, and wherein the high molecular weight ethylene-based polymer
has a density lesgthagnsadaldpad, Wahg/sradandamelindem(d2)drss than, asiequal to, 0.1 g/10
min. and . wherein the blend has alcé h_load melt index (121) greater than, or equal to, 1 2/10 mm,
and a moldbtifr WegHtEidiuibRH %M?rgtﬁ]egna%?than, or equal to. 15, and  wherein the blend
has a weight fraction more than or equal to 4.5, based on the weight of the blend, which comprises
polymer méleculeBhthairssriamutlecy e ingight-gheatérithankBeig/biale has deiciomitzed by the
respective area fractigns, of a conventional GPC profile of the blend. 15. A composition comprising a
blend, whicteBIBHY oM AS Y o Mgy Wiyt dthylbne-based polymer, and a low molecular
weight ethylene-based polymer, and wherein the high molecular weight ethylene-based polymer

has the follpwing prepefigssididAddensity lessihaainer eaval h 889558 Miemmoliradigh load melt
index (121) greater than, or egual to. 0,05 g/10 min, and ﬂwherﬁin t%? blend has a weight fraction

greater thalCGPEEHIEITY ReSedi gAY BETcE it BEEEE BhARSUREIGHT 6f tife DI WATER Eomprises polymer
molecules Haathayveha smolecidar weighiigheatesditanylO6hghnelenandsahesbimeheddlenrd has a density
greater thag), or e%%al to, 0. ?%gh[l_%}rw abnd \{vherpin the blend has a weight fraction more than or
equal to 4. T HASEE 61 the Wei P WhTEN comprises polymer molecules that have a

on the weig oefrﬁfeaé edrPcP wh

molecular weight greater than 106 g/mole, as determined by the respective area fractions of a
conventional GPC\prafitesfithedgntkint6, Wendriidiect bmapdismppatsteastighenctrmgenent formed from

the Compo.%a'r%%@n"étﬁ‘;ﬂ}én%‘:é&‘s%@{a%‘f;‘?n%@%&aé%% MiEng Argle Rt G im0, W ssR IR APe Ayticle is a blow
molded article:
wherein
the high molecular weight ethylene-based polymer component has a density less
than, or equal to, 0.945 g/’cms, and a melt index (I) less than, or equal to, 0.1 ¢/10 min,
and
wherein the blend has a high load melt index (I5;) less than, or egual to, 15 g/10

min, and a melt index (Is} less than, or equal to | g/10 min, and a molecular weight
distribution {M,/M,) greater than, or equal to.15, and

wherein the blend has a weight fraction more than or equal to 4.5, based on the
weight of the blend, which comprises polymer molecules that have a molecular weight

greater than 10° g/mole, as determined by the respective area fractions of a conventional
GPC profile of the blend.

12, The composition of Claim 11, wherein high molecular weight ethylene-based

polymer is a heterogeneousiy branched ethylene-based interpolymer.

13. The composition of any of Claims 11-12, wherein blend has a melt index, I»;, less

than, or equal to, 10 g/10 min.



14, A composition comprising a blend, which blend comprises a high molecular
weight ethylene-based polymer, and a low molecular weight ethyiene-based polymer, and
wherein

the high molecular weight ethylene-based polymer has a density less than, or
equal to, 0.945 g/ cm’, and a melt index (12} less than, or equal to, 0.1 ¢/10 min, and

wherein the blend has a high load melt index (1) greater than, or equal to, 1 g/10
min, and a molecuiar weight distribution {Mw/Mn}) greater than, or equal to, 15, and

wherein the blend has a weight fraction more than or equal 1o 4.5, based on the
weight of the blend, which comprises polymer moiecules that have a molecular weight
greater than 10° g/mole, as determined by the respective area fractions of a conventional

GPC profiie of the biend.

15, A composition comprising a biend, which blend comprises a high molecular
weight ethylene-based polymer, and a low molecular weight ethylene-based polymer, and

wherein the high molecular weight ethylene-based polymer has the iollowing
properties: (i) a density less than, or equal to, 0.935 g/cm3, (ii) a high load melt index (I21)
greater than, or equal to. 0.05 ¢/10 min, and

wherein the blend has a weight fraction greater than, or equal to, 4 weight percent.
based on the weight of the biend, which comprises polymer molecules that have a
molecular weight greater than 10° g/mole, and wherein the biend has a density greater
thar, or equal to, 0.93 glem’, and

wherein the blend has a weight fraction more than or equal to 4.5, based on the
weight of the blend, which comprises polymer molecules that have a molecular weight
greater than 10° g/mole, as determined by the respective area fractions of a conventional

GPC profile of the blend.

16.  An article comprising at least one component formed from the composition of any

of the preceding claims.

17. The article of Claim 16, wherein the article is a blow molded article.



