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with Ziegler-Natta (Z-N) catalysts, provide a means to improve the physical property
20 balance of HDPE resins, however, this improvement is accompanied by poor resin
processing. Gas phase, Z-N catalyzed resins typically have lower swell and lower
melt strength compared to Cr-catalyzed resins. .

Production of a Bimodal resin with “Cr like” swell, in combination with

“bimodal like” ESCR-stiffness balance has been sought after for more than 20 years,
25 since the first introduction of Z-N-based high ESCR, bimodal products to the rigid
packaging market for household and industrial chemicals.

U.S. Patent 6,194,520 discloses a class of relatively high molecular weight,
high density ethylene polymer blends. The blends are disclosed as being capable of ’
being blow molded with excellent processability into articles, for examples, bottles, of

30 superior mechanical and other properties. The blends have a density of at least about

0.930 g/cm?, a flow index (I;) of at least about 2 g/10 min, a melt flow ratio (MFR)
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U.S. Patent 6,787,608 discloses a polyethylene composition with a bimodal
molecular weight distribution, and articles made there from, such as high top load, |
blow molded articles, and transmission and distribution pipes. The composition

25 comprises a low-molecular-weight ethylene homopolymer component, and a
homogeneous, high-molecular-weight ethylene interpolymer compoﬁent. The low
molecular weight component is characterized as having a molecular weight
distribution, MWD", of less than about 8. The composition is characterized as having
a bimodal molecular weight distribution, and a ductile-brittle transition temperature,

30 T, of less than -20°C. In some embodiments, the high molecular weight component

is characterized by a reverse comonomer distribution.
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Gr mﬂy qr\qgcgtiﬂ% BICEYrEns CREPEYinggpe reaction product of a magnesium

compound, a non-metallocene titanium compound, and at least one non-metallocene
compound of a transition metal other than titanium, with A2) an organoaluminium
' halide halogenating agent This reference also discloses polymerization processes
25 using, and polymers formed from, the same.

U.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

30 exhibits a single or substantially single peak in a lamella thickness distribution
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20l N céhigonents produced by catalytic site A, in the two reaction stages, at the two
different hydrogen con_centrations,'is at least 50, and the ratio of the MFR?2 of the
polymer components produced by catalytic site B is less than 10.

International Publication No. WO 2006/020623 discloses a Ziegler-Natta
procatalyst composition in the form of solid particles, and comprising magnesium,

25 halide and transition metal moieties. The particles have an average size (D50) from
10 to 70 pm, and are characterized by a D95/D5 particle size ratio of less than, or -
equal to, 10.

International Publication No. WO 2004/050722 discloses a catalyst system for
the polymerization of ethylene with C3-C10 olefins, and a polymerization process

30 using said catalyst system for producing ethylene polymers having a broad molecular

weight distribution, as well as to the polymers obtained by such process.
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European Patent No. EP 0 783 022 B1 claims an ethylene type polymer

composition comprising 20 to 90 percent by weight of an ethylene type polymer (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

2s 20 carbon atoms, and has a density (dA) of 0.96 to 0. 980 g/cm®, and an intrinsic
viscosity (1) of 0.5 to 3.0 dl/g. The lethylene 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/cm®, and an intrinsic viscosity (n) of 1.0 to 10 dl/g. 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 following properties: dA/dB
is larger than 1; the density is 0.940 to 0.970 g/cm?; the MFR is of 0.005 to 20 g/10
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25 the range of 150 to 800 cm®/g. The molding compound further comprises 1 to 30
weight percent of ultrahigh-molecular ethylene homopolymer C, which is provided
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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.
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To5 st GfblerBlRg o R o BB el Blen it made

pePE 2w REessHn BIPesss: ahhhaving agersipeaval tofor gigerer thale phont@Mks,

ST Db RGUS bymbHe SREHed ARYEH ¥5drScafdoRlSf] which Q%tuahmt A

deposited on an inorganic’ support, conprises chrom um

Si nPECYSP SHDAIRTER PONGPAURL] cawniably amprpheis (ind pontaipinglessghanpbout

COW?%geﬁsﬁﬁggtﬁp&)(ﬁih%?.nmc@oﬁnﬁéﬂenﬁ Q,%%emnw@ig%m%d Rfrom

reac an | norgani c support. roauce

poPR§ast Gy faabeutd § ppriyewedsht efdvifesastwos(shper 380 prats bieweighjyof

Webhal th)@ézne@);faf.lc[@seﬂﬁhmgh@l{)leﬁ@e’ and 60_‘ 20 percent by
wei ght ‘of a second pol yethylene. The first

pol yet hyddéinealicempesitioat tre disdlesgd mMWRZPH Y 7a2hendtW O ndex
10M Zody/54m6. and a pol ydi spersity of MV Mh > 15. The

second pol yethylene is characterized byM2 > 300, and

it contdiefederatinga nepd fon ethdeneibaseq resimshetingoCr lije tsyep and

perifblal ke tHYERGQUifHRSPQRBIAGn UKEE is Ofiraf H&dR6rA0GHESns
in said first polyethylene. International Publication

No thatgen b mdersongristngsilovy Bielding egypyent.ithapdhapsedifon gajor °
CORRGAES pWhidoR pfogtahi hinge®| BeseMREB AR Sth&t hdvbYdn ARkt by
The nol di ng conpound has a total density > 0.940

15g/ BRdolloying 18YsnligR 190/ 5 in the range of 0.01 to 10 g/ 10
mn. The inventive nol ding conpound contains 30 to 60
meiaﬂh@g&rcent of | ow nol ecul ar et hyl ene honopol yner
A,S Y§”ﬁ?ﬂ%?ﬂ@%¢“?ﬁh a viscosity nunber, VZA, in
the range iwkenttd prvidtSH cnfBbifon ifpritiRd Ab1Bg, GARR oA
al so conprises 30 to t percent of '

6 i gh
hi GHERTSFSEdisLPoleyks Wﬁ%&’g‘ﬁ\‘l\@eg“clﬂﬁ%q Ay agd 2 g&w?lewéar and

20 dNweight ethylene-based polymer, and
wherein the high molecular weight ethylene-based polymer has a density less
than, or equal to, 0.955 g/cm?, and
wherein the blend has a high load melt index (1)) greater than, or equal to, 15
g/10 min, and
25 wherein the blend has a molecular weight distribution (M,,/M,,) greater than,
or equal to, 15. .
The invention also provides 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
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additional olefin, with 4 to 10 carbon atons, and
havi ng a viscosity nunber, VZB, in the range of 150 to
wW@O®08P®2y. The nol di ng conmpound further conprPGEESD08/G87378
30 wei ght percent of ultrahigh-nolecul ar ethylene
honmopol ymer C, which is provided with a viscosity
nugyﬁ% VZc, in the range of 900 to 3000 cnB/g.
ational Publication No. WO 00/71615 di scl oses
the use in injection nolding or extrusion coating of
i quids containers, closures and caps, of a HDPE,
conpr i sthabjglkmoleeastveightetipting-daseg bdyrecreompanetiiasa drasibng

dl iefsgemmrwam Wlga5 o )RP IRY o AEIS IBdES (9N Fan, HNLuRE08 0
§ o gt anm, P

|'east one of sai onponents I's an
com!ﬂ yreer . 653 19A European Application No EP 0 757

076 di SClDSEHe Blehd 96§ 8 iRl i bdaus oplessq ri3h0 o, (3)
fyet

bl endi ng one or nore p ene
s poBAY B iy larchempleindex (htges tb%ﬂ er enmht%ﬂ e@@ lmle apg @)mebsularan d

hagi%gm?sc‘gr%%{}mttﬁ d eater%ﬁ%roée‘gf u:gsi eglhglnl c;lct:)loluf:

hyd roc arHaom(eﬁt)qn alb Ipﬁ)hlda‘faecohﬂpqmldil oafnpﬁﬁﬁgleﬁlﬂ&d whlch blend
erat ure 4 anor p

L o R e B SRS Kt sTibREEh R e g et

panvaifgﬁuemywwxbas'EJlﬁolyammme/nérSmare bl ended i n an anmount

h;g:noggﬁu%ﬁ'?g‘?le%“ abo teblg'?elngg (? %%@ﬁn gFasa ensity less than,
poby@uilyd, @rvas glcm’, aﬁwla fuklt l)nd@oqtzp 1¢6H thap, biegudrk€0d.g/10 min, and
Add'ti.o al i.t.i.on | osed.in WO 2007/
B TR S B EBRE e &7 udo 10

et b, Gﬁtﬁaﬁ&%@ﬂhr%%bﬂﬁstﬁﬁﬁblﬂww ) dréd@ thafi R leduapiddis.
"bi rodal |ike" ESCR / stiffness conbination. There is

a f urt Hee invsrtipnfalsp PEoyidps & cogippsitigniramprseg didendxvhighilendon
15 €Xbrhpridgh ahhg%&mu% ABigRQHy RAE R ed lml}tnm Uhd b RS H@l@éﬂz1£ or

maj or t ool | ng parison progranmi ng changes. These
neé’ﬁ‘gh‘éﬂﬂle&? @Fdsp%ﬁ% Pden net by the fol [ ow ng

i nvent i Mrelmmﬁo@uli%léhmk %e]?@lyﬂn@r\h@@ﬁ)h @Mowing

provi des a conposition conpr|S|ng bl end
properties: (i) a density less than, or equal to, 0.95 g/cm (ii) a hlgh load melt index

(I2;) greater than, or equal to, 0.05 g/10 min, and

20 wherein the blend has a weight fraction greater than, or equal to, 4 weight
percent, based on the weight of the blend, which comprises polymer molecules that
have a molecular weight greater than 10° g/mole, and wherein the blend has a density

greater than, or equal to, 0.93 g/cm’.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a static generation profile in a gas phase reactor.

Figure 2A dépicts a plot of normalized Light Scattering (LS) Gel Permeation
Chromatography (GPC) response versus retention volume for Inventive Example 11
and several Comparative Examples (UNIVAL ™ DMDA 6200, CONTINUUMT™

30 DMDA 6620, and ExxonMobil 9856B). Figures 2B and 2C depict molecular weight
distribution profiles for Inventive Example 11 and several Comparative Examples
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conprises a high nol ecul ar wei ght ethyl ene-based
pol yner, and a | ow nol ecul ar wei ght ethyl ene-based
w@oeiogoei922 and wherei n the high nol ecul ar wei ghPCT/US2008/087378
et hyl ene- based pol yner has a density less than, or
equal to, 0.955 g/cnB, and wherein the blend has a
gg§%8ad nmelt index (ti) greater than, or equal to,
and wherein the blend has.a nol ecul ar
m5|ght dlstrlbution (MM Mn) greater than, or equal to,

15. The invention also provides a conposition .
C ORPNIVALNTDY RMBAG360. GV IENUDMEN dPMIdAY 06405 ansl ExxpriMigbil 9856B)

”‘)'d&grkﬂ 2l bYEbY %gl‘étlﬂéélr Elﬁﬁt s*%é&&%gg Q}I_XK?GPégﬁid GorvEiftional

nol ecul ar wei ght “et hyl ene- base yner
wh&PEi ra8giveDA t he hi gh nDIecuIar wei ght

et hyl engz has 8&31&50111&’6@3 Eﬁ)‘t"ﬁﬂ/? ‘P&}%Wemli\%%x%nfﬁ@@@ b 1Yanki €%, szm

than, or equal I ndex

5| efoyr Cpraparatyye Eé?md‘FS (UbHV@L ™ @MP@\ #A0R, CMMBINRREM &S HM
DI 658, Besondtohi AlbehaAskqRld: skex (12 1) Tess than, or

equal to, g/ melt index (15) |ess
t han, dflglé%{‘&l affplqtfdmltlstrgmglloprﬁﬁlﬁs fos e verB kasenlgs Rrangubl - gt

di gdut CBMbA Qe EMYAMD(UQIE\%E ar DM‘W@O@ rc@EHRIUUM™ BRIDA

The 1 nvention also provides a conposition conprising a
bl 6679, EWWPMhb%?%ﬁBa@bﬁ$#$%é§“% hi gh nol ecul ar wei ght

et hyl engshase o@solhdf{@Wel gﬁt@veﬁ f&rQWeH@Je%HﬂnﬁEs MEhHY 12,
et hyl ene- base ynmer, "and wherein the h nol ecul’ ar

me?lgiﬁveéiowﬁréﬁ\@-%%’as GWEAMT‘PMPA ﬁw QOH RYYYM™ ess
t heMpA Eetﬁqe@NTthMr@ﬂﬁlwl 6‘&8 Eﬁ&%@mmkéa laRfBJuidedr2)

| ess than, or equal to, 1 g/10 mn, and wherein the
bl &t®-has a hi gh I oad nelt index (12 1) greater than,

or equadk; gir®6 d 1(9! APREF (Anal ?ﬂQI ’?enﬁﬂ%l’aﬁﬁé’kﬁfng \Eﬁitlgﬁ‘t
er

di stribution é@ grea or equal 15.
15 Th EraLiRpatiny- <a1f§e6=n GV?%V%P%@%&YWIW’@WH lépdg a
bl efiekal @éthsakaiibé BXihples (UNIVAL ™ DMDA 6200, CONTINUUM™ DMDA

6620, and ExxonMobil 9856B).
Figure 7 depicts the variation of Inventive Examples 4-6, 9 and 11, and four
Comparative Example (UNIVAL ™ DMDA 6200, CONTINUUM™ DMDA 6620,
20 ExxonMobil 9856B.and Equistar 5840) resin tan delta as a function of frequency.
Figure 8 depicts the conical bottle mold used in the bottle weight swell

measurement method.

DETAILED DESCRIPTION OF THE INVENTION
25 The invention provides compositions with select muitimodal molecular weight
distributions, such that the distribution is preferentially enhanced on the high
molecular weight side by the incorporation of an accentuated high molecular weight
tail, in combination with preferential comonomer incorporation in the high molecular
weight component of the resin. The inventive compositions have “Cr like swell,” and
30 enhanced ESCR and stiffness, compared to standard “Ziegler-Natta catalyzed”

bimodal resins for blow molding applications.
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conprises a high nol ecul ar wei ght ethyl ene-based
pol yner, and a | ow nol ecul ar wei ght ethyl ene-based
w@eiogner922 and wherein the high nol ecul ar wei ghPCT/US2008/087378
et hyl ene- based pol ynmer has the foll ow ng properties:
(i) a density less than, or equal to, 0.955 g/cn8,
I%ﬁla high load nelt index (12 1) greater than, or
§ “? 0.05 g/10 m n, and wherein the blend has a
WEI ght fract'i on greater than, or equal to, 4 weight
percent, based on the weight of the blend, which
conpr i SMere pppcifinaly. the ingentiior grovidesta doapesitépnrvpinpasirigaarblend
we ' | end
nac i Rl AP G en it B R Do
BRMBEDESCRISAT¢NEnebaseRipolDRAVIINGS Fi gure 1 depicts a

static Pl @ ﬂ]meeQ lérlv\?e Pet l&g%aﬁg di cﬁ’ngsr a density
Flgure‘g%?(rep g oéfh %' gﬁﬁ)gﬁﬁe

s Sc best thami, pieadl 8), 0855 gflae? m@éﬂrabdmlemthammtemgt RphY50(BAC) more
|SPRRIAS ISR L DL 08 LU L d N ERE VIS FRA
626mal t@@?ﬂpm@m@(@m DVDA 6620, and ExxonMobi | 9_8568_)
Fi gur eSwr%E PR b1k ﬂ?Qh&B&I@ H@ﬁ ot (12"‘59 Molal® ttQh FEARMG &0

profiles tor Inventive seve
Cogp@mit, ane Exanpl es653 19A (UNI VAL(t rr) DI\/DA 6200,

 CONTI NULAQ/%H .. B\ (scszoleﬁa}ar Weqmq“@@ l(@é/r'i?,%re?tﬁ b,

“determn oW AN aser
GP& eyl thmventl onal GPC, respectively. Figure 3

depi ct h fil sfor | nventj ve Exa
0 Png e M e PR st R P e SRR e P
DNM%(Z@B; S@Mﬁlg)\mw/( mr‘ﬁ)fmﬂlVDAnlﬁﬁﬁﬁkm Bonoundvblai Wei@i56B
5840 ur.e epi ct t.strepgt
e R B R R e T A S
15 Cowpighitalistrib@tibxia ditrésned DNLY/APCE ) arotieentbofithent, molecular

Szﬁ)gtwldlsl\{-{bu%n 1DM:2ermme%%y bgfﬁ %Qvl\égt?onlal a%gig %P%n(g/le&L[)ls)Slts ar
determined by LS GPC and Mn is determined by conventional GPC).
In one embodiment, the blend has a molecular weight distribution (M/M,))
greater than, or equal to, 18. In another embodiment, the blend has a molecular
20 weight distribution’ (M,,/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
another embodiment, the molecular weight distribution is determined by LS GPC.

In another embodiment, the blend has a molecular weight distribution
25 (My/M,) greater than, or equal to, 18. In another embodiment, the blend has a
molecular weight distribution (My/M,;,) greater than, or equal to, 20. The molecular
wéight distribution (MW/M-,,) is determined by both conventional and LS GPC. The
Mw (Abs) is determined by LS GPC and Mn is determined by conventional GPC.

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

30  ethylene-based interpolymer.
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Figure 5 depicts Bottle Weight Swell for Inventive
Exanples 4-6 and 8-12, and five Conparative Exanpl es

W@ ibogdott n) DVDA 6200, CONTINUUM tn) DVDA 660BCT/US2008/087378

CONTI NUUM t m) DMDA 6620, ExxonMobil 9856B, and
Equi star 5840). Figure 6 depicts ATREF (Anal yti cal
Te&gﬁé‘gt ure Rising Elution Fractionation)-DV

ential visconetry) profile of Inventive Exanple
11 and several Conparative Exanples (UN VAL(tm DVDA
6200, CONTINUUMtm DMDA 6620, and ExxonMobil 9856B).
Fi gur e 17 ovfegmibodimenty the Jaxy inglequian weilght ethylene-based Folemgy lisean

4- four Conparative Exanple
(U%F)(/%f(a[{a dﬁeﬁag'g%o CONTI NUUM( t i) DNMDA 6620,

Exx onVibpiotigg e dimest, Eigudvs malec 88 4@) ght ehylenctbased gelymer ing
a | [We@uency. Figure 8 depicts the conical
ot horclyi

In the bottle weight swell
s meas ur dnerathefrpmbpsimenpitie Alghmmp OEGORE BT e @I e@Fbaedepolymer is a

l Wé%é}ﬁge@éu;ﬁp grah&\é@%*lg{% bqgeevatg]@&wg&m%rel}dgg&%suaw &anﬂ%%

sel ect” mul ti nodal ecul ar di st uti1 ons
t hiaternotaneeis)s oy knewn ingthe irg isgyradady ewﬂvcad by ZiegibralNa@dypon

t he ) s@hadiRbagHl ﬁon%hggenu qgtrhaxn nhff carp(ﬁ]%.?g&n?&nig% of

an accent uated hi ar wei g
comiems|oéﬁlemt@rnolprp@f erential conmonomer incorporation

win the ﬂi‘ h%ep%ﬁcﬁ%éf tﬁ@ﬁ&\gn\kle&ﬁm&%ﬁtwg netblg{%fi 'i)%llngr Cis a

The inventive conpositions have " swe

enbeigiesenemEsTRranghgd ethylererhased interpotpmgred t o st andar d
"Zi egl qf aMe‘f éngtﬁtxﬁ)ény %lﬁqughbﬁ(ﬁ&gﬁ} wén?rﬁ'eﬂ?lleﬁé)ﬁgﬁsg ;Q)‘tfymer

nol di ng applications. 653 19A Mre specl
i NSREMONG NsraaRlidrdex o2 ie PRI Shapi s rauebivpd- D%g/h@mal Bb enother

V\hérﬁtkbdﬁ&fxp Eﬂeﬁﬁg‘% rﬁol&b’uﬂhw&@h%ﬁ.yﬂe% ba‘é&i‘ &%aﬁ&ﬂdoﬁ&% th%S ed

pol yne and | ow nol ecul ar " wei ght ‘et’hyl ene- based
15 pol“?lh’é‘fj?x &n@rqmé&h@r Ar e thi0gre/ Honiecul ar ~ wei ght

et hyl engaRaretnbdairiinP He PR mdIRT1aPwE BN Sih} ¥ne-based polymer
component has a melt index, Iy, less than, or equal to, 2 g/10 min, preferably less
than, or equal to, 1.5 g/10 min.
In another embodiment, the low molecular weight ethylene-based polymer
20 component has a melt index, L, greater than, or equal to, 20 g/10 min.
In another embodiment, the low molecular weight ethylene-based polymer
component has a melt index, I, less than, or equal to, 20 g/10 min.
In another embodiment, the blend has a density less than, or equal to, 0.970
g/em’.
25 In yet another embodiment, the blend has a melt index, L), greater than, or
equal to, 20 g/10 min.
An inventive composition may comprise a combination of two or more
embodiments as described herein.
The components (blend, high molecular weight component, low molecular
30 weight component) of an inventive composition may each comprise a combination of

two or more embodiments as described herein.
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| ess than, or equal to, 0.955 g/cnB, preferably |ess
than, or equal to, 0.950 g/cnB, nore preferably |ess

wo b@n/0839e2 equal to, 0.945 g/cnB, and even nor ePCT/US2008/087378

preferably | ess than, or equal to, 0.940 g/cnB, and
wherein the blend has a high [oad nelt index (12 1)
grggﬁgr than, or equal to, 15 g/10 m n, and wherein
8nd has a nol ecul ar wei ght distribution (Mwv M)
greater than, or equal to, 15. The nol ecul ar wei ght
distribution is' determ ned by either conventional GPC
or LS (TheginvenBoatsp erOiV'mlgs)a @R Position campusingyebleranwlidh nent ,

E:gﬁ(\)/ nts?sgn 1@338}? ugamvelg{n Iyieﬁé{i%ésgd‘%eﬁne‘?%f{ 1ly ogeccgllxr

weivgight ethiydene-bised pdymérsandeherim ned by LS GPC In

det te'ﬂﬁn“n‘iﬁ%%%@”%“"é%ﬁ T EhatErilihe il Pald

o1 < legethn of caod .94 Sg/GRE peefraablunless shadearaavnl e@i949y/cm’ and a

15

20

25

co I , the blend has a
ﬁec%g’?ﬁz\%‘ﬁiséﬁ@’af‘l’s@r utléon &Wl\m greater than, or
equal twhereligthe blandime v high leadbolinden(l;) ltehsehabl @rpduahtos | A

oL A6 i End Ehoihatk @) k] %gllcagm Mo e Bl elmbban: o

equa ecu Istribution s
det«venghuchmmbubyn /MY greamn\mmdreqml to@C or LS GPC. In a

further enbodi ment, the nol ecul ar dlstr|but
o1 ' ot SHTHIHB, " GURJSRPIGR RIS BRgPridoontional GBC

enmbod megmg ScattérenghOP @ C il adtrttwe érgbtidireting tth’del rﬁkil&duﬁﬂwélghtbl ;
ne I n.an e 0 e en
T S T e iy M S e

t hamighalistétapeiad isdexermbikd bl 0L.S WPOL e inotizb@tbodRiting, tHeMdlecular
bl end has a nolecul ar wei ght distribution (

gr &5ightdigppygon @Fwﬂé'qlfafiet%relmeé by boh Eomsniiqnal and LmP)&r{Mw
di 84ds) i@la&temnédWLM@Pd ad %t@aenrﬂﬁfid hyc&%.ﬂm“al GPC).

conventional and-LS GPC. The Mwv (Abs) is determ nhed by

LS GPC lanue Mborlsnedlethe blende ahxy)lewlamecnght disaibu@RCM wWM,)

g?gre?teer ntga or egadl t gr@ rag(?q}éer grﬁgocy meanrt tr\{\ﬁblg]rc]i has a molecular
weight distribution (M,,/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
another embodiment, the molecular weight distribution is determined by LS GPC.

In another embodiment, the blend has a molecular weight distribution
(My/M,) greater than, or equal to, 18. In another embodiment, the blend has a
molecular weight distribution (M,,/M,,) greater than, 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.

In anotﬁer embodiment, blend has a molecular weight distribution, M,,/M,,

greater than, or equal to, 25 as determined by either conventional GPC or LS GPC. In

a further embodiment, the molecular weight distribution is determined by convention
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et hyl ene- based i nterpolynmer. 10 of 104653 19A I n one
enbodi nent, the | ow nol ecul ar wei ght ethyl ene-based
w@oelogiei92i s an et hyl ene- based i nterpol yner. | nPenusives/087378

enbodi nent, the | ow nol ecul ar wei ght ethyl ene-based

pol ymer is a pol yethyl ene hormopol.yrmer. In anot her

enbodi nent, the high nol ecul ar wei ght ethyl ene-based

popﬁg‘? i s a heterogeneously branched ethyl ene-based

i nterpolyner. A heterogeneously branched

i nterpolyner(s), as known in the art, is typi cal Iy

pr 680 c &thnbtherZindglierntNat traletyl movetght diktylblltsm isakearmoioet i s
F’I - honbgeneous di stribution of cononomer anong the

nol"ecul es of the i'nterpolyner. In another enbodi nent,

the | ovin mmdtieec exnbordinmet, gllvtblenﬂhyd aern@eduaxswdigm@lisyr‘rmriod S a

eneous] y bran n bas r pQ r.

e R M SR S RV

E et BatrainRd bas&d csmemﬁal ae.@np@i»@n trhbmv @xb@q& SetdrRiiRX by 181

rT%reater than, or equal to, 0.05 g/10 mn. In another
e

BHiaAeMn is ‘iel‘f’ém’r‘i‘F‘bW %Y@E?ﬂabﬁpg\ﬁl ght et hyl ene- based

pol ynerg eﬁam%&memhaé hixh MRlcculaA@ht ethyldne taE@3bE et B a0,
or equal to, O. g/ 10 m n. I n another enbodi nent, the
y

hi &h Fﬂ?r‘@ﬁﬁgl"ﬁ?rpﬂﬁé’?’ﬁht et hyl ene- based pol ymer conponent

has a NRbhe duid@i%nent, & low hEIS&Idr RRTENt é&ryleaauﬁsled bdlyme# iGn10
preferably | ess than, or equal to, 1.5 g/10 mn.

10} nethﬂﬁﬁ"ﬁ@?e dHEBAMENt . the | ow nol ecul ar WBI ght
et hyl eng akaisee emkuakineie rtheQéW'ﬂQR:@tﬂSr Weight @hyl8letbaicd @6Nmer ida
r %ter than or equal to, 20 g/lO mn. | n another
Hithiene h opepalYMSy ol ecul ar wei ght et hyl ene-based

pol YEIIn ammaﬁmdldm haghmﬁiletculmdagqu ethlend R3S polyaRs is@r
al to, not her enbodi nent, the

bI Hegogrgeou yagﬂéheii? ﬂ%‘?sbaf dMerreymequal to, 0.970

15 In another embodiment, the low molecular weight ethylene-based polymer is a
heterogeneously branched ethylene-based interpolymer. -
In another embodiment, the high molecular weight ethylene-based polymer has
a melt index, I, less than, or equal to, 0.1 £/10 min.
In another embodiment, the low molecular weight ethylene-based polymer
20  component has a melt index, I, greater than, or equal to, 20 g/10 min.
In another embodiment, the blend has a density less than, or equal to, 0.970
glem’.
In another embodiment, blend has a melt index, 1), less than, or equal fo, 10
g/10 min. )
25 In another embodiment, blend has a melt index, I, less than, or equal to, 5
g/10 min. In anothef embodiment, blend has a melt index, I, less than, or equal to, 1
g/10 min.
An inventive composition may comprise a combination of two or more

embodiments as described herein.

13 of 104

13



g/cm3. In yet another enbodi nent, the blend has a
nmelt index, 121, greater than, or equal to, 20 g/10

WOr009/08§921 nvent i ve conposition may conprise a PCT/US2008/087378

conbi nation of two or nore enbodi nents as descri bed
herein The conmponents (bl end, high nol ecul ar wei ght

ggﬁgg | ow ol ecul ar wei ght conponent) of an
i nv ve conposition nmay each conprise a comnbi nation

of two or nore enbodi ments as described herein. 11 of
104653 19A The invention also provides a conposition
conpr i sthegompdsertp blendihighrmadestior weiglscanronggh lovo metscilar

e, gidhe Bhn ¥|+eﬁl@gf QE\%ﬂn\Q%!D%E&é?ioﬂ égavx}%er e#;ﬁn%leg%ﬁmﬂﬁaéiﬁn of

wei ght et ene- base ' t he
rmtmlwemogmenemhsﬁsmbedb@ieed pol ymer conponent has

a densi , ic
prefer a—‘i) IAV%@?? a? ﬁgrwfa%srae%g@ g i Cogggsg%()a%%h and a
5 neFanrﬁ@@)dl%fmwlbcelbis WPlB'étwthyt@ne-baﬁmolwr agd alogv mgeqyian,

a;w@elm%@eqem@dmlﬁﬁ@ Agsnagli oh | oad mel t index (12

| ess an, or equal to, 15 g/10 nmin, and a nelt
i ndex (th&high eslscwaqamghmthy@qermsed eolﬂm(gmsoa density lesp thag, or

nvkcﬁl%%mg/&h prat-,%w b0 Br dolYWh &/9)94% £at 6ha { RAPnaQr

equal to ecu ar wei ght di st utlon 'S
deﬂéﬂﬁ$ﬁ@m(bym@IWHkkyﬁmeENﬂlonal GPC or LS (Light

eScatt er\bl{éﬂin t@g ﬁend s thng Eota!i] frkelt %PP& f@'@:{ter t n%r equal to, 1
termned by

“ ol ecul ar wel ght distribution is determ ne
c oeAre min, ard @paleculay wamb‘tdn%mbueﬁlb@éw/ﬁv@mgreaqeﬁéamw egudtarS.

wei ght e Sididchut WQEht bR IR Taeinby b)Le?’tth Gnvehflonal GPC

anot her enbodi nent,; the nol ecul ar wei'ght distribution
( M7 Ivh(Lighs S@é@fé@hﬁﬁ@dmwurﬁm emidieah theard¢culangeigls GPC
( Mifstib¥oh id &téﬂﬁin@& &‘ﬁ%nﬁ&n &re. q:’gné}ﬁ@ e%odnéerﬁ etE@xBH‘e&x‘Fﬂ

y convent i onal . I'n_one enbodi nent, I end has

150 W B ls GHET gy LB GFCoth pTote AT Sodiment e e
weight distribution (My/M,,) is determined by both conventional and LS GPC (Mw

(Abs) is determined by LS GPC and Mn is determined by conventional GP). .
In one embodiment, the blend has a molecular weight distribution (M,,/M,))
greater than, er equal to, 18. In another embodiment, the blend has a molecular
20  weight distribution (M,,/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
another embodiment, the molecular weight distribution is determined by LS GPC.

In another embodiment, the blend has a molecular weight distribution
25 (My/M,) greater than, or equal to, 18. In another embodiment, the blend has a
molecular weight distribution (M/Mp) greater than, 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.

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

30 ethylene-based interpolymer.
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greater than, or equal to, 18. In another enbodi nent,

the bl end has a nol ecul ar wei ght distribution (Mv M)
w@e@ang92r han, or equal to, 20. The nol ecul ar M&T/Yk1008/087378

distribution is determ ned by either conventional GPC

or LS GPC. In a further enbodi nent, the nol ecul ar

vvelégﬂé di stribution is determ ned by convention GPC

In fher enbodi nment, the nol ecul ar wei ght

distribution is determ ned by LS GPC. In anot her

enbodi nent, the blend has a nol ecul ar wei ght

di st ri botohoembtolimelt Jhe dovembleculdr naight airylameqbaded padymér8s anl n

an ‘?gé% ' t he bl end has a nol ecul ar wei ght
di gt?]pllg{)eu |oﬁ9t%% r) greater than, or equal to, 20.
The nollseuitkar empedghént,dhedbw inpleculamwdiginethyigneitased polymer is a

de ) Conventi onal and LS GPC. The Mw
(Ag(gl;ml]}ysf&gg é?é‘ﬁ%& by LS GPC and Mh is determ ned by

sconventln @mihe_r @@dir_hwt,al!mdtimoleqmodbigmmh,ylebﬁt-bmﬁ prdygnea is a
caiar oAt Bkl 3 ant i onal GeC
or LS GR@nothen embddimentehe lowriyoitcwtnieight bibylenswedipalymer is a
wej ' [ ' 118:cC .1yl y convention 12 of
10&%%%‘%6%%&@%%16%thk%rtleﬂ%%e%él%rgg' rrgrht , the nol ecul ar
wei ght Idiasathar pubddament.shedew enolricwardvdight etByleeeasddpolymer
an ' I ar wei ght

oG S PR R o) bgrealy BA o ERag BAONR )0
The ol laeudtkar emeddirhent, diiedianid bast d dsnsifyNdss Ny, oF equal to, 0.970
dig;g{nm' ned by both Conventional and LS GPC. The Mw
(Aps) is determned by LS GPC and M is determ ned by
conventlhggigpotizpembedimentdlendhasdi marindext he gigptgpithan, or equal
o} £¢4Lad miei ght et hyl ene- based polymer is an
et hyl ene- based interpolyner. In one enbodi nent, the

15| ow nol AtVEveRONpAtitien IAdy| cempriss asembinaioppb pvq of mere

et byb&mgehesadclitdageRRl ymer. In anot her enbodi nent,
the | ow nol ecul ar wei ght et hyl ene-based polyner is a
The components (blend, high molecular weight component, fow molecular

weight component) of an inventive composition may each comprise a combination of
two or more embodiments as described herein.

20 _The invention also provides a composition comprising a blend, which blend
comprises a high molecular wéight ethylene-based polymer, and a low molecular
weight ethylene-based polymer, and

wherein the high molecular weight ethylene-based polymer has the following
properties: (i) a density less than, or equal to, 0.955 g/cm?, (i1) a high load melt index

25 (Iﬁ) greater than, or equal to, 0.05 g/10 min, and

wherein the blend has a weight fraction greater than, or equal to, 4 weight
percent, based on the weight of the blend, which comprises pdlymer molecules that
have a molecular weight greater than 10° g/mole, and wherein the blend has a density
greater than, or equal to, 0.93 g/cm3.

30 The weight fraction greater than, or equal to, 4 weight percent, based on the

weight of the blend, which comprises polymer molecules that have a molecular weight
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pol yet hyl ene honopol yner. |1 n another enbodi nent, high
nmol ecul ar wei ght et hyl ene-based polyner is a

whedoesigeneousl y branched et hyl ene-based i nt er pOl/yRm08/087378

I n anot her enbodi nent, the | ow nol ecul ar wei ght
et hyl ene- based polyner is a heterogeneously branched
etggﬁgne-based i nterpolynmer. |In another enbodi nent,

h nol ecul ar wei ght et hyl ene-based pol yner has a
melt index, 12, less than, or equal to, 0.1 g/10 mn.

‘I'n anot her enbodlnent the | ow nol ecul ar wei ght

et Igyerientbarh S elthotsgk sim'mlm;é hp tha egspechiepsaren fragtiqns ohadbsr, thd 2,
gr %&iv@ﬁtwhﬁl%ﬁﬁ%%c%%l‘gé %ftu% bl g & ot r@mb&J}Ré}P %J}rﬁ&ecular

nbodi nent as a density |ess
e quglght distrilgntionf § dgiermiBed by gormentidn&iPCe iy andithepermbodishean éhe
ha‘?ho"l’ecﬁgrl \Lel g?l)I(lblI!rLO% g de e?rﬁﬁle({) Gﬂé. equal to, 10 g/ 10
end has

I'n ano er e |nen a nelt index,

| 2| , | elagnethes ambeslimengiad blend haga weiglo fia¢tion greatenthant, egqual

15

20

25

30

e m&P% nilﬁ‘%rablp Feglgr thﬁrc' o?eqqﬁlt(; 5I \Qg %ﬁ 'perjcglt :l)aseh O ﬁletvjé?gﬂt of

or equa An i nve trve COfT'pOSItI on may
C om@rhle@é @@mpnm p@nn@frnqlmlewatrmveea eptruthr eightsgreater

desth '15’%sz1§ a8 h{l rgﬂ'lféd B tht Qéﬁéﬁvéa?é T2Rors BPRMES

(bl'end, ar- wei onent, om1nDFecu | ar
vvelcwpnt@eﬁwoh% P pofiiloef tlnerh}@ﬁt irwefuﬁhmpmbcrdnmm theppolecath

10C ORRY, ghtscﬁstﬁbu(ﬁQm'd@t@Hl% b?fcmwéﬁhog 'GPE1F amp El%ﬂﬂe%t

“described herein. The iAvention al so provi des a
c oS hlar veight digtoibutidinpgdeterpinedby LSAPEh conpri ses a hi g h
mol ecul @lonEhilimcht, X bRAFnRASRAID RsY BT, or él,'i]&l & olgegl

nol ecul ar wei ght et hyl ene-based pol ymer,
In another embodiment, the blend has a density less than, or equal to 0.96 g/cm’.

In one embodiment, the blend has a density greater than, or equal to, 0.92
g.cm’. In another embodiment, the blend has a density greater than, or equal to, 0.93
glem®,

_ In another embodiment, the high molecular weight ethylene-based polymer is

an ethylene-based interpolymer.

In one 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, high molecular weight ethylene-based polymer is a
heterogeneously branched ethylene-based interpolymer. '

In another embodiment, the low molecular ethylene-based polymer is a
heterogeneously ethylene-based interpolymer.

In another embodiment, the high molecular weight ethylene-based polymer has
a melt index, I, greater than, or equal to, 0.1 g/ iO min.

In another embodiment, the high molecular weight ethylene-based polymer has
a melt index, Iy, less than, or equal to, 2 g/10 min, preferably less thah, or equal to,

1.5 g/10 min.
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t he hi gh nol ecul ar wei ght et hyl ene-based pol yner has a
density less than, or equal to, 0.945 preferably | ess

w0 b@n/ 083922 equal to, 0.940 g/cnB, and a nelt i nNPERUSI08/087378

5

10

20

25

| ess than, or equal to, 0.1 g/10 mn, and wherein the
bl end has a high load nelt index (12Qgreater than, or
eqlé?iwé 1 g/10 mn, and a nol ecul ar wei ght

di stribution (MM M) greater than, or equal to, 15.
The nol ecul ar wei ght distribution is determ ned by

ei ther conventional GPC or LS (Light Scattering) GPC
I n a fulbrnether embestinentribe highyeolpaylas weightrethytengsbased polymer has

di vention GPC. In
angﬁg%k 05 lélsi%]%ft)%(ﬂ&elrﬂﬁgb lé%ll?ﬁg? wei ght distribution

i s det elmtw(ﬁb@ emhodirmenGiey molecul#icteiabt elbyline dhsed pelymerthes a
”Dlnﬁﬁ‘.’rldé{ I\r’]\'?}e%hhé# &theﬁ?& Q%EA&MM 'Vh) i's determned by

conventi onal is determ ned
by LS dpanatha CW’PPq"Q%é?‘émﬂeﬁ‘éﬁw b@w@ﬁtbﬁf@ﬁaplyw)hasa

| N RAGaeThY g;e&@man bGudth 1 Y/103 0. a[nqpétﬁe@ulln%mm&h qm

dlstrlbutlon( Mh) greater than, or equal to, A
an8velferlareriehd Fhepne; bagd@obymerhas messlt inderp IIze&refrtqrthwrghval

di &, 5! hU%Q%QWﬁ%%b&ﬁﬁéﬁ Gbw Haf%@ularcw Oﬁgé{ﬁ}l'ler;ecfmseagolymer

The rml ecul ar weight distribution is term ned
ei hitermPGndesnk:i 25%Er thaper equalits 1@BE0 mipe g f urt her

enbodi nfgRfothdr BRbEMR&ER theHiendBh G helbinddx! 1, P Bleh@NhirS or equal
determi ned by convention GPC. In anothér “enbodi frent,

th&Q %E’é‘éﬂ‘l‘far wei ght distribution is deternined by LS

@H&ﬂé?gﬁlb@d’maﬁ,:ﬁ%gs atln(ﬂecmaﬁag }n%%trﬁ)ug&l ﬁ'fé{’“’l

WGI ght 8. stribution greater th or equ
18 grehter thano bihegnal entd H.dInrmeether etnbeditobrerbdend ass amoiedube wle@ht
ution ter than, or e

p S0 P M 8 SRR S ST 2
dehsremlmlgnédmm QOMVM“ %Dﬁé}lmagn&ie&él {P%e. ﬂ@%owgmgr

Abs) s determned by LS I's determ ne
co wehttdlanmiamoﬁ%’@cteﬂnnnadrbe eidlrelp ocdwermnnal GPRer hE GIFC. Ina further

ot h’gﬁééilhe t\ggéergagcuf 1§ﬁtrhesmq)a§1 T 1S %e%bnfggggof%%mon GPC. In

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

In another embodiment, blen;i has a molecular weight distribution, M/M,,
greater than, or equal to, 15. In another embodiment; blend has a molecular weight
distribution, M,,/M,,, greater' than, 6r equal to, 18. In another embodiment, blend has a
molecular weight distribution, M,,/M,,, greater than, 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.

An 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.
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In one enbodi ment, the | ow nol ecul ar wei ght
et hyl ene- based pol yner is an et hyl ene-based
WO ndoefogsky ner. |1 n anot her enbodi ment, the | ow POT/E82008087378
wei ght et hyl ene-based polynmer is a polyethyl ene
honopol ynmer. | n anot her enbodi nent, the high nol ecul ar
wei et hyl ene- based pol yner is a heterogeneously
branched et hyl ene-based interpolyner. In another
enbodi nent , the | ow nol ecul ar wei ght et hyl ene-based
pol ymer is het er ogeneously branched et hyl ene-based
i nter poﬂny\n@her empodifent.Hean iaydptve qpmpsitiqntps dpssiibaddiesiauther

we 'h%h R} wdight @lﬁ?l@ﬁi: lﬂ&ld%m;fnelc 9!%’;98@1@516 Q@&hﬁe@aged

I ndex, 12, greater’than, equal In
an SHHTRRLYBEFHIS BfepRBhin an Prnembfrern 40 e veeighe n@isqny preéeg@blx fircam |

or S@M wetngrt che%? gasgé Grmhg’sunl @elglﬁtof e ﬂfgn alolRMRAR; éﬂ? nt,

bl end has melt index, 121, greater than, or equal
st ocor!llEP“thdeFl?W ’A‘Piequh!‘/efﬁ'ﬁht\?emew?ﬁo& tion may conprise

a conbi nah eRbodiMthe Gk amce%n%&%bmta% dé’s%n&%%%inb@.g
herein. The conponent’s (bl end, high nol ecul ar ME|§t60
0

coffyomelaeular wsightahvisaerbased padymagas RERSARI G APAMOuBK frogm 3

' n\ﬂ%@hﬂ aé?ceﬁtoﬁ@ﬁx%bl‘y'ﬁ%ﬂm oY 5@@8Eht PEdh:, Ip36&ddn FRTRL %Ig'hpcff
or nore enbodi ments as described herein. The

i nv@mghdwlw%weglwwa&era aphip 1931 molesylag weisht comagneat.

1obl end,  hahsiker Bn6Mm&RTRE S Gt dohipBsitii, i€ Higﬁrmo%ﬁlgxht
ethylene based pol ynmer, and a | ow nol ecul ar wei ght

et MyisBrféhylrag: éep%wreyw@fmer lama eKRh‘é‘Peéq plefimiaterfiofymerroin @ duthsy

\Aﬁbﬁmdxrﬁédﬁ,}{h@c{l&eﬁaﬁ eaeo&ralfmﬁhe Qaep Johﬁstfng ok @10 a-olefins.
properties: (i) nS|t¥rf ess or equal to,
p

0. §55t @f“etﬁ?rembeﬁhmymathm 9 tsaeie%ﬁ igor fha &seup Fgipting
gr BrRpRAEnct NBMencON-p&fihd] 1-KeReneOt-Aeptedé, 1 cting) 4-AdEY1-1-pentene, 1-
15 nonene and 1-decene, and is preferably selected from the group consisting propylene,
1-butene, 1-hexene and l-octene, and more preferably, the a-olefin is 1-hexene.

In another embodiment, in an inventive composition, the low molecular weight
ethylene-based polymer is an ethylene/a-olefin interpolymer. In a further
embodiment, the a-olefin is selected from the group consisting of C3 to C10 a-olefins.

20 In yet a further embodiment, the a-olefin is selected from the group consisting
propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, l-ocfene, 4-methyl-1-pentene, 1-
nonene and 1-decene, and is preferably selected from the group consisting propylene,
I-butene, 1-hexene and 1-octene, and more preferably, the a-olefin is 1-hexene.

In another embodiment, the high molecular weight ethylene-based polymer of

25 an inventive composition has a weight average molecular weight (M,,) greater than, or
equal to, 10° g/mole, as determined by either 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.

30 In another embodiment, the high molecular weight ethylene-based polymer of

an inventive composition has a z-average molecular weight (M,) greater than, or equal
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wherein the blend has a weight fraction greater than,
or equal to, 4 weight percent, based on the wei ght of

wo b@olosezl, which conprises pol ymer nol ecul es PORUSIva@87378
a nol ecul ar wei ght greater than 106 g/ nole, and
wherein the blend has a density greater than, or equa
t°65$9 3 g/cm 3. The weight fraction greater than, or
equa o, 4 weight percent, based on the weight of the
bl end, which conprises polyner nol ecul es that have a
nol ecul ar wei ght 15 of 104653 19A greater than 106
g/ 1@’ g/molg.as deterimingd bl pitheneonyengprat OPG er b 6BCT ecfitleans

glf eﬁxb&ﬂ%nt tﬁkemggma?wgmmwmrh@d%& l&rd 2 +rf%er9fon6i>% In

further embodi nent, the nole ar wei ght
di g@qﬂil% emb@wnm thfern@earian afellgwlser&wv@nr@ degerm@pedby LH GPC.

anot herln%ﬁaﬁfg 'eﬁﬁ(mnmentt nﬁe Md%@m @l(/enW@é ogél tt{ag Pb& i
&

is determned by LS GPC. In anot her dlnen
spl &Aefion greatgr ther, gmqwﬂmaét% pafegpply greater thhla ar eqypl t@éu‘amghﬁto

4. Bercdth, Sh&H %mh)é “grgﬁ@af% ﬂaé;.ar\mf coﬁﬂméek g$l9mer5nqlé’¥ﬁfe9m5t

percent, based on the weight o

D HNeIRgRalccHBr YA ervelesbn 8 givi. sizembzcdibpl hsbpaptive area |
we 'flga;ong&%?tﬁé? khelcBARnd i@ &/Lﬁ‘éip% pr@fﬁe gﬁh@ﬁlgﬂdn %ja RlYthérh e

respective area fractions of either the conventiona
or embpdapent.shegnelpalap preighfadisyitation is deferzpied by pevention GPC. In

10€ nﬁﬁ’cﬁﬁe‘?@rﬂsodnﬁgﬁ@ tm&é‘c'dla?&'eéﬁidg;mwm)rﬁlg BdilHide@ By LS GpC.

determ ned by conventi on I n anot her enbodi nent,
the roll8anether cxbadipent. dbestlendisfien igrentive qoatpesitiinheta Wyights

GP&actioR gRAGr @D Qldéq(mrt‘(; 6 v&e% n%lrc%ﬂtdbzl@&fsorﬁhéj@agﬂttof’thk §§§d
t han, or equal I n anot her enbodi nen

{ hNish SoEPECPObTHS ﬁ@iet:\yesnﬁ% Baveaiplecular wejghi Erepler than,
9/ ¢hdle dsReMBnRAHH A rEE%&ttwe wﬁfrkh&ﬁ%f h@is Q}P@eﬂ}%lg ¥f the

greater than, or equal 0 I n anot her
1senB8d- ment , the bl end has a denS|ty greater t han, or

equal tlﬂan&heggmgddﬁﬂﬁn the'blHaQF mhvee.ﬁbeo&mﬁsmon htah@wagﬂh

nol_ecul ar wej ght et hyl ene-based pol yner is
et ﬂﬁ‘f"@ﬂ grestgrstg@ PrRAug |8>y\ﬁ,§ht percent, based on the wexght 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 the LS GPC of the blend.

20 In another émbodiment, the blend of an inventive composition has a weight
fraction greater than, or equal to; 10 weight percent, 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 the LS GPC of the blend.

In another embodiment, the blend of an inventive composition has a weight

25 fraction greater than, or equal to, 0.1, preferably greater than, or equal to, 0.5, more
preferably greater than, or equal to, 1 weight percent, 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 the LS GPC profile of
the blend.

30 In 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

19 of 104

19



In one enbodi ment, the | ow nol ecul ar wei ght
et hyl ene- based pol yner is an et hyl ene-based

WO paoegkymer . 1 n anot her enbodi ment, the | ow PCI/E82008087378

5

10

15

20

25

30

wei ght et hyl ene-based pol yner is a pol yet hyl ene
honDponner. I n anot her enbodi nent, hi gh nol ecul ar
% ethylene based pol yner is a heterogeneously
brgnc ed et hyl ene-based interpolyner. In another
enbodi nent, the | ow nol ecul ar "et hyl ene- based pol yner
is a heterogeneously et hyl ene- based i nterpolyner. In
anteeisheofisesciomppsitiont weichg¢ogipripas pelymbramnologujeg Hiat have a

et h%le@&lﬁr RASHE greﬁg'l tb(d?i%" Qﬁ'n%leaas G@tlaxtrmhéaq)?)fhe r!:srf;é!vnvg Leater

t han, or egua I n anho
enfattioneafieither ks Chm\tghtl omrell Oé é& IGEIC m@lgﬁttheetonypfem s Buther

pok%ﬁ%ﬁmmﬁhﬁn utar l,vglgﬁt)&lsulb%tl 1L ﬁéérm'irl%@%y &rverﬁgh'% CF %
han F

2 g/ referably less t equa
g/ ?J(Pth?f ﬁnboﬁen%‘f “!Eﬁoﬁré%laf_l‘yﬂgﬂt ﬁlSHWB'thﬂei* dmwd hléh$ GP€he

hi gh ngj, e&deﬁe@emmm& aﬁm&lte@eomeagn m' wx%ﬁn ilpﬁﬁor?ﬁreater

melt index, 12, less than, equal
| nthamer prael terfoweighieereent, basgd ﬁmhe @@1gawof\ﬂ@|cgmposnmn which

et Mﬁﬁ@s &mgmgﬁéﬁéggﬂat ﬁ'ﬁé a%of@é‘l!llgr W%‘??peat&?thanglr()eg’h%fe as

t han, -or "equal a/ mn. In ano nmbodi nment
| odpierminsd by He r%mcghft af@tffﬁyl“eﬁ el bake BPpof Prermppaion el t

i ndex, hZnoutth @ﬁﬂ&ﬁménh 3R invBtive %%@dosﬁx@n hal ag&/e;lggt ffcflon ér@ater
anot her enbodi ment, |'ow nol ecul ar wei ght

et Bph.on @%H@e&jwe&twerm thassd an the Weightrf ghe compositipncvhiely
t hadnpriREs p%%@l‘ mbReul® 1 Alde TrddlechiB »@J‘Qﬁ 5te§ﬂ:§nol@ﬁ %{(ﬂe’ as

| ow nol ecul’ar wei ght et hyl ene-based polynmer has a nel
i nB@smined by He aegpestive Hearfracinns eftialS GEC of the gpppsivion, | n
anot hery, QRiaRe kdBddiment, faﬁ uplc.ﬁnei cém,s,aomlsta welflEffactibridreater

greater than, or equal to, %
than, or equal to, 10 weight percent, based on the welght of the composition, which

comprises polymer molecules that have a molecular weight greater than 10° g/mole as
determined by the respective area fractions of the LS GPC of the composition.

In another embodiment, an inventive composition has a weight fraction greater
than, or equal to, 0.1, preferably greater than, or equal to, 0.5, more preferably greater
than, or equal to, 1 weight percent, based on the weight of the composition, which
comprises polymer molecules that have a molecular weight greater than 10’ g/mole, as
determined by the respective area fractions of the LS GPC profile of the composition.

In another embodiment, each component of an inventive composition is
independently formed in the presence of at least one catalyst which comprises at least
two catalytic sites.

An inventive composition may further comprise one or more additives. In a
further embodiment, the one or more additives are selected from the group consisting
of hindered amines, hindered phenols, metal deactivators, UV absorbers,
hydroperoxide decomposers, thiosyngerists, alkyl radical scavengers, hindered amine
stabilizers, multifunctional stabilizers, phosphites, phosponites, acid neutralizers,

processing aids, nucleating agents, fatty acid stearates, fluoroelastomers, slip agents,
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I n anot her enbodi nent, bl end has a nol ecul ar wei ght
di stribution, Mw WM, greater than, or equal to, 15. In
wap@vhgr2enbodi ment, bl end has a nol ecul ar wei BEI/US2008/087378

di stribution, Mwv M, greater than, or equal to, 18. In
anot her enbodi ment, bl end has a nol ecul ar wei ght
diggﬁ%gution, MV Wn, greater than, or equal to, 20.

ecul ar weight distribution is determ ned by
ei ther conventional GPC or LS GPC. In a further
enbodi nent, the nolecul ar weight distribution is
detwibiick egentsyfillorvantandreg@RGize), andxoobmetions tecdf. e mether

Er(? u%gnlt”t n\é%} %Elte 88’&1&\‘6 knjglé%hl-:c ‘% ff?m tgee 'gr%ﬁ IT(]:orrllslctmlgB()f

n ano er e |msn
mecgmsomms&sap (SCpttdcd rnRGwmml@@lawncmltyazmmwm)e RGANOE,

15 10%3I (Cg{z} %%J%?{)ta ﬁgélmAN%)? ?93026%{3 ggema te &HemlcalT) to,
5 18 IR(BINN@X(ME &24éﬁlb®8n>qqeh! Chduil@h‘d IRGAFAS 1168 &ibd Si)leClalt)’

: e I ’
el LA, I s 5P of By Ry
delrdnsiiyheod twnbb@tlbnschnrwénﬁllycmabthqﬁdlbdz@na?ﬁhe Giieeor Mvinre
( A%;d}ti\)é arg ?&% &@é&ﬁldthp %’rou{l})%o%os%ng ngM&Sb?B (%%96 KB A& 8X by
conventi ona nt1ve-ConposItion ray
c ol BR&AANG@Y r’r_@'lﬁnmqf’dﬁ*ﬂ&ﬂ 3300 QAN G MDD 1924 3200 YRRRHEO $$228
dea%vqog%nn&i eb:, M3t s%mnﬁwﬂ #Rdo; it J an

mol'ecul ar wei ght “conponent ow nol ecul ar MEIgh
C o AETiEatio) thefeofyrin arnw@mmhpélrmnpmsm prampreradditivacdye selected

comlt@e:gé CORRIEbLE G Na 5&@@9@&@@@%6@@@%

descri erein. 17 o n anot her
enB&8 WEMNOX MI924, Al dn edlerem storrpo ) XN AMARSF XI844 KiobEdand

heE&h@nmkﬁﬁhQ&Qh mol ecul ar wei ght et hyl ene- based
pol ynme and preferably an ethyl ene-based

15i nt er pdpymer eBodiypens ¢hetblgnd ofn iavantive cofpositiopthas ocopplex
we 'vQéstt)p@l“‘F:ﬁ @tOZ sPr, ﬁ(ﬁ WOQ@ | gYeaIeF fﬂgﬂ %peqtugl tg %5%% g ht

percent, based on the sum wei ght nol ecul ar
wei ght Ia SnRYens embodiment.tap énvensine mmuplahasmprghlpx viscosity (n*)

CORRANGN! and180-RNAERG thaa R RQTBNEs kPaR. @n i nventive
conmposi tion as descri bed herein, the
In another embodiment, the blend of an inventive composition has an

20  extrudate swell (t300 measured at 300 s™' shear rate and 190°C) greater than 18
seconds.
In another embodiment, an inventive composition has an extrudate swell (t300
measured at 300 s™' shear rate and 190°C) greater than 18 seconds.
In another embddiment, the blend of an inventive composition has an ESCR
25 Fso value greater than, or equal to, 300 hours, as determined by ASTM D-1693,
Method B, in 10% by volume aqueous Igepal CO 630 solution.
In another embodiment, an inventive composition has an ESCR Fs, value
greater than, or equal to, 300 hours, as determined by ASTM D-1693, Method B, in
10% by volume aqueous Igepal CO 630 sglution.
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| ow nol ecul ar wei ght et hyl ene-based pol yner is present

in an anobunt from30 to 60 wei ght percent, preferably
wo c@ni080921 0 50 wei ght percent, based on the suPCTVESZNS/087378

of the high nol ecul ar wei ght conponent and the | ow

nmol ecul ar wei ght conponent. In another enmbodi ment, in

ﬂggntlve conposition, the high nolecul ar wei ght

etﬁ éne- based interpolynmer is an ethyl ene/a-olefin

|nterpolyner In a further enbodinent, the a-olefin is

selected fromthe group consisting of C3 to O

a- ol ef i Ingnothes embedimgertt thetblead ofeartivgninysieempesiion Jagthrddlig

| S (G RPEhRImbLBIY biltF0o0" AP RTS af K RARYS S

1-butene, 1-pentene, 1-hexene, eptene, 1-octene,

4- n@ﬁﬁﬁ$¥k¥1%@nvémﬁﬂﬁaz1nonene and 1-decene, and is

prefer 3{|H|a¥ot§c§ Ien%%d%genft Enpﬁ\'énlﬂge gﬁtl&%§ iaﬁtdlclﬁlg( C(G')'value

propyl ene, 1-butene, exene 1- oct ene, nor e
spr BeesuEel IayO 0% fheand 190°Gflpsy thag orleqweb&e%é anfl mreémehlmifs than, or

enpadi@enNt.. in an inventive conposition, the |ow

mol ecul ar wei ght et hyl ene- based polynmer is an

et hy| erféfgetesir embetiment.dhqd¢ngipgan inpeptize fomppsiden has an amount

en’@%n@%ﬂ?ls pérhgo@capdoﬁ foﬁls 'le%T ﬁ‘h% %qu‘ﬁgl I) o3 ﬁr@@ragfycfé’ép than,

consistin efi'ns.” Inyet a furt

erBodRHER 015 h’éd a‘D@I P@ﬁff¢fﬁblY lessstbgre et cadalite. 8Lt he gr oup
10CONSI Stk A RYERG, e ﬂm%@% indenBl 6 RBsitidhi RS XS RHount

1-heptene, 1-octene, 4-methyl- 1-pentene, 1- nonene .

an8f vioykeres HQ00 caren ptemplessttnay ogual &, 8 20 gueferablyestiban, or

Or Q4R B ANEI, aid Hdte PleRPIYABE thak; RULENS, 0.15.nexene and

1-oct ene, and nore preferably, the a-olefn is

1- hexerf anqther gmbrdiaent pfyERtive sempasiiien hasgh amens efiirass

wei gt p&tioyd &Rsn hRaR qiespmha/ BELquiiio, fm)zb PEEREBIY Ress than, or
conpositi on has a wei ght average nol ecul ar wei ght (

15 gr eREP: QPlanandgporeprefarablydess them ogeqya) te, 0-B8- det er i ned

by ei t hgandtR ¥RRSdiRaR an RENRE cdmipdstibn hdshin @mbitt bP&hyls per
enbodi nent, the mol ecul ar m5|8ht distribution is

det W0 carRapatgms sy ihanner egpnl t50:200. prefesaiinisss tampersapd it |

t he.17® hACkbR hret@ithfessdhant srichut 00.156¢ det er mi ned by LS
GPC. I n anot her_ epbodi ment, the high nol ecul ar wei ght

et hy| erl8 2BRies gmbestines thedtiend ot anipusniiys LomPaHBRIsas  HISCaNAYS
208 §ve?a\é€ hR%EuIRD S (M) W&l Oiin, 6MiLal96 81066 g/m%nas or
eqtijcft‘ermmed by ATREF.

In another embodiment, of an inventive composition has a viscosity average
molecular weight (M,) greater than, or equal to, 70,000 g/mole, as determined by
ATREF.

25 In another embodiment, the short chain branching distribution of the blend of
an inventive composition shows two peaks or one peak with an extended shoulder or
tail at temperatures greater than, or equal to, 80°C, as determined by ATREF. In a

further embodiment, blend has a viscosity average molecular weight (M,) greater

than, or equal to, 70,000 g/mole, as determined by ATREF.
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18 of 104to, 106 g/ nole, as determ ned by either
conventional GPC or LS GPC. In a further enbodi nent,

wao b@gdoerul ar wei ght distribution is determ nedI/bg2008/087378

5

10

20

25

convention GPC. In another enbodi nent, the nol ecul ar
vvei ght distribution is determined by LS GPC. In

Sh enbodi nent, the blend of an inventive
corrp05|t| on has a weight fraction greater than, or
equal to, 4.5, preferably greater than, or equal t o,
5, weight percent, based on the weight of the bl end,
whi ch claapethes G@bwmhe short ebair kranchinggistiaytéonaf the blend of

ML LGVl ke xwg&.&tmmggh%@g &lo fehan égﬁer%}zp %r%ateﬂﬁan or cqugl to,

det er m ned respective area fractions of
t héo°6foi*ﬁ\fl§m1®ﬁhﬂ>y AFREES Iop@urihergmpbodimst, blped Hab ewdcosmn a

S [ S B e L1

erm ne
enbaeimimdby ATREFTOl ecul ar wei ght di'stribution is
determ

L C. t h bodi nent , I
of - an 1B sEDe T h A el cbrarfide i Maaet i piend oF
gr emmefnut/hmmpoemoreq:uab ontecp,ealﬁwiclredn@htencpbﬂrsncﬁmer ohas&d on
th i ght
rofaer e eract iy & Sap G SEPiT 55 DR e
106mBddihére, bishd HEY £Vi kb6 AvitygetniteciREPAEHHI(ME) gfa®f than, or
fractions of the LS GPC profile of the blend. In

an&193Le: EH98 @imaic as detgrmingd BhTREF.an i nventi ve

CONPOSi thiapdind? @ﬁﬁb@dn\‘i@{t QHJ shbft @l%‘iﬂ IQanglrnS é&&%uﬁdﬁ%@ an fAbentive
equal to, 8 weight percent, based on the weight of the

bl EBROSIHAR shewe SRR opropepkivith AbPésadedshoyidpior Wilve a

O ke@ifpbifaiites WRa@Pihai) P &fusl 1o, 180RT) ad Q&ernd®b A RREL S Gl HkRE
by the respective area fractions of the LS GPC of the

bl embdiment. dkrotofppesidgndveld nieqesity qvn@gdoh@lmlag)ﬁveaht (M,) greater
15y PERE g PRTRADD Y B BT AilEd BATRERC! | ON arent er

"t han,” or"equa ased on the
wei ght lofandgthee emb@imdentvtm sd:hrt clmumrarsbmg pislﬁjmmm:hﬂamﬂnes
t h@(.r) JYibn §ho k) erat\lg?n grh{u &R tere tha { Qra en 2:1|1Qo 88 (;TD

5 of “t he

erm ne e res area Fracti ons
LSd@(Dl@ﬂ by IAél"REFe frda fufther amb@dnmcnt,ehmmpmemrx hat heisdvlsignd

aena | n\é entlarve rt on has a lWei 7% fraction
gr E5teEr ™ 5?1 e ggﬁﬁg Fi5T g pr ey é?’gg ?%fmé %t er
t haaemmredebgmgtzo 0.5, nore
In another embodiment, the short chain branching distribution of an inventive
composition shows one peak with an extended shoulder or tail at temperatures greater
than, or equal to, 80°C, as determined by ATREF. In a further embodiment, the
composition has a viscosity average molecular weight (M,) greater than, or equal to, -
70,000 g/mole, as determined by ATREF.,
An inventive composition may comprise a combination of two or more
embodiments as described herein.
The components (blend, HMW, LMW) of an inventive composition may

comprise a combination of two or more embodiments as described herein.
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preferably greater than, or equal to, 1 weight

percent, based on the weight of the blend, which
w@ovpios®es pol ymer nol ecul es that have a nol ecRCHIS2008/087378

wei ght greater than 107 g/nole, as determ ned by the

respective area fractions of the LS GPC profile of the

bl I n anot her enbodi nent, an inventive conposition

has™a”wei ght fraction greater than, or equal to, 4.5,

preferably greater than, or equal to, 5, weight

percent, based on 19 of 104 19653 19A the wei ght of

the c orfB@s'PVtenteﬂﬁ alsiproyidecanrapiclesomppong/atiaast|pp¢ eqspopant

N @ BP¥6m 8n mérﬁgyécﬁ{pom&g 4 a firfaicbodiReR, hOSiok EE‘%' prpe.

as_deternined by the respective area fractions o

ei Treptherrmbegimpainthe pirgs agdomsticme” p-mfﬁnlaeothﬁf emh@dlmem

c om@%ﬁaet.é R84 fot pluab&g f,ﬁrp&as qmmenanﬁoduﬁéaﬁ tmall;%qy& Rfural

melg distributionis etern1ned y conventlon
5| n&arhéch &t anehpioenbiediment. thpaiperbasdesuibagr wei ght

distri tIHtah(Qﬁbr bﬁb&iﬁ{uﬁl’f @Eer!ﬁg:leQYa Blgwq;ﬁ)(l;ied 'achi%n‘P&' ;bﬁlf’ther
enbodlnent an |nvent|ve COﬂpOSItIOﬂ has a Mﬁﬁg @
¢ Blant |

'r efbqdipent thsarigle is B pflowgoniaigerain 2 Birthe ebpdjment

baggheRiting MRiiRRE 2 @lmt he conposi tion, which
conpri ses pol yner nDIecuIes that have a nol ecul ar

wei ght Tgreethes pmbadiment. 01 agickeob @ seomeanbrape. gidAe hPpYT ahe
10l E8RRGIkIrM R €a fractions of the LS GPC of the

conposition. In another enbodinent, an inventive

conposilp Pestiher gwbodingat. ghearticleai # sheet, hcany Gxy shpping sak, a

eqyﬁ%quw(§aw@bgammmﬁﬁcent based on the weight of the
conposi tion, which conprises polynmer nolecul es that

have a TRSHRERIORAISGEIOYNES AR AOBPTifingH lepg@neygqmpopens formed

deﬁaﬁqhn@&ngyc&n@mﬁ§§pect|ve area fractions of the LS
GPC of the conposition. In another enbodi nent, an

15§ nvent.i V8 IRVGRHSHRISP PEoMidesAilm cREPHHRE 4t jeagt opoFpmpraest fpmed

t hﬂBm aR invektivakohsitidh) MRIreHHer RRIoRRN:, (B HRA T acuanérpe
ght of the conposition, which conprises polyne

rmFe@Erﬁﬁoéglni Haf fyhgrembogigieatothe fim \ﬁ/@lfﬁfﬁt““@’r @éﬁ’@f“l’{ehﬁﬁs
106se@ FordcRhitbahe EREdH QEK, dtitkddRalcBSRREL AMRURE Bfer

frgcslons of the LS GPC of the conposi tion.
pplications.
20 An inventive article may comprise a combination of two or more embodiments
as described herein.
The invention also provides a.method of preparing an inventive composition,
said method comprising:
a) poiymerizing the high molecular weight ethylene-based polymer or the

25 low molecular weight ethylene-based polymer in a first reactor, in the

presence of a mixed metal Ziegler/Natta catalyst system, to form a first

polymer product;
b) transferring the first polymer product to a second reactor; and
c) polymerizing, in the second reactor, the ethylene-based polymer not
30 produced in the first reactor to form the blend; and
d) optionally compounding the blend with one or more additives.
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I n anot her enbodi nent, an inventive conposition has a
wei ght fraction greater than, or equal to, 0.1,
wpe@bessakl y greater than, or equal to, 0.5, nOPEI/US2008/087378

preferably greater than, or equal to, 1 weight
percent, based on the weight of the conposition, which
co R€s pol ynmer nol ecul es that have a nol ecul ar

2‘811119 greater than 107 g/ nole, as determ ned by the
respective area fractions of the LS GPC profile of the
conposition. In another enbodi nent, each conponent of
an i nvenvhyentodimpos pttlastone ceaftntie p grsdbase Irgactoo rime friher
t NEmBSRRER B he @ oh @ ERIndARFAEAL A Bhast RbElys COMPY | SES

east two catalytic sit nventive conposition

may f urlpaegthes ompediment, dheepolymerieation aldthié higlymglecular waight
fu [
B A S
shi n@iémwomh@wm takes plagedly ade‘amaw\mtymeszatlw absor bers,
nydr ODEA P A v ARERAPRR R hori bl SRYRATR 0P hit or ol
radi cal scavengers, ndefed am ne st abi | zers,
wpmbq@n@!ﬁ%ﬁeﬁcn@ﬂé}bﬂeim zers, phosphites, phosponites,
acid neutralizers, processing aids, nucleating agents,

fatt% acid stearates, fluoroelastoners, slip agents,
20Lelym anti bl ock agents, fillers (nano and

1ol €gul arasdigfssed 0k, HRMRRNALE 'c&ﬂﬁbsttllaﬂ &Rfprise! arbléaﬂgsrnﬁﬁmg a
enmbodi nent, the one or nore additives are selected

f r Bwii FRlscyarotgieht efhyenettiased Pelymenandmiey melsailar epizht) |

1e1.@ﬁla£>se& 52,19@“8&@@1&1@45 KaleRE 0 GAL Sdm ohmsé%z@
(CI ba peci alty Chem cal s), | RGANOX 1330p

SpBUP%I ty Chenicals), | RGANOX MD1024 (Ci ba SpeC| alty

Chem cah $he erhtBEMEESIhE B8&nAdSHibA dsardader (RS 'y
cal ci um s%eeear at e, Q[S)t\t(ll\IAMAllg? lt:lx %(g‘liﬁflgﬁ%gra E; (3 '&&ﬁhﬁ 90

15\ GBI PCTS PR RYCTErAbly BrsatEthany 9t caug . 8 ws*.gwaaefcelﬁsanfi H®Fof .
| N pi¢RtabBipadafte thake 50 Bflial 1B U8, wel dhEpedidft &ﬁhe@h@we?ﬂgd)ftthé/lﬁ&
are sel ected fromt up consistin ASORB
3599lecylgaetibieniday moleagﬁxwe 1monqnﬁfﬁm®en1té%welght of the
| REsMX1idA)1024, DOVERPHOS 9228 (Dover Chemical Corp.),
cal cium stearate, DYNAMAR FX 591 | X or G and

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,,/M,) greater than, or equal to, 18. In another embodiment, the composition has a

molecular weight distribution (M/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.
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conmbi nation thereof. In another enbodi nent, the one or

nore additives are selected fromthe group consisting
wW@RooRN8IBD (Cl ariant), | RGANOX 1330, DOVERPHOSPORES2008/087378

| RGANOX MD1024, HQO3, cal ci um stearate, DYNAMAR FX 591

I X or G and conbi nati ons thereof. In another

eng xent, the blend of an inventive conposition has

a corrpl ex viscosity (h*) at 0.02 s 1, and 1900C,

greater than, or equal to, 65 kPa-s. |In another

enbodi ment, an inventive conposition has a conplex

vi scosilp gnqther ymbadingeng phecomposgie haspopdeculyr waigkirdistrifation

or g@%ﬂ@# grgzger tha% (%Pguaﬂo 12{] 195‘:%%9 Emﬁ’&’ﬁ&% %C{)ma%sn{on has a

invent
S\A@biecmr%@g;hmaﬁwt@ﬂ (Mmﬁ@@reaerlhaih@@quai &t 0. I o R0
greater than 18 seconds. In another enbodi ment, an
i nweghtidisgitwiop@®si/Mnonddiasingd byelmtlu cmhatxmosalvelhd LY GBO0The

s TaRBHAR Lot e b 1 BPE B S Rl R on gl Gpt "

i nvent ilv enctierpnisidinr) teasmpotithBER Fbllecnak weightdistitation,
than, or equal to, 300 hours, as determ ned by ASTM
D- Yig8%n SREHB B cap3] tor BopsRrtermInerhy %‘airéaw@mv@élp%ﬁ’c oS
638p8 OfnUf fufikr ehbBodRGi: MR m(ﬁE@aﬁF’va‘iEﬁltdastr%nbﬂ\! ﬁéléﬁn\{r?ed by
conposi tion has an ESCR F50 val ué g%r eater than, or
eqtrarentign GBEO Ivpather embedignentetheringlsenlasyve BT ibu 5o 3,

10 MeidhQAlinBa bl s &80 by vol ume aqueous | gepal CO 630
solution. 2 1 of 104653 19A In anot her enbodi ment the
bl end dF anpher erpkadimenk thesappsition Has dyaelcqulsn welightdistritation
Y sUr t :
YGol, qf}ﬂ Harer TR o8 %rzesg éﬁ)‘giﬂ% bt %ﬁ@@&utloﬁm hE3R
t Odete2mﬁ1ed bylb(ahlcdnhemomﬁamﬂl.mm Taa Mwn{aeia) ik d&ermined by LS
co delta ) val ue, neasured at

gg@ “ﬁM“ 'Sd‘h% ycé)gvsen lé{gln(\’/% equal to 2.5, and

15 pr ef er dtghry)theegsquhmn;, c@nposition has a molecular weight distribution,

My/M,, greater than, or equal to, 15. In another embodiment, composition has a
molecular weight distribution, M,,/M,, greater than, or equal to, 18. In another

embodiment, composition has a molecular weight distribution, M,,/M,, greater than,

or equal to, 20. The molecular weight distribution is determined by either

20 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,

M,/M,, greater than, or equal to, 15. In another embodiment, composition has a
25 molecular weight distribution, M,/M,, greater than, or equal to, 18. In another
embodiment, composition has a molecular weight distribution, M,/M,, greater than,

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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equal to, 2.1. In another enbodinent, the blend of an
i nventive conposition has an anount of trans vinyls
W@erogoe2 car bon atons | ess than, or equal to,POI/022008/087378

preferably |l ess than, or equal to, 0.015, and nore
preferably |l ess than, or equal to, 0.01. In another
en%gﬂ nent, the blend of an inventive conposition has
an®aetint of vinyls per 1000 carbon atons |ess than,

or equal to, 0.20, preferably less than, or equal to,
0.17, and nore preferably |ess than, or equal to,

0. 15. |40 mmentiMeeonpelbell YFOmprse ajcAmbinationef eNIowIe | on

haém%a.rﬂémwdes%bédrh@%. \vﬁh@yd oR&ks @QQ@ fgﬂ&rfbe ulai‘ge?%t
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€q Hﬁy anQprlsQa Qc;lngomaltﬂn &1Qb Behork @RB&H. as d%g %é&‘ﬁ%!ék.‘ ve
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-satons | ess than, or equal to, 0.200, preferably |ess

t haRe HPh A?&bt%'lartv@mgli?(ﬁm @hgordar e preferably Iess
t han, or equal to, I n" anot her enbodi nent, the
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to, 70,000 g/ nole, as determ ned n anot her

e rrB/Ge - TR Pre%ﬁblaﬁew thoe /f saval t@&ﬁ&ég cpy oh apgfer gmbodiment,

10Vi 88 Q8HstY isa%e tHagQr BRhA6W.Ab aP Ohita (e} elibRBEEE, tﬂehfm.
or equal to, 70,000 g/nole, as determ ned by ATR In

an B‘Pl?é‘f‘aré’ﬂﬁ?a?thﬂ?ﬂe baieﬁ EOlyMefit an-inilenc Hasss) Hﬁ'?rmjymer
di stri bthéuer @ﬁlbctdnﬁenblt&nﬁghqﬁo@cmak wlgmteth\p%n&%&pﬁd&nhe@ Ras

shows two peaks or one g an ext ended shoul

or 2 flepsity %ff’a“ffé‘??ﬁe‘fréfl‘tﬁ Bs &Qoegé%rprffﬁ&hly gesatep i of %qaal to,
800605 @6mY pletidbly 1 26htddYhay BREJual th/0. B ofgtd’ Nl nRANREEARPT |
blend has a VISCOSIt% average nmol ecul ar  wei ght (M/)hl
15 gr BERET NN grFaua) fo. B/ or SFeptes Hm g faHekto. €20 g/em”. Ina
defuethéd eddifgntAhREh m3Rcir wihb&By1dh@Aased polymer is an

ethylene-based interpolymer.
V In another embodiment, the density of the high molecular weight ethylene-
based polymer is in the range from 0.910 to 0.945 g/cm’, and preferably in the range
20 from 0.915 to 0.940 g/cm®. In a further embodiment, the high molecular weight
ethylene-based polymer is an ethylene-based interpolymer.
In another embodiment, the high molecular weight ethylene-based polymer has
a melt index (I;) less than, or equal to, 2 g/10 min, preferably less than, or equal to,
1.5 g/10 min, and more preferably less than, or equal to, 1 g/10 min. In a further
25 embodiment, the high molecular weight ethylene-based polymer is an ethylene-based
interpolymer. ‘
In another embodiment, the high molecular weight ethylene-based polymer has
a melt index (I;) less than, or equal to, 1 g/10 min, preferably less than, or equal to,
0.8 g/10 min, and more preferably less than, or equal to, 0.6 g/10 min. In a further
30  embodiment, the high molecular weight ethylene-baséd polymer is an ethylene-based

interpolymer.
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I n anot her enbodi nent, the short chain branching
distribution of the blend of an inventive conposition
WG h@os9en peaks at tenperatures greater than, POY/USZHOEOS73TS
to, 800C, as determ ned by ATREF. In a further
enbodinent, bl end has a viscosity average nol ecul ar
%ﬂ% (M/) greater than, or equal to, 70,000 g/nole,
8r ni ned by ATREF. |In another enbodi nent, the
short chain branching distribution of the blend of an
I nventi ve conposition shows one peak with an extended
shoul deln apgthar ginbodirment. ghpdughanelecatar greighitedylenérbased palymer has
r A
e ey 8Os 0 o BN G PH  Eamdrdnod  I
we high 1m0(elwl)*r \gﬁl@mtéyleltelfbaw,d polymerjsiail ethydenepdsed wrgvlnmre
as dete
Short Ry et e bl ARIcoBle EBREbRAL b )hisher
sc ometssilar verghs hamehe daper p)elakéarmelgbh@nwemt Wi determmed by the
ex
E oG B lfins O Bbmy Bhoyk R AL SR m R RE eyt
f ueigbts a@H@@mrwmolecvhewm*nﬁwMor @herm@;&losls kriogp drsthe grt.
aver ag t han..
o 70, 000 &1 HnRtaiel 4 g Miledl B B ARk RBR b
e b aicadpn weight distsihwion sreatar tharb?, amfmabrlnggrehtcs“tthan B9t andrmasé

oan pf'efb\‘a%w éré’a@er GRNB %Sdstdla@%ﬁéa P@ltlﬁe\f\@ rﬂgﬁiﬁﬁal @P or LS GPC. In
tenperatures greater than, equa

def EHthPTREPOBynepTIRERigh mleaulﬁrmemé?thlén‘sdmed@nlwmeltlhen
COPRASHLHaO ihk o@m&i %P%thwen?o\é@ffnﬁgﬁh gl?h]%fé%lﬁf we\rﬁﬁ ght

(M) greater t or equal to,
det Vlmeri@aedwlymvﬁes a moiﬁcdpmm dlé‘ﬁ*b@)‘d’l"r%tqﬂter tharyd pﬂﬁmbtly

Ch@icReARANES 2 D@ Ginfikd bpa&t:&ran&tmaﬁl brDSRBC. Yifa further
conposi tion shows one peak with an extended shoul der

15 or cHbqdimegy. tleeéhﬁiw@fqy}aéyelgbtéaty@ﬂe basethpolygwer @ gthyleps-based
80Qforpdymdd e IS AlbtHREn B inf AREER rdoréc@arf%ﬁghhah{la{mﬁ@dnent

the conposition has a VISCOSIty aver a ecul ar
we PYIWTICT(MRA/) mgieerdar dtcishilistribugien eiqaien thand, prelyrabbergrentee 7.
as afl@tBhike OB FkiMY: OdVREfonal or LS GPC. In a further embodiment, the high

molecular weight ethylene-based polymer is an ethylene-based interpolymer. As

<

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

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

25 amolecular weight distribution greater than 3, préferably 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
ethylene-based interpolymer. In another embodiment, high molecular weight
ethylene-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
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An inventive conposition nmay conprise a conbination of
two or nore enbodi nents as described herein. The
w@eowposeer s (bl end, HWN LMA of an inventive PCT/US2008/087378
conposition may conprise a conbination of two or nore
enbodi ments as described herein. 23 of 104653 19A The
ég@tgl on al so provides an article conprising at |east
onent formed froman inventive conmposition. In
a further enbodinment,.the article is a pipe. In
anot her enbodi ment, the pipe is a "donestic-use" pipe.
| niraerpalyreer. Erdnodemrmbodimehtehigh pelequiar wsightt dttgitenpbasad paigner

PUGRASSeculs BRI BAPAI TR0 . SRSl Bk el 3 U7 2

gas pi pe. ment OW sag
| n deterotied by éqtb @mvm!;tmmal andheS 6P| bl 3efurt®r embddpmentotheciegh
i I i
o ol ol e U8 R i Bflhenc bl fldepinter) 257
sro digeugsed abgve the meleaﬂdy@tetghedlfiilrlblaioniiSlSllmerminﬁdd!y(bb'lhepnventlonal

erfe,%' HEDS gpED qhéw @\bg il ete@mmggg@gﬁgg%ﬂ fin g{cie&?ﬁ@@aeby

an agricultura n anot
arF¢ItY?IélOP§Cd’Csheet a heavy duty shipping sack, a

stretchyt l?erex‘?nf)ocﬁ‘mgh tﬁkrﬂlgﬂ-kﬁgcufa'rlv Rt ES1hO¥ R0 o‘? ner is,

al so proviades a pe conprisin eas one CO
f opmethylénelymlefm lntmpelmnpwén eetnfwsd ¢ribpdimenh éhejomnlefimtis 063-

108l 889 B fé‘f‘nh dess @od &bk QRPhRb nﬁﬁ:@@rﬁ)ﬁy A é@é‘iz QBEﬁﬁ%ﬁg?\%ﬁm

forne ron1an I nventi've conposition.
enBodi pieferably a Bé-GS) d-efefins and roest preﬁesﬂblyé?;ﬁaﬁ??ea olefif.i I m hi a

furt hefﬂﬁ'ﬂﬁ%d kmlymérhgs lﬁstacl.l H@r‘hﬁ r@felfs 'tcl J‘Boll)lnﬂ:? rlavnf or

exanple, as:is used f tee s bags, ‘grocery sacks,
i ngelymenzedhatcingaleagt itwremgnorrmd Itonqheies if¢rigeample, copolymers,

ap %o%e'rso‘fﬂﬁ tet 1yrﬁBf§ rl&sj cﬁs%ugéd: dbﬁl'ee it 1cucf29f§9r§dll§d%s onlymer
conbi nati on of wo or nore enbodi ne
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 preferably 4
to 8 carbon atoms (C4-C8) 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, 1-

20 heptene, and 1-octene. Preferred a-olefins include propylene, 1-butene, 1-pentene, 1-
hexene, 4-methyl-1-pentene, 1-heptene, and 1-octene. Especially préferred a-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 a C3-C8 a-olefin, and most desirably
C6-C8 a-olefin.

25 Interpolymers include ethylene/butene (EB) copolymers, ethylene/hexene-1
(EH), ethylene/octene-1 (EO) copolymers, ethylene/alpha-oleﬁn/diene modified
(EAODM) interpolymers such as ethylene/propylene/diene modified (EPDM)
interpolymers and ethylene/propylene/octene terpolymers. Preferred copolymers
include EB, EH and EO copolymers, and most preferably EH and EO copolymers.

30 In a preferred embodiment, the high molecular weight ethylene-based

interpolymer is an ethylene/1-hexene interpolymer
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as described herein. The invention also provides a
nmet hod of preparing an inventive conposition, said
worgaobossoennpri si ng: a) polynerizing the hi gh npCEUS1088/087378
wei ght et hyl ene-based pol yner or the | ow nol ecul ar
wei ght et hyl ene-based polyner in a first reactor, in
h sence of a mxed netal Ziegler/Natta catal yst
g?ﬂhg to forma first polymer product; b)
transferring the first polynmer product to a second
reactor; and c) polynerizing, in the second reactor,
t he et Hiledwah-mpdesaldr woghy pelymergtaygpwphire @goinbinatipg of fwostr

re lgpg'i and d) optionally

coﬂn%%%n F%&Ie%ggip&b%wt 1 one or nore additives. 24
of 104653 19A In one enbodi nent, at |east one reactor
IS I t her enbodi nent, both
thgﬂ??ﬁ?ﬁ%ﬁggsg@%ﬁgﬂ%y&@"ﬁguﬁe gas phase reactors.
s| n anotIhenre awisdiicnte e lov meleendir yeigh| etizyianerhased pelyreerthagh
er h@]@h&l %}Eaté’ﬁﬁag rHr e&Jah% G gt;‘@r? € ef@&hﬁﬁ "grpeﬁteptﬂgﬂj QP«%ELI to,

I'ow mol ecul ar wel g Fene- based

popyﬁég/cmomﬂdn@ﬁprefeaqbéfsgrwea&@n @yecalalgas) YMaben’. In a further
POL Y b rh teheQbw Ad1dcMYEMNi dhY & og)?%gﬁ?%m&qm étﬁﬁer%—é) sed

conbination of two or nore e as descri
hetgampelynms| [prppthesmpedimentghe lowAroletilge weiglt @thalserseased he

| NYQRhir\E€a SRR RKE h@PoGRABPr | se a bl end containing a
* |gh%nél e?:ul ar “wei ght el?h | ene- based pol ymer and a | ow

mol ecullaPne@rbgHimeplothy ét“hryplewéar waksbcthydsn d polymer has a
Ad@éngl terftlﬁﬁtdilre&lﬁﬂ @fo. @43%30&%9% BlegtePthéh, deSpAIDEd
bel ow. n one enbodi rrent t he onposi tion coqprl ses

gr g,g%(bg,/crp haif mese p@&:{p@ly are@ter than, or equal to, 0.955 g/cm”. In a further

embodiment, the low molecular weight ethylene-based polymer is an ethylene-based
15 interpolymer. In another embodiment, the low molecular weight ethylene-based
polymer is a polyethylene homopolymer.
In one embodiment, the low molecular weight ethylene-based polymer has a
density less than, or equal to, 0.965 g/cm’, preferably less than, or equal to, 0.960
g/cm®. In another embodiment, the density ranges from 0.940 to 0.965 g/cm’, and
20 preferably from 0.945 to 0.960 g/cm®. 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 one embodiment, the low molecular weight ethylene-based polymer has a
25 density less than, or equal to, 0.980 g/cm”’, preferably less than, or equal to, 0.975
g/em®. In another embodiment, the density ranges from 0.940 to 0.980 g/cm’, and
preferably from 0.945 to 0.975 g/cm’®. 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 po]ymef is a polyethylene

30  homopolymer.
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wei ght percent, preferably greater than, or equal to,
95 wei ght percent, and nore preferably greater than,
wo@rooemsmb2 t o, 98 wei ght percent of the sum wei BEIt/USE008/087378

t he hi gh nol ecul ar wei ght and | ow nol ecul ar wei ght
conmponents, based on the weight of the conposition. In

an gg?r enbodi nent, the conposition does not conprise

§ fer pol ymer, o except the high nol ecul ar

conponent and the | ow nol ecul ar wei ght conponent. In

anot her enbodi nent, the conposition does not conprise

any ot Hepengeabpdigentythe drnmoleenlag weightainiengrbsad pelyrhdrans 6

mg.gmndpﬁﬁga%qc E'&@R gAJVAsfMqegsa@gﬁ%te,gpsghgqu;l'&990

er cent, on the wel
c 0 gfp@smt, mfﬁrab@@eqmr tltah eor hughtonil gd¥uhiar and orppoprefaiiabland

99%2”10 Lreeﬁﬁzlelﬁ{: (8)?;:%/'1 @Mn qR gn:'inbo 1meﬂ B0 fow molF]cular

|rren 05|t|on a nol ecul ar wel
5d| wuhwwieonbz(swquwergsraeamekenq lhaaﬁi intgrpolymga | In arwthezts In

an - t
e bR Al el i RIS 1 piRReAAs TRAGEHIGRE, |
Ohmmh@bmwtecular wei ght distribution |s detern1ned by

ei t her 1 Qﬁb\ﬁ%'xl GF]'FISW mlo§0l}£~ll\’g'gcanéhpet ér}érbta&g interpolymer

enbodi nent, ar wel ﬁr ution is
deb@rarﬁlqlfeepebw,ém\bemtor mal@PCiOOQ g 1@mimprefeeablydesd tdn.oent |

Lbh r n
oS0 1, g B0 S SRR S

cofpuderambadimgry, the lowl realedular wolghtghylen¢-based dnlnien f5 an
( %We-lﬂge%%t%olm&n In Q)Bth@x%ﬁ)lodxmnt t:l1§ tow Mol%@a& I&@{% t

nbodi ment, the conposition has a nol ecul ar wei ght
d| sttwlmchaﬁeémol(ym iV polyteydane horepglymenr  equal to, 20.

The noljg me’ﬁ eMS‘ddQHJm HeShdid ikdek | 'eri@e er}’/le) 1008 £/10 min,
LS GPC. The My

det ernmi ned by both conventi onal _
15 ( Aprsierably ig ghe gnge frem SPip 308 g@@l&ﬁwrweﬁe@bbrem e pngefion §0

CORV3aD tg} 10ah. ﬁ%nﬂeﬁememﬁ{ the Wﬁtbmﬂr ’wetgh?ethylene based
conmposition has a nol ecul ar wei ght distribution,

MAPRer g apthytene-Based infsppolyggn | Inpppthep smbadiment. dhedpied by
ei IEnB@Eulﬁ%\’ﬁnmth}@&@lbas@?ﬁ)l%erh@a ﬁ? hylefe RorhdpblyRer.

enbodi ment,  the nol ecul ar wej di'stribution is
det er mi ﬁél&ptl[ﬂ,embodlment the low molecular weight ethylene-based polymer is

20 an ethylene/a-olefin interpolymer. In a preferred embodiment, the a-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 a-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 1-octene. Especially
preferred a-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 a C4-C8 a-olefin a}ld
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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convention GPC. |In another enbodi nent, the nol ecul ar
wei ght distribution is determned by LS GPC. In

w@ewblgi2enbodi ment, the conposition has a nol BCTUS2008/087378

5

wei ght distribution (Mv Mh) greater than, or equal to,
25. The nol ecul ar wei ght distribution (MvV M) is
diﬁg lgi ned by both conventional and LS GPC. The Mwv
% f's det er ni ned by LS GPC and Mh i s determ ned by

conventional GPC. In another enbodi ment, conposition
has a nol ecul ar wei ght distribution, Mwv M, greater
t hémf;rpqiﬁn@QMIetmbne/arﬁpyldnn/oawmtmlymmoﬂtﬂmm copolymers
co hass I stdi
iy R £ 3 QR et BN, ) R B S DBt ana .
enbodi nerne erchodipess. thedow hnalscaarmlgéwmpnaneus ghethylene/1-
di MV M, greater than, or equal to, 20.

ﬁé{eh‘{)&%&?‘gr wei ght di stribution is determ ned by
e| t her In@patean einbrdarhenGRIE low noBc@RGyeight cempfonent Fsgrpolyethylene
emy 6H3Eﬂ¥e the nol ecul ar weight distribution is
det(g{lr:li 'nedr by convention GPC. .In another enbodi nent,
t he nol %M%momlgmeigm @mppmm ingcomprisket combinaéan diywo G
CPCiorel bRk conposition has a
mol ecul ar me?tght&dl stri utlon MM Wn, greater than, or
equal to, 15. In another errbodl ment, conposition has a

oM g},ﬁgne\mé,g,ht di stribution, MM Mh, greater than, or

15

20

25

30

equal to, . I'n anot her enbodl ment, conposition has a
mol ecul Aaﬁrdl%ﬁsgflﬂbom grermplyeibylens, blawofthe inypriien spmprisane igh

eqHlecdift: R\En lyfHer AMR1aGEW mdleSiif v¥idhk QR
(M/\//I\%)1 Weg&lé?te?me%%j&%ly g{mgoﬁf/g}ntel c;nad%llgh %/_lene ba%d

Theolymer( Anghyventtvedemposition ety bgmiprise GROT ake fotuies (density, Iy,

de erm ne y conventiqnal GPC. 26 of 104653 19A An
iﬁe{%m &g%gﬁfféﬁfi?sﬁﬂbeﬁﬁvhﬁéwpi’se a conbi nation of

two or I%ﬁ&n%m%hm%ﬁn@ﬁasq%%hy Q,%siexh%emun RL0.910
an pents (bl end, high nolecul ar vye@%t conponent and

oo RrESESIRAE SrEALET thaBi Q1sauak ot S mpie prafgeRhlyigyeater
C OfHaR %k qualnto, 0.940 g/cm?. 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/cm®. In
another embod;ment, blend has a density less than, or equal to, 0.970 g/cm’,
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 to 0.965 g/cm®, and
more preferably from 0.940 to 0.960 g/cm’.

In another embodiment, the blend has a dehsity greater than, or equal to, 0.940
glem?®, preferably greater than, or equal to, 0.945 g/cm?®, and more preferably greater
than, or equal to, 0.950 g/cm’. 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/cm’. In
another embodiment, blend has a densiiy less than, or equal to, 0.960 g/cm®,
preferably less than, or equal to, 0.955 g/cm3. In another embodiment, the blend has a
density from 0.940 to 0.970 g/cm’, and preferably from 0.945 to 0.965 g/cm®, and
more preferably from 0.950 to 0.960 g/cm3.
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may conprise a conbination of two or nore enbodi nents
as described herein. The H gh Mol ecul ar Wi ght ( HWY
w@eooposoer | n one enbodi ment, the high nol ecul BCT/vVE100$1087378

et hyl ene- based pol yner has a density less than, or
equal to, 0.955 g/cnB, preferably |ess than, or equal

065389850 g/cnB, nore preferably |ess than, or equal

, 07945 g/cnB. In another enbodi nent, the density is
| ess than, or equal to, 0.940 g/cnB. In a further
enbodi nent, the high nol ecul ar wei ght ethyl ene-based
poI y merIn asothen embddjrnent ghebdend das amadripddxyhp dess (han, aneguhlgo,

| loP G

ol Tl pfdfe AP o et 703 Shio RT3 By,
g/ ta,or pcru@f tor ¥/ \p lglnehtaepthcrh:aibodlmpmetmubnctlw a OleE DBex
g/ r I

o S REGhaL 5 s & BB 8P Ginafibf Bl 8 Ly i o
50 greatey tg#ne:w&quailto gP e/ét) an. tlhawthemrmlmqmm thg bledd H20: melt

v Op LB NabZ e IR Rk drdftaldh B, BLERNL3G 210
i nme, pbgrsrarmrthanl ) eqmb'tOhéSrg/ Ehibodilmanather qrrrbedlmnts {ht plend has a
th B AR) £éiHb 16, RLENBICRE " arldSind

glef;gr%geaor om O%Sf\éfﬁt(%ﬂo 184 ? ng%g%gp%p/el?@fg@ﬁ?&?n
thefefeml?g’éran bnr@5 g8 mim 0. 940 g/an In a further
o€mbodi MRBE o Bidirfikhe, TR bRGH ha s H& 195& &h ?%Lu%%axpﬁﬁ qal

poI yner is an ethyl ene-based interpolyne I'n ano
entPo BV min, of greateritepn. erehuabiel 218/10miing bt gredtds yhao s £M$®d3

Dogﬂﬂﬁﬁn hﬁ%ncﬁhep%ﬁodﬁrﬁ]g?)fhe(blle%&)]as amelt 1‘1&@?121)%1:%@9&@14 oI 0,

mn, preferably less than, or equa
g/ icnla’rfp 12 gAkcmipor @repteethay, gipiayal [te 28 21 amn, orereféqu%ﬁn Qro,
1 gcfugxloto rerk-/lol rﬁﬁnameABﬁ)g}%ﬁmemQIQ' tﬂ@ﬂ%nd ﬂapgmlaft %ex (I1) from 1

mol ecul ar wei ght et hyl ene-based pol yme
15 et WyPeAO-miassefcibly EpHalty fbe/10 min, aionere Preﬁerﬁbkydr%h to,12
t hg/lblhlgh- nmol ecul ar wei ght et hyl ene-based poI ymer has a
index (12 1) less than, or equal to, 1 g/10 mn,
pr ef er dbPPUicag@badiiagat, thsrblead has a raadt ingex gl essthani or cawphts,
mop 8 ¢NO&fis rp@(m:rXbIJ' R&Shdnh@qudd o, 89YAD ntif) an@mBrePrdQabl Rss
! nthgn folr'I (I;c}ugl to, 0.15 g/10 min. In another embodiment, the blend has a melt index
20 (I) greater than, or equal 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 (I;) less than, or equal to, 1
g/10 min, preferably less than, or equal to, 0.5 g/10 min, and more prefefably less
than, or equal to, 0.2 g/10 min. In another embodiment, the blend has a melt index
25 (I) 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,/I,) greater than, or
equal to, 100, preferably greater than, or equal to, 110, more preferably greater than,
or equal to, 120.

30 In another embodiment, the blend has a melt flow ratio (I;)/I,) greater than, or

. equal to, 130, preferably greater than, or equal to, 140.
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enbodi nent, the high nol ecul ar wei ght ethyl ene-based
polyner is an ethyl ene-based interpolynmer. 27 of
wAau8sF9IIDA | n anot her enbodi ment, the hi gh noP@USBNS/087378
wei ght et hyl ene-based pol yner has a nelt index (I2)
| ess than, or equal to, 0.1 g/10 min. In a further
en‘? Lbwent, the high nol ecul ar wei ght ethyl ene-based
po is an ethyl ene-based interpolyner. As
understood in the art, the higher nolecul ar wei ght

conponent has a higher nolecul ar wei ght than the | ower
mol ecul laanetksr gﬁbo%fmmahﬁémnd hassa mielequtarivaight disgritiukien

ol i zat.i condl onent
R L R L e S R E
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det er mnlﬂé‘&m%ey %F‘f‘{’fg‘?’“ é%%‘ﬂ?‘f‘soarfﬁ?leﬁgtwﬁgﬁi@t@&o“ In a

f U(M 81, RoRSH, 684Qtal td, BE pFBfé}Xbl)nﬁisQﬁ%Hl SHeqW¥tdd 8, and more
et hyl ene- based polyner is an ‘et hyl ene-based

i npesfomblyless than) qf cqiabloh¥ asedetsolinertiyeithéricgiyentisinglon L& GPC.
wei ght Iﬁtanéﬂ)e? @ﬁbmﬁ&g tIK%QJI%H%Es mgec%laggle Htlﬁls"i)rqbuw ght

distribution greater than 4, preferably greater than
104, V%) gtettertmnn@d:qw toe? tpederatdp gresertthannarleqenl to, 8, GPEeater
In.a furth

I ment h nol ec wei ght
ot K nEiBleot BorlsBP v i oo ioie oh s Birc
| nt er pohsydigissed aboad) ﬂtelm&ﬂecelﬁ’f)@dgmﬁﬁhbuﬂibnghddminﬁﬁwb)aflther
ht et e- 0 r has a | ecul
o SEP PR SRS R EE pPafuPurPe SiPudiafhia,
7, d_ial‘mbﬁiﬁinét‘ dritar@thedyy (&Jint{ehleﬁn GPOVRhbtbér@inbedimbsts, tﬁPﬁole&dInr
a furth enbodi.ment. nol ecul ar wei ght
15et he’IgFétneSteré’élg?ijStFmﬁ%ld ?ﬁ%& hyl ene- based
| nt er pdh yuneiser embodﬁinammlsﬂﬁaﬁdamoleduhewmghteﬁmﬁlﬁxﬁomei ght
1S det er m ned ei ther conventional GPC

ution
?Iﬂ ea‘?fﬁ an, or eAvah oy 1% REsGERbEsTEater thap. qrsauatigr Ly or
wegﬁmr tHinS b dqPaitd, 98) ak §etgﬁhﬁa es( &ﬁﬁicdmerﬁ@m e L9GPEPth

I n anot her enbodi ment , ecul ar
another embodiment, the molecular welght distribution is greater than, or equal to, 20,
20  as by both conventional and LS GPC.
In another embodiment, the blend has a molecular weight distribution (MMM,,) less
Athan, 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
embodimem, the blend has a molecular weight distribution (M,/M,)) greater than, or
25 equal to, 7, preferab}y greater than, or equal to, 10, 6r 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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wei ght distribution is determned by LS GPC. In
anot her enbodi nent, the high nol ecul ar wei ght
we@edvlhgiez2 based pol yner has a nol ecul ar wei ght PCT/US2008/087378
distrlbutlon greater than 3, preferably greater than
and nore preferably greater than 3.8, as
%gﬁg1ned by both conventional GPC and LS GPC. In a
p enbodi ment, the high nol ecul ar wei ght
ethylene based polymer is an ethyl ene-based
i nterpolyner. In another enbodi ment, high nol ecul ar
wei ght Ilothgthes pabisiment thedlighnmeledulas weightsthylend-basedrvei ght
di f
. B R bR Sl i RE LR QUG |
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c oAmet Jegsihin, arrrdual © TPighh pereent ar lewehanemml reAftweighhe

E&Lcelﬂp laﬁ‘d:&fllgg thafe 'og Q&uaﬁt) 'ﬂbl L’v@&ﬁt &%&ﬁdbape%l oﬁ %rsulnswe?%ﬂhof

| 'ene- based I nter pol I scussed above
rm Fbe dighanolegalagieighy Ftsbvlpﬁldohit@qdomenpslymet aad thie evdmblpctigtweight

10C0 Qﬁﬂﬁ@ﬁe‘ lﬁ%lpo@ﬁng g gndgﬁr %dlr;lgﬂ? th’V/e(gﬁplsa do gisthe high

det er m ned i's determ ne
c oﬁ\?l@ﬁ‘ﬂ?fmht @n@onqwoahmlpw@rokenlbb\mm mmpomm; (HMYHLMW)

Mo ls@fo 75046 7658, nﬁ)tr@ﬁ/rt:i%ﬂ@lly %ﬁ‘xeﬁ/@% ¥R aldm@P preferably

ethyl ene/a-olefin interpolyner. hi a preferre
enBORiSAEAL06XFe a-olefin is a C3- C20 a-olefin, a

C4-C20 g a&ﬂtlﬁ:ﬁ Efbod@hdht Wlﬁghﬁﬁ(ﬁéc@fa@@k%ht@th%n%ed polymer is
a-ol efin, even nore preferabl

> anBreHgse 3 P‘éP‘é‘l‘ gstty . e aval &) Drvedent movesnt o sﬁ:ater an,

"I B4uar B ab YABhs percBst, 4SRN BAE bPequhi®d % weibiR pBrcff?] iR ron the
having pol ynerized therein at |east two nononers. |t

i &y Yeight of B high mplpcelar wight phrptebasadgplysryand ths lawd

t ehb&@tﬂirW@éhSethﬁémedﬂas%@ BEISREE. APMbther drliboRidehd, Heh&F InYlecular
i ncl udes pol ymer prepared by polynerizing ethyl ene

Wi Wﬁ*g%&etwsa% basgtheel Vesiinsstei in gnAsIouaY lesy thap, of pgikto 60

20 weight percent, or less than, or equal to 55 weight percent, and or less than, or equal to
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.

Catalysts
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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olefin (a-olef n) of 3 to 20 carbon atons (C3-C20),

preferably 4 to 20 carbon atons (C4-C20), nore
wpe@bessaakly 4 to 12 carbon atons (C4-Cl2) and BUEDNSI008/687378

preferably 4 to 8 carbon atonms (C4-C8) and nost

preferably C6-C8. The a-olefins include, but are not

llﬁ%ﬁﬁg propyl ene 1-butene, 1-pentene, 1-hexene,

I-I-pentene 1- heptene, and 1-octene.

Preferred a-ol efins include propyl ene, 1-butene,

1- pentene, 1- hexene, 4-nethyl-I|-pentene, 1-heptene,

an dre Viagler-Biata capdysesybterhy, yuch pethe mixed mgtabmegriesi smftitpn | ugckased

THORHACRRR. o OLhE 1ANA ORI AGEELERBOWY 2holERRAE runy

In1s desira , nore
deswwawhvdhﬂ@@bﬁsﬂaﬂ@¢ef|n and nost desirably C6- C8

a-ol ef W, i )

copoly#g?gsﬂéﬁﬁgﬁéne %Qgﬁgﬁgﬂgggﬁ?¥l§aﬁ©Fene g%Eﬁe-
s1 digldpridedpaping prppartedahernph e rextate phGrogp eyl bilidereespecially a

mﬁx‘u&ﬁr@ Qf &tﬁé‘@%loh&‘s SRR GHasY Q{B/&%'\}pmum chlorides, and

et hyl ene/ propyl ene/ di ene nodi 1 ed I nter o yners
anfhogetpnsferabie A prixwy obtiarive pl@predeﬁ andgefmjumeehdorides. eIf1 @ fyrthgr

co thﬁéﬁmzr‘éﬁ tllnerlgla%leco OE@SltE)H 1sasﬂgab%%r9ﬁ%&9|bg yc‘drlyi‘fﬂ gqmﬁm st

preferably EH and copolyners. I'n a
e nﬁr@ffra\l?kymrepateﬁ &y Bﬂr@)ﬁirﬂm wlltign comerirgiteg a@taal}qsr@mewma@,@d

€S /ml (@) S 29
" nEs‘f%dZégingﬂ%ﬁ fush ﬁEhl(ﬁ-IdQYaIngfh% ;mﬁa%mmaﬁw &fi PRI pOIRSS,

he hi gh" nol ecul ar wei ght pol yner may
cofpedialy hall%ﬁwlnmg copPayRdsting prrnariigiluenie pdpecial hyerdilgeny s

de %ﬂr@ﬁ? ohE&:Shdre Ci—tb%d—a@é@h(l)\{p laﬁ&wb?é’quéﬁﬁ& gﬁggegﬁtw preferably

onent | n one enbodi ment, the | ow nbl ecul ar "wel g

et H}l%ﬁ@naja%@aﬂw sphdparticies. Bre&e'ﬂ%irwltlgm mgtabhalifd¢sape a or
edhdlturk 05 t1t9n19r§ Qlcgl/oﬁﬁgg(whfeﬁ ﬁfa? B@Mn’)f)legéc?@ﬁlﬂxldlhgﬁhsu&f) and

equal to, 0.9 nB, and nore preferably greater
15t hgﬁnlu’aﬁet@a*elamdet ref%reéh@t)&jn@ws agents age rgAnpdwpinum halides,

e n’é&‘ﬁ@dlﬂﬁ@tkylatulﬂﬁndnpt‘!ﬁlémteﬁ Gueh 3¢ etmhgﬂhurﬁ hyhiensadased
pgﬁ%dp#ﬁls an_et hyl ene-based interpolymer. In another

prCls)-t Fhe Telakiye g ties o maghesigRicompanpH driasi bersaefal

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 pfeferably 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

25 1/20, and more preferably is from 10/1 to 1/10. Most highly preferred catalyst
precursors comprise magnesium, titanium, zirconium and hafnium fnetals, wherein the
molar ratio, Mg/Ti/Hf/Zr, is x/y/z/z1, where x is a number from 2 to 20, and y is a
number from greater than O to 10, and z and zlare numbers from O to 10, and the sum
of z and z1 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+z1)/y are 0.5 to 2.
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pol yner is a polyethyl ene honopol yner. In one
enbodi nent, the | ow nol ecul ar wei ght ethyl ene-based
w@ologoeiozhas a density greater than, or equal POCT/US2008/887378

g/ cnB, preferably greater than, or equal to, 0.950

g/cnB, and nore preferably greater than, or equal to,

O.?gggg/cnﬁ. In a further enbodi ment, the | ow

no al"ar wei ght et hyl ene-based pol yner is an

et hyl ene-based interpol ynmer. In another enbodinent,

the | ow nol ecul ar wei ght ethyl ene-based polyner is a

pol yet hSuitebie priroarp gidieptyaised ip thespray diying diogessitinclude @rdanipy
S8R y

okl WG Ly O/ SOG 9350 AL ML gha G AL
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poh%@fethké @ﬂo%*&‘ﬂlf‘%%ﬁxe@%ﬁ%xh%?ﬁ]ﬂ?&fy pré%%}%ﬁggﬁf

nbodi nment, | ow nol ecul ar wei ene
poIdWPEWS are§tlan<ﬁo1 prepangl, émsomw@p@wwemol andrmuwees thereof.

© MRQGHORboriohd! Som MMl Sofo AL S TN G D3R ed

pol ymer has a density l[ess than, or equa
g/ eatgyst preefreorsin¢lydel Axencropmare ftblFrS@qb!dhﬂz egent§y, B) pBe of/ maors.

ml n m b@étroﬁramm mrcmh@or%ﬂége&%da A& éo';,ﬁsgms 8 ted
0 g/cnB, and preferably from 0. 945 975

g/ érﬁle thel gioup coRsisting pf slpvisoeh Prdvaikylentglydodsaliiy o henglmono-or

ve @it &Hbivens pp@aﬁﬁﬁeng %lyxa? rand So@hcRi Dyl ene- based
i nterpolyner. In another enbodi nent, the | ow nol ecul ar

wei ght Amtiplic fisely digeessed sratprig that i na:rtp@ thg @thgqogpenents of the
ho E@Q?slt Wik an@ glb@équé@ ?&l?m&ﬁ@tuﬁlnpag %E gﬁﬂl%yedtap ﬁllér%\l‘\‘oulkmg

nol ecul ar wei ght et hyl ene- based
15j n@geRt foy the pl@&egwepogtl% Repiridy: glrﬂﬁllewafmw@eytrength to

ar 8Rk&hlth ﬁﬂd Play APhardcRs, t& regénlgarml@dlsl%grt\ﬁfn%[ny
greater t or equal to, mn, and nore

pr é?%?‘%lfﬂ"?attj’ﬁ @Bl &g ﬁaﬁabk&ﬁ"ewape Prganiegy ingrepoicnExamples
a fdfutib@licat@hRahEined $ilk8), b6oh ARGRCHhREm dioxide, zinc oxide,
~ and calcium carbonate. Fumed hydrophobic, surface modified, silica is preferred
20  because it irﬁparts high viscosity to the slurry 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
're.move reactive hydroxyl or other functional groups 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
soluble 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.
Suitable fillers should have an average particle size (D50) no greater than 50 um,
30 preferably no greater than 5 pym. 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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wei ght et hyl ene-based pol yner is an ethyl ene-based
i nterpolyner. I n another enbodi nent, the |ow nol ecul ar
wowiogissoer hyl ene- based pol yner is a pol yet hyl eP€T/US2008/087378

honmopol ynmer. 1 n another enbodi nent, the | ow nol ecul ar

meight et hyl ene- based i nterpolynmer has a nelt index, |
than, or equal to, 3000 g/10 mn, preferably

Iegs ?ﬁ or equal to, 2000 g/10 min, and nore

preferably | ess than, or equal to, 1000 g/10 min. In a

further enbodi nent, the | ow nol ecul ar wei ght

‘et bychanEatigsib axdilahdy fquﬂaboscamorelidwwénwcmigwlable from

inb%%t et&@.{mbe}&dﬂﬁ %nhgg?s%m%hqm%mfy %18‘% felgeul ar

wel g ene- base yner 1s a po yl ene
hoheforsthesurfagemegifiadienes, £ab6u$ihEH 610 and éerﬁeﬂ R-97Rdex
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enb%‘?]n@kﬁménhﬁllér@s%n}}%y@&ﬁ& é)%duggei SﬁlttJEYC fg&ﬁ g%??%er

pollymer is an eth based 1 nterpol yner
enBBLp erqln@uqlm privhascdilugmt tlweisgllqtud @t oy pemdsphedd

o, ) AL R T A

pofilierapd thg d%ﬁe@qq@ymt@n ef the dious qiencuhq@ @mmloy metal compoands
10Pr %&ﬁlﬁ&lmgﬁbﬁ@nbem;abﬁ i sﬁjnngOMalh%uf'?h fer m%Qamount

a-olefin, a pre erab y a a-olefin, and nore
pr érﬁ’éroaﬂstcymé’y @giglito lépmeef Pyrveighbcpraserainly froma. Sperstrsbabl y

a %1g§ao @0 P&t By \aﬂglt ”Q%Jn sta?de’fr%thy re%ﬁr@dr@p’l&g ﬁ{)hlﬁe

he a-ol ef ns incl ude are no
pr disg7ete prsalyss partidepenfierieyproptiep ef thqpmﬁ@enml)esrrably, the

Meh¥dnt &rmfep&rﬂmqnglagaﬁ pse?eta@m t&r}gsuﬂnng 9&@9& arbQ&f €51 ed
a-ol ef ns include % ene, 1- butene, 1-pentene,

151 - FAEAEom Q. to3} Went pre @ﬁ{yéfp@ 101to B@ qu@ﬁébasm total
1- eghREiGon 5&@&0 iTRd dpYayRiried %Jlﬁdp@tl&&?ﬁddﬂ&d '1rnffllstﬁ§ja%ner

1- hexene and 1-octene, and nbre erab é hexene.

ThePisally heyg 95(? @aﬁtféf‘sﬁwfe%ffymé t@%QOCBsn aredgraly fiom AR Wome
desir akﬁeym@ar%n&& @nipoiids &af‘@erﬁﬁ?@%’ed gﬁﬁéﬂa@k%k)ﬁéy anéafi C8

a-olefin. |Interpolynmers include ethyl ene/butene-1
c o%pwglblt@g H%l PIPEKtEssugh as umform particle size, pamcle

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 15—cro§vn-5-ether. The
secondary diluent is preferably present in the catalyst cohposition in an amount in the

range of from 0.5 to 10 percent, based on total catalyst composition weight.
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(EH), ethylene/octene- 1 (EO copolyners,
et hyl ene/ al pha-ol efi n/ di ene nodi fi ed (EACDM )
WO ndoefogRky ner s such as et hyl ene/ propyl ene/ di enBCT/US2008/087378
nodified (EPDM 3 1 of 104 31653 19A interpol yners and
et hyl ene/ propyl ene/ octene tef olyners. Preferred
g% § rs include EB, EH and EO copol yners, and nost
drfed copolynmers are EH and EQ. I n one enbodi nent,
the | ow ol ecul ar wei ght component is an ethyl ene/ 1-
hexene copol ynmer. In another enbodi ment, the |ow
nmol ecul Additgehlgéptionad mgeadients in the composbifiert tpt prey dried include

ho%ﬁ&llé’ E%Bts € fmde?s r§etd Vr\lgraidwmtare ng&g ﬂ)etQ: usgfﬁlym the

conpri se |nat|on 0 or nore e I ment s
destt pf spest dnyarggd prevend P@r@qlmglg@n@rasbrewdraﬁ@ndﬁi@c ussed

abOVe %’Ea%,a&%l]%ﬁhh%l a%&fcptllyea\?\g {Yt Jrgﬁ% }nnﬂégcplg % in,the art.

corrprl S nol ecu ene ased
s po Pyperewamatecbf a shigble sprhadoing memeqi mprretsh;dnen% thasaalyst

oL S BT TR, R O B
as isceeomplipfed by means jofany seitablgatomizingydesice roifout diemttc drioplets
bl 91'39 u e r? %j? sblyerlngl %ﬁﬁeq{l%%néﬁglrsﬂﬁpeg giii'ﬁlzlest 9 torgrégti]oq is

/ cns, y greater t
g/ ewf;rabhmﬂfem &y qapsfeayshiply\pf he eaialit cqmmwtloxomrc@qm e to,

%leg{gqg%ce t'ogetﬁe? kg8 m@m} g&glhm it ugfmn@ms R8s refetive

denS|ty ess t or equal 970
pr birdsy thp chndllt@s%emnqu desing e@matwrband Eidg 8gempahsf volatile

an QJrE}%BerﬁéTbMAt%QEg &z E@x?n aijﬁ 1% {edd ?cstﬁn bdahpioyR
P i

equal . /cnB, preferab ess t or egua
t oto qﬁfe%@rrgm% ORI SF dlél?@bsm qﬁéwpletswﬁ éle it ihas

a geRsd. ithe TOQMA. ngpoiicﬁ)y n_gg &Z Qf Lgsé& rﬁ%fer?:ﬂd cMsﬁEﬁBl?@J@éeds

fromO0.935 to O. ) rmretpref’era rom
15, g olupetmic digy oﬁyhé |s{l8rry to effect atomlzatlon of the slurry and or evaporation

of the liquid 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 formatio.n. Some examples of spray-drying methods
25 suitable for use with the present catalyst composition include those disclosed in US-
A-5,290,745, US-A-5,652,314, US-A-4,376,062, US-A-4,728,705, US-A-5,604,172,
US-A-5, 306,350, US-A-4,638, 029, and US-A-5,716,558; each incorporated herein
by réference.
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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In anot her enbodi nent, the blend has a density greater
than, or equal to, 0.940 g/cnB, preferably greater

w0 b@n/ 083922 equal to, 0.945 g/cnB, and nore prefPCHDBE3008/087378

greater than, or equal to, 0.950 g/cnB. In another
enbodi nent, the blend has a density |ess than, or
qu&%géo, 0.970 g/cm, preferably I ess than, or equa

, 07965 g/cm. In another enbodi nent, blend has a
density less than, or equal to, 0.960 g/cn8,
preferably |ess than or equal to, 0.955 g/cnB. In
anaemizer, sth ags NsnFS-10 peFshl B ischserks pawmieﬁguprejerfed@m@v 940

t 0,04 8¢ Q2 04iGHBuioR HAnPAR] &iARbNasf r om 0. 945 to 0. 965
g/pné, aﬁ lm)rélopre erlab?;Ji fro§10 950 to 0.960 g/cnB.

-32 of 10%6PH3Yy dried splid ramytSh@s resprsesdiapdpalogerdtesl Witheand has

laﬁoaiuﬂﬁilﬁ?ﬁx l(alh&gnﬁﬁ&r'im% arpfctlegm_})letx%f tht %g@s%gl

re erab | ess than or equa

snorr@lswemfabbqlveﬂ dbe idefignan wamltheﬂw%g%nwag@tﬁmnloyed

15

20

25

30

| njsapetden r&iPRd) &E@Et’coﬁp&xtgln%qun%ﬁt?dtglr@@ﬂetfoh&qgex (12

1) greater than, or "equa or greater

t haepertigs. dyagiculady przfzrrgﬂ hedpgenating eﬂemg% ghyldyminhmn, or

€q k@hun&@ond@ STQJ lﬂaQ)gEﬂaﬂon d Qntm%'éd AITRARH OB kies, Bzﬁ@d on the
blend has a nelt index (12Qgreat'er than, or equal to, -

18 mgseyd okr agpunyplrasidual alkpael dilsent eqepgundsgneagimedgn the spray

10M BriedAblidpBaLLF CWQIIOIP[ISIWhaI‘H Onalyéical gécﬂanlms ﬁlat fe

anot her enbodi ment, the has a nel i ndex %nm
f r Bigfodutiop obhe splid grogirper smréq‘ J@raa\moys pedivmn Q@ skifedyip tl@/a.ﬁomll

M Rote HAChEMELmBIsEEE BIRANOYcohfeRWift rciuRe Both Ged Hcdkblhnd bAY
anot her enbodi nent, the blend has a nelt index

(1 olegirides that manbaye fO@Pede\quct% of dilugyt sompgurd wigh thgzisegniym,

t h@@niufor ﬁ&fh‘ﬁl‘n coportdd/ THE hibgnatidh aan?ﬁtaSISheﬁ Q%tl@&f Cl to
equal to, (ﬁ 10 min. |In anot her enbodi nent, nd

hagleaasuﬁé pkanoh ergiduq frormlfl et prefragbly fsem bellde 2t56 Ai Pwef

9/ doddihalofénaiSat ) rca&ﬂﬁﬁbrodﬁ&lvﬁg i&@l’dvetr&ly atfdcted. 14 nighBr
or greater than, or equal /10 min. |In another

e ol ofdalogenating asens pelymheranalectiat wexghﬁdémb@u@ M ¥aris ot o
15,940 mn, preferably from2 to 13 ¢g/10 mn, and
nor e preferably from3 to 12 g/ 10 mn.

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 oils avaiiable from Chemtura.
The halogenation agent is then added to the mixture, and allowed to react with the
precursor for a timé, from one 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 particular embodiment, the halogenation step ‘may 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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I n anot her enbodi nent, the blend has a nelt index (I2)
| ess than, or equal to, 0.3 g/10 mn, preferably |ess
w0 b@n/ 083922 equal to, 0.2 g/ 10 mn, and nore prePEr/abl0Ys8/087378
| ess than, or equal to, 0.15 g/10 mn. In another
enbodi nent, the blend has a nelt index (12) greater
tth% 198" equal to, 0.05 g/10 mn, and preferably
gredatér than, or equal to, 0.1 g/10 mn. |In another
enmbodi nent , the blend has a nelt index (12) |ess than,
or equal to, 1 g/10 mn, preferably |less than, or
eqdesrriked in B, SsPagqnmmm 495 (laﬁdpqmefbhemﬂelpm&t;hgn) ligpastiqubsely,

orpggﬂah&gqnlgcqmggggnglﬂ%)In anot her enbodi nent, the
blend has a nelt 1 ndex (12) greater than, or equal t o,

0. 01 g/Frgmation of elpfén mﬂhémeefrlabqhgﬁvgm@@mtma ang, or grorgagidiion
t 0p019m9§a19é 326 nBnondes @Hﬂh@&ﬁalﬁm%bmt nd E:h?cnbétﬁg -

has a nmelt flowratio (121/12) greater t or e
st 0c0ocai@yst, gspestally abprgangplamingm comppind gypesigling triatkylalpminum

m)Ecﬁ‘nﬂ%ﬁf q{ré’fprlréﬂ cgEa@ﬂ}tsﬁrmctlm%mé?ﬁyl QgMﬁllumt Qleth}l%(i)umllnﬂn

anot her enbodi nent, the blend has a nmelf flowratio
(| giispbyehalygpingp and tflﬁrafwxylérunwwal The getivatie, cogﬁtzéyseemmeyally
ar &M, l@}gedtnh@ﬂngeq{ase%%'l ?Aolets @f col:é‘lgﬁst‘?l%legfof tmé'ﬁéq?’métgﬁoh ound

anot her enbod I ment, as a nol ecul ar wel g
di 8kframmd it OO lwat)ffeg%bbya@ the rangeypf fragy 5:& Uk 00Pol, aqdzmost

wprsxfel%rawlmgrrs@wfrﬂdnmmmRfo1equal to, 15, or greater
than, or equal to, 18, as determ ned by either

conventlp évEnlagpg thexaghist compositien;  &rpreferrd dhat g co-catyfpst be

MOk Grdle Brad¥eRi gk rédbedt dohfhtl, (@ ﬂ)e'r 9t 8RLA 'bf thDRAetobr to the
equal to, 20, as det er m ned G% as determ-ned b

y
ei PRBOMEE BRPRIRMERYFiRreRst o ths r@P@r apdinok ISPIREAeE sLME FRSHYS!
t hgaridi@dr fas a nol ecul ar wei ght distribution (NM/Nh)
| ess than, or equal to, 50, referablé | ess than,

O

Sequal 1P Yt SHRPISEPE MAY b uspohior gny|reas rtfﬁlaﬁhlcfb?w@ad&qtta
t OtypSPolyridrizat@in@ataly Qe ste RYmAIY RSful, QQJ@M@IN suspe@ion®Soldeidn,

GPC. I n anot her enbodi nent, the nd has a nol ecul ar
FIW g5 Rbase;pglyped#qtions, and combmatlons thereof 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

20 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
to use the catalyst compositions, in polymerizations, at concentrations sufficient to
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
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

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

particularly useful. Generally, a conventional gas phase, fluidized bed process is
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(MV M) greater than, or equal to, 7, preferably
greater than, or equal to, 10, or greater than, or
we@owalos9e 13, as determ ned by either conventPOIEE2008/087378
LS GPC. As di scussed above, the nol ecul ar wei ght
distribution is determ ned by either conventional GPC
kﬁ C. In a further enbodi nent, the nol ecul ar
) ? distribution is determ ned by convention GPC
I n anot her enbodi nent, the nol ecul ar wei ght
distribution is detern1ned by LS GPC. In another
enbodbeiechky Passing astreagicanteining qw premert alefipiogerpers continuously
di %{r&dgp W iRk el M’(\flrM&)or gl'h@c'@fr&l&l&r&@ﬁhm&g sl o ;Q)’Iynqe%ze the
preferably greater than, or equal to, 15, or qgreater
th gwnormr(si@lgcb]n thegpresgrme ogzgl efifs¢tive pinpand obytab@t gemposition and
c ogly %‘Iét&@%bcag&ﬂgt Lt% ng Qty s'uﬂicﬁngt) nﬁrnta%np%loﬁ?&fd palttllal%s Ina
nmol ecul ar “wei ghit distribution is greater than,
seq sipended copdition sA pieamEPH2IRIHE VerAtcied Monomerds w@@@ frq the
an %&@Jcoﬁmﬁ%lﬁ%%ﬁreﬁaﬁ c&lle%ﬂﬂ)tlbﬁaﬁf’ly %l%l‘ F%Al@rcor‘ﬂﬁhgﬁl bs

di stribution | ess t of equa
pr pdpsdinUS-as654334k, USop- 4ei§§a7l90tlé)9 A45@352am?jawdﬂSeA-

pr 6167 6ddl (Yach %&p‘)ﬁé@ herfth bf %nc&)oandg’é:ycl@dsto%r@zfcmr ned
by both conventional and I n anot her

enBedngrisirithdiae frometheirepeier, and mk@emmavom%rsgaﬁ@ed to the recycle

10di Skdaib it ddaftiob MMM atiel SRR af HdWn bREK, §lieA k1l Br talo may be
preferably greater than, or equal to, 10, or greater

t h&yed agdisglgeedfin Y;A- ‘1%94 %4 Gaeororatdheeingy rhfstence). Suitable gas
co PNa@@kh&Bﬂ kysenfd ateSls&abscria iflUSAUS §£0752 l@xﬂ&’cﬁpor&tmherem by

ecul ar weight distribution is determ ned by bot
coﬁ@%ﬂFFonal GPC and LS GPC. The My (Abs) is

det er m 186y A¥olkrF HE’ath? o&s@@hﬁ{' BiIne gulﬂ}fnosphenc or
conventional GPC. 3 104 53 19A I n anot her

15 e ftbGiaRATPherip ﬁ@swe@wn%m@@aqum indfs igpge o frap 49rid015a disaful

i nt@n@@laya&ﬂymes,zmoas&eﬁonlspst@ﬁk AR ngﬂh@ﬁ% % kiiAple, aOF
equal to 50 wei reater or equa

C QUSRS A A UG asadr b IS At o b s A 960
weinghve/pene ent wolaaash3qQBach iRoptkicdBirgin by Rfferél2®). ity
rmlphea%é'I rleaacrtlorvl\g}llsgetr]nts ggr;[epa lly chr?prleg ;‘? reegctor vessel to which oleﬁn monomer,
20  catalyst composmon and cocatalyst are added, and which contains a hqmd reaction
medium for dissolving or suspending the polyolefin. The liquid reaction medium may
consist of the bulk liquid monomer or an inert liquid 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 continuously
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pol ynmer and the | ow nol ecul ar wei ght ethyl ene-based
pol yner. I n another enbodi nent, the | ow nol ecul ar
wowrioghssoer hyl ene- based pol yner i s present in aPCHOB2008/087378
| ess than, or equal to 50 wei ght percent, or |ess
than or equal to 45 weight percent, and or |ess than,
gﬂg I to 40 wei ght percent, based on the sum wei ght
€ hi gh nol ecul ar wei ght et hyl ene-based
|nterpolyner and the | ow nol ecul ar wei ght
et hyl ene- based P ynmer. | n another enbodinment, the
we frghttherrgacios Gletip palymergrpdpeslissepdraied. Mtglrﬂactsbwmmomo
t hes b QWedRlRfdeRkorei ght conponent (HMWLMWA is from
50/50°to 70/30, nore preferably from51/49 to 67/ 33,
and norke ﬁ?t@fy%sf%fblpﬂfumnsmverzyonsretcepaes/oesroducmgmﬁmmelrymers
enbadh RAtrangt BEmALGhr WRlofE Ui hi é’fﬁh&i&lulaﬂvgéll)t%gﬁ Lty

polymer 1s present in an anount greater t r equal
st oum{prmkyibipRtedsethe aleculylevgl with e lomsamolegylar ww&! cwrmonwt
ek eitesif rafé%culp fr nglrlﬁﬁgs%fblet Ja%etamq{y neldhAdr a eséé&c Wehah

percent, based t he Sum wei ght the high nol ecu
weblgrrtingnronghse ﬂée ef%ﬂst@aal pighynaiqculanveigtis @olywop twblle@étmgafrom
Welléy&? th@tcnylgls@ @&n&)@ﬁgﬁjs dof meYﬁ@ﬁtlonld@snagl%r{l%seg m%ﬁt@ﬁ%th

| ow nol ecul ar wei ght et hyl ene-based pol yner is
pr@§QhF$PW“QwC§WBH%Fﬁ$eSS than, or equal to 60 weight

10 PEr CENtTheQlcat§ &S ark Ql@@esp&ﬁa]l? QH:@JI when IWQH avoRgcent,
and or |ess than, or equal "to 50 wei ercent, based

onpqlﬁgerggmnwcb F\S( these dis seﬁ iHHS ot g,rS ,9@h@nd 6,248,831,
et byh aReDaIREhdrBh 8Y H:@éré&ﬂ@ rTlfé Qgta ?,Q %orh]%éﬁtlm ﬁ%hﬁﬁctnon with

wei ght et hyl ene-based n anot her enbodi nent,
t h&C fRerigRd Progasyipg oratinns. qﬁn Qﬁu%roez?tﬁlwhxk@r@ma-oleﬁn resins

COPMREHRBed bPmbIARoHD Wolboh1SGH _/gile diV@baldh, mp@?pm@ Bhount of
(HMWLMAN is from40/60 to /30, nore preferably from

19 51 fARPnPRCIgGOFrated gfo s pelYBFE €2) [573610F Is dderspiandy t o
65¢chbollablee bl end may conprise a conbination of two or
nore enbodi nents as descri bed herein. Catalysts
Typi calSUl BRSSP BAUIFRer AlalYaLcomPYsition s3rable pE ProdisingId VERn
behlgﬁﬁ‘ndlef;tﬂarme@ﬂﬁﬁ&yrﬁehﬁ] one reactor, and a low molecular weight polymer in

a second reactor. The catalyst thus must be able to 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 result in polymers that are characterized by a
25 general lack of undesirable small (1 to 5 um 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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hi gh nol ecul ar wei ght and | ow nol ecul ar wei ght
conponents of the inventive blend, 35 of 104653 19A

wW@e@oZswat er - Natt a catal yst systens, such as tPeT/Db2008087378
nmet al magnesi um titani um based catal yst systens, as
described in International Publication No. WO
209?{9§2010 fully incorporated herein by reference.
More speC|f|caIIy, the present catal yst conpositions
conpri se magnesi um di chl ori de havi ng supported thereon
a mxture of Goup 4 netal halides, especially a
m xt ur dt isfnderstopdithanihe pregant imuention is opesattiimterAbenteas any
angdondtaf wHidh Hab e ‘BEénQFélﬁcglﬂﬁdlm‘% Rineds €6 ¥e Rated,
n1xture of titanium chforides and hafnium chlori des.

| ningplicly fromdhe eomsydir arvyentiopd én he arhjal) partsapdpoesintagesrheiein

subgggkyopageﬁred by spray drying, and preferably
prepared by spray ing a solution conprising a
smagnesi Usiecoitp éumataégtp igldgolyperraghasirempaidhsizr i de,
anglsltrlﬁﬁldmaﬁa KSR gﬁﬁulﬁbgf]{Qeﬁsltﬁﬁg’{“y SRITRAYNES p ha§§ peci al 'y
hal i de contai ni hg conpounds™in a primary afl uent,
esﬂ@@ﬁ%ﬂ??"ﬂ“ﬁPWEent conprising one or nore C2 to 06
al cohol s, and subsequently hal ogenating, preferably
chlorlnatlng the resulting solid particles. Preferred
t r BefEmenigtiothet al hal i des are a mixture of titanium

10 DI Chl orfnd @oeMdnsddsitiBy cal 8e FRANIYyEXNAHRetYb HethddE] 3or|ef(ample it

desired) and hafniumtetrachl oride. Preferred
haMYRsatderdy bieading & mixiae BiefighmlesHiphveiei ditgrpdgmer and the

eS RACh@bduYar deighi indeApBiy R THO8Y i viGRin %qmilﬂ&ally melted
et hyl al um num sesqui chl ori de (AIZ( Hs) 3Cl 3) The

r ef%{m%“%q Qb e it Ry ﬁ“é@‘ﬁ%f‘s'f‘ St Eb‘?’i‘ﬁﬁhlﬁﬁfe PPlﬁ’Qﬁ%%af‘?‘bn

Meteadtors Qﬁmwxgdsut ndNenikakn g anatdaiter ReRAkaiBAP! Oyed, as
well as_the identity of the hal ogenating agent, al

saf fect If 16 PPRMER SOPEORMiS PirRaRAn BiU- i dyabEeafter Gopfiguration,

c athal Py ne€ MAROK I thd B9t reddi® AP baEitHeAthe AINITV SF tHLMW
ound to_transitjion netal conpounds used preferab

|1 BTG 2 lefined Abpes TBmpamese in g SgpdTeactprpatyp gty and mel
pr a6 radsugh kit he @V@rélﬁde]asdyfhna/rriblt flbR&al Rl de cbrdpdsRioRfare met.

i)?pqclaﬁy 1fc nﬂou r(sjt ;[egljctcbraalc rﬁw ;%rymzelr rlSC ?nrglldeu rpn Ctl?en.[s)e%glpddrelacgor
20 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 W02004101674A, incorporated
herein by reference.
A high density polyethylene-based resin is made by insertion of ethylene into a
25 growing metal-alkyl 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).
30 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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preferred catal yst precursor conpositions preferably
lies in the range from 100/1 to 1/20, and nore

woe@besakly is from10/1 to 1/10. Mst hi ghly peeUsImwge7378

catal yst precursors conprise nagnesium titani um
zirconiun1and haf nium netal s, wherein the nolar ratio,
/H/ﬂ is x/ylzlzl, where x is a nunmber from 2

and is a nunber fromgreater than 0 to 10,
and z and zlare nunbers fromO to 10, and the sumof z
and z | is greater than zero. Depending on the desired

pohsglrsied py epistbufogsgn thelsemanperge e resincnuipgsitiandhus isasepntally
may P&y v[@ﬂzqﬁ{é Plefnoq'Hgt%mﬁ“d&fsﬁ}rn@ t&gka(éggofyéfé@ flto')f?)s/

for partlcu ar end uses. Preferre
ar &olg, ®moporper-f3g alkpnchaie §3hind famied ablymerpndtmar y

di lTH@lB@vsmolé{:ﬁﬁpwélghttcbﬁgo?lgﬁtqyaug&w r{lﬂecg'fﬁp g@ distribalitct ﬁat is

organi C COITpOUﬂ S are ca ol vi ng
s madynisali for kighpetundexafieslar rasins iThe eatalysbhag beecl}owpro (patdls mgdee d

Infa‘r%sp Hagrsn,h@.e fa@tr@dk%ﬁ&n&qm%bﬁaemc ERREE bl hot pRdphikied
SR

are al cohols, ethers, (poly)alkylene
(pést %talpq@yqe@ﬁ@fgInfé'éslO@tmwrggendwremamw@smellryerp@s@afnt

Pr gf §leh&d upfeglaawmqé lnttﬁe%&t@r enAtal C\ﬁt hgéal?cl %@#ﬁﬁlu&me gas

al cohols, C to G4 d | et hers, y
et Bleasain Caﬁwuﬁﬁsﬂwwef%m%fa PrQOB@ftthapmeT%?drtb@j ap Pli’Oﬁ'm* y

1o di L uentwn@y e EHARNG bun iR i) QRANARNe, 2t §O QJCQM]&L oD o-stage
n-butanol and m'xtures thereof. Additional optiona

c oA Psmeleculas é’etgb‘rﬁﬁb‘@il‘tqsbhhlgb densityyresip srmadpavhose

S PR kelir vkt Ah@ S nePIn8GY hithSleduli WHR distlbuBBE idken by
nore fillers or bul king agents; B) one or nore

i nEd PRrATcatnERIOPBIOSBINGP be Substantighy @y sagises Hithqypsihad been

SepRAtkRd ¥ Lid Heitice ¢ARBO %@Sis &%Llﬁg Ih@ 9019ﬁ1%$1ﬁﬁ019ﬁ196{59msm
consisting o i 'oxanes,

F | ene yC ol S, ag
1501 mdh@rﬂ?rmwml% Fog hos Mery 'H'é?q %FFWéreeﬁvmp@dgﬁatrsm pivs-

9! YROdnFoundtdesif RYMUc I H)hcoatalYdin B hdwimolkiude i fRglisLd
material that is inert to the other components of the

c afuarypaiof the decayratsf e Pelguda feagion yorsitiornin; thsecqnd Feapter,

enmMMdaNedsiddnct lihé ﬁnrth@lf)wbr\mééhlﬁlgw@?ﬁ Brhgel Athe hAGUINPIs @8 Rked by
conp05|t|ons Desirably, the filler provides bul k and

st MeRgeRt ff-‘amt%féaCfOémePPlﬁ@ ol miatgrial ppsery inghe figpl product.
zoparti cl mS préferrddrdayeetctoP edntibrhtfon thS EdMIROFBdur RN arddRRN

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 to the second reactor from an
outside source. Optionally the catalyst precursor may be partially activated prior to

25 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

(low 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

45 of 104

45



particle formation and drying. Suitable fillers can be
organi c or inorganic. Exanples include silica,

w@ewpogioat |y fumed silica), boron nitride, titBeli/U8008/087378

di oxi de, zinc oxide, and cal cium carbonate. Fumed
hydr ophobi c, surface nodified, silica is preferred
bec ﬂ, inparts high viscosity to the slurry and
gogg ?grength to the spray-dried particles. The filler
shoul d be free of absorbed water, and is desirably
surface modified as wel | . Surface nmodi fi cation, such
as high Imptesular waghteelymeraily kivevnus dd "high meiroar weaght teaster”.
nal 11 1er,
t@?ﬁ%ve%th%é}l@&h ont{:ﬂ\géh th?e ciondlg{;n% S ac:toEJrugmg #cbrﬁ'ﬁkféﬁg a 5%
| n\mmcul@rrwelgfh golfmér ig knave as Ote "lotw holzathr wvelgmrwtoaié an
in I Siti f, C 0
o e i SmBERRN hlB AR FpplBIERR 5h it
ss preaglyd isypreferably scangfegredrfagm ghie Sipst b@ctglste the sPohy Bhgtorevie an
| gl kr{afénrccﬁnlngc?lpgbevicgtu%{n 9 %E%‘?\r §r dsgznﬁ{j: 6%%8 r§¢.§J|cllé %Ls ag antransff:r
hawiedigmhi gh i nt er nal por05|ty are not essentlal for
use. f . an ! icl
o e (LSRGl HbBh P Ol U AAoR B Y B Rrhér
gr eeitcantly highievel ofrggldaresitefornaion pid “shest”dermatiggre@yangsacti
V
10 n@%dtd%unpfar ORAnfed zfmn% €888l iy Ba Bl ﬁ%ﬁiegsk § byifen
104658ulaoyeight pdlymer, WBatlio diclinvanaielpalyiers f wloqrh iCalyotappear to
Cor, . j g
nuBBer e PERAT SO o Bl Ah End Pk WRORS B Buds g
as pérfi¢lp sageegativnethe wallshetagnamt fzaupe, and firhaten of ygedamerates or
Ca
o FEe et BB RO in il (p ek SRR R e of
15phe thgdwgntiongs the igrodustiorhes aé‘mnagty additivd @Aé @atztéocksthls
Suﬁefnh&x'cffbﬁ' LﬁéetSfUﬂlahon for exanple, D50 <10 mm and
especi a mm Sufficient filler is enployed to
pr oduc eTl@ eé*FCEI P’F‘?O%Qﬁ agtigty) of thegpreontinuity addiitivienig nottkngwn.j Basedy
M %h YieSsed oG kdRBnd tRJy' B?Jay to%lhlﬂﬁﬁtstaﬁlp génefaﬁorl g\yévgr, fls
nor mal at nospheric conditions, but rea at| I zed
undie? clpas that el sipyplegaipimizagen eff S@V&fl@dw*eleﬂi*ptéﬁaaﬁ vepltage inHke
20f | Iﬂlji%rbe@ﬁQeérlagrop@ﬁbtrs@l‘#ﬁcxgﬁ{%ﬁﬂe%n?acggﬁ)ﬁne]:a&%h@&%fﬁatlon since

descri bed transition netal ounds
the mere cessation of continuity additive fee 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 inventive
polymers.

25 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 funcﬁonality 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

30 ((RCO,),Al-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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and magnesi um di chloride. Desirably the slurry
contains such filler in an anount from O percent by

woweioghssoen 15 percent by wei ght, preferably frpen/BSH08/087378

percent by weight to 10 percent by weight. Upon
spray-drying, the resulting droplets produce discrete
cat t particles after evaporation of the primary
dlpggﬁg Desirably, the amount of filler or bul king
agent present in the resulting catalyst particles is
an amount fromO to 50 percent, preferably from10 to
30 (P BENCEITH)p aB@e ROiMdRItagd eactn MdOhddn0y) aWgdrgdakbon Fadkeal (R’
spray -drled catal%)t particles produced in this manner

t y pavengifropm 10 <6 prsbensng Re having fam o 4 Gaghepss x t+y 2HendvhT |

prefyr mka/th&mencwcoh@o&{a nmy\be ore W@m&lﬂtwﬁ Ngee U.S.
npounds are s drle

C Bt Apntashon Mo Syl b6y edon it 7 20ie s

s UntdrREgoniiag PCT hplicdtids (64083 4)] &abiefullp hﬁ&b&h&a herélﬁpﬁé}f{&ﬂjarly
catalyst activity, and reduced fines. Prefe

popve?vmogwemgq%almg@%ﬁaaﬁrve 19 A S04 F ety available

potbgidylhyedaneagl ¥aiat). IrC;S}EUn@é ﬁlier(gk fHo@dNbe a H3 182 to 1 mlxture of
al kyl eneoxi de repeat "units. | oxanes and cro

et Hlé%waf%“rgfamt% e'aﬂ Tl figecpy @f"@rpﬁ’év&‘e§‘é‘8%f?a%?r3beﬂl T’t?é’r‘ﬁf%"ed

beﬁﬁﬂﬂ&&oﬂfb&lﬁmg&l@dge &Tnib‘éhéi\& it SRR E ARt furdy N TRAgréfefédBlocation
ﬁﬁg} s well as increased activity in conparison

PAERBR e dREH AR GHAI PR VR Y hBLRe Rihemerizing
pr e@emsﬁs @lfe redi6iwiidrdi DMREE ar® nobNRY tEoRLT AF SFGRAW WhTount of

ferred SI|OX§§ﬁS i ncl ude hexameth\éildlsuoxaned
e PRk K59 B RGAE FATOT BNEIT A PTom ks §o8% apsgation an
Pr elirerhrzedmeetraawggaidrwmefohﬁﬁioude 18- crown- 6- et her and
15-cro 5-et her. The secondary diluent is_ preferabl
or csent T ROBREEIIP S RO SIETIlY Sonsustrd 4hion B PR
15t hesingangetimibud fluddizdd.bbd fn@cel@ I@@E}@&lﬁﬂuxdiﬂﬂ@éh @ﬁbtctrpthabed is
catalyst co ition wej 38 of 1046 g
oSk SPBOR RSt Bt s N by PR R S TS
bedumg ahe cduirseest tlilel’pbl)hhiﬁzzalﬁﬁ it 1@l comBR B Tosned OlymSI fartRlcs,
I'O&lr ocelgrrsni rn €5, C. ﬁ/’h 1 @ é d f be ltjsef Jl in
e Rirg PR e len i e Bl By 5 g Bmeaaton o
' agglbmfymgagaseoﬁs @mpbicaG] indriatddana ISP ra‘se/ordrélwl_tyg;ufmgembe
20 af ga%get the part¥cles é/ sels)?rgxtg¥ncp aCYas a%u[?tﬂlgqu1lépzpn%asl is maQe up oftthe
initial feed, make-up feed, and cycle (recycle) gas, that is, comonomers, 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. A '
The gaseous feed streams of ethylene, other gaseous alpha-olefins, and

- 30 hydrogen, when used, are preferably fed to the reactor recycle line, as well as liquid or

gaseous alpha-olefins and the cocatalyst solution. Optionally, the liquid cocatalyst can
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One exanple of a suitable spray-drying nethod
conprises atom zing the catal yst conposition,
wopimwosskly with heating, and drying the resul PETYS2008/087378
dropl ets. Atom zation is acconplished by neans of any
sui tabl e atom zing device to formdi screte droplets
that, upon drying, form spherical or nearly spherical
shg%’éaxparti cles. Atom zation is preferably effected
by passing a slurry of the catal yst conposition
through the atom zing device together with an inert
dr ¥¢ fad dgeedy ta thafluidiged bad.gBe: patialihactigatedonatalysigedcusser isinder

th A | ' izatign.and aids in
R L S e R G e
a cewpietéd in ¢hglredeiogbysipaechtayss cThe prodbe cempisivipe dartbe varied by
ef . ] L a . or. di.sper si qn..of
ar Sip e o P EielLr IR EINs BuRBLRY R wERFRELRAT TR, o,
s of prdduct sgoymeouslyfdisgbaeged ipgrasfubar abpaytj cuberiginieera e yeactor, as
ex . i 0 . 1o
at DEBERebeD kbl R bt Wl rnd MBA LAl f el
- | i elwistingrédel cavatyst @ediiatecand/by/the ¢thylehepamigl pyesurerdy bigh rdactatsed
to te ' facili
at orr 228 PaHeERodf R B aiHor bl bh Bt s,
v ondriransferghds¢ vthafecaid yarigr wing thegliffm¢ntinlairesewte ganeted by the

hi 5 Si . .
o Loy R B BRI B bR s
t ehpBs WL the emird ¢onttety ehiwhidnart haeid éxbrypraei by refergype)ay
dr ymlagggge@ﬂent and the inherent thermal stability of
he matefial being dried. Atomi zation pressures of
f r om 1-Theorepwiegs gbpohe samg inFag) the fiest andistcabd eeactors.
Al ' r i . ry
SeDFIeRaREY b GROHC RER BT Enle b TRR! L EPHET Y
15 paganfaiied catgy swapinghe firgaeretontedrnreeond edactar the peadnd/tepgior

gg{sr@m% s ibk _ame{em 1R thdS ©r wg{eah{,th&m? Etﬁﬁ,‘%ﬂa%xf_;@% ’ﬁlzsy St the

nposi ti on include those disclosed In 90, 745,

USseped rggastor pressureligonerqthiy peesepgdiffesential opn po gsed @bfacilitate
USrrdisfer S 15'07 er L:g%lﬁ't _§1ixu§9 Rom 5QQ21ct(hjs\l"t(e‘R(A:'acﬁ);'3 §.' If Qlfe%ecoﬂ@ d

US- A-5, 716, 558; each incorporated herein by reterence.
By CAA9TRES TS highersthe differentiah pregspicprrewsgheptycle lges campresseer
20 OT mhy 18 RAER DotV ¥ t8 tho®d 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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the atom zer di sk enployed during spray-drying, it is
possible to obtain particles having desired average
w@aroviogie2 si ze, for exanple, from5-200 nm TypCT/abE1098/087378
a rotary 39 of 104653 19A atonmizer, such as a Niro
FS-10 or FS-15, is used to provide the preferred
narrow particle size distribution in the final dried
soP1HEA The spray dried solid precursor is recovered
and hal ogenated wi th an organoal um num halide, in
order to forman active conplex of the nmagnesi um and
t r suvb iag anonduvet @inddnsing akest, fopranipweisopemynmdie:qmalatst)t y of
t he hal t] |t
i n‘écgmgogfeg?g/hgtob%gl osg{,qel i Jﬁ?é{& acc rﬁ.%g 10 tﬁélﬁ%g& présSiut!
penddsr tre reopepuopdd pieewre cApgpignded whatehcyorpr eferred
hal ogengt.i h
The halnlg’gé’ ‘9‘?%8%%& léaléen E a¥10%!1 mec?t% gﬁﬂr? e?agtL, g’n%lecular
s quamights.| s, almgwnbﬁotlthtbammpmn h@brasentam@ totet] ampunt of
resi I L. di
Sp?%{):/éqg lpf: dh%g%éﬁjr orf glgglr)ps ﬂ@cgﬁ%gf:usg? Ql%lﬂfe?e(?ab r{'m&lhc?ed in
st tha deprodlynzen il wuab@hountefmnatxqmt&aﬁ tphmutrl@eqameneby Welght or more
I

gé%ka%&ﬁo% {J%eto%%dth 8Qrge§1§%§?gm Sﬁlg[lv ?ﬁvgﬂﬁ >
meeepalyedr. al kanol content will incl ude bot h free
al COh0|Th@r1]% tlﬂlelﬁ?m q’ﬁ)ﬁmlegﬂtea S IE&YCEngf g%elgﬁsdan}ilhaum
“reaction 0 uent conpoun e zirconi um
t|ﬁaﬁmmnrﬁﬂy%ammm@nuoeﬂpQMNMEdbﬁh@nhamdgew&tm@nuag@ﬁﬂo

d d £ b
lf)?rgrangn]_?s é% agléj}rthgan%e(%rdﬁ? Hf gto%‘)&ﬁlgﬁ urs

res 1, preferably from1 .
2. Qhelreacmrs tap\he runrip thie gendeisingmadgahdesiresly Tageqwensmamwﬂwt

pr egu%ea Vi %, PRen®S YL 18] ?f saiﬁaﬁe%m F@b 790%nd ghlez{tﬁnE 385Dy,

of hal ogenating agent ecular wei
15di e epthe egnent ?fWWhBler?lB chmormﬁ@ bowiergdeg- ogenati on i s

conduct ;
Pref er aly AEe Carre BrEelr SRR R RLAA] prodieg

or the g rhpsePy ivarioas Iqwhpspssure prgefisees.riaiblend caryalspdiel pjodaped in the

al jipli@bHaSe 1350186 ATBE IErEMAORRRRAN ddnfidhd, agamét low
pre erablﬁl one or nore 50 hydrocarbons. Y&)@cal

maPEFSHEP s-AY BeHeR @f?éeSS%a%éwl@HV et Bre§l3|r@hbeé\‘§” Bar

20 OI 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

25 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,
ethylene partial pressures, and temperatures will be adjusted to produce the desired
composition. Such adjustments can be made by those skilled in the art.

30
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mneral oils, such as the Kaydol and Hydrobrite
m neral oils available from Chentura. The hal ogenati on
w@o@nisiog2 t hen added to the m xture, and al | owedr/U82008/087378
react with the precursor for a tinme, fromone mnute
to one day. Thereafter the solid particles are
opt h?llagl ly rinsed free from unreacted hal ogenat ed
8 and dried or maintained in a liquid nedium
until use. In one particul ar enbodi nent, the
hal ogenati on step may be conducted in-line, with the
poHjgteMelzaddar dYeighe Betcor Optraaen ¢ardigiomduct i ng t he

hal ogengt | oy S£A%H bbb Ford lgctu rAtﬁgvtel;;ﬁ@a&&qnca ANV TE S

the catalyst precursor 1Is ate
halabxgleﬂﬁﬂtmabouahd%t higor etthaleﬁekhamdmtmpolyﬁem,smmmp etio of

d t he t

< o6 Bl g R A Eh e Elm ABRE B0
5( | nalmt R00: btand istpesf@iatiy inyhenetﬁgméfrme)about 8.0pard abomloalsl lyand
pr %Io?t &re dralglgfrom agout bB?o 1 E)aalbglgg%gg ll o?he mo rat1 { lll,?' Eog?nn(lf

of 0 mers 1's achi'eved by contac?
rrom&}:dhtddtmewmphih seaeorcaaly ie thelrafge of o aoer Q;OLNI tohlabbihe

Cab%l lygrlefega%gpo?%rom agout Iagt bog}%td2 vating cocatal yst,

especi anoal um num conpound especially a
t r| al kyIlnah ambcmummmqabiuftdbloﬁnérﬂresr, rhe dhi ghnxddcalay/ stight reactor

| alumn trieth ] N o
o S ERBaIPERRR ik R b e STl 1. e
acbparaing [Eglp@ﬁﬁﬁt i piesdrabilysvagjaheittatht Yesgeqdeasigdo hmcaprbcaﬁge
es of .cocatal yst:noles.o ransition
conuaiRe TP fef o Rl T Sint {9#@?@6%@ e haee
r alﬁgm abcﬁutDlOOino&bduth 1] Pre2@Bly iﬁ;he a;m@e msmtaqu eben abdbputi n
ca { aF 32?’&0 rgo]e (r)asuo?}l? d%o%c? to: egxyle in dtg%r %‘g%e {%goouth(%l 1

15C 0 tcabbat|O\ssl, ah)dsls pefraablitie Itty: ratgel édmtabodl RO5:1 e@dtoor0.25: 1.

cont entl% ‘an E:rgbgdrx]rrelenli seu(}txgle For owihe 1{?% tt%e egh moe}ecu 8 Welgl[nt to

t he nononer or nonomers ¢ ar e react
noteactnmenpongammpleratmtems gehﬁall}ab dleysige pam bk 2ECpehboe.

& Q/\ﬁt @'hé/ %teéaé?% I%E!&'%IIP%QS prei%ragl?/ vgne%dwnh tll;e c%sx}'/edrdgl?s?tg/ Itoo :
avoid product stickiness in the reactor. The mole ratio of alpha—olefm 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 to
about 0.03:1.

2s  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 interpolymers, the mole ratio of alpha-olefin 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.
30 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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type polynerization catal ysts are normal ly useful,
especi ally suspension, solution, slurry, gas phase
w@oiogoeioezat i ons, and conbi nati ons thereof. Sur®I/US2008/087378
reactions can be carried out using known equi pnent and
reaction conditions, and are not |limted to any
spﬁézi é‘LC type of reaction system Such polynerization
Bé conducted in a batch wise node, a conti nuous
node, or any conbi nation thereof. Cenerally, suitable
ol efin polynerization tenperatures are in the range of
f r om 0 Byd'z&00@&Qye wt mganmospieraney isSedoathedep melerwar weight
su t
qoniid) FRRRNGEA BLERSYER. Ui bl T fomdsbSmaxee
i ncapaddyaverrinte altei low sloleamlaromgbemqtm geocrsllssasfdfsscdveéwpmp@mer
pr preferably 0.00001 percent,
9’ heqﬁﬁ‘?’;mle%%ue gltl on rret al based on the weight of
the nononers to be polynerized. The upper limt of the
pe | L el i alal yst
B ARG o R B DR MG R o BB Y
- polfMMri zation is enployed, at superatnospheric
br eSS UIE oldlRGinte AN hedl o2 to
MPa) ,Iﬁggt]éqet en'plere at ur es ﬂeﬁtroghrqélja}l %ﬁlaégg%u??%lrh&go 130
OonaStmm el casalyst proiesitiyisoin b@lttlpyasacpvhsa@e be esed by aiusting
Sysk# %fe@c{ I%fepﬁlrcﬂ {hgﬁh@{egaorqmt ldlb Jgﬁ)gﬁﬁlﬂlnla)’lowzﬂalc workm%_
convent | ona gas phase, flui 7% process 1s
of PreSUE VAR, ensratks et@de%we@é@WPngit@uswmam wohmeiomicng
ONfrolindTBlcfor Ohifihal LRYUREon Uy HO HHiSf ple bR heBiher
| ur di zed bed reactor, nder reactioh cohditlons
s ufepgterise would e FFGPWeThIYEOQeFﬁeYIWW@sI)?Sm gabhplagy inan
Pr &3héHrital Afanfh. ?lflé‘ s%&trﬂe chin @éIRUd“for Qltxltlﬁl%tr@alc%l%tor a smgle reactor
conmposi tion and an activating cocatal yst, at
15 v ePRsEdtiey. Bhefrecgisantseiubinygiteresthat haveyewsssf thagdy lilralted by
PafAA VPP &Rd hdVe @ rSBERANE She s AR I8 '}uelcﬁ betkdr PP rties, or
cont ai ni ng unreacted monomer 1S wi'thdrawn fromthe
r eBRSTas mAsheiNfieRslYs| y, conpressed, cool ed, optionally:
fully Qioddedidnl ihd MaGRRESPRRY 1sac§rr91t%(ﬁLéasi§@N'ﬂbem reactors.
US- A- 4, 543, 399, US- A-4, 588, A-5,352,749 and
usThere iy g 6‘2‘5‘35@9‘ budtie foriveps 89}5 éﬁ*%?réﬂta’dé‘?sé‘i'rﬁhﬁvauom in the
20 ' E§BERO TG DducASHRAECHFLEE whbRenliftE PREAGGMas no limitation on vent

flow rate or total pressure limitations. The uniqueness of the above process relates to

w

1

o

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 fesin
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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Product is withdrawn fromthe reactor, and make-up

mononer is added to the recycle stream In addition, a
w0 baomig®at i on aid such as carbon bl ack, silicaPCTUs2008/087378

or talc may be used, as disclosed in US-A-4,994,534

(i ncorporated herein by reference). Suitable gas phase

regg;% n systens are al so described in US-A-5,527, 752

i fed %orated herein by reference). Slurry or solution

pol ymeri zation processes may utilize subatnospheric or

super at nospheric pressures, and tenperatures in the

r arsgetintely mixgd woh the hizh @oldaosler wiight cepoogdensragstuced in the first

po [

P Or VT P Ho R ERRE P mH AL s ol L M bt B

USprass8reds e 4czond rejStonisgnaxipizeds 531’"8 lwmglswéwsmcmw\me

96%&4&%@%@{&%&4&&2&%% rédﬁaﬁ%‘thle REALA L s@qartg%@(? P’ R

erence Li qui ase reaction syste gener a

s c o bsPiidgeactprreytting i apdncseabedtethylen¢ patiab pressurg. rhaieatadyst feed is

ca t t

B S A g e A e A PR T

or PEEsNsef thie rrgctohie atpzs Ingag khefM AW P ghe [r¢agtal ssebherebyon

me I [

et ARG ARRE bt it el SRR ot e

po kg flasej and r¢dyping BME (Rptéed tasahphrangaer. feed] to privimgy psada¢edhin

i nert IL %ﬂargmqg %i:a@é's %)5}1 Jﬁﬁ)@fgteﬁQBntlfoP&ﬂ&dlé)tﬂat%xﬂmzes the
“sol vent for the catal yst conposition or the polyner

obeadlyreproguetiviiein prubiiplegsactars by pdivalineraiglyptieed raie szcbltheéme

f OfealtBQinTRABYRE FIASPPLARYAL at & nkiteheAAWIR Witkddk hfkhg 10T
the inert |iquid hydrocarbons typically used for this

pumgBeer &rm thy Raptais Additiensl epastipindriribe cthyleng ﬁ@mal pressure in
s %%Eh@ﬂ%actdr??@&n& 9&% uiREX A rode %G RE K BHdGed r&%Pﬁxéx%ﬁology

benzene and tol uene. React | ve contact between t
150 BYANECOPOPTERANAR ASHisCEsdAPY ¥t the bpBe Fauldorsods @Eﬂddn be

nahﬂtt@le‘?@éétob)‘pe?ﬁﬂﬁst ABn §st1ﬁgrlJ Ileﬂﬁbr%f)erﬁg)'nt ation.
Preferably, reaction nmedium containing the olefin

pol ynmer product and unreacted ol efin nononer is
Wi g conti nuously 42 of 104653 19A fromthe

reactor. Oefin polyner product is separated, and
unr e act”léb& iRyleRY Ve SOTHRASISIRT May contain one or more additional components

20  or additives. Suitable additional components include, for example, other polymers,
fillers 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 support, or enhance,

25 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 include

30  processing aids, acid neutralizers, UV stabilizers, hydro peroxide decomposers,

thiosyngerists, alkyl radical scavengers, hindered amine stabilizers, multifunctional
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Is recycled into the reactor. The catalysts of the
current invention are capable of producing olefin
w@eiogne9s2 over a w de range of nol ecul ar wei ghP&T/UI1068/087378
hi gh nol ecul ar wei ght component is uniformy bl ended
at the nolecular level with the | ower nol ecul ar wei ght
co gggnt Such resins are difficult, if not
'n%% Sible, to obtain by nmeans of a post-reactor nelt
bl endi ng process. The additional high nol ecul ar wei ght
-polynmer tail resulting fromuse of the catal yst
c oftguliziersi rivespheses, artiexidpnyse propashstehdliziersaétyl deractvatpsse addithyes
e
TramPlolealye otpich e STEE pRRID oPL M FlR b agencs
en{anbwrasr@‘—anatwﬂuome&g@np@l agpsy fomadify imepagtpedperics efibs e
di &ﬁ n‘?e?%‘i’d dohbhSrdys henidP, 539, 5, 405,901 and 6, 248, 831,
I ncorporated herein by reference. The catal yst
5 conpos iQrie ermoreiimpasbmpAATs iseh agpthHerethased serdl frhesgand acrylic
ﬁ&;‘f‘rﬁéé My GRoA Jdaané an il AR éP Obt ai n
, ne/ al pha-ol efin resins of broadened or
nultlnndal nol ecul ar wei ght distribution, wherein the
anpgﬂkagﬁAggggponer I ncorporated into the pol ymer in
each reactor 1S independently controllable. Such
pr oces J&8 coreRpsitipes of theRFessny B CrtigRERISIC padio DA bf
10 Pr QQ%&@'angleaoNcﬁE ¥r 168 o &fidbralsnapel St PIcY AR 1ct RaPhe
reac | ow nol ecul ar wei ght polyner in a
s evpilayes ge mpli-layeRartieley ghigh pre Hﬁ’lfé“m!%‘tmeﬁé’y Atable fkpown
Pr QAUG Qo @&tinfudd, appBfing HRhiOfteRABRAARMGIM R }eRof, to obtain the
termnation ratios in one reactor, and much | ower
pr ¢8R /SR BIcoM Y g igHesraglyds sfof sxample. Rlew-Fiplding,
r e @hsion 16w i, i@ RBIMTRIORIinAMjeBiEbnGNdIdiRgIBljdtibh gh
nmelt strength, are useful for manufacture of cast-
15 s higistch blogyaldiag, camplessign malding] copRTFssioR Blow fermipg, gotomolding,
Pr Q@GS pulliort; 8di@dy$d asa@meﬁﬁfadna@s sﬁ@wuxclwpmheﬂw S
that are characterize general |ack

unde E1vengign inclugefor exanmple, alpss Hﬂﬁ"ﬁ\ Roftisy)drig &m d|tubing.
I egdothdbrahddfilm3 vheaR, hiverd, Bdeilel add BéuddnRidds ABIBNIhabid) But

of catal yst conpositions_i regnated on porous silica
are not 1m¥ ted to, blg.ven films, cast ﬁlmrsrgnd b(‘:1J oriented films. P

20 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 be produced while still meeting
the container performance requirements. A higher percentage of post consumer
recycle can also be incorporated in containers fabricated from the inventive

25 compositions without loss of container performance requirements.

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

30  pipes. Typically, the pipes of the invention are formed from inventive compositions,
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supports during the polynerization process. The
presence of these residues in the resulting pol yner
WO ndoe/8mees wWith certain applications such as PCT/ERN$/087378
spi nning. Such residues are difficult to economcally
renove fromthe polyner via nelt screening or simlar
pogg égactor techni que. 43 of 104653 19A It is
28 o00d that the present invention is operable in
t he absence of any conponent, which has not been
specifically disclosed. Unless otherw se stated,
i mprhick also ¢antsin a uabdorembinatianrof adhitinemtsiiehraal anjadditi Yeepackage

al hes &h%repg?ﬂﬁ%&cafa yso&ed}tﬁjofk [.f based on weight.

These spra ts yie pol ymers with narrow
par t i clln ong embodiment; thp invensive eemapobitigks noayda usedrin payder

a{rﬁl%te) !:Bpgbz{tlxnss HJCB stt&n%efa lic4ibns Qfﬂl@ﬁ gen@ﬁtl f}/o%a'ﬁl!e Eﬁltolwo n

ctlon ynerlzatlon e nove conp05|t|on can be
5 nad%ucbg/sxep dreributipyingptomelding @eplicions, endensheebetteridisperyion of

mage Ry &adi ng or mxing the high nol ecul ar wei ght
i nterpolyner and the | ow nol ecul ar wei ght

i nt er paigneéayer pines pagordini to the praggnigvanhien ¢onglstef ohedayeyymade
ne%rgrgq CSHH&QBE Q&:%rdu@‘t& ik Bn@:gény&béﬁtloﬁ End@ab@ead%qg typrl:ally

u, Ih one or nor ynerlzatlon reactors,
i neﬂe@dt suggablbfor pipoapplicatipase dhsidiscusseddbene, sugaddisives, typically

o OB A rhrfdflang lnfateHBE sR@bIY Wt ?8 R JoRhet forl §PRE €

"in situ, 1n a dual reactor configuration, the polyner
raeryeishenvifenmqntal effactsafor exemplgroxisatien dusiag exthisiopiny

P Ohég%ﬁné?x unfi Serb MGV IE "Sui"i‘a%ledaﬁﬁn'uo&%él’tﬁ@ }Sﬁ)cesg—ggblllzers

polynmer in the second reactor has a densi nmel t
f | dWoridands, pigants.iyaptal devactiygters adflitivrs i impyovgsaloried resiftansgy

I ah,Q1 @ ploferofOMPOSi tion are met. Typically if in the
first reactor a HWV pol ynmer is nmade, in the second

151 eact orThe&sis pRAAOPPPiQnp Br%'ﬁeqw‘l)’ theopfetsBiiRYentie arssticuliy
r elighbiY fdr¥isdth gg&naﬁgﬁﬂgﬁdﬂlstﬁﬁ’l% %ﬁlﬁgﬂl&l@ réqﬁlrét'lstg He &]ﬁrable at
obtain the overal | ow rate and densit
fi Wgherm@grqs, @hqxample above 40°C, and in particular in the range from

above 40°C to about 90°C.
Such pipe applications include, for example, hot water pipes, for example, for

20  drinking and/or sanitary purposes and under floor heating pipes. Such pipes may be

monolayer 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 multimodal 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 requirement. 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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Simlar polynerization processes are described in
WO2004101674A, incorporated herein by reference. A

whe@b/ogorsi ty pol yet hyl ene-based resin i s nadeP@lUs2008/087378

insertion of ethylene into a growi ng netal -al kyl
chain. The nol ecul ar weight of the material is
cogqt r&AI ed by breaking of the grow ng netal -al kyl

"2 In contrast to other catal yst systens, the
dom nant chai n breaking mechanismis the reaction of
the growi ng netal -al kyl chain with di hydrogen to give
a ‘e tlxdwablg dpordetrefsdeictumfeengialfsiress), whikampip¢ Fanevithstair withae

r). In Ziegler catalysts, such as the current

one, pendant al kane groups (CH3, CH2) are exceedingly
rar e urhestheconmdomst, an mvendidecbnpositidremaydgahavfogy amdified

t i oG D5 ﬂng, Sglrg’%ﬁﬁ%gl%op&ﬂér%ﬁn%%f ?%t I%Q«ﬂ (/1 butors

in tive curr F'esin conposit us is

s esmedifigatipn. yTlE rhqotveamodnﬁiexl—@r@bﬂnc}ns ohabaused inethg fabiiqation of
depnsi js t j [
CeBiubtab e AT fORE I B PRl Sl 26000
ma¢xaingle, PRE708RE470D end PExt 00/(pipg htrformampo repir ASI Dr3850-65;

. i t I
L‘?%w?%%’#gﬁ%%% 5 F3) Sk Ok, Thoh B
r umocﬂiﬁecbamhsimd eanft@rusqdhv merehsg thresservige tlﬁ@f Ihglpipee §edhgripes

t
° O t@sgﬁ’e fo Q{th&iﬁ@ We%o&ﬁ@sﬂ%‘ﬁs b@crﬂ@%“&ﬁg 8?5 gﬁﬁkh:@ﬁ

a e of chal h scission
r emathwde &s&@nt 6,204 3¢9:0b AHatent 6,1 Hi28Udh S Ratent S9083P:déhce

ti Fzﬁen‘t 5 68;‘%% BACkALn 5 ANEsEi3hab) ebaté\lﬁ% 290, §§% fﬁ? &e "v!xﬁbuk n

t he gas ase I n contl nuous no , ere it
pr pideseand mhtépdsmf making the pipes Whigh ¢an belused in Wﬁmtehté of the

C a;n%nYﬁl‘i AésuElﬁ'I rf‘heI J‘scfowessbtf ng Sf tnpﬁgcedi?lg p&tg}ﬁs e§§ ﬁ]‘ﬂ? d st age

a two-stagé system (1 ow nol ecular weig
15 co’r‘?@l‘i’qur@fPF!;*)efe"abme@FP“@%ns| ty resinis rrade V\,hose

nDI ecu lCﬁﬁer Y}?e'ﬁg Mbn‘ﬁ@&jarﬁm%am rBad'e 'ﬁ‘éﬁ‘%ﬂe &%o%n@ Gxuth@r

ight distribution, IS seen per meat i on
C hﬂlewa&ydquafmwom@osn@nwmmerw gliﬂr ¥ rEamaldig opgrationg

I €8inbe DA (PRAR uREA HUbREAd aRticles S P ?rox%%l?&%n)b@@&&n@ Bisclosed
This is because the polyner formation nmechani sm
herein, including various injection molding processes (¢.g., that described in Modemn

20  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

25 11, pp. 217-218, "Extrusion-Blow Molding" by Christopher Irwin, the disclosure of
which is incorporated herein by reference), profile extrusion (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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in high density Ziegler node has very limted degrees
of freedom as di scussed above. The anount of resin
w@e@dugwad2 by the catal yst in the | ow nol ecul arP@EU§IS/087378
stage is a function of the decay rate of the catalyst,
the reaction conditions in the second reactor, and the
rﬁ%%ﬁgﬂce time in the | ow nol ecul ar wei ght stage. The
is nmeasured by the ratio of second-reactor
material to total material present in the final
product. In a preferred dual reactor configuration,
t he catTBeyishs paewumaolayandmeltiaye édng dihg Stm arade using this
| QT B o143 b BGexlrhded ich BROURY hay @] of RERRPLATR b
moxXture 1's transterre he se reactor for
f upnth evothgolayersy inzzedondary opestipmrlf the fitrhés acat¢xaduyist ofsywsbem

' Sm%x%riéér% gﬁgo de?cerXd &Bﬁl'a}{@fenklh% SRl G seBe 3L A0
on | tionally

reactor from an outsi de sourcF¥.
st haddgimnalllaysts of paskaginggnaterals. dseendimgion gielophenpitysival regdirements

pr | C e
P bAhe b KIS BRSOk SRy RERTR Al B FLEESM pb
aceitmsivn teptiniqugs, sked ag rdatien ly@;tced qrvrSSthhbinpp@h@pqiwr dudbd
react.or. . ' ion, a relatively high nol ecul ar
vve?lg)&t&)l Oﬁglg\%vﬁdﬁgﬁcg%sl ow i ndex) copolynmer is prepared in
t he fi. rEdrusiemeoaing is yit preatheaterhngduy forprpdudingymutilages dilmr

o el Bl a0 %m{;vep@oﬂl s SPRAEA nbint e fi Tt reactor,

ecul ar wei ght copol ynmer can be
pr epar é&tnﬁrﬁllx foea maltidayer fimatcectire, thegrovel aprpwé@nmesctribed

pr ﬁezﬁmcoxgﬂ)rﬁg Ltqéalé{ éie lJyBEof [lﬁ%&l%ﬂltllhﬁr Wilrl &H? 1e The mvinél/\&e

conditions are conducCive to making a 04653
hi efmpesitiersunayalsabe pied tofoimy battery smrw&}ms as the "high
mol ecul @, Wap&tond G iNentiondkd @élf‘s%éd’i%l the f&ﬁ%oﬂa%@?t or,

in which the conditions are conducive to nmakin Iow
15 o BeoEgarancie ikl arp eisgntighly impgrmepldopyniistic theets psgdhior the

MO, et ke (\fﬁiqgiag gﬁﬁggd%r solidb. r@m%un&earcolgsem| c%k'vey water,
component s made first, the mxture of polyner and an

acheld eva@asta\feyyﬁter, gndmr@fqé aliet By coptainig dpjeedgus meypiialhe

i G8dmdnfRGe Ohre 1o §08 2 BREANEbABAGE Alrifichiod pRfdesses, and as a gas
|nterconnect|ng devi ce, using nitrogen, or second

Bastiesr I RAgtflaE sepracmbERpCTATe Yot Wrcaptaimeaes far 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 br sheets formed from polyolefin
compositions, along one or more overlapping séams, 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 compositions. Polyolefins
may be coextruded with polar polymers, such as polyamides, ethylene vinyl alcohol

and polyesters.

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

and the upper value, in increments of one unit, provided that there is a separation of at
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One particular characteristic of polynerization of the
inventive polyners is a generally high I evel of
waogboseent e formati on and "sheet™ formation reQUUS1008/087378
react or shutdowns for cleaning. This is believed to be
caused by the production of very high nol ecul ar wei ght
po%%qg& that is, the inventive polyners, which in
ppear to generate. very high levels of static
voltage within the fluidized bed. This then leads to
particle segregation to the walls, stagnant zones, and
f oleastitwomite betaepglaoniorat v@licend alydigher.valun O§ aeaxample, if it is
I

o IS i BN Epr i bR blob P AN BE SR oxbicy o1 on
of maletwarnweighty mey inglebel it firane 1 QO@A) 000, litais intghdrditlat blhindividual

t engden Gy £ ‘3"10@*161“10{ QN ds%ﬂr g{l € X ACH00 BRLAIOf 9 170,
action of these contini addreiVes is not  krown .
s Bas¥do 80P, onears expresly mmm@ne thi ssspedi fivatiora dioeranges gontaining
m ¢ ratl ,

i hgz%llms ﬁvglcgtm% l%sgth?hﬁﬁr%m&zcg@%gw o?ﬁ\é%l nunlnf)e(rg gc'rezﬁér%%n%kgﬁ §t
st &l lc5, \ml),tcmgemt i corfsidereql toi bg 0001, 00 heH oz@rloﬁ)s apgroprate.
su

oi Rl one i U M AL BT ER- LD Tl
( OApicalcersideredito ba (il nﬁiesesarmnlxcexvmblewevhar ie specifisallyn

of aﬁ“e de?lhﬁlgtall BJsE?etéo%Pln%ﬂ) Btelﬂl%ggal §Q&l¥s%&h en tiw#\%est value
"another enbodi ment Invention Is e utilization
of an@Ahe lighgbtvalne ermteratrd oars tophe gehsisicied o bsfex priagslyi statedrin thise
POLHiTEiSn. Iﬁﬂﬂérlcs‘l%rigxs 129 deh Ye%nééisasglﬁ&%@dﬁ eirf il Petttdle
of Two conponents. one enbo each conpound is
a ddngfly, melt mden a/nelghmegtmt obeqganenent askatsn PYPAHESt ai ni ng

ei t her ﬂx%gxycl]yrﬁé}nﬁt&egrﬂgljefntty indfhte angqﬂifmer a copolymer,

functionality a am ne functionality
15 copffdermelsmery dhe tféar pojymes eag usesl hersin iggdudsp injgapabynery syclite

e ”?%9 giu ﬁﬁt thofHHaP W the E%&ieﬁ%hh Bb’etﬂy‘i%nk: Qﬁtﬁ eduasdiphs 2

formula é. OCH, where Is a
hy@!?@éa)lf pAypropydng #jth ¢ ﬂmelasd/?rdiétzgl(bﬁplwmlﬁs’mﬂ n one

enbodi PRRterm AR YRE " URGE Hewlréf&y to' ® Jrrﬂts%?&%@ gy s a
conmpound of the formila 46 of
polymerization of at least two different types of monomers The generic term

20  interpolymer thus includes copolymers, employed to refer to polymers prepared from
two different types>of monomers, and polymers prepared from more than two different
types of monomers.

The term “ethylene-based polymer,” as used herein, refers to a polymer 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 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 majority mole percent ethylene (based on total
amount of polymerized monomer), and one or more additional comonomers.

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

ethylene-based interpolymer that comprises at least a majority mole percent ethylene
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(R)cN(R'OH) y where R and R' are each
i ndependently, a hydrocarbon radical (R having from
wa2o0vo8282 car bons, and R' having from1l to 4 cBChUSR)8/87378
+y =3, and x =1 or 2). Mre than one CA conpound
may be used in a polynerization. See U S. Provisiona
Apg&#% tion No. 61/017986, filed on Decenber 31, 2007,
correspondi ng PCT application (64 183A), each
fully incorporated herein. Particularly preferred
conpounds are alum num di stearate and AS-990 (a
c ofhreadon sdtalpmaynd iof pddyrecrigict aeydreark an eolsfimand pptimnallyedne or
'nnﬁﬁﬁﬁ&h&ﬁiahnﬁoﬁésSh0U|d be a 0.5 to 2 to 1 mxture
of these two conponents, and fed directly to the
poI y merTheiterg “peimodad’ asiysed herpinan peferense tacthe ensraiddWaX of
The Bl Paer et an o TR T Lo bl e
sdi gwventiye compopitign meang thg MWDtip 2 GelRgameatipigClypmathgraphy (GPC) -
po R
o ARl PRl Molbi Py Rl BorpiEe T ?“ﬁﬁé :
mashopidags of Gil§ exgpt prorg wéstmnpléx discgmiblegip theiGPGaurjees,
pr onot e Qo BRRLAL h&ﬁe@ﬁk@eu‘F}n@An%é?théﬂﬁ% ma;péPC curve
aggl onerate formation. pol ynmeri zation 1 n each
r e8NS Y ecqmmenent aqiyryerwmge PREFOMAORCHIEPOlyARET PARSIEN BXFtag)
102 GRIhD, DMANR: & i diafifilto %%W%%mel &@okeﬁpb&ﬁher
flui di zed bed reactor, the bed i s usua de” up of
the sarkedgrmngelimodals prusehiarein means tftyéthpwélﬂla &etiGPG curvie
I €8t mold W twd UbinPheh i pBlymeM uhBreRfont Bsin oner polymer may
“polynerization, the bed conprises f orned) ol yner

pafen eKigias a uBinisheyldshpryaibrelalvg to ithe MWD of é.ltealltfys gomponent
papdilpdes fluidized by pol ymerization, and nodifying
gaseous conponents, introduced at a flow rate or

15yel oci thPedqims Hisiinehas pesddmisieenenie tisad Wlkefdhe kM Wopapnene

anghd@fd HRW Sorhpodéd medii@hckd i h&livbbdidiaBRSnippindBlfe Wb Of
the initial feed, make-up feed, and cycle (recycle)

gasorrepRoading molelsrivrighpdistribugions injttre repuliing SEC chiyei Thasss

angdch nofBulhi i dht 88EbhRIn iOATKicieh Nd?ﬂo@aalnd fﬂeit' Ia(d:regﬁ Gholecular
system i ncl ydes a reaction vessel, a

di ¥eiehts e syfcightlypdfferen fhat the MYVI3 o Yot Compmqug silbgtantially

20 COBIMIEE & Bhiseliydal it HIAW scdecaL REIl asMGs MW gdeict  di schar ge
system In the vessel, above the bed, there is a

vel oci t@s HS%CHQF&H? (l)lﬁ: t%h éheog)ﬁﬂmoqhﬂcqtlﬁlé 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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bed, a reaction zone. Both are above the gas
distribution plate. A typical fluidized bed reactor is

wo mobigin2escri bed in U S. Patent 4,482, 687, tPeT/E81008/687378

contents of which are herein incorporated by
reference The gaseous feed streans of ethylene, other
éﬁggg al pha-ol ef ns, and hydrogen, when used, are
ably fed to the reactor recycle line, as well as
Iqu|d or gaseous al pha-ol efins and the cocatal yst
solution. Optionally, the liquid cocatalyst can ' 47
of 1048%gteron\‘biradt erdpelymesdieng,” apusedikerdin,umedn 2 bigndyefdwo or
Th I t t u
or P SPaps; SRl o Aol mBlOE S G blekd may or
oi #ot b¢ phapasepasgied. Baeh pblendomayeon exaamtyoréenpmeqrewm ¢pmafre

I €&t %Ire?nom’ al We&&%@?r%i(éﬁs sﬂ%ﬁ ePEt%%Ero&QESpﬂgﬂttséaﬂ&mg

can vari ed ch anging t rati os
S nohEAYsealering %@dﬁ@é@eﬁwﬁs@@wnﬁh%ﬂdu zed bed. The

productryl %Hl}eﬂif&i%Héﬂ&ﬁxo‘Bb@&Qxa’r &8 fkd B! é’srlidédﬁ{ere@rf rofer to

particulate formfromthe reactor, as the bed | evel
bud padgnag polyinetized B1 aspastar yethe RIPSENCEIDE cthylentuendiipwhich pefresh

c O&HOQJ)A'I&QS 1*3&{ m%jﬂhy &Eét&g Ffe@l?c%%é’rsz;s kﬁl@@l‘#mrtﬁé 4rt, ﬁ:@éﬂ @fa

the eth y ene partla pressures I n bot reactors
prfeedesoprse) of gomenenaer dasated pussideoa redsta Qulaedted <e§ld910nmrcs@met

wf rﬁﬁ@t&rb@pefdté'dslﬁ eri%@&tpgfallelaamg whicBRSh&TomeNE 34 ih8 atdi€tor from
second reactor using the differential pressure

gehBratide fasg squrre. Ve Evyaef compinmesdi a9 asg/rresent in the
SYRAGIi S Wwhich Ak hbRopolyater Q%él%ln%&' T;@léah émoE@rh@r@& etflyl&R

1,952 (the entire contents’ of are herein
i n’@@lﬁfp‘é‘i“a‘ls elgsphan 0004t orices) deFCS'mﬁ@E’r by reiginanp Ypvel ebgamononreie

Pr &SRHBR by Sn-BROL cﬁrbﬁatgg}sg%y mhbewortahes&) rst and
second reactors. Depen he specific method used

15t o trarf§f Bmy f?emﬁﬁlstrtg(jf“@cblgmgo| Harine” anftheipdeiyatiyggpere not

C ah@hdedtio EXcRIAL 1A BrebdnbSif ah P aAfARhal O pdEntSEGU Proc&RFL OF
the second reactor pressure may be either higher than

or WasHheE (et the saRs is sReaifically Hiselowsdl. Inppader fo-aypid apy dquip all

S €& pdsiti R ClaRficdEBSEh Wk Eofitfe thiRbmpriditieS mal BRJUE Shy
differential can be used to faC|I|tate transfer of t he

potddifiapal additiyey adjuvant,qr sPPqunG rhethes ep Bmerc gr@thepite BHiess
20 | T stdebtro BRGBMEhry. In contrast, the term, “consisting essentially of” excludes from

the scope of any suceeeding recitation any other component, step or procedure,
excepting those that are not essential to operability. The term “consisting of”

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

2s  TEST METHODS g
Density
Resin density was measured by the Archimedes displacement method, ASTM
D 762-00, 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 molded

according to ASTM D-4703-00, Annex A, with a 5 min initial heating period at about
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reactor pressure is higher, the differential pressure
across the cycle gas conpressor may be used as the
WwWOoRaneesddtnr ce to nove pol yner. The pressure, tPEr/USH08/087378
the total pressure in either reactor, can be in the
range of about 100 to about 600 psig (pounds per
sq gﬁg inch gauge), and is preferably in the range of
%70 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
abo’C axa 1$s'Chnin godding satqopee PeraloteyC. i Thetspeginrearvge caplled to
ab d erably is in
a1 ie bl Rl tort YRS B B PR LENEREHEL 0 ¥ 034,
138, 552, 172 and 414 MPa, respectively). The ethylene
pa t ond reactor is set
ac%%?gbﬁgk?%3¥'gngﬁgdﬁgnﬁgpcopolyner to be produced in
st hi s r @ddt itnw rategncasihi¢reants werkepezfppmed pedording tg pISITM D1123§-¢4,
nokhiddiAbo-CPEI S EOiIRToF RS CBRGd-AIo0RY G, Gnich
first reactor bea ) tg an #ﬁ%rgggg(% 2 Q%y?iﬁ% ¢
p alﬁlle |ka¢Wfpﬁr5 &s bund L, pespdstiveleehnidna-aset potymeTheMbla flaw eate iof
t hﬁ,v&@élﬁ{mwr@&é%%euﬁol&mawagg oP¥ie g&p.naohﬁég Be ARG ine

han ethyl'ene and an inert such as nitrogen.
i né\eteclﬁgfdﬂ‘eeﬂ@am?dwr tlmsn@fﬂorﬁ%%hqmtlzf;uelhﬂoashllaﬁ not linear.

ol n%ﬁ%ﬁ@aﬁh@?ﬁ%k?g RIS of nfeRFo®1ATRY, Fto rheRIRETLRTS), QJI%ss

“hexane, al so contribute to the overa pressure int
re@@ﬁ@ﬁesﬁééﬁﬁdlng to their vapor pressure, under the
tenperature and pressure experienced in the reactor.
The hydrogen: ethyl ene nole ratio can be adjusted to
coﬁ?Féf average nol ecul ar wei ghts. The al pha-ol efins

( otbsdraltValvismt hyl ene) can be present in a total anount
of up to 15 percent b ght of the copolg and,

15§ f usedTheéﬂ"émb’FQFé‘i’ 55%‘}73‘1‘95‘6?‘1}&&1Tmﬂ: AnalyiahEmRsEG n o
t OR&Ing BRI FrattichaticHY, anesenb%d tfor &bapit, it Wxﬂ%t ae méu@z

Lght, or nore preferably f rom about 4
o PR Sidhe G B RO P AORE . Hfpat 4198 81

c omﬂzm&ral ); bhia U.S Hagkas;689132 NECHA ot BB, tht dibdiss@re®bf all of
eRgke hl ncludng Asssgus,end Ll pegclan s
20t hBol[’yﬁl’!gﬁ AprRoRb Syiﬁp Jast 25-37 (1990), which is fully incorporated herein

by reference.

In the technique of Analytical Temperature Rising Elution Fractionation (as
described in U.S. Patent 4,798,081), the polymer composition to be 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 slowly reducing the temperature 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

30  polymer sample from the column by slowly increasing the temperature of the column.
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about 12 hours, and is preferably in the range from
about 1.5 to about 5 hours. The reactors can be run in
wo b@9ogivdensi ng node, if desired. The condensiPQI/Bes/087378
is described in U S. Patent 4,543,399, U S. Patent
4,588,790 and U. S. Patent 5,352,749, the entire
co&%g&% of each is herein incorporated by reference.
he pol yet hyl ene bl ends of subject invention are
preferably produced in the gas phase by various | ow
pressure processes, the blend can al so be produced in
“ the |i dbe ATBREEServe is also frequenstyscaldad thd short cleén tygnching
CORYARR AR RIS CGA NG es RIRUR Bhod M REASTHEE Fexch
pressure §ses are typically run at pressures
b edietvibln@tlbmp@out thh sumekes inftlhag s qb\nea sunperaprobesses ar e
ty r
1 S O Ber L A 1 B okt Do BB
5 r efanttion oStpmpantret Wkicth¢ag fre negt eccgthate Weisyt chelorbmmam or
{ MO B Rl QB GOIRARENbBAND BRI e fhcbly
rst reactor or second reac e reactor
systrpsmplnailardwightal each chitiprotempératine ésge Ud. Patwu 4448.0phase
f | Hedéegquecp&gveg ﬁﬂ%% %ath Pbt’?l%d fiom bc;tme ﬁi hcrtgc?oq aﬁcﬁtﬂ%
eactors In seri reactors in series
s odifferewial vslmme@sdmctdr e ;ksowmass@ﬂw@sely an ATREH R abyeelay
, Coypfpation of two or nore reactors. For the reaction
¥ of I nterest, appropriate conononmer anounts, ethylene
parti allnfhe e%smdéﬁé’C 98, 1 mampssioasigpeen ke Palctﬂmedafcqnu@t ed
to j c ts
log U&'ﬁlste or?ﬁgfgérglgﬁ, ‘%F%gsifngér9%res§yxptlgclﬁgfuy %E&%@

can In the art
10%6@!@9}\%@@31@%@11 BINBAE| (Yheroétearyr Radmend W ashington).

COﬁ@I rEér&@%n ngpe‘?ﬁg algmgﬂemﬁe &gffltsi%ptl oF t}reQﬁsc&litg Q\ﬁerage

operating t erature can range from about 700Cto
15ab@9@“¢&3@&¢t Vet hyl ene- based interpolyners, the

nole r @E e 9@ta@éd9ﬂ§m9ﬁ&nfdf ﬂletA‘ﬁal%J}Y'k‘é?lgtﬁra'td?e mnﬁ Eifigkt Of
can be in the range of from about O. 5 about

0. Hrpetipnatigp ¢ Riferpptiat Viseameyy (ATREFEDY hanglysis fs dpscahqdambm
0.01:1 to about 0.05:1 and nost preferably from about
O @gfgrmn;attbﬁ’ oﬁbé?é&ﬁzé?ﬁéf Vtsl’oszt}_ h@ergy ﬁol@@?dr@‘/e@ght M) QdRs

20 ATREF DV
Fractionation by Analytical Temperature Rising Elution Fractionation —
Differential Viscometry, ATREF-DV, was performed on the polyrﬁer samples, using
the methods and apparatus described by Wild' and Hazlitt>>. The column was
constructed from 1/8” x 18” thin-wall stainless-steel tubing, and packed with 0.023” x
25 0.023” stainless-steel shot from Pellets Inc. (Tonawanda, New York). The column
had 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 thermal

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

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

3 L. Hazlitt, Journal oprplted Polymer Science: Applied Polymer Symposia, 45, 25-37 (1990).
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used) to ethylene in this reactor can be in the range
of fromabout 0.01 :1 to about 0.3: 1, preferably of
wo e@aosdsert 0. 02 to about 0.02: 1. In an enbodP@ENB2008/087378
suitable for blown filns, the high nol ecul ar wei ght
reactor o operating tenperature is generally in the
rapge £r0n1about 700C to about 113C. The operating
%% ?ature is preferably varied with the desired
density to avoid product stickiness in the reactor.
" The nole ratio of al pha-olefin to ethylene can be in
t h@nrralnga)eﬁtp\@m fop thg sanmploosingchabbritand a yalde sephiaaf whiglp| y
Nednfbheli SR {41 AR D sk (]fPJvP AHRQUS wQ%ven% werkne
Te rati o of hydrogen to etﬂ eéne can be I n e range
f roanainedat 160%1 :1 s to about 0.3:1, and is preferably
in the A[s%’sggss&{ a‘BB%aQQ H&lyrgch;nﬂ'le S dqggf%che a?sﬁmﬂlaie sbfw}elﬁn

embodi ment suitabl e f [ ow nhol glng,

s mowébeﬁ . 4%&hbfmbef?2@%?dﬁwampm}8&mpmg}3mém raattqznd@ntb tp form a
ge R rRdr sHudidh. ﬁh@mmn&ﬁyrﬁ& chéquiﬂ% JaQ%Q“Ie& ﬁb&gsndlzbé Ve

The operating tenperature Is preferably varied wth
t hia S8ad i(ateepnyempsresyre) of thaylod-trirpshlothbenzenst (TER). ped®isi n t he

r e%‘:éﬁ[ratlo-ﬁh’@as ggjbﬁed‘ t@'éécemﬁ’lt)da% tﬂg' Qm%Jn@Js 'of‘thE Qluﬁrt%ﬁélll%nﬁ that

- can be in the range from about
0. 11@’0‘11‘1 npfrexgest &BI"}i‘Xl"FP"t 1sepopsgiefahe qoemnaﬁmtan@wscpsngy to

10 8@kt Gh A eldata ORI RirdvAld. Bugf adﬁlﬁégﬁ&g%% Bl |B¥ bhe

can be in the range from about 01:1 to about
antilied ipthesgr ably in the range fron1about 0.02: 1to

about @GP gel%rﬁer@olluﬁéﬁﬂ Wal d8sddheiron W& seHihiesRaa4 L ALmPRES @Jlﬁr@ﬁ‘

Condi tions an _enbodi nent suitable for pipes,
f i ferBerate ob L I nbNer depositedn thaxoiumn, wg t@tnmerffev%ﬁfulpeecoi%nn

geReY Bbrkded &t atnlih‘?nt&%gﬁe b o @haito a7%fcc;hﬁn@t@ﬁ?$rat&é%p
For ethFIene- ased interpolyners, the nole ratio of

15 a1 FIRE20T ©f Nextithe Qytiop eompsrapugwasdnareasedhiga Fasgrfd O F/ain. oo

t 02020411 220¢ OPRs sol]vent RIuBbeAId Ue¥an & thistBnd, AUARe {olveM (72140
to about 0.055: 1. o The nole ratio of hydrogen to

et Fghlerkengens CB@a‘PWgﬁ?'fbpﬂ"%B SFGRISEAAY v 129 %! About
2: fhl/m@NAhk Slubl Rlaabded, 1il hiRR Hardi@aints, MHADAMIR -9 iffraked
to about 1.8:1 50 of 104653 19A
detector, second, PD2040 low angle laser light scattering (LALLS) detector’, and
20  finally a Model H502C d1fferent1al viscometer®. Each detector was maintained at a
| temperature of 140°C. A reservoir for solvent waste was provided after the sequence
of detectors. Temperature control, valve sequencing and data collection were
achieved using LabView’ software® on a personal computer.
The data collected for edch copolymer, during each elution of the ATREF-DV
_ 25 apparatus, consisted of the column elution temperature [RTD, T;(°C)], the mass or
concentration response [infrared detector, IR;(mv)], the differential viscosity response

[differential viscometer, DP;(mv)], the Inlet Pressure [differential viscometer,

IP;(mv)], and the light scattering response [LLALLS detector, LSi(mv)]. These are

* 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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By "zero" above we nean no conmononer is fed in the | ow
nmol ecul ar wei ght reactor. In comercial reaction

W@ y®bes®22 t race quantities of cononomer nmay bePCHDS10081087378

5

10

over into the | ow nol ecul ar wei ght reactor, generally
as di ssol ved conononer in the high nol ecul ar wei ght
poé%ﬂ?é' Maxi m zation of Catalysts Productivity while
ing Total Mononer Ratio,(TMR) |In one enbodi ment
of the invention, an autonmated control schene that
maxi m zes the catal yst productivity in nmultiple
r eedlegedsat Eiapsebendintentalpy Thediewgston affjets ot lag §mes afecogreqtert i the
su r 'y
a1 P et TRE b ALt SR o T PR B s of ooy
thbnqwq\mlghmwera@umoha\hrn\g@mndelmmsrmmn@etv f%emsr:hlee
re
partrayed PAd L ERTe GRIAKE Rche AR SOl gproscnc
r egjudrbirery dqthipsinior ocess yi el ds i nproved resi'n
o1 POl HENioh 1 sASRORRMbAR bRESGhe m}mac SEORAE (iR Indhre
used for tiple reactors or a single reac
o) peﬁ@slitmeramolmum wsight Nl,, Lfgrethwhqlmpq}m uT@svatuna@f Kande
a X%%%%kuyﬂﬂhob é;gk%@d by MAWP, and have a react ant
when maxi m Ze yi el ds better properties, or
operates nor e eff|C|en y oduction Rate Maxi m zer
(PRM is currently sedk hk NIPCLétn) reactors. There
is no constraint built i for VEAUPY Gy rate or total
pressu rra;uktiomztda;chemlowmhetd’tﬁeraﬁlhﬁmeosn@m dii@ the anetlﬁaisa.re
Contral .is woven as no limtation o

veH’t‘et’fq"dwsF‘ai"é“HPa“? B‘ﬂOafOr ol @B’ga%y Safiping ‘asﬂgd‘i‘f‘sc"“eleﬁ%a“"“ “

‘uni queness of the above process relates to the

maxi m zation of catalyst productivity in a reactor
(either stand alone ofAs in dny nulti-reactor train),
by adj usting 9ﬂta]9@¥ fl-owirat e, such that the reactor
operates at or hear the MAWFiof the (ggssien2) Wit hout
venting nononer fromthe reactor. The advantage of

“nat S BERAERERN Y R AOIIEY DR T BORE P ARG

20

venLi.ng of nmononer (better econom cs).

1/a

4"7:‘
MV,'= __1_1131—277!
’ K C;

i

(Equation 3)

Equations 4 and 5 describe how to use the signals from the viscometer, DP;

and IP; to estimate the differential viscosity, 1, and the inlet pfessure, Inlet_P;.

7; =kop - DF, (Equation 4)

Inlet _F, =k, -IP, (Equation 5)

§ Written under contract with Quantum Automation of Housten, TX.
°A. Degroot et al, Waters International GPC Conference (1998).
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For exanple, for two reactors are linked in series, a
Ziegler-Natta type catalyst is fed only to the first

WO e@ogio2pr oduci ng a hi gh nol ecul ar wei ght r esPeT/UI1008087378
resin containing residual active catalyst is-
transferred fromthe first- reactor to the second
re%%h%& via an inter-reactor transfer system The
se reactor typically operates at or near the MAWP
of the reactor vessel, and produces. a | ow nol ecul ar
conponent that 5 1 of 104653 19A is intimately m xed
Wi t h t Fauatiog 6 dasstibes by to eetsiulgletthecaongsomasion, ci, (ferad abiry n

the . fickStm [ Rhse. RN€ Nost preferable resin
nol?oﬁﬁo Oogtyglﬁ{?%pp?os ucéd when the ethyl ene parti al

pressure in the secernd feact or ?ﬁuﬂﬁﬁkfized- This is
acconpl i shed by reducing the catalyst tfeed to the
first reactor, thus reducing the residual catalyst
tr ansf @fqﬁﬁ%mb%&%ﬁh@&%ﬁﬁﬂat&%% Qbeded BIHLHIAR the oPeral
i ncreased ethylene partial pressure. The catal yst feed
i smpenis & andlMvi | the ethyl ene partial pressure in the
second reactor is such that the total pressure of the
reactor is at or-neax~the MAW of the reactor vesse
t her eby maxi m zi Y tHe’et'hyl ene pﬁéﬁ&ﬁ%rﬁressure in
the reactor, w thout venting nono he flare, and
r educi fguaivR 8(sRatsi howaé calaylagd thereightererigsanblacolapwightier an
prggMg$Q$m'ln summary, this relates to an autonated
contro schene that maxi m zes the catal yst
productivity in | t kpl BS;react ors by adj usting
~catalyst feed rat¥, sugh that the re ﬁ%%ﬁ limted by
its MAWP operates at or near the Q%W%, W't hout havi ng
to vent nononer fromthe reactor. Additiona
const r &qnit®noN artdni® aet U3z te REinEEr the wlluep vBS vHriPud detectoe
A S S e G
di moinsis eticabpae, thd Wegls aveeaye moteoblar vadigho arb &navee and adjusting

nuhéh L&hfeagt%n"%pgratlons and |nbéis&ngle react or

CO € proper.moments .are o nc Loy
operati on. C?al tives %8 | nventt I've conpositions my

contain one or m)re[rE li j/-Ofal conponents or

[

1

(=)

1

w

additives. Suitaple diti"onal conponents include, for

exanpl e, other potyhers,,
(Equation 9)
Zc,. ‘M,
M, =~
Ctoml (Equation 10)

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

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

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

elution temperatures, Tj, are used to calculate the coefficient of viscosity average
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fillers or additives, with the proviso that these
addi tional conponents do not adversely interfere with
wao b@tig®er ed advant ageous properties of the  PCT/US2008/087378
conpositions of the invention. Rather, the additional
conponents are selected such as to support the
adéqa, %ggeous properties of an inventive conposition
32t o support, or enhance, the conposition's
particular suitability for a desired application.
"Qther polynmers,"” conprised in the conposition of the
i nnelacularveight &Ny, waigysmenlslingai regredionndhis epeficiehyis e skope
H
e YR 0 LA PR 00 L

wi THCrahd9¢°gvethe ATREE dRHdrtd. tTho malugsrof fhe rlqgedthadxﬂ theivopesity
co yorel j [ :
o ACRRE LBl 3elAl RPN GaclIrht b (e B on

s hydmperpiare i dee ttelcd ppbseraluest A dissppsge ppoye.ghe ragrizagion slope
radi ¢ -
AR el AR SRy e SRt e
aninEXGRIant s, process stabilizers, net aI v

,de-activators, additives to inprove oxidative or .
chl orine resistance, pignments or colorants, nucleating
agBlexrural qndiSeqangModulus Brgpertiess, f | uor oel ast oners, agents

10t 0 m)d|'lfh¥ résﬂgﬁﬁﬁesp\;f%&ﬁgrﬁét&ﬁe@lﬁy &&@urﬁ%lt%‘ﬁé'xuépﬁlodulus at
_conbinations thereof. One or rnore inpact nodifiers,

sueh sEain adripraat Moyl ad % grabn g test apsed efc): inphémin (13

poJ‘n)ﬁWﬁin?per mﬁ’l\/ﬂb g60- &ﬁM@t‘ﬂg@ﬁ T szﬂa:ulnmé%}é c\()ﬁ)pressmn molded
conposition. Fabricated Articles The conpositions of

t heecpfieg End STMRMOBOR Adask havithaadnip itiph heatiBgRegpd atgbout

shapedafid 1'5@¢/ﬁmn c%hn%r}%te @&r F'I‘&%@ur@ e WQ@@@@:&e@&a@co@l@@%e d
article. Such articles may be single-layer or

15 uXE I g Biessayith coptingied goeliggpngl wophipthe ek obt ai ned by
sui t abl e known conversi on techni ques, applying heat,
pressure, or. a conbination thereof, to obtain the
deLensuaiPrapertie e, Suitabl e conversion techni ques

Ib Incl uderens‘uetstr@mrﬁphad dNdn@ivronat fiélmgl,ltuﬁzﬁe 1@9@1& btEdn@if, and
oW N

o EHEAEEn 3 PR b SRR R BTea A RN ek DL BHfbf EEsrestior

20 MOl ifghes &0 MuES S IDHAeaBlrOWenkOldIt Pegiforrh@lt 20 DL dh Rigd 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 molded according to ASTM D 4703-00, Annex

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

19 Sold by Microsoft Corp.
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extrusion, pultrusion, calendering and thernoform ng.
Shaped articles provided by the invention include, for
WwWe@ @822 pi pes, druns, bottles, drip tapes anpCT/ubiong 087378
geonenbr anes, filnms, sheets, fibers, profiles and
nDIded articles. Filnms include, but are not limted
gé Lwn films, cast filnms and bi-oriented filnms. The
WF i'tions accordlng to the present invention are
partlcularly suitable for fabrication of holl ow
containers with an excell ent bal ance of nechanica
pr Broeqdbieds . Thegpacimean imas eoldditgyhi*Cuvethg hitessc with edntisyed cedling
ﬁngﬁ%%mW&khe still neeting the container
per ormance requirements. A higher percentage of post
consungn the @S¢ R|test, ¢hprsussepshiliteofiaresyr o areghanigali failure by cracking
CORtALA S ROASEA HiinlbRRdNGnd ML UREPARAS] L1 ons
wi thout 1oss of contalner perfornance requirenents.

s Theccdlomtiypsigent oveb aaceps.dictipgagentshandpredikent i nventi on
are al Fr Ré"f‘l(’l'ﬁ%@rdlm‘?lllﬂdt?}ﬂlza%urgrgémﬁ\%rgp ed out on oched
appl i cations, especial out the nee
cr gpseimensy ki anl§% i Wb@eﬂgﬁppln %ﬁ@bhqflmmc&wonm@mmnwt 50°C
co t I

| *E‘stgb&ﬁaaﬂ WAV %algél% ?ﬁlgas[ll%ﬁlle %F&Escﬂé?&sof RGE AP Sas

as nu ayer
[ nr,epmdﬁgF:'rﬁMemlay@@d Wnfadwre time fi wélse PrCTl;ﬂblllé’aEriFP}ﬂ t he
oPipes of the invention are formed frominventive
conposi tions, 53 of 104 53653 19A which also contain a
suPelsmereFinesmbi nat i on of additives, such as, an

addi ti vige BﬁSMGﬁpe‘i’ﬁ% g4R&Gn § QKIenos‘aﬂSle %E)hété‘rﬁ‘ﬁde@ Using the
and/ or one or nore fillers. In one enbodi nent, %

i n{PdAYing etgdd8 grams AEPabaer psregdded ¢ ﬁstMéyfeve set consisting
( 9bBRHoAbWihg BBRASIC A1ds OMS 18, 351%0, B8, 100 0SfreRRIihEB LG 6,

whi ch beneflt fromthe narrow artlcle si ze

15 di 400U O9BHmi 230 Hak b%?mrauaﬁ@ﬂ%lprp FgsBestiyedn end paRd AdRotars

b et‘&a@éx 2106 REkSH v udd 4 £BarhiB tRiphréclBd. eIt $nateMRIE YhRY Bhiss
es accordln to the present invention consist_of

on qugly e 1%%@8 fSEIEFR aédmb@‘{’?ma&c%’é?‘ 473 fines- tThe
Pr esatricinitd® Rluk&ino adchiBdint ARt paGId dixaapsypi cal |y

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 température Tc, 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 ml/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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used or suitable for pipe applications. As discussed
above, such additives, typically include col orants and
worai0enss®ks suitable to protect the bul k pol ynmepCT/Ds2ons/087378
specific adverse environnental effects, for exanple,
oxidation during extrusion, or degradation under
é%‘? conditions. Suitable additives include process
I'zers, antioxidants, pignents, netal
de activators, additives to inprove chlorine
resi stance and WV protectors. The resins and
c oﬁpmscﬂiurh@ﬂsiiqu@ivz d papeihypla fhvach weighadtto tha wean¢st 600 lamg
and
bl Sl S o 130 pE g IR b6, 070 ot abi 6
at hi gﬁlémtltemmlamr efghe shmple asnmpéstigataibothahel®Tpwiagd i n
a r
P {ehllpgrgtlu@ r(&fn Cgtslgrﬁﬂg§/fi{] %ﬁ&gﬂpa(?%ﬁQO 4&9@ aﬁfhewg&ber%gl%

pI pe app or exanple
5 p| p)esnutefsmoréc(ammeve dngipregiohnikérmgl Risiery oThssamplearay then

p“Eo%fé%‘?f 4@‘@'&%‘{% ano 9{; E3hd &}Qs HRAdRE S10° S Eré%g{?ﬁ&eﬁay

be nonol ayer or ayer pipes. Preferred
athﬁr&amnlg viag thei beated\neh&o @pt 1QEmint hatingaate.oFreenoeling and

re in the norns for hot water
pi %ggm.;ggp@g%%gg&};ﬁ&eﬁso 10508 (2006). The

mul ti nodal pol yet hyl ene resin according to.the present

o | NEEMBekRELSR TRl Gruddr5 (GAEPI Ni Ng an excel I ent hi-gh

tenper ature performance, as reflected, for exanple, in
excel | divlymeomgleedtrictaptivesshaeqiaized bydngt Amprathic gl detector gel

t eﬁ@ﬁ&ﬁl‘bh’ Eﬁémétﬁﬁhéhy%@h@cf OﬁQchﬁMntaJBgngﬁ{?ﬁsyfs&ﬁ%bmxs'tédtoYa Waters

flexibility facilita pi pe ins ["at i on he

pi B‘é%fO@aMA@ dSPEdRicempedtyra e mEPeYY. qquipRFhith PrFeiHon Detectors

al f&mﬁeﬂt WAPX%I&B&P%&B&:&Q QAR S o@N 04D U AUSHlary
di ng. For plastic g@glcatlon

15 ¢ HiEERTPEA! wingomgfer (i?ﬁ%%fﬁ)Mg‘fe} (5P Vororehdiousten. 380 Thsr kShangle
I Nofl (R0 &Qttdr 0 Qb ct@hs Lis2@rok LAdu14ibA PBpodes. BRAcnFRRL ANt

requi renment. The long term behavior or lifetinme of
pl mEspied yia g infraged dstecior dRfdraanP Phyeethasny dengiapSraiipt ur e

dat a anshuLddiv@ion wiliperdmeAtuding VaboeidTHIECLBAR RS vd:Sitn b ki
al | owabl e hooghst ress (circunferential stress whi ch

a pfpkanedyisge Qﬁtgr%anaw DNK09. The Carrier solvent was 1,2,4-

20  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 breparation
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 ul, and the flow rate was 1.0

30 ml/minute.
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failure. In another enbodi nent, an inventive
conposition may be rheol ogy nodified using
wa@z2iodeszoeupl i ng, oxygen tailoring, and/ or othePCT/OR2088/087378
of post reactor nodification. The rheol ogy nodified
conpositions may be used in the fabrication of
trgﬁg%ssi on or distribution pipes for.water, gases
er liquids or slurries, for exanple, PE 2708,
PE4710 and PE-100 (pi pe performance, as per ASTM
D- 3350-05; and especially pipes that equal, or exceed,
a PE 8(hpegrefegedregiwran seision?f) miFtem mﬁieblmgwdrmd*eﬁl pefosity gel to
co V.
EH% %‘téé}l s%gﬁaté? Qg?sgglgféc&& “!e ﬁ&ﬁ s E@rogr)?(at'ierth r%:lgakr{\%e
c onpos |Qaillbrﬁ80ndé§t§=rGP&®lmlrseli was lwyrf%rmyd wﬁh%mr@mmolecular weight
me .
%@tﬂ%mo“ &y%ﬁ'gﬁogs&%g}agdszaﬂ%ﬁéggulg H\?l%\P%gg@%tggda}(glgéggﬁom 580
s Patoe&'ﬂOOQOQl&/mOBGIld warelartgng:d iPh { eagktaib; @90“6‘4981{*1 ileggtla@seade of
va j : i ng the pipes which
ca%e&)gr%l??gg‘%?nnﬁglq Hr?geg@?%?%e i nvention. As such,
the di dlde @slmstﬁsnecsfan@ﬂrcl pagk molgeuliyrvecighth wage ¢pavested & potysthylene
]]: utlt)l)écdlzﬂ {art : (;Fﬁl'e lﬁﬁlro% e&yatlfn? FB@%@%% 1anhﬁ£m§'la$l§fV\5’grd J.

abricate es can be nade fromthe conpositions
or Pelyye. Scheltsllyng y-ehddé1i(¢8Donposi ti ons di scl osed

L, herein. For efglggqpétﬁylengulﬁgk m?&ﬂggé}k BON§ p5an be used to

“form usef ul ricated articles or parts fromthe
‘cofpesiM isdrrsmelianiar wsight. hansed qited vaded Qi di‘A P, vaad Bduegual to 1.0. An

' nﬂ%ﬁah%‘vaﬂ}eloghn&rﬂ RETRI s (g &3 'as a tJ@étordevﬁa%%k&ﬁ%ethlly

ern Pl astics Encycl opedi a/ Cct ober
| sdaiamingg fq hed)- 35TheNpgstigatymatejof * prasggtq;rrmg@;@smg the predetermmed

R QE&&‘%U&E eQhb1dcBlal DéifiG of QB}OQMIQWMJRM@{%‘ hol%%B&i?rhér Mw ~
ofeamlccdlat gt st

Par kér an I njecti'on

15 ThekrR98 Iehmdl, |M‘§R’“by3 VE éﬁé@iﬂlgwavaa&fenolequr@é Welugbtcvaégbfﬁlegd ina

of m‘éﬁHePéanEtgm'w&%aPQJbﬂElﬁé b?gfnﬁb i, Bef. qr@i%ﬁmebhy@n% 1099
bl ow nol di processes & at described in Mdern

Pl Qgﬂ?i)};gldgﬁgty@wé lg@@;oal;vglgP aﬁilC&:It,l &N Seattpnigpfron Bojgmer Solutions,

VOEHEWerﬁéxfoMquf%i); Tmespglqsz 12168, K, s [Of tHe U QiR reBbPWAS determmed
Mol di ng" Christopher Irwin, the disclosure of whi

| s“%"?ﬂc‘g‘? ffarfgﬁ'éﬁvwr e the Wyightaresigs RRadsculapy el PENIST 143 G ooo
20 EXbAddD! B rhdthdR for db@inirdd tREStbmative “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 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 polystyrene
25 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:

30 PlateCount = 5.54 * (RV at Peak Maximum / (Peak width at % height)) 2 (2A),
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cal endering, pultrusion, and the |like. The inventive

conpositions nmay al so be used to formfi bers,
worewofsdvoanent s and nonot apes. Filmand fil m stpPCUs20e8087378

particularly benefit fromthis invention, and can be

made usi ng conventional blown filmfabrication

teggﬂ' ues or other, preferably biaxial, orientation

processes, such as tenter franes or doubl e bubble

processes. 55 of 104653 19A The filnms may be nonol ayer

or mul'tilayer filnms. The fil mmade using this

i nwBere RYris bareteationydemeip aillifitesbetndube peak Widthgs emilliliters.

| ayer(s), or the filmcan be | am nated onto anot her

| ayer (s) in a secondary operatlon If the filmis a

coextmeis) oikeafrerkusiddrat prsrienth bgjeht SRY 4l Begk tasionimh &R byt Peak

G5 Rk A Frdft BFajmath al 48 ol i AGY Still be lanipgt ed

to additional Tayers of packaging materials, déepénding

son the other physical requirenments of the flnal film

MoRALB K& is AP thrnAE{ SIASH nmnhm &farah@ﬂea@wm ,L [N i BRers.

ot her post. extrusion techniques, such as radi ation

i nducedheplsssopitiithrrhematagepie FVWEY(b%fPﬂjoraelmsm|aaﬂlscussed

or b&Rbaky) AbuRf B&“g?e%ér thErk32 660! R sﬁﬁ:ﬁétmﬂom&b&/&ﬁw&ﬂ Qb &hd 1.12.

techni qué for producing nultilayer filmstructures

usi ng t SM%SW“C Aonees ey tb‘fﬁet‘tﬂ@@éﬁlqﬂb)é glach deteqter offset was

10 Ce Y @hdn¥ed firP4 mann@womlitax%hmal PObRIHEY 6% BAIR, Moy N0 V&l (Mourey
conposi tions described herein conprise at easg one

| affiskBajie, Erramptagraphy Palyp: Cogrd?. (1992 @@%Ebluraésakum@w Cheung,
| NNRGe) M rGRAIBYRsph P&P:ﬁ (tﬂil;y 13al(@©z)b) elsMg 84a maﬁ‘.éarfmm the three

battery segfrator fi he conposi tions of
i ndaertqrophileragalizing ‘h%EFP?‘HH’CFYWIYFW@C‘T%\OW&PQIWT&15 1000 g/mol) and

g e BRI R R tyreB kG hlafts TRSS SR AR Aﬁbrda@fp'@ﬁsr@&ptb %ptlmlze cach

synthetic sheets used for the contai nnment of |iquids
15 gadBetos RHfpch o s meleculagueight itsk s sloge as Passibly tp &‘Oé“o‘?W@Ved using

Vathe Convel o al\\EHEhethSIOYRY oVl §jectcdR6hcBAtALEE Lsédabahe DY
cont ai ni ng hazardous materials. Geomenbranes are al so

us &deBINHens &L Ihe EolsayIpy st ﬂ‘%ﬁu‘f’f‘%“f WPy Geainsd em the sample
anthfraePar@endRd ihfrfed dbiBctdtblitrtioh 2dr mSEQNRETRY B the Bh&r
used to contain water for agricultural use,
polyethylene homopolymer of 115,000 g/tol. The chromatographic concentrations were
20  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:

_ > IR S (IR *M,;,)
n=

25 T (IR (4A), Mw= P (5A),
Z( lMPE,i) : ZIRi

’
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and/ or to keep pollutants out of a clean water supply.
A geonenbrane nay be prepared by sealing, via heat or
wordwensiveans, filns or sheets forned from pol ypCEUBI008/087378

conpositions, along one or nore overl apping seans, to

create a long, wi de sheet wth fused overlaps. A

ge gﬁgkrane may al so be forned from sheets of pol yner
at”"are wel ded together on the site of end use, such

as on a piece a farmland. Filnms and sheets may

contain nultiple [ayers of coextruded pol yner

CONPOSK NS, yol efins may ¥ oexiryded with pol ar

polLyne Iﬁsuchfgs pol yam_des, gﬁﬂ§ﬁ§2@itinyl‘alcoho

andﬁpetyesfers——DERDNhHIMM%U%nrﬁﬂﬁﬁﬁ+eal r@ape

reci ted (iereim,, )i ncludes all vX(messmiom the |ower

val ue and the upper value, in hcrements of one unit,

provided that there is a separation of at 56 of 104653

19A I east two units between any | ower val ue and any

hi gher WhdreigR; an%zSM@naremaiﬂbbzeelidefcoﬂrdcteHsesﬁdnaéﬁﬂcbh&bticﬂnal calibrated

conpos, ti ona h | .or, ot he opert such
o PoIE e Bleru RS B Rl el S RPR et o B pajse dat
5'[ Osel., Diquadtiond 4A,15A1 e4ded7A hricalaklhted fichh polgherk prépdretsis solutions of
gh @s 100, 101, 102, etc., and sub ranges, such as
#8144, 155 to 170, 197 to 200, etc., are
ex p r essthy ‘e]rfalcrmf’ déseibet Ipret/hhﬁy @mxb'tairied ay adjusting-0g” dra\nig equation
[
CoTh SRS, R O e St S8 B s R o B e uaipn 54 and the
1 dgrreipdﬁdmgtamn)lon ahene folyhomnial, GQ&S]I\«d&nrtbfdmﬂ@elhEntQ' d&&ﬁm,ned value
10 W o%tamed in a0f0r&dace Wl{hai)lgl E Fwoad ]u{eﬁr ol ?)ieglﬁﬁelce homopolimer

con arning sin ess
tOUB)Dmbﬂ&mUnlt IS typlcally considered to be 0. 1.
These afe an

I 6
oot YRR oG Bral il AREE B LYo ermol was
Y, abalmtddeiymemnnghls Hagphestorgat IR regpdnstd) &R Hogthe sltitionalolugne slices

en glg})easra %Igllﬁ)gzit%c? c?lectup b%ﬁ@o %?{JE ,d, eﬁee%rga? pn P Zgﬁp rrgg]s a1¥d exBressmg this
151 eparti@dym asa ﬁia@owsﬁmutlmf ell the basalmeei)arcceemldﬁ rtspordem‘mm 31} elution

nebéluﬁ?gl%és AV\ﬁingbrtme?l%d Qveapgseg to c%i%UBf%”l%”% &I? SerQéntLEE of polymer

fractlons 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 ), abs:KLg*(LS,-)/(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 Mz, [Mw

(abs), Mz (abs), Mz (BB) and Mz,; (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:

EXL&)

Mw(abs) =K , * —

> (IR))
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The term "polynmer"” is used herein to indicate, a
honmopol yner, a copol yner, or a terpolyner. The term

wO powbysse? as used herein includes interpol ynePGT/E8208/087378
as, for exanple, those nade by the copol ynerization of
ethylene with C3-Cl10 al pha ol efins or polypropyl ene

ﬁ{ﬁ Lhyl ene and/or C4-Cl10 al pha olefins. The term

[ polyner " as used herein, refers to polyners
prepared by the pol ynerization of at |east two
different types of nononers. The generic term
i nwbarp diuy rdS-NWieslibration genstant 4p explaied Seforenthe spppanse factor, Kis, of
r efye rasérfaeraabm% paemréa%r.ﬁ gt rc&rrhéarxe VAl fof R WeighY ReRgf
nononer s, ners prepared fromnore than two
di ﬁrpbrléﬁtwe!g}ﬁp@fg‘% 1458 g/mathe term "et hyl ene- based
polynmer," as used herein, refers to a pol yner that
conprises at |least a mpjority nole percent ethylene
(based on tot Iﬁr;p&n;mqf ' pol yneri zed nononer), and,

,option nor e "addi t jgyr conmononers. As
*known i (tﬁe Igg H? oner re present in the
pol ynmer in poI r| 4 rm The term "ethyl ene-based

interpolyner,” as used herein, refers to an

I nterpoly conprr ses at | east y nole
peu;ent egﬁifene‘”"'( b?‘%ﬁg on, t otal armgz(t S@#\? } rﬁrhzed
nmo B4~ —apg one o r 84 atfi i BRaT Tcomonone m)norre (e
term " et hyI enépa- ol ef i n i nt er pol yneeréskM&e her ei n,

refers to an ethyl ene-based interpol yner that

COWRért BSSs @t 15 Gdkfde LB siEhd1 Cnt the MR} BeRQUARAN Apinayhearsicteétor
of 104653 19A (based on total anpount of polynerizied

npﬂtﬁ‘?ﬁ’Fﬂ“s%fr?e%?“B‘?déF‘?Vr‘P“Sénd optionally, one or nore

addi t i gnaldefto MdARGTRNeSdevidtis bedt Hine WHi¢HE@] contdis ab$Rdon component
herein jn reference &o the overall MAD oféco%ra?ratlv

10 o SABESEY Sromaiographichanges) i 2 lips RipgPBPONSM % pump changes),
poh léwutmﬁ nhrR®y peaN BigEicYlly QSHIRO 5 ifldwontemRales ptake AMBlwirfte marker

Y P e R T N X e
| . Breparéthin fmJprfl?hls flow rate marker was used to linearly correct the flow rate for all
samples by alignment of the decane peaks. 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 flow rate marker. In order to minimize the effect caused by
ﬂovr/ rate change, the ﬂox;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 evaluate the average extrudate swell of a
polymer strand leaving the die of an extruder, in a range of time representative of a
manufacturing process, such as blow molding proceAss. A strand of polymer was
25 produced by a piston-driven capillary rheometer (Gottfert Rheograph 2003 equipped

with a 12 mm diameter barrel and a 1 mm diameter circular die of length 10 mm, with
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shoul ders or tails exist or are substantially
di scernible in the GPC curve. The term "binodal" as
wa s@d/okmeri n means that the MAD in a GPC cur vePERNB190$/687378
two conponent pol ynmers wherein one conponent pol ymer
may even exist as a hunp, shoulder or tail relative to

hg:ﬁgggof t he ot her conponent polyner. The term
?1'7ftodal * as used herein nmeans that the MDD in a

GPC curve exhibits nore than two conponent pol ymers
wher ei n one conponent pol yner my even exi st as a
huaB0° comvangt elegie) etrsh@aarates otither 30 st or 1098 s "MW abd tetriperature of

Ot RigecC HRPAMERM iAW R was p,fb?% ﬂé ShahdGhs cubst 3%§s§gce

inreference to t e MAD o conponent an
HV{ £ anfromiretdigqexdtnand thegineer jtartado “éh@b gteatmarida¢ached a total
OV?eE%tﬁBPH}Qn Qxfamél'yﬁ WRMERL ﬁ&%ﬁ\%&%ﬂ 04 R8RS e?EtaPﬁé%b Gt
di stfibutions in t e resu curve.

5 eaamemswamr Hjghi syypll melferialy ptb@ltcpcbihlckg esmtfdhieo\rhemlbrggth

Loy B g YO LR e,

s u Bizang ket reach |tly= iporemdniat lngth a3 nlatep 1o the extriany sietle Ths
V\El'nleasﬁl%mgﬂ vJ/ats l:M ﬁi/'e Qiﬁ‘res &Sacgociﬁﬂfopﬁ&%hﬁmeﬁt vgml:bﬁftynand the

"rheol og nDdl i cation” means change I n 't visCosity
of a¥§rage reywbwasaspoaed efhaicriedato ywell ie bgreimpepotipdasiiet tisnea halo

10 DVR b NadHiEd e R ARGk (o RSGIAOREMRY b 23 LhEwhR %ded ata

‘inertly substituted” refers to substitution wt
at 8hesr tafe of 90 §'s angrihatmeligo srsendg e he axsiugion phcatrhie r15e300 5.
wWth the desired reaction(s) or desired propertles of
the resulting coupled polyners. The term "nelt
prB@@S@ﬂﬁ&’Mﬁﬁoﬁsed to mean any process in which the

pol ymeriy s ﬁ&ﬁ&a&ﬂ@l@m@ EwdBh L:tbsscd WERrmSof 83t 1E WeigRBottles
pelletizing, fil |OMAE§ and casting, thernDForn1ng

15¢ oWB’GG‘de‘F%d ‘?"r?“é’é‘P‘S?ﬁ“é‘rB intermigenhblosaOIding extiugign myphine
t eedqhippeX vith! 6l €dnical BottleSRSId.f PHe ckinfsi A @RAHOMIre WBARAIRGinbPat

I nc u e such devices, as a device which extrudes
peﬁqa"f and the resin was extruded at a screw speed of 75 rpm. A conical bottle mold,

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
20  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
glem’ density, 33 g/10 min I;), commercially available from the Dow Chemical
25 Company), was used as the bottle weight standard. At the start of the swell
measurement, the extrusion conditions were adjusted such that ina 2.3 £ 0.1 s parison
formation time, a 75 + 0.5 g trimmed bottle, with a lower flash (tail) of acceptable
dimension (+ 0.25 in outside the mold) could be produced from the DMDA 6200
control. The extrusion conditions adjusted were the reciprocating screw shot size to
30 set the tail length, and the die gap to control the weight of the trimmed bottle. The die
gap and PFT were held constant, at the settings determined with the DMDA 6200
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58 of 104653 19A The terns "blend" or "polyner blend,"
as used herein, nean a blend of two or nore pol yners.
w®oah/ 08592t end may or may not be m sci bl e. Suchr&r/bbmngl087378
may or may not be phase separated. Such a blend nay or
may not contain one or nore domain configurations, as
deégg i ned fromtransm ssion el ectron m croscopy,
cattering, x-ray scattering, and other nethods
known in the art. The term "pol yet hyl ene honopol yner, "
and like terns, as used herein, refer to a pol yner
poFantrel iesimduiing the svedlaeasurdnrent d¢feheiese reing dhofesiatihbd testr),
aNGad Qo ) holdeShh EPTRNAREa e Jiths pithOutdife boute
reactor. Fresh conononer nown 1 n e art Per
t oreportedag the arsindwttigfweighhoyei med the bestie @dm@@rtas appeoxgmately the
R RAborl 5k furll ShifON® O foY € T 2act or's |
oper n serieS or parallel, and which conononer is
sfed |nto a reactor fromthis outside feed source. Very
| opplewsl s of conononer, if any, are present in the
reactor in which the honopol yner is pol ynerized.
Typi cal The sépmores compregsidnindded ipip p disk foirheglopgmedsprgment.
thafe 8aQ%Lre hrarkd Gf‘ﬁregﬁ%%e%rﬂﬁgs % 30 AMER hgHE!, 2f were
cononomer detectab on-11ne gas chronatography to
th gubpeayently cutanto 23 meqlamerﬁeh% r'hs comprggsion soking procedure

10, | RGd HPhIRYs: 350RRVITASE) tBFminhel Joo Pard o REPY AR R
i ntended to exclude the presence of any additiona

c oﬁf@@ﬁm thersthe hagy is rarsfeargdiinto anginbienglempgratys PVenHsthsighe
?eelﬁhlfl the §4n|)1¥e ﬁhcf.ll ks‘%%ﬁ(ﬂﬁed the®? rt}Qﬁflaqtlcols MRXvEd BB the

conposi tions claimed through use of the
te? ¢ conprising” may include any additional additive,

adj uvangpe rQfn rﬁ&ﬁ@? WRCmBREBLMEE the ARESRIS odel RIRLRGEMHETA
unl ess stated t he contrary. In contrast, the term

0
15 c Bigymasnfsn Jhe ARER iS atpiyp cotrofiichiherieederf ASpRYREVdope of

aNkeSHR6OHE Appds R detrhAdn 1 Me BRI 6f sLaRTHBRHie. I8 BN,
procedure, excepting those that are not essential to

op ¥ SIS geperateiorque Whichdbmeasared Aythe fransucer, fwaingpg torque
CORRARANGS calcula@NiyRimiP iREHRAMAI rdpeiticSREFAsihdadluk ¥nd viscosity.

delineated or listed. TEST METHODS

The viscoelastic properties of the sample were measured in the melt using a 25 mm

20  diameter parallel plate set up at 190 °C, and as a function of varying frequency (range
500 s t0 0.01 s"). 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
determined using Rheometrics Orchestrator software (v. 6.5.8).

25
13C NMR - Comonomer 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

30  agent), to 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
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Density Resin density was neasured by the Archi nedes
di spl acenent nethod, ASTM D 792-00, Method B, in
w0 s@prgganol . Speci nens were nmeasured w thi n oPET/N82008/087378
of nolding, after conditioning in the isopropanol bath
at 23C for 8 mnutes to achieve thermal equilibrium
pr%sg;r%/&o nmeasurenent. The speci nens were conpression
&t accor di ng to ASTM D-4703-00, Annex A, with a 5
mn initial heating period at about 59 of 104653 19A
1900C and a 15 C/mn cooling rate per Procedure C. The
s p@dﬂgrm‘r‘armslnimblhe@OtMHﬂ,@@ctrmnem@r pIEQIs Ecligis¢ 400 MHz '

Cogbutgﬂ% GO0l oni@mhg oe]el geqre{;ﬁm Vgoq%m Ml t Flow

trus | ast oner rate
rreésqsnrsarm peemegersevepreselediedriognaccorattitaiye tiaC A@TMqD)'sition in

R e SR I T B
5 an@hcma)hmg, 4Pebpaciity prylat Btehy b eveubarsedition Idglme swytral Mvidth
%5@6]?2 aﬁd A Pl¥, @irzé SﬂrééK%Q@%h' Y he hx%bé Fﬁd Hth QHII

e Cu ar
wei ght ,The h@n¢mr mcmfeormmwaﬁ ﬁqswnrrml esmgaMTM deﬁl’t We

" Cda RPN Methy BPDetbinfiRn ofahhr EPBeRRL POYGIRL |8

the ratio o ow rate (12 1
( 1 @ympagition by Cwbwetwgéeaswegnefw BeponNFRERamples ¢habire prepared

Ov j i i ATREF
o Aﬁm?/a a1 a{aﬁl Tag%gwah usa&a%;msing B%aslﬂ,% %sgmgm%

al ytic rature Rising Elution Fractionation),
asethidenerhickend [Brangolipix Ardp| Hills, PnDW NMIReYpeefta of Palymersand .of

PO#M%H‘%& égltg,&o% 2&565]}’ Phys. Ed., Vol. 20 p. 441
(1982) atent 4,798, 081 (Hazlltt et al.); or

in U S Pateht 5,089,321 (Chumet al.), the

di ﬁ%gyg%gﬁ,n,ggt,@; | of which are fully incor por at ed
herein by reference. See also L. G Hazlitt Wﬁﬁl
24

15 Pol ym g gotal Aﬁlﬁqxle lep@“o& the gﬁliﬁ)samp% wag@_tegrpmeq_ 539@7 we
| SmEtbd, Which R Red RdaBiftk DY Slafhple, in a vacuum oven, at 100°C, for one

hour. The measurement was carried out on duplicate samplés. 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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by reference. In the technique of Analytica
Tenperature Rising Elution Fractionation (as descri bed
w0 pooglogo2Pat ent 4, 798, 081), the pol ymer conposPCT/OR2008087378
be anal yzed is dissolved in a suitable hot sol vent
(for exanple, 1,2,4-trichlorobenzene), and allowed to
cr%iﬁg lized in a columm containing an inert support
anpl e, stainless steel shot), by slowy

reduci ng the tenperature of the colum. The colum is
equi pped with both an (1) infra-red detector (for
exBappésentaring PoRmdrifafiom Pol ymer ChAR, Val enci a, Spain),
or ar [ Y
1 sconme e RACiedh b ehd iR AL Blane iy s
cubPaent p48%, %fénmg@mﬂeﬁ hegeimly referenéen @atabet wasyat alyl th thedhigh
po 0 |

%Xlgaﬁar%a@ I%acft(fr &b at}a?ys h%u@%y P eﬁ(ggg%rg%\ﬁ#ﬁeg

he tenperature of t eco
ATREFatebrrtQ/@e high glolpeulfrrkeigherendtyr. €4l fb@d)ccth@d gtvoret heiglti n
br t ow
R PO BRI LRIY U R chilt e pEE iRk T EFR g
t hicatuggiod the pelymerszangn rsocepsn GAnfaed rats wak maingiined atrddde 3Q prme
de@ars&ﬁﬁletﬁe cﬁ)%g? BxQ)HFcrnoﬁ; f%ﬂ:t Qtle\)em t??e%?ﬁ% cor-llzn)‘iE slleg formation.
det ect or prOV|des concentration o ner as a
f unct i dmthefreprasentativepelyrecrizgifing #s shewn béhtutsldels telywgeher at e
10t h&)nﬁ)lﬂ%&r @@élﬁeﬁfe%ﬁ@édqg thg hodd ﬁlbl@&lt]dr Qi htlea&:tor however
differential visconmeter detector provides an estinmate
of smailampnr(s (papivglend yotha @issatvsd dxthe aelywmes epmongmerde ethylene
el MBI‘axoﬂatl(; REREMAAHI 8 (&nsﬁlfe é)s (%rorﬁa%gga{bi)y rzgzﬁ)r)ggl%)camg(h@ver

generated curves that show data obtained fromboth the
| Rngpethelepanoleshiar veisht agaftpe ribateiinptional eesailyatfecdde @'éﬁtl@‘r’

ar ﬁollém%nve%t refctdr! ﬁ&kh&ledo}{dltl@ﬁ u&-ﬁaﬁgroa}ée PheSd Jaﬁ%les are
profile. In the region (70C90C), a regression slope

c afivendn dahle i &g Kd fron1the | og( Mv) versus el ution

t enper athbl iR entie Efichpfs hie REiBb1e TSGR RS aflichmb MBUighe r3HEN
as available in the EXCEL program LI NEST (M croSoft

CoRipes angplgyyprrided pitisles. pad Biprticatpie Exanples d 53 a9e 7 gfesprecialy

al sRavlenptine A3 phbe afashhbei £8tndd-11 B edpe8ARSUEWIe for

average o
blow molding applications.

w

1

w
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nol ecul ar wei ght (CW).

the Anal yti cal

woeaongdeati on - Diffe

renti al

anal ysis is described below. Determ nation of the
Coefficient of ViscosityAverage Ml ecul ar Wi ght (Cw)

usj

R &0
Vi sconetry,
sanpl es,

TREF- DV Fractionation by Anal yti cal
El ution Fractionation -
ATREF- DV, was perfornmed on the pol yner
usi ng the nmet hods and apparatus descri bed by

Dfferenti al

A nore detail ed description of
Tenperature Rising Elution
Vi sconetry ( ATREFCDUS2008/087378

Tenperat ure

WIild 1 and Hazlitt2'3. The colum was constructed from

1/ 8" x vk h tal
paoked i RoP iRt bR e RPPSAEE o bRl Bl -5
PdlInedntivé¢ Examgldonawandbh, New ¥drk). Thé colun® had a5
1.|Reattor nterstitial vpHigh™MWA| HightMW | BighGCC (| ®igh - High
Chromat ogr aphy) oven Mmas used{to affe¢MWhe [MW MW
t driaalgdt Mype prof i | es. | Awo add| B onal ¢Bens pri®vi ded | B
hi|qeatwomp@onditiohe therpml 1 L.WIld, T.R Ryle, D C
Knokgipoed, and 1. R Paat, Jolgmal of | Bl yner| gbci encleso
Pl g2 Bre. PRyssare spsEdT T1ogh.o VoI . [ 2D, 4411 4osfe (1984F. 2 [845
HYZ3/E3 M RdtioVOT dOVRGT US PRy st 4, 832081, 04889, .21
L. [ ¢5€2 Molar REAYT &l Of 0. IPT TP BT YTEN 0881 €NMd%015 . | 0.026
AR Fg“te“d" yher 17 37 Y654 - 91637’ 152.3
Il ASopentaié Mol% tTofs— @h’c"“ "“ld’ —for 3% °>4THDs . 104
%Eocat;énys{ f“ypsf' Lo P e PTEA O [ MAE T TR "o TEAL
V \1».1 r{.& h 1 U. Ul A\ S | IIU gl VAYA LY DUV\I LI} o O I Al 9
t i Fegd e atarhedat S006—As-diseugsed
abhgxt ﬁﬁoal&“l RR%%@QQ Was z]i ssol\ g‘ i bl 5
sd ei s 1.2 Wh3ichl bflbbenzehd®? contldBaing | 777
1 (R%ﬂﬁ’i‘ﬂﬁ.@“%cb an ant $%idant}3¥o f nuir?ﬁ pal y Ber 3.1
S ‘?Gﬁsec)rhe initiallb®lyner|&8ncent | 48i on Yds 1.3
be r@0l ng in 50 m (at |room
t griflew Idexc/100hint he 1| @48 -t ri ¢Blbr obepf24he (TOEP, anpo-69
t HiMelt Index, g/10min Is Not Not 0.03 0.02 0.03
determine | determine
d d
Density, g/cm3 0.9306 0.9296 0.9308 0.9328 0.9337
L:i/15 Not Not 15 13 23
determine | determine
d d
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 394 35.2 26.5 26 33.1
AV/Ti from Alkyl Feed 24.3 20.2 11.5 - 10.9 18.1
Bulk Density, 1b/ft’ 22.5 21.7 214 22.9 25.6
APS, in 0.037 0.043 0.045 0.041 0.028
Fines, Wt% LT 120 Mesh 0.5 0.2 0.2 1.1 0.7
S
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concentration was adjusted to accomodate the

sharpness of the eluting peaks,

so t hat

it would not

we@z@emssorhe maxi num response for the concentr ap@DOSHENG 087378
viscosity detection in the data collection hardware.
Such adjustnments can be nmade by one skilled in the

10

R

ss st eal

col um,

1300C. Once deposited on the col um,
of the colum was decreased at a naintained rate of
| colum tenperature of about

- 0.

20
ra

1C/ m n,
0Cr,,

fe o

to a fina

?\éel?a gguﬁlﬁedeh%és%%@@m&ﬁ% ;JCﬁo

e polynmer solution was deposited on the
at a colum tenperature of

the tenperature

cg' Il{V

i

| E&fifv@ gRadhiat- 8

he solvent

el

dmemvaEsaunﬂeqan at

ithis ti|®

and
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et
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{é‘zl acte
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1G] 1 IIDLI UIICIILD
lummumppmw

1St

719.5"

88.6

85

95.8

Al/Ti

64.2

59.8

40.6

36.1

43.9

Bulk Density, Ib/ft’

27

26.2

252

275

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

Split HMW % by X-ray

54.8

51.6

50.5

44

45.5
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62 of 104653 19A collected at five second intervals.

The det ect or

of f sets

or

lag tines are corrected in the
walatoa/ogeressi ng step. The various detectors aP€T/US2008/087378

calibrated by using polynmers of known wei ght average
nDIecuIar wei ght and intrinsic viscosity9. The

caritthns.

where the

arbltrary data point.
rel ati onship between the intrinsic viscosity,

and the viscosity average nol ecul ar wei ght,

t he qulaﬁle Qﬁl Yi3&ss ¢ -ll-llaﬁlo | §é§§o ﬂgdu A gnti@e é)ia?np és%*- %0~4
: ? qu i guat 1 on

respective

subscripted i

Equation 1 shows the

ation

M/l

btracted data is used in the foll ow ng
represents an

[h] o,
for

des @uebeeelfmnmme di ffﬁerentl al7 viscosi8y, h . [@and the
I nl| &eageressur e, | nl et|, Hith MWSg| High¥MWo| Bigh MWt EHigh MW
f ol Camlat Byper ary dat d Boi nt UsAng t hel £Koncentfati on,
c\ | RedfgioniGoaditidns Equgt i on 3 descri bes| how to fal cul atg
the TémpCws! ty aver agq gool eculjagp wel ghtzs M/, &7, |_
| P C22®arPre¥shre, péi C [ doBqUat 11090.33) Equaig ons fs@nd 5
de$ eRIEPMBRVRaRo USE {005 dNaAlGoeT OM [A1B1VI SCPHES T,
DP ' @32 MolaP Raas | 8L q 0.3 01 T[[Egs8TL | & o 94 SCOS 0o 1T
anqry T FEdd €L Pressut 6159I Tt et_ﬁ’%hl i lLdSH Y {069
\(NEi‘* Opentane MoI1% | ©° 98 f 114 45" \ M'-ta‘ ' P15.83
l_bw "O"a ly U[C),p CUIIT 1T Ay TEIX oIl KLUI” [‘h;&fl LAV I,TEJ
Catalyst Feed cc/h 9 9 9 9
E.B. Production Rate, Ib/h | 22.5 18.8 16 17.4
Bed Weight, Ib 77.6 126.7 127.9 127.5
Residence Time, h 3.5 49 5.8 5.4
SGV (ft/sec) 1.3 1.9 1.8 1.7
High MW Resin
Properties
Flow Index, g/10 min I; | 0.58 0.44 0.27 0.45
Not Not Not Not
determine | determine | determine | determine
Melt Index, g/10min Is d d d d
Density, g{/cm3 0.9327 0.9237 0.9266 0.9285
Not Not Not Not
determine | determine | determine | determine
I,,/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 85
AVTi 25.1 32.6 28.7 26.7
AUTi from Alkyl Feed 10.1 194 15.5 13.5
Bulk Density, 1b/ft’ 25.6 21.2 23.8 25.2
APS, in 0.029 0.029 0.028 0.027
Fines, Wt% LT 120 Mesh | 1 1.4 1.2 1.3
S
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" A Degroot et al,
Conference (1998).

Wat ers | nternational
63 of 104653 19A Equation 6
waele®ensises how t o cal cul ate the concentrati on, PQ/US1008/087378

an arbitrary point fromthe IR response,

GPC

IR .

c,

IR, (Equation 6) Equation 7 shows the normalization

R

eeded to calculate the overall
A(Equatl on 7) Equation 8 shows how to cal cul at e

monent s,

Mr and

t he wei ght average nol ecul ar weight for an arbitrary

poi nt .

M,

= (Equation 8) Equations 9 and 10 are used

to estimate the val ues of the various detector

constants,
di fferent pol yners,

kDP, k ,

kiR, and k s,
for which the intrinsic viscosity
and the wei ght average nol ecul ar wei ght are known,

usi

ng at

| east two

ad’i'f}i!ﬁet fﬂ’]@ontunl? ddﬁrrogegg Edn &%Hssltjs%m b“?%”veritng ER &6 -9
nents are obtained. quation 9y (Equa
AI t|dnyeative BEkample he vi f€onet el 7can be [@al i br at|édd usin
netfhods descri bed by hevmangfacturer, and tHhe
remeReactog coeffi ci ent BMWmM aldwiMY, |daw M®& glios V&Y
as |deactionb@shdithvaye. Fpr t he purposes [of the durrent
i nVerdmpoPc only the v| spasi ty1aver agg 10®l ecullano
wei [HrbssuMd/psig | S ' equ] 3@ A$ 39 6Cusgads above,otbe
Vi JGEFPdrY. PA¥SHRIEs NOT ETd ar \Wepddt S, [W¥s2, arjdoshe
el UtHDB; EqtlolT €5, | 15, ar ¢ gsed 1q Al cul grg rhe
CO¢ féﬁ/ék arRatiy SCOS| Y avelgge 64 f; 104mot ebf:_ui ar
Wwel ‘% V(fV)\é‘C) ] Ubi ng bl Iing:‘ I I Il?ﬁl 'Syl tibfﬂ UIT. [1117 S
COl G VcFhIF Wass Baldnte > [P°
Prod. Rate 32.8 46.7 65.8 75.7
Resin Final Properties
Flow Index, g/10 min I, | 30.28 8.90 14.70 22.80
Melt Index, g/10 min Is 1.00 0.39 0.55 0.92
Melt Index, g/10 min I, 0.19 0.08 0.12 0.18
Density, g/cm’ 0.9552 | 0.9444 0.9502 0.9513
I,,/1, 159 111 122 127
I51/15 30 23 27 25
Titanium, ppmw 4.6 24 2.4 2.5
Not | Not Not
determine | determine | determine
Hafnium ppmw 15.7 d d d
Aluminum ppmw 96.8 52.3 48 40.1
AlTi 37.6 39.6 36.2 28.4
Bulk Density, b/t 30.6 249 27.2 29.1
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 42 443
5
10
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for the regression line (log(M) vs. elution
tenperature) using the points between 700C and 9Q0C i n
w0 b@9os§REF- DV data. The val ues of the | ogarit hPreDiS100&087378
vi scosity average nol ecul ar weights, Log M/,i, are
treated as the y values, and the elution tenperatures,
T 53?5 treated as the x values. As discussed above,
t h® égression sl ope can be obtai ned using
.commercially avail able routines, such as the function
LENEST in EXCEL 10 . Flexural and Secant Modul us
Properties The resin stiffness was characterized by
nmeasuri ng the Fl exural Mdulus at 5% strain and Secant
Modulii at 1% strain, and a test speed of 0.5 inch/mn
(13 mMmim n) per ASTM D 790-99 Method B. The speci nens
wer e conpressi on nol ded according to ASTM D-4703- 00
Annex 1, with a 5 min initial heating period at about
1900C disble AC1Boyess onditions Yigd toeitredyse mvetige Bxpmndes €0 - iehe

wn

SpeC! Ty, ve Gor ttre TESS 'i'l TOTTt _nued
cool i ng RILLI cour to t ‘i{it . FW 'Hi ' = i es
Tensi | Femgti—at—yet ,ﬁﬁu.gan—xgnl@”— ,
H (?atalvs,lt:q‘ € ot v oot A.-.n.-.l al Acat bl St by oo
ul ti mat %IDI % L eRgt i —ata—erpRgattofrat—outrea
were madReastion Conditions™ =" T S o3g ootk UL
/ BaSHECoaeeorang—Ha ASTM-B-638 03— Hh—a—tp
speed ( Y easuHfehrents—yere
per f or 3 Eart. Bressure, psi gi SIO\IPQ 1M &hecine ZC,'I which
were cq 0 ' T4sTM 914903 0p0-14dnnex| A- 1.,
with a[S6hMolariRatioj o] hefi4 ng pd913d at | @GPt 1900C,
and a 12dkyliFeedcool i ng rat|®Sder Priod%8dure [d26he
speci ngdsopestancoMbkel t 0 4935 t he| Biess, (W-6h
cont i nyébcatalystiTypeunt i | "|CKEAL t o theHAIouChTEAL
Envi r onraanilgsk F&idrees Cr aglo Resi stjarsce (ESCR) The fesin
envi r onmEBtRbdwctio® RateflbmclKi 714esi st jaasce ( ESCR).S was
measur dBef®Weighy,ibt D 1693-|0kp sMet hioh28, W | fpogi ther 10%
or 100%Regade Téihe, 830 (Vendor Rhongs Poul eEs 4NJ) .
Speci MR W) T0! ded accofgli ng 1[0 ASTM Oy #703-00
ANnex  [High MW Resin
Properties .
Flow Index, g/10 min I; | 0.5 1.22 0.76
‘| Melt Index, g/10min I5 Not Not Not
determine | determine | determine
d d d
Density, g/cm’ 0.9288 0.9359 0.938
121/1s 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
Aluminum ppmw 76.3 174.4 177.7
AlTi 22.9 86.3 96.5
AVTi from Alkyl Feed 7.9 73.1 834
Bulk Density, Ib/ft’ 26.2 27.5 27.8
APS, in . 0.025 0.029 0.025
Fines, Wt% LT 120 Mes 2.8 1.1 0.4
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A wth a5 mninitial heating period at about 1900C
and a 15C/mn cooling rate per 10 Sold by M crosoft
w@00p/08022 of 104 65653 19A Procedure C. The spRCT/DB$2008/087378
was cooled to 45C in the press, with continued cooling
until "cool to the touch.” In the ESCR test, the
sugéﬁg%ibility of a resin to nechanical failure by

g is neasured under constant strain conditions,
and in the presence of a crack accel erating agent such
as, soaps, wetting agents, and the like. Per ASTM D
1693-01 Method B neasurenments were carried out on
not ched specinens, in a 10% by vol une | gepal CO 630
aqueous sol ution, maintained at 500C. Ten speci nmens
wer e eval uated per neasurenent. The ESCR val ue of the
resin was reported as F50, the calculated 50% failure
time fromthe probability graph. Polyner Fines The
samount of polyner fines in a given sanple was
determ ned using the follow ng nmethod: 500 grans of

pol yner were added to a standard sieve set consisting
of Tatiel G ﬁpﬂtr@v&dn@rowss frenglitions Yeed:to Rrgduce vergiye Eggnplasi@ - 12

200 (cgq llhﬁiﬁwlﬁ; 1d O AUOIOIT)ITIT‘_I_TIOﬁB_mTrl—ﬁ ur ] 250
mm 125 Ré”é} ﬂ”u TOTTMTTESIOERS 4 ﬂov?NpriL 'NIWU ap
or G a Read uuxton I%n‘ ,,:Nfb UDSE “u wf’jf', at a—?—‘ﬁ-e—: Ay
partl cl arSs v% CPasy :.9||| oty I],lldlc 190
mesh sg+ @W‘u“d_reﬁa:n oA He—pah S ot ab Fred—s
fines. | F58 s":‘,@oll‘-fé& rio_mpan D&3used 503c at o[# 3%tk
aver agq 2har ‘(ADcgp Bul -k ]44°!ty H& dn1S|ty
of the ChMolagRatigat or nj ],n]nr‘l usihbt AsTM Dl-3895- a6,
Differd W@Mﬂhﬁﬁﬂﬁhg Caﬂ*ﬂ‘i metry QJF)S(‘,) Th® peak
mel ti nd SGMtfdeeat ure Tm hie? of flESon DH-8peak
cr yst al{lQveed!i Mass Balance 46.6

Prod. Rate

Resin Final Properties

Flow Index, g¢/10 min I,; | 18.10 26.40 29.40

Melt Index, g/10 min I; 0.76 1.11 1.30

Melt Index, g/10 min I, 0.12 0.22 0.27

Density, g/em” 0.9501 0.9581 0.9584

Iy/1> 151 120 109

I4/15 ' 24 24 23

Titanium, ppmw 2.8 1.7 1.5

Hafnium ppmw Not Not Not :

determine | determine | determine
A d d d

Aluminum ppmw 57.8 67.6 71.7

AVTi 37.3 70.8 87.3

Bulk Density, Ib/ft’ 30.1 32.4 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. Itisa

10 calculation based on standard engineering principles using the known heat of
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tenperature Tc, and heat of crystallization DHc, were

generated via a TA Instrunents Mdel Q OO0 DSC,
weeuwopgme with an RCS (refrigerated cooling syRCEDP2008/087378
cool i ng accessory and an auto sanpler. A nitrogen
purge gas flow of 50 m/min was used throughout. The
sa IlgAvvas pressed into a thin filmusing a press at
17 and 1500 psi (10.3 MPa) maxi mum pressure for
about 15 seconds, then air-cooled to roomtenperature
at atnospheric pressure. About 3 to 10 ng of materi al
warelynrsigationtof pthylencaesdBated heaase3o WG AnGronmeriiftomether
di e ar est

%Jéyﬁ@fzﬁ%n?%agfgpﬁ{dﬁﬁ&b&lwggb%ﬁ%ﬁh% S‘één ‘%(d\hﬁ% e )
an@p@rﬁ@nl gas Vflﬁlféd thsongh thevhlémﬁm@rrmn obtap Epp¢teys megsuieh
a(g?} -oh@s investigated with the follow ng tenperature
pro The sanple was rapidly heated to 1800C and
hel d i s’filaﬁ pidit preavidesghe weight pereansagt af the bieh mplscylaspysight any
p r &)Ydfgﬁ@lt bRRH BRlhe R t&v@&m of mﬁlgﬁ%ﬁgc@laﬁl@égﬁt 'E&de?@rﬁ laffthe

00C’at 10C/ mn cooling rate, and was hel

- 4k9wcr,ner1@9rﬂat Heiglt camprperts Theryplit i éﬁw@%x thmeﬂuqﬁ@aftné@ to
158%erfinat s %sﬂuh%dls‘ﬂal&% & res%mé@?!)ﬂtﬂgedef% saFond

heat | ng curves were recof ded er neat 1 on
Chieanteis: oY pegraiplystardiedalyadhe fivg resetgr. fie dageaghin rogedyal Ti,

10 CNBF &4 &bhnZid r&)étohiogtboh@féﬁ’&&%&wsecaichia%xﬁof%ttﬁa%&{ gel
permeati on chromat ography (3D GPC).

c hpredrsedigtbpraeand s3petere Addspesiter sphit- & thase\mm@ enivd Bf d,
‘ M%asl{é%&%sme&l For b&RRERL. L@lﬁceqmcﬁﬂ%%ﬁlﬁhonggb'ﬂe@iﬁaﬂ the

th a Precision Detectors ( -ang I'aser

| i @Hf“‘% HEsangee siplyfalcalated if depsdeirom e di lea%iaar@ the catalyst
Liligisivdh bdigrenti al visconeter detector, Model
150R, fromViscotek (Houston, TX). The 15 angl e of the
151ight scattering detector was used for cal cul ation

PUCRERSSPrepmaGONt rati on was neasured via an infra-red
detectaor (I R4) from Pol ynmer Char, Val enci a, Spain. Data
col | ectGBYSWES PHRERTED FYREFIBEMERY af) wethedsdespripedpeU.S. Patent

S 04,08203¢ (MESrBIrRbd Keradi1Bly Bfefbn&dp a0falsivh SR pRdpate@ h@ording to
I\/anager DVA0Q. The Carrier. solvent was 1, 2, 4-

the fion-limiting formulations listed in Table 2. Other precursor compositions can be

w

20  prepared using other slightly modified formulations.
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trichl orobenzene (TCB). The system was equi pped with

an on-line sol vent degas device from Pol yner
wo aiwonstoer i es. The carousel conpartnent was OpRPCHUSIHOE087378

1500C, and the columm conpartnent was operated at

1500C. The colums were four Polynmer Laboratories

M ﬁ% 30 cm 20 mcron colums. The reference

pofi%xe]3 solutions were prepared in TCB. The inventive

and conparative sanples were prepared in decalin. The

sanpl es were prepared at a concentration of 0.1 grans

of polynmer in 50 m of solvent. The chronmat ographic

sol venty t eparati on solvent (TCB

r decal ?lg)@B?éﬂweS&saé%m%ﬁnﬁ%? 9%ut vl at ed
h¢dabsyNonbane (BHY). Bbl h splvent kurces dre [23
(Degceiprem spar ged.| sSRol/§ €5/l e n&10&8np] 25086056 81/1/0r|&01/0.5/0
JBeedbtyckathadge§)@®E flor 4 hours. | The injection [vol ung was
PBfhaidl, and the flligwsr ptee Wab1de O nf 178 nut'd. 176/ 41173
veeps LI9A The prigiggsT et Ol Bge> €] 0.89501 $BCTI Qg5
PFICi3 KAC S1 Z€_amy 93,1'“ 36P0] 0358 Y 05474 0 GBI 9 %6
AR B TN NA T A P01 M P
?g]q]l%;n set was pf:rofnr 2 421?]1‘ 13?1 n Q’%glll ol PQ"II| ar 0
Eabosil TOHOL® v i but ild pol V-3t yrehd st apbdrds [Thb 13
opPrecineg wei ght 4 of the stapdards yanged flrom 580 to
Camlitian®0 g/ nol , |and were arfanged jn 6 "cocktajl{"
ket Terwp,C wi t h_at| 1beast 1@ degcibe of | B8par at]i 68 bdtleRen
Odilat Tep|C nol ecylan.7 wedpyht s| 10lhe pployst yr eni®0st gndad d
basmirmbpeu]ar wgioght s|gere famvertlegh to pofgeet hyjlsene
BL LW Ab/mVe! gNT Y sg§! NYsine 94 oW hpsequatipn (3$21

SaUGY _or as-a-"gd factor" was expefpinentally
Meflini ned to be |8-239 |48e bedf est ﬁ‘mtp of 5,%1 I e
1.9

TSREY FOROpHT W '}?"’?4 g s, oty 18 [325
ThebEien el 1 s%‘.‘zn, NN S TN AR i VX
< ﬁved\ has—a—di f‘ed A ve 3101v.431\,, and Bl s ddial

{?ﬁsﬁﬁlanﬂﬁh"ﬁfa{ ernativel|value|lof A herein rleferrdd to
a n n

)

&YBf ni ned usi ng [t8 pr edet e P ned 1
Ti/Zr NA 1 NA 2 NA NA
Mass Balance :
- Composition :
wt% ethanol 22t0 | 22to0 221026 |22t026 22 to 221026
26 26 26 :
mmole Mg/g 2.2 23 2.5 23 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 .10.14 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

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 are shown in Table
4.
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wei ght average nol ecul ar wei ght of a broad |inear
pol yet hyl ene honopol yner (Mv - 115,000 g/ nol, Mwv WMh -
w@2@p/088at d wei ght average nol ecul ar wei ght waBCT/US2008/087378

obtained in a manner consistent with that published by
Zimm (Zimm B.H, J.Chem Phys., 16, 1099 (1948)) and
Krg#qggvi | (Kratochvil, P., Cdassical Light Scattering

| ymer Sol utions, Elsevier, Oxford, NY (1987)).
The response factor, KLS , of the |aser detector was
determ ned using the certificated value for the weight
avEstdgk Spotiietidtalystnei ght of NI ST 1475 (52, OOO g/ rml)

h? I l. Ib
st RO Ny o FEre be?%w ‘Z’C#“’ R gm0

0 s—Hse $ 1 ch
Soj_)Let_h_yl_é_zﬁle._e_q_m_ual l-{:? np “éra_ %"’??Q obt nil'ﬁgd
frlom equati®on 1A to YWy b%‘erv%ﬁszel u9?‘bn vol utes.
ThePadrwuder Apaissriefny alvt ®i ff mele gbmaiengdnwle s t EASEl at e
t He ey drietipA™IED) ppl yet hyl ene ¢qui vallent npl eédedie/s)
Well Gt §2% Tk A ODSET 280 &1 Glop0l) V@l Uesaztand 0794
abbuu ‘3‘2§%ba|t"]§‘5"c' b) f %icc Thy- jJUI y%lﬁ_gl g ItF492I. arTdar gizg 6'”3

t l U.I 'JI U.l C \JUUIIL I CITre GDC \JUI UIIII w..bl vvu.o pcrf \v A} Ilb\.ri
with Ei cosane (prepared at 0.04 g in 50 mlliliters of
TCBablapcgpglgyslj}%I,]g@gn({th{nSZO m nutes wth gentle
aaitation ) e plate count and sy tryv were neasured
on aCzeleGmm i ir@w@nj ekt iTowt G6L orf dreddatepph) dtomizer %
fo - - al eCount—— 4% 54 * /D\I

VA Y% hl&Paht)) 2 (%SA) 68 of?
10 I\, I IIl.I\II V e in

i w0 n?TlmterS?

S IIIIl:lIy = Reat pcar\ wtth—at—onmetenth—herght—Rv
at Peak maxinmum) / (RV at Peak Maxi mum - Front peak

w

Wi E{a:#,pﬂatChqgl'ﬁ;\aacﬁmrgcegur%ght) (3A), where RVis th.e .
re ters, and the peak width is

i n m | IGatalyseprecursdtyeveps tmn@hkpouzntd fsiong cthiplaluminum sesquichloride
h d
B T et R
sypmeqdmy usddgeltidoriyete b@tlmemvera@@stam@ledmn 4R spethie
?Jlﬁﬁ'@fzhtfo]p%%%%ﬁ@ adsBiveh AovE L SV RN, VheRfsesSOH0 B

ector offset
10 above were produced using an identical chlorination procedure as that described

below. See Table 5.

Table 5: Example Chlorination

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

ratio wt% wt%

Mg/Ti/Hf/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 |, mm/g

measure
d as
EtOH

0.16 0.23 2.28 0.44 0.22 25.7 6.2
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i mpl emented in a manner consistent with that published
by Bal ke, Murey, et. A (Murey and Bal ke,
w@heoomsioeyr aphy Polym Chpt 12, (1992)) (Bal kePCT/US2008/087378

Thitiratsakul, Lew, Cheung, Murey, Chronatography

Polym Chpt 13, (1992)), using data obtained fromthe

th% i getectors whi | e anal yzing the broad |inear

5% ? yl ene honopol ymer ( 115,000 g/ nol) and the

narrow pol ystyrene standards. The Systematic Approach

was used to optim ze each detector offset to give

nol eculfasix liker gists vessdLAqhigpasvith| adwatinggackeand phadicd] egitakmse

ob ' - T :

o S e RV BT XD SRk EREHIEL P P FBived duing

dethe ripnmatiorostep dut tot thestiomdfagesidualralanhol gtith tharatkyl gronpsres ihe

Vi ed fromthe sanple infra-red

arégﬁﬁmhﬁn?ﬁ%§Pﬁ$%§h$ed detector calibration (or nass
s const arfio)thd migrankhes Change250pw] sfalripd/HB 1380 mineaboil. yFrer  of

11 I ONSs . e
aseraausRic i f20ETHERARR LG FRDAR3NL I HATRNER
cospkéd. Clihe precwr$dr @(N@r (@@ﬁ@@gnams)twa@ thee £Haeged ¢o hpreactor, and
nD I
lhg gﬁ';ltﬁjé %&tr <d u rt3§nﬁnsu?e% tocdﬂ%{)%l:s %ﬁ% Cfglflrs&m Ne)l(\{"\ﬁle gRgC
( (Xﬁhv@n(avglmm agPTp bawdigbthe dryaminagal odlt umtaare@ to the alkyl .
,CaQ to t f
9 oqtaf B R RS AGRE LIRS al R, Th PG Rlior e
ar ehatghé pérecimgseier neughty 7 Edmeinute’ e@peﬁh skhe addition was stopped if
¢ 0&\6&?1&% %ﬁa'msg%%édn% s %&%Ré( Sl ﬁn%féﬁseEfPAo% §4o@r Tk\fédgl?&m
[ I'i ce of response, elution vo
pavassasugigd aftes éoamingrabsided canil Siggeraprratgpdecgased gnlgss RN 3P E.
c alrﬁe%ﬁtu%dw;s agﬂam%%ymﬁ]& RIERALS qf th@te&g&a&meqmno@teached
decal 1 n. factor”™ described previously wa
15 ob@#ﬁn‘@@refb‘y th&dftuPQt"F 105 Aduripg this §0smigeig agitabien. |8@S@Jﬁtare|
Mghobli $n wmewgﬁm@fom&m,@srhowﬁwﬂme@al cul at ed
usi ng equation 5A and the correspondi ng retention
vol ume polynom al, agreed with the independently
def&i® ned val ue of Mv obtained i n accordance with

Zi mrfor tThe PERAD J e dIc/BRhY €t NYREREAS®PPPOT y ner
Precursor -17 26.4 2 0.92

20  Table 7: Formulation

Ingredient : Aim Amount
Mineral Oil (HB380 or Kaydol) 2500 ml
Precursor-15 600 g
EASC Solution 1132 g
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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( 115,000 g/nol). The wei ght percent of pol yner
fraction with nol ecul ar weights > 106 g/ nol was
w@e adoedsmeed by sunmi ng the baseline corrected PEI/US2008/087378
responses, IRl, for the elution volunme slices whose
cal i brated nol ecular weights, M/ ,, , were greater
“QG g/ nol e and expressing this partial sumas a
fra {?8n of the sumof all the baseline corrected IR
responses fromall elution volune slices. A simlar
met hod was used to cal cul ate the wei ght percentage of

poCentinpitf Additivedba) wi t h absol ute nol ecul ar wei ghts >
106 an dfh@- Q(?ﬂtlg(IIdeltl;rtbl@ a ﬂ@ﬁﬁ’rle HF zﬁuxﬁﬂhrﬁ %le%rate"\ﬁ]'dﬁlﬁ%m\é‘ﬁﬁny

cal cul ated use 'aser |ight scattering signa
antyatlapée 4~$%9%(b¢m@r$@¢ latmmmal @itab & weightippigerit loadipg efdagh

* (Lompbhdnt Rrie HB! §$d}gmwlemﬁ§{}ﬁcﬁg%s&iatdt Qﬁ@ry Q)Eyé%ﬁ RSt Ak

as In equation 8A. The paired data set
5 5| Yigeesipfmingral dilRnayds yesdSetha AgPIBnt esponse was adj ust ed

using trie ef#&t &thd &%ﬁnu% tadcﬁtﬁ}e ifiod iRk ?ﬁtsa% dn hé}ni ©Bontrol

Systematic Jlgroac Ih addition to
c aftetiglzanarasion., This sausisatedip Fignred jAsseamtin Figkred ndle pfesqoffthay

( a&ﬁ)lmuntﬁ@d({l@\;ﬁ; not%t ((r@%} stﬁﬁ@onln\ﬂzof'thaﬁ ﬁBxl ]s n\ﬁ?zlnl'!ﬁﬁ sWRE Spent

al so calculated with the nethod proposed by Yau an
G Per &% ppten eaeat thatpEonm¢s| reasior eontimilyyner , 42, 8947- 8958

1o ( 2001) )Othél @Qtogseils%rame& ?\gctf)lr &)mlﬁuli@ hfoQE\LeQ%er\gucgg Hﬁ’éc’t quﬁe
(LS.) MM abs) 8A), (" of 104

vm‘anénu"a(@@mvwaéowwoe ‘é?“i"éﬂeéﬂoéPF"@b AStheipyentipg reging ﬁeﬁpn@@e
ge%r@Jeﬁee dJrh Cery Bi2H %ﬁ%ulﬁ%gﬁ eonkgegent Ofhuk nﬁe (!oﬂt?hﬁﬁty additive

ector was determ ned using the certificated val ue
f ofut hefedeiughthatarancspientinh pleaqatea thag B PR s rBFintNnesirin the st

I( gx%acQ&Eggé fRatn c)onJernty additRe alsb Bin)be deMEAAR S operatibD AN that at
15 high ;evels it w1ll 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 sampl_es of the inventive examples 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 6.02 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

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

30  commercially available products.
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M(BB) = (HA), where LSlis the 15 degree LS signal,

and the NPE,, uses equation I A and the LS detector
wa@bdogismwrar i s as described previously. In ordepPCT/uS2008/087378

noni tor the deviations over tine, which may contain an
el uti on conponent (caused by chromat ographi ¢ changes)
an 3q%1IOM/rate conponent (caused by punp changes), a
| ate €luting narrow peak is generally used as a "fl ow
rate marker peak". A flow rate nmarker was therefore ,
est abl i shed based on a decane fl ow marker dissolved in
t he el devepgvesarmnles 49p 6ped @ 12 aresambleriai fabridatien of gxteusion

mﬂpk@ molR aRRY ik pL:ﬂf&ﬁlQﬂcle%ﬁf ﬁ,%nlhe&éxawl% i l“aweft&fs@d; or
sanpl es by allgnnent of the decane peaks.

s abRaFlesarkiidysssbreicrenereemblenlistadtbelogecal i n solvent gave
a_huge H@ahviag ni BMDMeRb .63 GI rd\ér%lt%'?)% 0MR L) 9@@%‘ ﬁ‘ e

| R-4 detector therefore no decane peak can be used
s f | HiR Graetalypadrupisrodaljreping prodeced i the g RbaseProprss. @Rd ect

Ca&b%ﬁﬁer@édlyuvmé{bfe%ﬁm tEJ‘@&W@henﬁlE‘aﬁ’CHnBA{M characteristics
of the |inear S | ene honopol y yIer 115, 000

g/ ol ) G5Me TMDM@B 669 1t QS8 e/amedensity; g/t § B Inhend

MBEBRITINERSM S BIDIS 6620 0.5 Fenl® 'd&ﬁé‘iqf haLAGLE 1, ERTMY
sol ution sanples prepared 1n decalinrun on'the sane

c afisgleraNattacatalyzed gtigo sips, produgsd ingthe gasghase Pggsp.jand

10 | EIniiSci RS vARSE flof tﬁy@&w@ﬁé@mw eoﬁxgaﬁ{yage extrudate
swel | of a polyner strand |egvin hé di e of an

ext rud @P‘XO'IMP‘%I HIA PpéB 69-957i ar‘ﬁé" rdéﬁﬁ%é)e%tgé’tq nyig Lyfbirgodal resin

rmgswai@ea ua maglupfp M@&%roc@s@%nﬁ%rc@ll?\ﬁ’vémﬂ)lg B8 RGeS A
strand ner was produced E¥ pi ston-driven

capi | | aﬁqylS'iah N Lo (PPt g/c @Wa‘ﬁ)?ﬁ PO mindeibipieed)

Wi fe8in BroddccMatheRlsBE-NRSHN M Aru 20 Pre st BohiHeaiBily Qlailable from
circular. die of length 10 mm with 7 1 of 104653 19A a

15 9 OE@HY# ance angle) at shear rates of either 300 s 1 or

1000 s BimadMilredihs &rdr SUPRsratitifeSs-@hghhOQBGianct Rfd MOBIRGES | C
flow rate was kept constant. The strand was cut at a

di Sbdgitedisht weishy ﬁﬁ“F‘F%YH‘*tOHbloﬁloéP%'%“PancaﬁfP“teh% Rimpgal resins
st @&t badiy MhaRting asd difRh foFasad irfo §&x@ubn blow molded articles

without tooling changes and advanced parison programming. As a result of these
20 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
25 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).
30 - 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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l ength of 27 cm (nanmely an increnental |ength of 23 cm
after the tinmer started), the tiner was stopped. High
waeneblosived eri al s produced thicker extrudate WhPGSEUS2008/087378
| ength grows nore slowy than that of |ower swell
materials. The recorded tine for the strand to reach
th%’,’i&%}grenent al length of 23 cmrelates to the

te swell. The nmeasurenent was repeated five
times, to account for neasurenent variability, and the
average result was reported. The extrudate swell is

hesvesilisharegsaizedsley tatletveght. Thebortd waight sedbdtiss dapistadiin Bigure
! 08 arkd 18 TRBIL 1161388 ith o R in IYEes oA AN Bl cBstrTh HARD

extru at asear rate o e tinme
s eefdkrdmpydvement iemaiitiengsh digustyd and additiendlly cRBO@tesizad by low
Bogh'ézgr%l y%llt? %L\éﬁ}eﬁﬁﬁts * feh'l%n V\%J}Q ﬁ) atnﬁﬁmrd zicﬂ:te%!ﬂkon' S
expresse nterns o 1 ght. Bot es were
s f aBbiguecabed on an | npr oved B- 15 intermttent bl ow
nol di n
pot t1 o TS FHeHEH A0S DL AE e OREM: Bt Wb ReFOh AR g
at m@IsEl4r agghitecturpedepign tharagigrized oy mottewlarareight distribytion depieted
Of mﬁgu{'m gﬁ‘ ab1® nb WR#%Iehﬁithgm cifth tﬁmm ?1@&15{1&)“" e
8, was used to fabricate 2.2 liter bottl es or swel
medidayrecieand incpiperatigneof gerponpmgr pramaridoin thedyighanelenylar waight
10 ( Pfd Bloﬂ\’eﬁ% Ahleﬂ]# &Q%B%opexggom%ﬁ)ml%hgﬂgs a\P@acs fo]lows
equated to the weight swell. Wth the conical nold it
wa@MMs@&b Ihas & laghodengity fmctton$7éf7m # rergeas M7 %rMas B68%ent
arison_di aneter at appr.oxi nat el e md poaint

bes/we@né’@wvﬁm AP b BN 810 SPR & oG ARG
c h§£@§as @‘! %ﬁﬁgg%&go)yfg%%nq g'}%ge;%‘ss i 1nS% [IWD'L} 7@%?9 g/(n%leggéB

g/ctm ty, conmet Ci'‘al

ave, ligs, @8 fo/neur, hEpuR@W CRemsigoa b/ o TMBA 620@ias HERA as
the bottle weight standard. At the start of the swell
15 medeneityefrastian, 79t Me 7exurgais P 8%, Mo rislb.699ednaleSE€BAY} issoddl

such hat s parison formation tinme, a 75
0.8 m@et‘?”ldr’i’ﬂ’@a%o‘tg??é%ﬁ]m‘?lﬁ a lower flash (tail) of
accept abl e dinmension (+ 0.25 in outside the nold)
coul d be produced fromthe DVDA 6200 control. The

extrusion conditions adjusted were the reciprocating
screw shot size to

20
25

30
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set the tail length, and the die gap to control the

wei ght of the trimmed bottle. The die gap and PFT were
whedod/ogrst ant, at the settings determ ned w tPCT/H82008/087378

DVDA 6200 72 of 104653 19A control resin, during the

swel I neasurenent of the test resins. The resin to be

te %i was extrusion bl ow nolded; the tail size

adjusted; the weight of the trimed bottle reported as

the resin bottle weight swell and the bottle dianeter

at approxi mately the m dpoint reported as the pan son
anet er ke 8\ Bapperties of §ampaundgdBlendppExamples -l ded

htRyopergss k Units | tyentivyi| Jrrentjye f dnventiv
repared by pregsi e
aques, apd werle subequéntl & i sy B l":é‘f;“l"e

!\IIL Thaolecaonn
COTIpT

b1 15080 36 6B
n\ under | N2 purg i i

Fansfeer refl 1t ¢ AT Matbi ePg tenr?é’(‘at ur dGven A-¥h N2 016
irge _until PRe|s&¥8l ¢ pl aquel is solildified] then {he
aqud i s [egtidvgdASIMOIMN t D29 chiase.23The r&2si n|r hiewl ogy 1.00
ns neasur ¢dmion [t ABBARES- LS npdel Rhgoneter [from TA

NStryent §.5/10N¢ A¥Td|1 S180 SUral o contrehl ed 304 34.6
heonet er. | Amihof angasa(tuator (servomtor) appl i es

30.9568

TEan ,&icfu met Ty T e oot st P57
nnnc D t-hd ﬁanml e-—qgener i

basiSd by the|transducef. Strath and tbralie e Used

p cdbielul af e %lynamdight rechdni cal 09¢#oper toi udh3@as| 0.060

:f-*:;—m*—g'c'c'-*z—ho_'c»'c—'o__

pdiYeladlesangl vi sg oslq’sﬁgl " The vilscoel astli c properties|of
the_sanplelwerelmeteddod in the nmelt lusi ng

d F‘%S]?—.@X R eIH]ﬂJrCate d& up at?¥519¢ 0B85 amd H$ a| 142
fH AgERG ey fH-egqyeney (r'—*ggﬁ 500-s—1+o0-0-Pl-—s
1) - éggﬁa Ippg’orlsﬁlﬁﬁ st L n (5‘“52 Was a§7|3l i &d [ 690
e 'Wﬁn?/léolfli rEasHH LR 2i fAr—t “%1% freat :-c%' &S00z
regi, he storq%%gmd us (|G 0$s noduljus™( :
t AV/e1 A and-conplex viscogity (efa*) oflthe
; eézluwls%qoe "ASTM [ 0.160 0.133 07147 07165 0.138
carbons D6248
Methyls/1000 ASTM Not Not 2.69 2.28 2.85
carbons D2238 | determine | determine
d d
T °C DSC 118.3 1174 117 118 117.8
crystallization
AH g DSC 203 198 197 212 205
crystallization _ ,
T melt °C DSC 131 131.2 132.3 133 132.6
AH melt J/g DSC 201 199 197 212 207
High Density | % | ATREF 61.2 49.2 48.6 73.3 61.8
Fraction
Purge % | ATREF 20.4 22.9 22.2 16.1 23.6
Mv Average | g/mole { ATREF 87.433 91,475 89,156 77,661 76,170
SCBMV | g.mole | ATREF | 82,255 84,749 80,604 | 73,223 | 69,690
Purge Mv | g/mole | ATREF | 107,637 114,121 | 119,127 | 100,788 | 97,147
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det erm ned usi ng Rheonetrics Orchestrator software (v.

6.5.8).

13C NMR - Conpnoner

Cont ent The conmononer

waeomestoznas determ ned by 13C NMR  The sanpl eBCTERH08/087378
prepared by addi ng approximately 3 g of a 50/50
m xture of tetrachl oroethaned2/ orthodi chl orobenzene,

(refigh

t ube.

ti on agent

),

s 0.025 Min chrom um acetyl acet onate
to 0.4 g sanple in a 10 mm NMR
The sanpl es were dissol ved,

and honogeni zed by
heating the tube and its contents to 1500C. The data
was collected 73 of 104653 19A using a Varian Unity

Pl TebleRR) Pgpertispf €¢lompensided Blests - Ex SO6EX| i pse 400 MHz
s Peertertpsret fer Unitsor|r é@p‘wddi nipvedive | IGentxwoh &medive | Inventive
frequency [of 100.|4 AcEampletsi o rExpmpla netExamplgefr Rxample 9
selected t ensune mla_n_t_;tat ive 18C dAhta r‘mﬁ sitlian
jn1¥ﬁ%yprese%%% df rel a%37Pon| agéit?. [The9PAt o Wa%s33
acguired using gdte %Figecouolinu. 4000 kransients
per Hata f| ¢#&mia |6 A8M plil seb-Hepelito.on del a8/408 0.15
spectral w dth off 2423800Hz, and a|file sige of 659K
dat ar;pol ntisg/10mik ] TAEMIr 0be nwad heaged 10 IgY0CT Thsi
cormonomer i ncorpqraten yas deterfined us ng ASTN1D50
I7=-5t—StE| i‘{ﬂ{nﬂl TesdmivEl ot fsor—Pet T B of 237
Li nedr Low nsitly IPglgyefhyl’ene Cpnpositil E& Car bon-
13 l\‘!n ! eat !\/Bgnai’l fal Reso hahce Qn m! s f
orefdfed with a dhrom uml cat @yst | cabbe anaf%?zed 159
usi kdlsBr andol i ni '|s assi gnnmenB¥ fof et3dyl ene- Bexene 29
[Baeviieles NI, A J. Wl T$, 009D, , [" N2 SP Ctoroao off™ 0.079
Pol ymers and. Pollymasss Addli tives," |64 (2000) Voljatil e
Det er mi natfi on Thg hmMmﬂ olatile level of the pel |l et
S gl:g% 11 d T et Jht SS—1e I“U'"Inh 148
I ¢d1o! NVl v atlng a 10 g sanple A vacuu
W@AFOS‘J‘BS 1 UUBﬁm UerL@—) 10UT 784 T IIB IIB@@UI eﬁlb‘ll&—mVde 723
or—aypHearerserpl-es—T e pveFage—+oss—ih
0010 b 10 %%11 01
mnbE?mas report q$§§8the percen| total polatiles 0017
present i tthe sdm
" Vinyls/1000 "ASTM 0.164 0.127 0.123 0.13
carbons D6248
Methyls/1000 ASTM 3.00 4.39 ©3.59 3.43
carbons D2238 '
T crystallization °C DSC 118.4 116.8 117.5 1174
" AH g DSC 212 191 206 203
crystallization
T melt °C DSC 131.6 131.3 131.7 132.2
AH melt Vg DSC 212 191 210 205
Wt% Hexene % 13C NMR Not 2.4 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 %o ATREF 29.7 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 94,772 75,296
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Melt Strength The nelt strength was neasured at 1900C
on the Rheotens Model 71.97 Melt Strength Tester in
w@emongkere with the operating conditions of tPCEHUS2008/087378
tester. Structural Characterization The vinyl/ | OOCC,
and trans vinyl/ 1000 C content was determ.ned by ASTM
Dsg_%#%% and net hyl groups/|I O0OC was determ ned by
238. EXPERI MENTAL The fol | ow ng exanples are to

illustrate this invention and to not

limt it.

Rat i os,

parts, and percentages are by wei ght, unless otherw se
st at ed, 7Xablf 8C BropeBesid SoRppunderbBieedsi- Esanmpi¢sVI@el2i zat | on
PdIRroserties at i ong Unisy e | dethofl ed | dnyentivey o Ipveintite scldheentive
rdactor as desg¢ribed|in U S. E&‘t'm*ﬂl% ,Exgmpigdl, | Example 12
i e})éftg' ated ?It TRLT WYhshk! € ﬁz teoEst WS dﬁFlO
onl the high ol egybar Wi ght regctor. Coclatal yst
a r*l ("nnf| n|||iy Addi t | va{ CA) \Anrn_a| slo forl s at e! y
tg It he hi gh nol é’ggl ar ’ﬁﬁ@:ght Pehctoor . Odﬁ\ feed [0cCurred
atl_a bed hei gh appr tely one fodt above tlhe
cqtlal yst feed peiiht, [hSTver |PB3s is [nBet a crilt Netal
fdature of the|p¥ ymgd?3Bati on processd| deemifeded degrmined
wadg,, mal nt ai ned [@tio 20 |tasT&O ppms.s based 2ap t he papner
producti on rat¢mimt g1238vel gsufficient to contyol
Sl A U AR 2 DA EL AR
ddber at el y added tg the lo Mz%l ecul [ay *wei Not
r daet-or—Rewevar—sratl—aretn etempneg , determined
PRkPrligrev ity STy appuntgofeatvagyt To-fgmp
dilssdf ved in the pol)ﬂﬁ ;. cofonomner to e hylene nol ar
ratio-less than 0.003,.Lnépn-1|i ne gas |chromat ography to
rdactor)) are garried over imto the llow nolect
well [BEANPE AL | PrRer ¢ HPSC opt | &ffal coddll yst fe‘é%l to
t WiIBGABOS 18| eclippm WGHBHE refét%r. Readfi on cofddti ons
uslemank/0000rcabdnc @ t hese¢ aAsampl e$o0.a08e gi vlexrooi n Tab{losoollA to
1Q. D6248
Vinyls/1000 ASTM 0.124 0.101 0.104
carbons D6248
Methyls/1000 ASTM 2.58 1.67 1.64
carbons D2238
T crystallization °C DSC 117.1 118.2 118.5
AH crystallization Jig DSC 199 201 205
T melt °C DSC 132.4 133.9 133.8
AH melt Jig DSC 202 200 204
Wt% Hexene %0 I3CNMR | 1.9 Not Not
determined determined
Branches/1000 13CNMR [3.2 Not Not
carbons determined determined
High Density % ATREF 68.9 82.3 86.1
Fraction '
Purge % ATREF 13.8 9.7 12.4
Myv 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 . 98,527 70,090 91,954
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10

The inventive exanples are suitable for various

ap

plications,
WwW@eraoosws2 and in particul ar,
especially suitable for filns and pi pes,

including filnms, pipes and bl ow nol ded
Exanpl es 1-3 andrP@T/asm08/087378
and Exanpl es

4-6 and 8-12 are especially suitable for bl ow nol ding

TohsaA

tions.

75 of 104653 19A 76 of 104653 19A 77 of
19A 78 of 104653 19A Table | B Conti nued:

Process Conditions Used to Produce Inventive Exahpl es

6

Used to Produce Inventive Exa

19 Aabfe - MeachanigshPropgidss - Lpw ditavs

th
su
of
pr
we
no
we
fl
of
ca
de

&

9 79 of 104653 19A Table 1C. Process Conditions

|l es 10 -12 80 of 104653
dsdhdiSeriesmdn gt Exgmples
Prddute I nventive Exanples 10 - 12 The Energy Bal ance

Production Rate (F B ) is used for process control |
i s| Broeestiesul af Yt HaMethe drnventiyedbintentipg| Ieeatiye, g Inventive
pr nci pl es using t|re kncﬁﬁ‘aﬁﬁlﬁt ?:’mglel %F“TB&GQ%"“TB‘A
- of lat hiyl act +taod Pot S | noor\o o
II[.‘I IIuL T \sl s L A\ ~ Il EATES ) U
Py ronm::gACtm f rcggg‘f"ne 0&8? mep P22 o Pabict o> %R
specificl gas gonpaosilftions The "SQ/ s tHe
Derficial |0 veldM y %%r ough®¥ne ppt9mer | zﬂHlj bed
the reactpP" nedetfed in feel/second. The dgplit
Plyi des t he| sied ghtAgTdr dexbage pd.23t he po.zph nol |@xasl ar
ght conpopreint, [0d8%d |on the sum wei ght of tlhe high
gcurar we gm clotaaendng .oand [&i€ T oW gl ecul[as
ght conpo Tiheg sfl i t i s determ ped by X-ray
. + H 1 1 N 1 e | H
hC?bCIIbC UCL Cl IKS I c ol Uual talr o Iggl yolr 3
f'esin sanpl es ot held® %rom b6t h repctors. [Since
j dded IrHf*ﬂthef rst reactor—the
ctdase in fesi dua]‘T‘ 38 30 31 34
: 238
ESCR Fsg h ASTM | >1000 >1000 >1000 >1000
(10% Igepal, D1693-
notched) B
Tensile Impact | ft*Ib/fin | ASTM | 279 318 288 302 -
2 B1822 -
1% Secant | psi ASTM [ 156,590 | 149,309 [ 153,980 140,839
Modulus D790-B
Flex Modulus | psi ASTM [ 187,029 [175,813 [ 180,841 175,158
, : D790-B
Ultimate psi ASTM [ 4,793 5,022 5,150 4,929
Tensile 638
Strength
Elongationat | % ASTM | 786 778 790 658
break 638
Yield Strength | psi ASTM | 3,242 3,002 3,514 2,931
638
Yield Strain % ASTM |35 3.6 4.5 3.5
638
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Hf or Zr fromfirst reactor to second reactor allows
calculation of the fraction produced in the second
WO e@ogi922 and hence the split. In these exanpl B&T/US2008/087378

resi dual Hf was not neasured for conveni ence. Since
the catal yst conpositions were fixed, the residual Hf
Ca@s §Asi nmply calculated, if desired, fromthe Ti

B¢ and the catal yst conpositions given bel ow.
Cat al yst Preparation Catal yst was prepared using
equi pnent and net hods described in U S. Patent
6, 982, 237 (incorporated herein by reference).
CaTabllo/2: MagkanicokPrppegtivar Highdibvolndiixrilyi)tSeri¢shdnventive Examples
nofr6l8-M.ting formulations listed in Table 2. O her

nrecursor comaoasitions. can_he nrepared usi ng ot her

Bropetit | Pnitp giMethod [flaventiy Rinvestis | Igontiys| Ingaths BInyalv TApyentiv

2: ®Exanpl es [of Cat i Gn €
Appl i cabl e $pray Or %ﬁ' é @ ﬁix‘?@? n%"ég’?g Exﬁ‘“lﬂ’ E’;al"(;pl
R R T T e S
Cofrdi ] TS oA

! 'Esm'w"'b.h” Tafhig F 083 4 Wso.ﬁ"\ 0.11
Tabl e B:mispécijpdgC |Cat al ysts Tabl e 4: |Spray Prying

Condr i one EXAdiy § UleOr) naj i on Hhogcddups (AL gkYSU  0.63
precurjsohis \engsst en chlprinat¢d using ethy| alum{num
segqui chyior I aes@as [chdoar | hat4.e1g | agert ,| ats.2an| apiy addea.s
Cl / OCEthh miat ijo1z88 gdpproxijmtel y|2. 0 THe procgkdure used

t @/Ghlpori nafeashe || nMént ) velcal al2gst 4, woed| i ns¢ he 149
speciff c polly®38 Aation experifrents descri bed aboVe.

i &/Bi vien bell oW TMCEt ak§st g ASand B33 31 29 26
- 1238
1300 av s Extrudat 19.5 20.2 19.8 22.3 21.6 22.0
e swell :
11000 av 3 Extrudat 7.1 7.2 7.1 7.6 7.8 7.7
) e swell _
ESCR Fsq h ASTM >1000 >1000 >1000 >1000 >1000 >1000
(10% D-1693-
lgepal, B
notched)
Tensile | ft*Ib/in | ASTM 78 123 136 272 226 233
Impact 2 B1822
1% psi ASTM | 207,535 | 185,909 | 190,616 | 162,246 | 167,221 | 168,614
Secant D790-B
Modulus
Flex psi ASTM | 250,405 | 228,182 | 224,395 | 201,930 | 208,004 | 202,392
Modulus. D790-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 % ASTM 38 2.8 3.7 3.1 34 4.5
Strain 638
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above were produced using an identical

chl orination

procedure as that described below. See Table 5. Table
WG 2008083922 € Chl orination 84 of 104653 19A A siRCT/US®08/087378
gl ass vessel,

equi pped with a heating jacket and a

helical agitator, is used in the chlorination
re&%&' n. Some pressure is generated by gases evol ved
du é{gt he chlorination step due to reaction of
resi dual al cohol with the al kyl groups of the ethyl
aI um num sesqui chloride. To the m Xx tank was charge
HB- 38 The tenperature
5’# ?%é ﬁafj%{?r%a g@%w el BRI at
50/‘38?1’?5 Cr?ﬂW?Ig é e precursor powder
\JU“ 700 v a5 \nnirs +her\l & arned tn fha raor\f oF Qnd -
Provefife] R P RAR TR ] | 3B Ypel siting St
pregursor[. Next, fihe EAS;,(;,3 slol gtioé OF alkk®d ab BEKH | Reference
by weight| in dfy m neral Oi| Refewss Réf@rericd) PRefelrd6vel
charging Isystem Thelpressure zontlrolierlwad sef to 2 d
Dengif i By.#cThe %Z(ggc sEPUt i| oA c"l“?éﬁ‘ged ¥er yeltPe, | AP g 09598
rorhihl A Aut.a nord add + bt AnNnA
T Uudlll L& LI} P L | lL; A C AN} o C A>3
B f =x§f‘ﬂé)ssif\\{s§§!f Jar(%iT%g ocoz':")'lﬂrredOjg fm%gh teoﬁ%;r ht (e 033
LI T CaREY AIRVE 3% | T sadui i N Wk o ESUNEY af T8k 204
foam g qubseded, and the tlenperatjure de¢reased] to
I;dl:es: t herl 88@. | Thes mixt us e wass7agi|t aved {or 8anof herz 6 123
nht es f123\3h3 temperat ure has nqQt reached 35 NC
Esf(‘j;ﬁt edse [tHEMset PBoint ¥ I5 Cldudi AP® his BO n) nutk 50
lfgepq,gl atiorn.,.Hgspl ts ane shoﬂn in Tgdble 6 lpel ow, Bnd theg
notcHe®' [Tul at i on |s shown |in Table 7. Table 6|Table |7 :
TenditO ' MuMibak*l JOXSTOO [ 0T12700465{20 I9A G@ant ifnueitry Addizk1 vE (16A) 85
ImpEhe| cont i|nB8?2y| addi tilve is |a m xture of al um num
1% Segins | epy at|eASTMN{ 20icatrar 1.4 | [y 160939 | 179423 | 205421 [ 186,813 [ 199781
Modulus D790-B
Flex psi ASTM | 244,912 | 244806 | 190,527 | 216,123 | 238203 | 221,086 | 232,709
Modulus D790-B
~ Ultimate psi ASTM [ 3,159 3,422 4,276 4,663 4,135 4,077 3,185
Tensile 638
Strength
Elongation | % ASTM 878 726 943 764 783 845 847
at break 638
Yield psi ASTM | 3,682 3,449 3,493 3,471 3,777 3,707 3,986
Strength 638
Yield % | ASTM 5.1 45 37 3.7 37 32 3
Strain 638

S

a: UCAT'™ B (Chrome catalyst) / Gas Phase Polymerization
b: UCAT™ J (Ziegler-Natta Catalyst) / Gas Phase Polymerization
c: Exxon Mobil - Mitsui process and d: Equistar — Nissan-Maruzen process
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avai |l abl e AS-990 dispersed in mneral oil, at 10

wei ght percent | oadi ng of each conponent. The HB-380
worRove0sd92ni | is typically used, but any dry, ORELER2008/087378

free, high viscosity mneral oil may be used as the

di spersant. The effect of the continuity additive is

nore than just as an agent to control static

generation. This is illustrated in Figure 1. As seen

in Figure 1, the ef fect of the continuity additive is

not j gyst—ofrerof Tstattc—gontrpt;rthatHsT—t—+s 1oty an
anti-sgatic a;’gn% per se, bul. gnSa nt| that prlonot ps
react Qg a:ont e £l,| Cher faElals afisd affect |feactor
cont i n_Elgg, NOWEERT| S the une @B ef 18k4|S0% |2 he |3
cont i urtyTatdirtryeattowsfprr¢ontihueg—prodyction of
t he |n§%1t|vao lrgeg ns, despicgeagl@ pEegemnce of |a very
hi gh rrglﬁscul gk | oME | ght  conpopet|ts) 5 Thas, [ hee conti nuj ty
addi t g6 slisie |BeSfgd, sdch [tiA |2 cohglenE [t | a8 of
great €T n ppMmirs munyar e T fref|rst reactor.
Too migh contd |glgfy addilti g@@;;@ ¢an (be del etieri ops
to opeE@ion “lngldat  at hi@rj:j»ge@elig;—@towgkl e a
cat al yE& 90i oW |Sui t abl ¢ [Hrge 1ors|Ehe|cont|Enuity
addi tifve. feef lig friom5{to|1Dg_ppm _pdsed| on pol yner
P.qy . = < .
produg¢kizon|ratielspn especi al jspEel@rried feed|ratefis
from 58t TO|PENT|Nel t Ext 18K ENSLaghe _$i e cqmpounded
» o O . RAk=! (] [N E R Y]
sanpl ¢8 &of |t FENIRVdRt i vé exBRiFes yweEsprpducad by
mel t eyta ugi pn % the invemt| e |sanp| e pojwder |with
ant i o>-§(ﬁnt ane|gpt|al yst neytg|&lLzer| |The| el t
extrus&? wags|Eagltled ouyt onlATKAbES |IMIARO exXkr uder
. = . =) % . a[Noo, [ =y :
equi ppe wil t = [BIL=1E ot ofs. " |F R ~afR | opd |[daRis wdPe 0] 02
wei ghtogergewt I|RGANOX 1010 pnd|Q. 06| weight percentg
| REAFCBE168. |J[Besadgi d neut ralg|z¢E was |0{1| vei ght -«
- percent gallc|Ue srearat ¢. *@pﬁ{ gad “Egs;;\_m cagdi t | ons
wer e=1BHC| b bt 7SSt poi nt ™~ Fempear ke[ Fhe i|Rven] i vés
powde,rggwere fledspt] anbijent teaperaturie| The axtrufer &
screw|§feed ha®|Typical |y 220%|Fpe |Eesin feed |rate| 550
| bs/ f§| £tshe mi i€ |Blate, sudt i of|HLessF | Te 151 g;[gand| t he
gat expodl t il olf; [0 open.  ThE |MIDFer 19|85 6t t e
con‘p&ugd}ed I hviemd| e sanpl es| deesgijlyen iin{ Tablles 8| to
T2 = NE IEIEIREE
HEE 252 SIS |
2|z & IR “lglgle [B3l21gle |8
»%.5!:} Re] ] sy Lg% JB|G|L o| S| ¥ |2 | <)
Sle e @ ole @
sEg | |82 g§§§ 3
=2 g ® a2l NN - I Y S N ] ~
FEd | SR Ead b it U e P ] g PR B
)
= @3 oleo e
B =(8[8 o|S®E |8
B2E | B35 2131512 Elalel=le |3
B|E & 2Q|R|=|w ] 1 o S It ] S I
- HEICA™ e
= I s% |2 SEHE
o, | 25,02, NHHREERCEP
ol & k= EC®T oA 2~z m’r}?@mﬁ‘_'aé‘_—d
|z |2 A s B S EREEEE
B H M AN R TR R R R e
& OIZ[Z|Z|Z|r B2 (S QE[E[=|= [Z|Z|E|=|x &8|x &2
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11,

properties are conpared to commercially avail able

wee@dosiog2 86 of 104653 19A | nventive exanpl esPdr/us2088/087378

and shown in Figures 2-6. The inventive sanples

and 8 to 12 are suitable for fabrication of extrusion

bl ow nol ded articl es.

ex
(0.953 g/cnB density,

375 O catal yzed uni nodal
phase process,

The performance of
11 was extensively benchmarked versus the
e sanples listed below. UNF/ AL(tm DVMDA 6200
33 g/10 mn 12 1):
resin,

I nventi ve

UCAT(tm B-
produced in the gas
and commercially available fromthe Dow

ot SRR PR Sl

( / erB—denst++ 27 —eth 40— —UYEAT ||y
Zi elzrf)peer- Natta cat al yg’gd%lf)l %‘Rﬁﬁi r aéxfog, pIr gﬁﬂv in
the gas phase procepg, and|ggyercl sky avipdp@bl e [from
t hie Dow Chem' cal Conpany. ErserNRb| Retbloh&@8 ,g,Qe957
| less 046+ H0—mn—2—btredal—frestn
Fg)r &H'.‘X%‘ﬁ”\f‘i—ﬁ[‘??:hp sl I?r\z M 1l sui llnro'u?cc, copmerciallly
avidf® abl e from ExxohhBBi | E4AP%t ar | APRTHON 11€890
(0.M88 g/ cnB densi t y23568B5 | gF4®O mi p1392P0 ;. bidgHHAI
resvan produced via h®eoBouIi| 946400 NI § & a31;70r UDEA00
priogess Commercl al ykﬁvallabhe TrpnyEqU|st@g Bi nfodal
I €154, Wi, fAEdoRbof polder | P37 STT 1 [HgSS- tOPgRmMess pgg ance |and
t hewikididediy we@nif>alof | cat e |ijght wei ght articles wi tjhout
| osgméd performance| However, binodal resips are
usjually I ow swel ling, and difficuli to fabricate ijnto
ex|tight Saatetihgs@PCD| dpd arti ¢l es w t hout too]ing changes
andL8dvanced parisoh programming. As a result of tlhese
priddessi ng difficul ¥, théo¥RBsul tP-htd f abri2c/ad ed
artMel{ads can have npss7020 f onengshi ckaP0 di pt20/780Ut i jon
esipegBey Ty al ong Thez,welst I hpescooalissisaod heshijsoo T4 |
PrEVEGBEET Y 11T PhyS| &7s, 186 YRE54, 3601 €8 5857500 SPE3 286 dr op
t &Stz 1(88) 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

% Wt. fraction of polymer | 9.04 3.5 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 > 10’

g/mole

10

Representative polymerizations of the high molecular weight component as

shown in Table 10C below.

Rheological 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 Tablel1C.
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wOo e®alosiory i n additional
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Due to processing differences binodal
cannot be m xed w th uni nodal

resin regrind

Cr catal yzed regrind
expense for the fabripet/es008/087378
article producer. Binodal resins available in the

mar ket have either good processability or good

st%{?f Egnsss ESCR bal ance. This invention overcones the
abBie nti oned problens by offering resins with good
processability (Table 11) and excel |l ent st i ffness- ESCR
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a hi gh
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density
pu S

'k e,

h NS IS CB Mo 1 s {66,401

Not
determined

4.26 3.35 3.42 3.53

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
I, (g/10 min) 0.06 0.04 0.05 0.05
Is (g/10 min) 0.29 0.23 028 0.28
I>; (2/10 min) 11 6.9 8.7 9.5
Extrudate swell t3g (s) 20.6 20.1 20.5 20.8
Extrudate swell t;gg0 (5) 6.6 6.7 6.9 6.7
Eta*@0.02s” (Pa.s) 191,971 199,473 196,221 176,721
Eta*@0.02s™'/Eta*@200s ™ 151 140 152 126
tan delta@0.02s™ 1.37 141 1.33 1.45
tan delta@0.02s ' /tan 2.87 3.00 2.73 3.02
delta@200s™
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g/ nol e,

and purge M/ is 72,150 g/ nole.
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19A 89 of 104653 19A 90 of 104653 19A 9 1 of 104653
wda2ho/dstobr 9A: Mechani cal
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19A Tabl e 9B: Mechani cal

(1

10FETEA
I ndex (121) Series -
Con'par ative Exan'pl es

Chaaf Pl HRLG

ies -

rlza
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Properties -

Properties -

Low Fl orCT/Hs®%8/087378

I nventive Exanples 1-3, 7 92 of 104653

H gh Fl ow | ndex

Properties -

I nventive Exanples 4-6, 8-10. 93 of
19A Tabl e 9C. Mechani cal

H gh Fl ow

I nventive Exanples 11-12 and

UCA B (Chrone catalyst) / Gas

iy Bé’?’%?’?@ﬁ Dy

ntl(’zt

SRR bt

1C
% on C
nnnnn 0 ot Ay ~ N
oyl [JI UL T ..l JC Q LT
S%?%%gy (EA@J 19 *I'(p x"" "““K{E: Bl of Ty%a.. g s:g%%zm - e
| nvent i v ?n EES(S)U ﬁ%? DA oJab t;] In.ecul,tg;délta
Wi ght [Data - nven |ve EK ep (hals)ap! npar ati ve @oos!
Exam | ¢s Repredentative ppl ymsr zatiophs ef tphe high
IvBRitee ulf ar owel ghtiseoppment ag spowged N Ti3BI ef 144 2.69
Exampl®. | Rheol ogijcal jand swel | prppertiges of ipventiye
Iredive ofrpanat i ve esapias pr e.7shpwoiin| Takb es| 1hA2 and  2.72
Exdrhple 105\vel | _propertiles by Conical Bottle Wiaght Method
Ingéntively ¢nt i0M& arfd3doppalrat | vé-8expiBes| ard8shpwa.sén| 2.8
Expgipled 11C
Inventive 0.14 304 | 195 7.1 117212 141 1.44 2.75
Example 4
Inventive 0.16 34.6 20.2 7.2 94981 107 1.63 2.88
Example 5§ .
Inventive 0.14 348 | 19.8 7.1 105547 121 1.54 2.79
Example 6
Inventive 0.16 249 | 206 7.2 88413 94 1.76 3.09
Example 11 )
Inventive 0.21 325 20.5 7.2 70468 77 1.96 3.33
Example 12 '
DMDA 6200 0.38 330 | 217 7.0 58357 72 1.78 2.48
Reference
DMDA 6601 0.29 288 [ 16.1 5.6 46118 46 3.55 6.23
Reference
DMDA 6620 0.33- 27.1 17.1 58 42636 41 4.06 7.17
Reference
Exxon Mobil 0.47 43.1 17.8 6.2 32606 38 2.92 4.34
98568
Reference
Equistar 0.33 404 | 216 6.9 64702 80 1.27 1.74
5840
Reference
.
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96 of 104653 19A Table 10 C. Mol ecul ar Wi ght Data -
H gh Mol ecul ar Wi ght Conponent of I|nventive Bl ends
waaiwbessbbA: Rheol o ical and Swell Pro erties -PCT/US2008/087378
Inventive Examles 1-3 and 7 97 of 104653 19A Tabl e
11 B: Rheol ogi cal and Swell Properties - Inventive
Ex%gggs 4-6, 8-12 and Com arative Exanples 98 of
10 9A Table 11C. Swell Properties by Conical
Bottl e Weight Method- Inventive Exanples 4- 6, 8-12
and Conparative Exan'pl es The inventive resins'
pr t scal
g%?e B0 e i ﬁfé)aq L R R S
P'E?B?I%H' YW'Fol di ng equi pment. The resin
extru3| on bl ow nol di ng perfornmance was eval uated on

t he Uni | oySdmpdew# nol di ng | i ne | Botde S| Paidéd Diametdr ||i t er (
1 gallon)| mlk bottle with a haeighe] and on the |G aham
Machi nery| wheel bl ow nolding [igne Thid 1. 9dn)l €] (64
0z) handl E1,0ETdvE Exampie 81 NVENT [ ¥£; T €55 BF Wegg;VET|y easy
Lo ProcesSivelile BPbhbT0 ™ (T PEEFT T PIDe I IERoOf T vier &
readi | Yy f SAm) Tlveﬁxalpp\lﬁls Pt uuciggo’:r)c 4ug E"-’qbluu‘]/ was
nar r ower 'AQ egt &1 € Z”CC btofa v 6%y BiYDA
6601 and. [EBYEIMVEEXSMPIGdscp o LEST 1o 87hnrilcat ed
fromthes “WW'HFEHWBPIpéci ns_ hbéf-hol Q%iﬂl n tﬁrg9hnrd| e
area. |t uEp¥eniive Examplefist r at et8that |28 | n@4ht i e
resi ns hapavemive Exampledd prodéed | i gh?8 weil §88 baqt tl es.
The super jlorvendive Ekaraple 1IXSCR bal@hce| 2hhbl €9.58 hi|gher
per cent ageDof DYI3A 6200Rufievescer et/ | e| 2.45 be | A2 or gor at ed
in the blopowDMIPAl6601tRetdreiceWn6d. ® NEEBI Ng | 6l8@ fi|ni shed
article penéwbDVIDK 8620 EreeeNts0 9P2.af 104663 19A

Exxon Mobil 9856B 69.0 240 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 Uniloy 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 (1 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 9856B 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.
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In sunmary, the inventive resin extrusion and bl ow
nmol di ng performance was equi val ent or better than that

wo@toovlgssennpar ati ve reference, DVDA 6200 and BEpgi/&E8208/087378

wn

1

(=)

5840. The inventive resin extrusion and bl ow nol di ng
performance was superior to that of the bi nodal DVDA
66 A 6620 and ExxonMobi| 9856B references. The
surfaces of bottles made fromthe inventive resins
were superior to both DVDA 6200 and DVDA 6620, and the
bot t| €3 E‘%gm e 1#@5&\% rgguk&ltrkm!)rl Jhﬁ%lolv&nmrglgﬁg Bé}ﬁ)%gnce was
areas. e I nventive resins

pr sueskatur bettey tham thavaf gteicompaxtve okérone, éIMD{arfém and Hqaistar

| . . . )
VoseP, AR OPEh b Bh aloon BUA KR VB MR
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avai | athes, thelinventgatsins daienrwell Nntlhroq hcatdiged regimntan on

h aéwﬁg nga? g’t?esé %?c‘ﬂ rc!:s nba%%;r (E@tﬁ) gl{?itnﬁgls lgalglkeltlé g«#{ﬁ%leglpg;o?‘r bte%eé |

precedi ng speci ment's

© pr tham cyrrqpuibipoda Zgler-Nhttpsatalyz¢dopsinshvndybeticasagaediganse, aredf

1

w

20

nmogj.f i I
o P BB BP0 AL NG L A .
i nvent i Biese meingluidige thbpebriproceshiag flo ko, mglt etreagtisetc 100

f r['LQuAhY!?@an'trﬁ u?Jeflig"E’%Qlabl%'mu}timdﬁalCr %05' tion conprising

a end, whi c conprises a I'gh nol ecul ar wei ght
et hyl e rfdthpughetbe ipwinjiprelras bepndesgribegvin pastaincdgiall throyesh diet

et YL ARE sR2FR ImBUiMERY, 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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and wherein the high nol ecul ar wei ght ethyl ene-based
pol yner has a density |less than, or equal to, 0.955
w@L@aBss9and wherein the bl end has a high | oad P&l/US2008/087378
i ndex (12Qgreater than, or equal to, 15 g/10 mn, and
wherein the bl end has a nol ecul ar wei ght distribution
(MM Mn) greater than, or equal to, 15. 2. The
conmposition of Claim1l, wherein the high nol ecul ar
wej ght. et hyl enebased pol ymer is an ethyl ene-based
in Wﬁ%ﬂﬁﬁ%ﬁ}&s. The conposition of any of the
precedi ng clainms, wherein the high nol ecul ar wei ght
et hyl ene- based pol ynmer has a mejght aver age nol ecul ar
wel-ght AMViPreposisior eornprinme dilenslgirhich pisnd q@mprgenphigh malecular
q . o
pr eaeenBop Ko bolyfher, Lt BRTRRR A A0 B oot asdttymer.
5 etdmdl ene- based pol yner has a z-average nol ecul ar
wei ght, M. greater .than. 0 al .to,. 10 g/ nole, as
dot or i g B ot AR o T e sp Dl M el s
pr@eedi agalboa0.935, g/mheael n hi gh ol ecul ar wei ght
et hyl ene- based pol ynmer is a heterogeneously branched
ot hyl orfEBAL 8 /oAt BEY0lghind mEl nfRe G GBS THb AT BRakRy!S
of o/ilgiMagksedi ng cl ai ms, wherein the high nolecul ar
wel ght et hyl ene-based pol yner has a nelt index, 12 1,
10 gr eat erwhekeamthe dlené fasad molequld wWetghgdid@ibntion. (F1,./Nlpegreater than,
conpositigon of any of the preceding clains, wherein
t ¥ BY8 R lhas a density less than, or equal to, 0.970
g/cnB. 8. The conposition of any of the preceding
clainms, wherein the blend has a nelt index, 12i,
gr¥at erThelsamposgoned (dimtlo wherginditeltoghinalecdar wiight ethylene-

glolglﬁ‘gjs }#]Og}sn(?% ioh e@lﬂXengfbageB?nt%glg,ﬁg}'. ng cl ains, wherein

15

3. The composition of any of the preceding claims, wherein the high molecular
weight ethylene-based polymer has a weight average molecular weight M, greater

than, or equal to, 10° g/mole, as determined by GPC.

20 4. The composition of any of the preceding claims, wherein the high molecular
weight ethylene-based polymer has a z-average molecular weight, M,, greater than, or

equal to, 10° g/mole, as determined by GPC.

5. The composition of any of the preceding claims, wherein high molecular
25 weight ethylene-based polymer is a heterogeneously branched ethylene-based

interpolymer.
6. The composition of any of the preceding claims, wherein the high molecular

weight ethylene-based polymer has a melt index, I,;, greater than, or equal to, 0.05

30 g/10 min.
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nmol ecul ar wei ght distribution, M~ M, greater than, or
equal to, 20. 10. The conposition of any of the
w@e@emsioryy cl ai ms, wherein the high nol ecul ar &T/gk1008/087378
et hyl ene- based polyner is present in an anmount from 40
to 70 wei ght percent, based on the sum wei ght of the
hi gh nol ecul ar wei ght et hyl ene-based pol yner and the
| ow nol ecul ar wei ght et hyl ene-based pol yner. 11. A
composi tion conprisin bl end, ich blend co i ses
P o TR BB Fe! e B teding CBUSE A T e PR &
| oy¥ntel 18Rl oRLAIRS, 08170 cafie- based pol yner, and
wherein the high nol ecul ar wei ght ethyl ene-based
pol ynmer conponent has a density |ess than, or equa
t 0. ; ' r
catial T o Er S e o T e R ekl bRt MR met
5 hi igtex, bagraxer thapoiegual t22P g48 ntiman, or equal to, 15
g/10 min, and a nelt index (15) less than, or equal to
1 g/10 min, and a nol ecul ar wei ght distribution
( My Mh)Thge@p&itidnbdiany efitheste@ink @lainl$ whaiin bléi has a
conposi tion of Caim11l, wherein high nolecular weight
et MYleahy-isaghe diswibryore Mw/ Mo.rentar drp gavaed &0 ¢0br anched
et hyl ene- based i nterpolynmer. 13. The conposition of
any of Clains 11-12, wherein blend has a nelt index,
10 1210, |8 Somp@ition@f agtefahe procedib@ cBinls) wiikiinlHe hibh molecular
conmposi tion conprising a blend, which blend conprises

a Virigh cHylcaebissr PORMEHE PESHY MR P {ner Weigh gergent.
| opys sl afib il wah@FihealifyheranRanssh: BAlKREFase mer and the
wherein the hi@% nnlecu?gr wei ght ethy%ene-bégggy
poloyrieqledyias waighiegikyleng-agaslpobyen, or 5 equal to, 0.945
g/cnB, and a nelt index (12) less than, or equal to,
0.1 g/10 mn, and wherein the blend has a high | oad

15 mellt i mdeomifosiziod cgnpdimera bléreinwhich blegdiedmprses dhigh idlecular

in,. I | i.ght distrj but.
o BBy Foafr e Peaey il ov BTerblaP i rpub i i potymer,
Codfaniteidng a bl end, which bl end conprises a high

nol ecul ar , ,
the high molecular weight ethylene-based polymer component has a density

less than, or equal to, 0.945 g/cm3, and a melt index (I,) less than, or equal to, 0.1 g/10
20 min, and
wherein the blend has a high load melt index (I,;) less than, or equal to, 15

g/10 min, and a melt index (Is) less than, or equal to 1 g/10 min, and a molecular

weight distribution (My/M,,) greater than, or equal to,15.

25 12 The composition of Claim 11, wherein high molecular weight ethylene-based

polymer is a heterogeneously branched ethylene-based interpolymer.
13, The composition of any of Claims 11-12, wherein blend has a melt index, I5;,

less than, or equal to, 10 g/10 min.

30
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o wei ght ethyl ene-based pol yner, and a | ow nol ecul ar
wei ght et hyl ene-based pol yner, and wherein the high

wodeosdsar wei ght et hyl ene-based pol ynmer has tPET/US2008/087378

followi ng properties: (i) a density less than, or
equal to, 0.955 g/cnB, (ii) a high load nelt index
(12i) greater than, or equal to, 0.05 g/10 mn, and s
wherein the bl end has a weight fraction greater than,

or_equa] to, 4 weight percent,. based. on the weight of
¢ h bl dheemRRieR e BRI TEHCT PR PIEAS FURRTEST PRBMOKEY
a WabRGHyRhe bRl PblyBEE ahEeL 1obNadle PR Wi diPEByle®Whsed polymer,
wherei n the bl end ﬁas a density greater than, or equa

t cAndovis®iny/ cnB. 0 16. An article conprising at |east
one co ,
g]géglggﬁ hnolePi1AEe: £ %(Hyfeﬁ@b&‘s%"’?@ 1‘3&1‘ 1?5‘ a Qénsﬁ? )f:%s?tfhan, or

t he pr g %Ialns. 17. "The art of Ca
5 whegueli tn, @96 gt eider inglt mdé Gwvlaypthdedr aqual ©l @.1 g8 0 min, and

wherein the blend has a high load melt index (I,;) greater than, or equal to, 1

g/10 min, and a molecular weight distribution (Mw/Mn) greater than, or equal to, 15.

15. A composition comprising a blend, which blend comprises a high molecular
10 weight ethylene-based polymer, and a low molecular weight ethylene-based polymer,
and
wherein the high molecular weight ethylene-based polymer has the following
properties: (i) a density less than, or equal to, 0.955 g/cm3, (i1) a high load melt index
(I1) greater than, or equal to, 0.05 g/10 min, and
15 wherein the blend has a weight fraction greater than, or equal to, 4 weight
percent, based on the weight of the blend, which comprises polymer molecules that
have a molecular weight greater than 10° g/mole, and wherein the blend has a density

greater than, or equal to, 0.93 g/cm’.

20 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.

25

103



