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conposi tions containing polyethylene, particularly
hi gh density pol yet hyl ene conpositions, which are
pref erably bi nodal pol yethyl ene conpositions.
BACKGROUND [ 0002] Ongoi ng efforts have been directed
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not been used for blow molding applications, especially for bottles where a high

resistance to cracking, i.e. high ESCR, is desired or required. However, higher
density compositions are preferred to obtain the desired mechanical properties

such as bottle rigidity.

[0004] There is a need, therefore, for higher density polyethylene compositions
that exhibit good ESCR as well as good mechanical strength properties suitable

for blow molding applications, including bottles.

SUMMARY OF THE INVENTION

[0005] Bimodal polyethylene compositions and blow molded bottle made
therefrom are provided. In at least one specific embodiment, the composition
includes at least one high molecular weight polyethylene component having a
molecular weight distribution (MWD) of about 6 to about 9, a short chain branch

content of less than about 2 branches per 1,000 main chain carbons, and a Mz of
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aver age nol ecul ar wei ght of the | ow nol ecul ar wei ght

pol yet hyl ene conponent is about 20 or |ess. The

conposition has a density of about 0.94 g/cc or nore,

an ESCR of about 600 hours or nore, and a percent die
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The conposition has a density of about 0.94 g/cc, or
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chain carbons. The bimodal polyethylene composition also includes at least one

low molecular weight component. The high molecular weight polyethylene
component is present in an amount of about 50 wt% or less of the composition.
The composition has a density of about 0.94 g/cc or more; an ESCR of about 600
hours or more; and a percent die swell of about 70% or more. The bottle is blow
molded to have a wall thickness of about 0.01 inches to about 0.03 inches and a

weight of at least 70 grams.

DETAILED DESCRIPTION

[0008] Bimodal, high density polyethylene (HDPE) compositions having a
surprising combination of excellent die swell and environmental stress crack

resistance (ESCR) are provided. The bimodal polyethylene compositions are
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bet ween about 0.01 i nches and about 0.03 inches with a
wei ght of about 70 grans or nore, ESCR of about 600
hours or nore, and die swell of about 70% or nore.
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e.g., a trimodal or even tetramodal, etc. composition.

[0011] The term "polyethylene" means a polymer made of at least 50% ethylene-
derived units, preferably at least 70% ethylene-derived units, more preferably at
least 80% ethylene-derived units, or 90% ethylene-derived units, or 95% ethylene-
derived units, or even 100% ethylene-derived units. The polyethylene can thus be
a homopolymer or a copolymer, including a terpolymer, having other monomeric
units. A polyethylene described herein can, for example, include at least one or
more other olefin(s) and/or comonomer(s). The olefins, for example, can contain

from 3 to 16 carbon atoms in one embodiment; from 3 to 12 carbon atoms in
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20 component may range from a low of about 200,000, or 250,000, or 300,000, or

350,000, or 375,000 to a high of 400,000, or 500,000, or 600,000, or 700,000 or
800,000.

[0014] The term “low molecular weight polyethylene component” refers to the
polyethylene component in the composition that has a lower molecular weight
25  than the molecular weight of at least one other polyethylene component in the
same composition. Preferably, that polyethylene component has an identifiable
peak. When the composition includes more than two components, e.g., a trimodal
composition, then the low molecular weight component is to be defined as the

component with the lowest weight average molecular weight.
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trinodal conposition, then the | ow nol ecul ar wei ght
conponent is to be defined as the conponent with the
| onest wei ght average nol ecul ar wei ght.[0015] In
certain enbodi nents, a | ow nol ecul ar wei ght conponent
is a conponent forning a part of the composition that
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elucidating each individual polymer component’s molecular information in a
bimodal polymer. A particularly preferred technique uses a Flory deconvolution,
including but not limited to the Flory procedures set forth in U.S. Patent No.
6,534,604 which is incorporated by reference in its entirety. Any program that
incorporates the principles contained in the following reference is useful: P.J.
Flory, Principles of Polymer Chemistry, Cornell University Press, New York
1953. Any computer program capable of fitting an experimental molecular weight

distribution with multiple Flory or log-normal statistical distributions is useful.

The Flory distribution can be expressed as follows:
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Any conputer program capable of fitting an

experinmental nolecul ar weight distribution wth

multiple Flory or log-normal statistical distributions
is useful. The Flory distribution can be expressed as
follows:[0018] In this equation, Y is the weight
fraction of pol ymer correspggdi’n }) t he nol ecul ar
species M M is the nlmidk X/fv rage” nol ecul ar wei ght

of the distribution, and AB”ts/the wei ght fraction of
the site generating the distribution. Y can be shown

to be proportional to the differential nolecular

wei ght distribution (DMAD) which is the change in
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group of four fits the low molecular weight component while the other group fits

the high molecular weight component. Each constrained group is characterized by

A and Mn of the lowest molecular weight component in the group and the ratios
A, (@) A, (1) and Mn(n)/Mn(l) for each of the other three distributions

(n=2,3,4). Although the total number of degrees of freedom is the same for the
constrained fit as for eight unconstrained Flory distributions, the presence of the
constraint is needed to more accurately determine the contribution to the total

chromatogram of the individual low molecular weight and high molecular weight |

components in a bimodal polymer. Once the fitting process is complete, the
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[0023] In one or more embodiments, the bimodal polyethylene composition has a
MWD ranging from a low of about 9, 10, or 15 to a high of about 20, 25, or 30 In
one or more embodiments, the bimodal polyethylene composition has a MWD of
about 10 to about 22 . In one or more embodiments, the bimodal polyethylene
composition has a MWD of about 10 to about 20. Preferably, the bimodal
polyethylene composition has a MWD of about 13 to about 18.

[0024] The comonomer response can be determined by the “short chain branch
content.” The term “short chain branch content” refers to the number of branches
on the polymer having less than 8 carbons per 1,000 main chain carbon atoms, and
is measured by carbon-13 NMR. In one or more embodiments, the HMWC has a

short chain branch content of less than about 5 branches per 1,000 main chain



on the polyner having |l ess than 8 carbons per 1, 000
mai n chai n carbon atons, and is neasured by carbon- 13
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chain branch content of |ess than about 5 branches per
1,000 mai n chai ncarbons. In one or nore enbodi nents,

the HWAC has a short chain branch content of |ess than
about 4 branches per 1,000 nain chain carbons. In one

re enbodi ments e,H S t chai ranch
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than about 0.1 branches per 00 carbon at ons.
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or nore e |nen as a z-average
nol ecul ar wei ght (Mz) of about 1, 300, 000 Daltons or

nooe6hi Nomnwisbimgnior be doivadl bm;htery, ithie Hekiwednthet the comonomer

f abaut .1, 400
DaHISHEE o tio IR BEacks, 4 roivesnaBaF LRk 5iehh (o ppd 741
haéive?a ¢ -myIeEAgewszhe (Miza1) Mt §Rividdyithe RefpeRE kAt between

1, 100, OOO Dal t ons ‘and about 2,000, 000 Daltons. hi one
rmmhaglcal strength, die swell and ESCR. Preferably, the HMWC has a z-average

molecular weight (Mz) of about 1,100,000 Daltons or more. In one or more
embodiments, the HMWC has a z-average molecular weight (Mz) of about
1,300,000 Daltons or more. In one or more embodiments, the HMWC has a z-
average molecular weight (Mz) of about 1,400,000 Daltons or more. In one or
more embodiments, the HMWC has a z-average molecular weight (Mz) between
about 1,100,000 Daltons and about 2,000,000 Daltons. In one or more
embodiments, the HMWC has a z-average molecular weight (Mz) between about
1,300,000 Daltons and about 1,900,000 Daltons. In one or more embodiments,
the HMWC has a z-average molecular weight (Mz) that ranges between a low of
about 1,100,000, or 1,200,000, or 1,300,000, or 1,400,000 Daltons to a high of
about 1,600,000, or 1,700,000, or 1,800,000, or 1,900,000 Daltons.



enbodi nents, the HWAC has a z-average nol ecul ar wei ght
(Mz) between about 1, 300,000 Daltons and about
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HMWAC has a z-average nol ecul ar wei ght (M) that ranges
bet ween a | ow of about 1,100, 000, or 1,200,000, or

1, 300, 000, or 1,400,000 Daltons to a high of about
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ofi.a.lia SHGeaus ob¥l %F%W@P@l%‘nﬁdgﬁlﬁsgﬁ L’%YFges froma

| ow of about 5 or 6 or 7 to a high of about 13 or 14

Ofg029] In one or more embodiments, the bimodal polyethylene composition has a

I

spread of less than about 20, preferably less than about 15 or 14 or 13 or 12 or 11
or 10. In one or more embodiments, the spread of the bimodal polyethylene
composition ranges from a low of about 5 or 6 or 7 to a high of about 13 or 14 or
15. In one or more embodiments, the spread of the bimodal polyethylene

composition ranges from a low of about 12 to a high of about 15.

[0030] The term “split” refers to the weight percent (%) of the high molecular
weight polyethylene component in the bimodal composition. Thus, it describes
the relative amount of the high polyethylene molecular weight component against
the low molecular weight polyethylene component in a bimodal polyethylene

composition, including any of the polymer compositions described herein. The



15. In one or nore enbodinents, the spread of the
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"split" refers to the weight percent (% of the high
nol ecul ar wei ght pol yet hyl ene conponent in the bi nodal
conposition. Thus, it describes the relative anount of
t he hi gh pol yet hyl ene nol ecul ar wei ght conponent
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55% [i(g%Z] Density is a physical property of a

c f-on and is determi ned in accordance with

ASTM D 792. Density can be expressed as grans per

Cydu3g) TRipbityTaS Qr pﬁﬁi&?bﬁéﬁ(}gﬁséf gt&%ﬁﬂsﬁﬁnnﬁde%' flﬁé&%ﬂéd in

to the extent the ‘actua sity 1s specified
t éeeardicg wide ASTEND MO2n sDemsity dmnshet gxprésséd a¢ @rgnc perotubic

a rhatively 0..945 or, ahove, .
APl ] BbfetSoptea net bt QU6 S eataryatggnsiy i
Stspédifiéd, 30O t@ht Chigh ROIVE. melns hdyu Abhsdl ¥€0 HaG %gcc%r @bove,
hlgh density conposition is from0.945 g/cc to0.967

PEEmafRg 3994 Hre @r aheee dietrativalyn 0950t ioc HW\Gboas, and

a i: r I 0 920 .a/ anol, 0. 92 .
o Aertvoly SBIEO60 HEThAPGR Rl R SR oo ieh censity
0 compogjtignl from 0.985 4% tg0PTIg/ccl N one or nore

enbodi nents, the HWAC has a density of 0.930 g/gnol to

R T A A N

t loe OldYNe/ 41861, 8.998 3k, 6f 0.930 g/gmol to a high of 0.935 g/gmol, 0.940
g/gmol, or 0.945 g/gmol. In one or more embodiments, the HMWC has a density
of 0.930 g/gmol to 0.936 g/gmol. In one or more embodiments, the HMWC has a
density of 0.932 g/gmol to 0.940 g/gmol. Preferably, the HMWC has a density of
0.932 g/gmol to 0.936 g/gmol.

[0034] In one or more embodiments, the LMWC has a density ranging from a low
of 0.950 g/gmol, 0.955 g/gmol, or 0.960 g/gmol to a high of 0.970 g/gmol, 0.980
g/gmol, or 0.980 g/gmol. In one or more embodiments, the LMWC has a density
of 0.960 g/gmol to 0.975 g/gmol. In one or more embodiments, the HMWC has a
density of 0.965 g/gmol to 0.975 g/gmol. Preferably, the LMWC has a density of
0.965 g/gmol to 0.970 g/gmol.

10



0.932 g/gmol to 0.936 g/gnol. [0034] In one or nore
enbodi nents, the LMAC has a density ranging froma | ow
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hi gh of 0.970 g/gnol, 0.980 g/gnol, or 0.980 g/gnol.
In one or nore enbodi nents, the LMAC has a density of
0.960 g/gmol to 0.975 g/gnol. In one or nore

enbodi ments, the HWAC has a density of 0.965 g/gnol to

8[0&153 gé%%c}r %@%&@y@%ﬁ ﬁDttlFEelf b@@] ﬁflie lgﬁé"o(?drﬁ c}sgfon has a
Zﬂ@éfeaﬁ& : ; afrfbilihﬁa IvatTgﬂaJ92|D<ngtﬁ<blh919éﬁ @/ oip os 0 010 1g/drad to a
ghighopf g&(@oqg/(b?éa ag‘/g;g a %&Oé%gg)go g/’h@(r?r%‘}%s or more
%%lg(%llg{eg %ﬁmgdag}o}%)l?étg%l?ﬁ tch 861802 hafd Rensity of 0.945

ene conposition has

agaivsitd 9. 965 gQgrBdlS Ig/ogmlr niaye Gnﬁﬁ&n@/ngindie bxmodair@lmﬂlylene

ST g3 TS Y00 00T

SRR s RSty s oea

term"MFR (12i/12)" as used herein nmeans the ratio

| 20361 ( The termsNFRéB 1/ asusedl bereimpesnsghe ratioof I falso Referred
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1 o ahflow ndexoer ?ﬁegg%l%%r né(dagjg%sr %{glrt]é%de\%% M) Botn FI

ABENhd3AT (GPafd fnkrdd, madccdﬂ@ﬁ‘ce WRANYTMF 2382 Condition &, at
enbodi nents, the LMAC has a MFR ranging froma | ow of

aBQQ‘fC 10, 15, or 20 to a high of about 30, 40, or 50.

In one or nore enbodi nents, the LMAC has a MFR of

a eiar
8 48R ey YT ot o < v

t ko dBMIC1RAL520MER tof adiighitof 18houb 38bdGt 0pP0. [6038116 1H more

one _or,. nore I
c GABSIEeREn BELMAVGERS AAE 57 PRI 10 REWAS} 38,8 Bng gr more
6Qmuddintéhtd, Sh@ LMW Ris 2BDOER of QBoutl PV t0abold Q5. | Prefersbly, the
or nore enbodi nents, the binodal pol yet hyl ene

c dAIBET haonMERsofaboPRLG IobolbBUt 50 to about 135. In
one or nore enbodi ments, the binodal polyethyl ene

g@gf I%lo?lg P%‘f’or@ e%&h‘iﬁeﬂfﬁ‘ R Bikno8A ﬂo‘l’yeﬂ%%ﬂe cbafbosition has a
MEFR ranging from a low of about 50, 60, or 70 to a high of about 100, 120 or 150.
In one or more embodiments, the bimodal polyethylene composition has a MFR
from about 50 to about 135. In one or more embodiments, the bimodal

- polyethylene composition has a MFR from about 60 to about 120. Preferably, the
bimodal polyethylene composition has a MFR of about 67 to about 119.

[0039] In one or more embodiments, the HMWC has a FI ranging from a low of
about 0.1 g/10min, 0.2 g/10min, or 0.3 g/10min to a high of about 1.0 g/10min,
2.0 g/10min, or 3.0 g/10min. In one or more embodiments, the HMWC has a FI
of about 0.35 g/10min to about 2.0 g/10min. In one or more embodiments, the
HMWC has a FI of about 0.35 g/10min to about 1.5 g/10min. Preferably, the
HMWC has a FI of about 0.36 g/10min to about 1.2 g/10min.
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0.2 g/10mn, or 0.3 g/10mn to a high of about 1.0

g/ 10mn, 2.0 g/10mn, or 3.0 g/10mn. In one or nore
enbodi nents, the HWAC has a FI of about 0.35 g/1Omn
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ofenatiwalirher§)Ghg LVOWCrhas @ Fudubod, 00/ irdiinto mbohtB, PIHEe/@0min.
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po et hyl ene conposition has a FI of at
of at least ebeuto? gifineine niiw dineremt mord hmbbdmwuit-sl the blmodal

I e .
padnytRidinibies|ahe birReRl fid)IS’éth?l@ﬁe Boiposi@diThdith Frﬁﬁglﬁg lfh a low
of about_ 5 g/ 10m n, /10mn or 30 g/10mn to a high
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o/ thmia, 05260 gﬂf)mllsshgmeam moremtlebceilmbmty,, the wwmsrmMI of
P onlig 2D 0ot S LAORRS e, B SR dantl s, e

one ornore e
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9/ .10 n 10mn, or 0.05 g/10mn to a

LMWC has a MI o% about 55 g/10min to abc?ut 100 g/10min.

[0043] In one or more embodiments, the bimodal polyethylene composition has a
MI ranging from a low of about 0.01 g/10min, 0.03 g/10min, or 0.05 g/10min to a
high of about 1.0 g/10min, 1.5 g/10min, or 2.0 g/10min. In one or more
embodiments, the bimodal polyethylene composition has a MI from about 0.05
g/10min to about 1.2 g/10min. In one or more embodiments, the bimodal
polyethylene composition has a MI of about 0.07 g/10min to about 1.2 g/10min.
Preferably, the bimodal polyethylene composition has a MI of about 0.07 g/10min
to about 1.0 g/10min.

[0044] Certain specific embodiments of those compositions described are

discussed in further detail below.
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hi gh of about 1.0 g/10mn, 1.5 g/10mn, or 2.0
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about” 2, 000, 000 or nore.
molecular welght polyethylene component has a Mz+1 of about 2,000,000 or

20 more.

[0048] In one or more embodiments above or elsewhere herein, the high
molecular weight polyethylene component has a comonomer content of about 0.3

mol% to about 1 mol%.

[0049] In one or more embodiments above or elsewhere herein, the composition

25  has a density of about 0.96 g/cc or more.

[0050] In one or more embodiments above or elsewhere herein, the high
molecular weight polyethylene component is present in an amount of about 60

wt% or less of the composition.
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about 1 nol % [0049] In one or nore enbodi nents above
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wepoysth yledey@iniponeieis baRorseditleds? Wainglvr ravteled®@diments above
nmol ecul ar wei ght of the | ow nol ecul ar wei gh

poltydeanheenbeicihbmattio Pk weightiavanse maleads twwgbtn@f ghe high
R RO S RS B B o

nuthe daw molewﬂayhtelgmlppmeﬂ;ylmecoummemamabom Meorghds. In one or

I ht f_ the, | ow npl ecyl ar_ weji
R P aEeEs N e el SHBE: M B SO 9t VEtal rverage

N5 6l BNROREIRRNGStha ﬁ%&éc&éﬁ%@i@ﬁﬂﬁol@;ﬁéﬁb c&ﬂ%n@ﬂttb Queight

of wei ght average nol ecul ar wei
rrtﬂV@tagle anologwlagheighdlof @hehlpWernelecldmpwnlght pqlmethwlcmcomponent is

0T TS A e b R €50 Ay i, e
mofatio €6 ofkéipENtaSerage molecular weight of the high molecular weight
polyethylene component to weight average molecular weight of the low molecular
weight polyethylene component is about 12 or less. In one or more embodiments
above or elsewhere herein, the ratio of weight average molecular weight of the
high molecular weight polyethylene component to weight average molecular
weight of the low molecular weight polyethylene component is about 11 or less.
In one or more embodiments above or elsewhere herein, a ratio of weight average
molecular weight of the high molecular weight polyethylene component to weight
average molecular weight of the low molecular weight polyethylene component is

about 10 or less.

[0054] In one or more embodiments above or elsewhere herein, the high
molecular weight polyethylene component has a short chain branch content of less

than about 2 branches per 1,000 main chain carbons. In one or more embodiments
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wei ght of the | ow nol ecul ar wei ght pol yet hyl ene

conponent is about 11 or less. In one or nore

enbodi nents above or el sewhere herein, a ratio of

meight aver age nol ecul ar wei ght of the high nol ecul ar
olyethylene conponent to wei ght avera
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PRhy LIV 836 H@P&%‘Eﬁm bf @0'%9“) t&gi ¢ vgn@ gtsanﬁl[egg)gd'l 0{)(2 main
one or nore e ment s a ove or e sewher e

hicgdin vabecnw| ar wei ght pol yet hyl ene conponent has a

short chain branch content of |ess than about 2

b 1, OOO n chain carhons. Inp one or

oS TR ABE b BRSPS Bt APV Ssantiors Boraity e ESCR Of the
Meb@psHiden Weibaht 70rhoes By hene ﬁPHH@&eHﬁ)ré"@Iﬁb@dlﬁﬁﬂlrs above or
chain branch content of about 1.0 to about 2.
belawhess h@@m 1the &6 GRaph therainxpositioh s sboqt(ﬁﬁ)ﬁaiourmonmere In

or e ts ab Qve or el.se her ei.n,

2R oS DR o hp R Metine g AR 9, the
oBempPositi® B HILOWOBAES oRBRYE B offd SEMIRS EmP&Iifiehts abbBfe or
ESCR of the conposition is about 800 hours or nore. In

oRseHherrbrisit s PR of Gheompesivion & & ahperl00diaairnor mevs.
ESCR of the conposition is about 900 hours or nore. In
r [ r r
BT B of B AR M or MR PHBEE orb, Bcpert i ae
rmwdl i{ 98B |60Pn oonwror Imone oemnellelrrﬂmﬂﬁnem@mox&ror elsewhere

semh re her ce di e swe i's about 60%
€ RHC Sleosrwﬁtﬂldf ég%‘f’rtﬁg 7 HeFPE- & BrnJE £ahRdingents
hals@aenor 1V HRES B&BEn, HeCpet¥ik laid SwaPMbut 50% Bf mIpL. €1n bﬁk or
one or nore embodi ments above or el sewhere herelin, the

paEe pmbeimes aebpvapielsevitoys bereimpths, pereenbdie swrellippbout 75%

e sewher.e herein,.th per nt die ..
QB At ue T e U BRERHRE i Bk ElsPopisf Bt O hrafedl e
abwvldnsoarboed Spbenerdierei n, the percent die swell is
about 80% or nore. [0057] In one or nore enbodinents

b I ein, the | ow nplecular weig
BT B o B sSRI b oV SF BBGBF eTegh o welspular

1QRidhP BoREthlyRSE component has a molecular weight of about 100,000 or less.

In one or more embodiments above or elsewhere herein, the low molecular weight
polyethylene component has a molecular weight of about 50,000 or less. In one or
more embodiments above or elsewhere herein, the low molecular weight
polyethylene component has a molecular weight”élf about 45,000 or less. In one or
more embodiments above or elsewhere herein, the low molecular weight

polyethylene component has a molecular weight of about 40,000 or less.

[0058] An extruded bottle from the bimodal polyethylene composition is also
provided. In at least one specific embodiment, the bottle includes a bimodal
polyethylene composition having at least one high molecular weight polyethylene
component having a molecular weight distribution (MWD) of about 6 to about 9

and a short chain branch content of less than about 2 branches per 1,000 main
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nor e enbodi nents above or el sewhere herein, the | ow
nol ecul ar wei ght pol yet hyl ene conponent has a

nol ecul ar wei ght of about 45,000 or less. In one or
nore enbodi nents above or el sewhere herein, the | ow

o6 seonie Tie b pal Fole R GSMBRIE &0 igaldss Heast one
exb UAS ARG e %}{tr% dﬁ%ntb' redat Hoh%?ekﬁlﬁf 8A&ght olyethylene
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emcbogonents piekent bmtan I agnqunt bf) elasit H0bitTo dalesp off st m}lhmﬁlon

03|t|a h V|n I h nol ec
o oo ahian B drbi R aBvnS S Hlt Be Bk SERGR Bt bt so0
dinghifsl RUhbeNaddW\Rrc&it eIl 6f douaboBtordnaed The Pokld is blow
chai n branch content of |ess than about 2 branches per

1 nodldechini rrvieaa walk sridloness offahoup Ot diarhgs dp ko). eh énches and a

cQ it l.so includes at | east one | ow nol ecul ar
vve“(r%?ﬁ}st 0&8%6§g§tgra%e hi gh nol ecul ar wei ght

pol yet hyl ene conponent is present in an anmount of
alyousd] 30 whbopr moes entbodirente aiposi dri eBBewlidre herein, the high

conposi tion has a denS|ty of about O. /¢c.or .
armeteglaroweighh pelysBylang (Fosmeneohas: aé\%a’flg ﬁépegn%éﬁigoo or
swﬁﬁk_of about 70% or nore. The bottle is bl ow nol ded

to have a wall thickness of about 0.01 inches to about

0.03 inches and a weight of at |east 70 grans. ﬁ£0059]
| rioashie Iorommrernenmandemms ab@wzﬁeomlswlmmre@l ¢ éhort chain

a5 Bl 2GR AR 55

enbodi nents above or el sewhere hereln t he short chaln

briesse IaoBhedr hbrémmbodiménts cababe ubr 2lsewheenhéei, pae high
1,000 main chain carbons. [0061] In one or nore
erBRlarHBNY e ShierlyctBYlcRt comprICat Basraqmonamer cpgjRnt of about 0.3

"%&%{ﬂbo‘ﬁﬂ g{g)tl%pol yet hyl ene conponent has a

conononer content of about 0.3 nol %to about 1 nol %
[0062] In one or nore enbodi nents above or el sewhere
he[mﬂzh Intcime of owrerpinbedifments\wbpygher qisﬂvsl@rmlgﬂr@nethe low molecular

| exg g t potlye%slene cr:T(PmpGO%lélntahas a mgﬂ:cul%": W%P 1bou’t 988,086 or less.

In one or more embodiments above or elsewhere herein, the low molecular weight
polyethylene component has a molecular weight of about 50,000 or less. In one or
more embodiments above or elsewhere herein, the low molecular weight
polyethylene component has a molecular weight of about 45,000 or less. In one or
more embodiments above or elsewhere herein, the low molecular weight

polyethylene component has a molecular weight of about 40,000 or less.

[0063] In one or more embodiments above or elsewhere herein, the high
molecular weight polyethylene component is present in an amount of about 60
wt% or less of the composition. In one or more embodiments above or elsewhere
herein, the high molecular weight polyethylene component is present in an amount

of about 50 wt% or less of the composition. In one or more embodiments above or
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F‘rohogé'[?’ UNLa R of8PQbh: AR {?ngEcdlﬁS\%elgg 6@@13(}1‘? Vé?hﬁtp weight

I n one or -“nore enbodi nents &bove ere
h grodyeth ylener aiponedit twwe@ht amregealgelenuilaewaight oﬁmhe dow mwlecular

ik SRS St BRI B 51S: SOTRORSL g pimens

Wedbevé oPEkHPERY haeR, & Qémﬁéﬁﬂélghtsav%%é tmcdGeullr WS of ik high
one or nore embodi ments above or el sewhere herern, a

r andlecular weightwolystlylenpecarpaneni tarweightotverage maleculirgrpight of
g&iég goé)!/e%{nc% agséer@l V\é%g{qwl?n tcﬁ) %Bgﬁlegtab&ﬁ l\geérgle& In one or

oW PR UT A CWeT gh

p qhmtehwoaﬂﬂerﬁpmme entlséwhabaerein] Q ratio dfessight anrefalge n@lecular
nmore enbodi nents above or el sewhere herein, a ratio of

wegaht ofbp dugh melecular areigh ipghethyfenerrompogentiig) weightpverage
e EREHRP LG A R GATRAE PRI Bionen s sou
p017yelt legs. e e onerqomntemlmdanﬂms ali®eoor ¢lesgherd hewimg aormatio of

e R BUREPE ST VBB PR POt RGeS iR E aafhyiene

WedosikfonBi! 36 WRIEhe N8 Qe RARI8Eart We@t Qﬂtthé‘\'l%aﬂl%lecular weight
nmol ecul ar wei ght of the | ow nol ecul ar wei ght

p opq}ﬁqﬂhx}b@\@nmmne about 46 abags. In pne pr merssembatlimeeis gpove or
l?ehv\{%npeo cilere % elg\ljg e Véhts \\{Ae@zg%(ee tnhh(:fecﬁﬂar wﬁ,&?@t If Othgf high
V\/emgl&bulﬁﬂ‘)vy@hhyél%’tﬁylene component to weight average molecular Welght of

the low molecular weight polyethylene component is about 15 or less.

[0065]1 In one or more embodiments above or elsewhere herein, the wall thickness

is about 0.017 inches to about 0.026 inches.

[0066] In one or more embodiments above or elsewhere herein, the bottle weighs
about 75 grams or more. In one or more embodiments above or elsewhere herein,

the bottle weighs about 80 grams or more.

[0067]1 In one or more embodiments above or elsewhere herein, the ESCR of the

composition is about 700 hours or more. In one or more embodiments above or
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ment s e or el sewhere herein, the percen
swetll is aboab®(f ofBiror nore. I n one or nore enbodi ments
above or el sewhere herein, the percent die swell about

r nore...ln one or nore enbodi nents above or
éb%ﬁ%?@aﬂﬁF%mﬁ“eihe percent die swell is about 75%

Orﬁrﬁr Fhe tﬁélﬂﬂ&lz‘ﬂﬁ fo%es%rm?{i“t (ﬂ'gi%@{)&v e Polythet LOffpoRents

r eln, per cen e swe 80% or” nore.
PQbe e I‘caﬂﬂ:ﬂl auin uking caayssaﬂalflé) @ﬁ@:]assThﬁluptmdtwwmromxsasonclude, but
process used to he pol yner

Dt 2Pt 1168 0. Rh gy et B aod 2B piRe “préBfses.

| 1P e tab R bNE oRE SCRSREST thdpbly&l8ylchs Eorﬂfiﬁleﬁ@taré R@yhﬁﬂzed by a
to, high pressure, solution, Yurry and gas ase

prcon@sms gaPpbﬁS@rprbtqﬁs utitiging reeflwidized rb@ddfsathe A fluidized bed
ree}/c?or cy | Ghelude TRN 1(r)]rtl Zodt andd &nﬁ[edzx%ﬁjoc%gl r8duction zone. The

reaction zone can include a bed of growing polymer particles, formed polymer
particles and a minor amount of catalyst particles fluidized by the continuous flow
of the gaseous monomer and diluent to remove heat of polymerization through the
reaction zone. Optionally, some of the re-circulated gases may be cooled and
compressed to form liquids that increase the heat removal capacity of the
circulating gas stream when readmitted to the reaction zone. A suitable rate of gas
flow may be readily determined by simple experiment. Make up of gaseous
monomer to the circulating gas stream is at a rate equal to the rate at which
particulate polymer product and monomer associated therewith is withdrawn from
the reactor and the composition of the gas passing through the reactor is adjusted
to maintain an essentially steady state gaseous composition within the reaction

zone. The gas leaving the reaction zone is passed to the velocity reduction zone

18



conti nuous gas phase process utilizing a fluidized bed
reactor. A fluidized bed reactor can include a
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(MFR) (also referred to herein as melt index (MD) of the polyolefin generated.

The MFR or MI can thus be influenced by the hydrogen concentration. The

amount of hydrogen in the polymerization can be expressed as a mole ratio
relative to the total polymerizable monomer, for example, ethylene, or a blend of
25 ethylene and hexane or propylene. The amount of hydrogen used in the
polymerization process of the present invention is an amount necessary to achieve
the desired MFR or MI of the final polyolefin resin. In one embodiment, the mole
ratio of hydrogen to total monomer (Hy:monomer) is in a range from greater than
0.0001 in one embodiment, and from greater than 0.0005 in another embodiment,
30 and from greater than 0.001 in yet another embodiment, and less than 10 in yet

another embodiment, and less than 5 in yet another embodiment, and less than 3 in

19



the upper tenperature limt in one enbodinent is the
melting tenperature of the polyolefin produced in the

WO e@ot188084 [ 0071] Hydrogen gas is often used i nP@CI/E52006/021500
pol yneri zation to control the final properties of the
pol yol efin, such as described in Polypropyl ene
Handbook 76-78 (Hanser Publishers, 1996). Using
certain catal yst systens increasing concentrations
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20 ' KR iRSkLarofittt &bt

[0074] Further, it is common to use a staged reactor employing two or more
reactors in series, wherein one reactor may produce, for example, a high
molecular weight component and another reactor may produce a low molecular
weight component. In one or more embodiments, the polyolefin can be produced

25 using a staged gas phase reactor. Such commercial polymerization systems are
described in, for example, 2 Metallocene-Based Polyolefins 366-378 (John
Scheirs & W. Kaminsky, eds. John Wiley & Sons, Ltd. 2000); US 5,665,818, US
5,677,375; US 6,472,484; EP 0 517 868 and EP-A-0 794 200.

Process for Making The Bimodal Composition
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[0077] The term “catalyst component” includes any compound that, once

appropriately activated, is capable of catalyzing the polymerization or
oligomerization of olefins. Preferably, the catalyst component includes at least
one Group 3 to Group 12 atom and optionally at least one leaving group bound

thereto.

[0078] The term "leaving group" refers to one or more chemical moieties bound
to the metal center of the catalyst component that can be abstracted from the
catalyst component by an activator, thereby producing the species active towards
olefin polymerization or oligomerization. —Suitable activators are described in

detail below.
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di fferent catal yst systens. Catal yst systens [0076]
The term "catal yst system' includes at |east one
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alternately at | east one cocatal yst. The catal yst
system can al so i nclude other conponents, such as
supports and/or co-catalysts, and is not limted to
the catal yst conponent and/or activator alone or in
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positi.on, the noieties selected fromsuch groups as
hdPO§eR dnd fopbiatiprytheredbnn e a1, F, Br), hydroxyl
groups, carbonyl groups, carboxyl groups, am ne

gr[008s , CRRYSP RbMBoskneH Aficludd, KBXY agd UHRSLmRRENY, Zicefler-Natta
groups, naphthyl groups, Cl to Cl1O al kyl groups, to

Crafadysie whrongipaapased gaglysnbictrdlocenescatd gyt dProupxidngsingsining

of i | s includes . bu e not

1 aPSRE bt o Snble St QALY i bRACHEarellthss T Ryt or
catalyst system can also include AICls, cobalt, iron, palladium,
chromium/chromium oxide or “Phillips” catalysts. Any catalyst can be used alone

or in combination with the others.
Ziegler-Natta Catalysts

[0082] Illustrative Ziegler-Natta catalyst compounds are disclosed in ZIEGLER
CATALYSTS 363-386 (G. Fink, R. Mulhaupt and H.H. Brintzinger, eds., Springer-
Verlag 1995); or in EP 103 120; EP 102 503; EP 0 231 102; EP 0 703 246; RE
33,683; US 4,302,565; US 5,518,973; US 5,525,678; US 5,288,933; US
5,290,745; US 5,093,415 and US 6,562,905. Examples of such catalysts include
those having Group 4, 5 or 6 transition metal oxides, alkoxides and halides, or
oxides, alkoxides and halide compounds of titanium, zirconium or vanadium;

optionally in combination with a magnesium compound, internal and/or external
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radi cal's, aryloxy radicals, alkylthio radicals,
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and di al kyl - carbanoyl radicals, acyloxy radicals,
acyl am no radicals, arylamno radicals, and

combi nations thereof. [0081] Catalyst conponents
|nclude but are not limted to, Ziegler-Natta

cSrdiapeicior GOl cHRRT SiFRE G 5y Lkl 3E8Rn st and
Sblﬁ?l'l?ahaést ané k@%a‘hﬁ@ud@ﬁ@pbttmt allic catal ysts. The
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OXheAQM. BhAONEASHSR aittudeadlikdis, menﬂSmaﬁe, thlbeidé amd fluoride.
zi rconi um or vanadi um optionally in conblnﬁtlo

a Pm%fgm@cwnmmbm Honnbien gl sHahs oA e g (egiition
doneg%lr%c (1%‘%15$ leSom B ss3 1&h boéla@ﬁéu&?ei Go N2, B WFHIYEM to 6.

and a hal'i des |norgan|c oxi de
S RErerabby, MOQSGﬂanium (aﬂd! thds conventiondlggipergnangition metal catalysts

Shere cHseniiophan  Egheet Tt oo oG BaRaty SGTHICT

oA taRstrEhed]. o 71\lg©t:§1{§ﬁzxglzyztsl§c13n/mc13 and

4, BEACHBL;)CH, 721, 763, 4,879, 359 and 4, 960, 741.
Convent i ongl -type transi tion nmetal catal ysts can be
sent e he f (M
fr[ﬁ(mgb QRyen gqa tl%i’l {@ialf ‘r"%h%gl oudo?lp%uﬂ&’st aﬁased on
rHEé@lamﬁf/@tﬂhﬁrle@ctﬁon—dﬁnot lcbmplemas ailk descrﬂoetiah,o@)e nxampla US

hydrocar byl ox rou and x
Patent Nosy4 30¥ 5(935 ancrl) 4,302, 566 éatalysts derlverc]iC rom OfMt i/Cl/THF are

also contemplated, which are well known to those of ordinary skill in the art. One

example of the general method of preparation of such a catalyst includes the
following: dissolve TiCly in THF, reduce the compound to TiCl3 using Mg, add

MgCl,, and remove the solvent.

[0085] Conventional-type cocatalyst compounds can also be used with the above
conventional-type transition metal catalyst compounds. Conventional-type
cocatalyst compounds can be represented by the formula M3M4VX2CR31,,C, wherein
M is a metal from Group 1 to 3 and 12 to 13; M* is a metal of Group 1; vis a
number from 0 to 1; each X2 is any halogen; ¢ is a number from 0 to 3; each R® is
a monovalent hydrocarbon radical or hydrogen; b is a number from 1 to 4; and

wherein b minus c is at least 1. Other conventional-type organometallic cocatalyst
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metal M Exanples of R include al koxy, phenoxy,
brom de, chloride and fluoride. Preferred
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i nclude transition nmetal conpounds from G oups 3 to
17, or Goups 4 to 12, or Goups 4 to 6. Preferably, M
is titaniumand the conventional -type transition netal
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Metallocenes

[0087] Metallocenes are generally described throughout in, for example, 1 & 2
METALLOCENE-BASED POLYOLEFINS (John Scheirs & W. Kaminsky eds., John
Wiley & Sons, Ltd. 2000); G.G. Hlatky in 181 COORDINATION CHEM. REV. 243-
296 (1999) and in particular, for use in the synthesis of polyethylene in 1
METALLOCENE-BASED POLYOLEFINS 261-377 (2000). The metallocene catalyst
compounds can include “half sandwich” and “full sandwich” compounds having
one or more Cp ligands (cyclopentadienyl and ligands isolobal to
cyclopentadienyl) bound to at least one Group 3 to Group 12 metal atom, and one
or more leaving group(s) bound to the at least one metal atom. Hereinafter, these
compounds will be referred to as “metallocenes” or “metallocene catalyst

components.”

24



equals 1, 2 or 3 depending upon the val ency of M3
whi ch valency in turn normally depends upon the
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be any nonoval ent radical that include hydrocarbon
radi cal s and hydrocarbon radicals containing a G oup
13 to 16 elenent like fluoride, alum numor oxygen or
a combi nation thereof. Chronmi um catal ysts [0086]
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ring system(s) typically include atons
Group 15-containing catalysts

[0089] The “Group 15-containing catalyst” can include Group 3 to Group 12
metal complexes, wherein the metal is 2 to 8 coordinate, the coordinating moiety
or moieties include at least two Group 15 atoms, and up to four Group 15 atoms.
In one embodiment, the Group 15-containing catalyst component can be a
complex of a Group 4 metal and from one to four ligands such that the Group 4
metal is at least 2 coordinate and the coordinating moiety or moieties include at
least two npitrogens. Representative Group 15-containing compounds are
disclosed in, for example, WO 99/01460; EP A1 0 893 454; EP A1 0 894 005; US
5,318,935; US 5,889,128 US 6,333,389 B2 and US 6,271,325 Bl. In one
embodiment, the Group 15-containing catalyst can include Group 4 imino-phenol
complexes, Group 4 bis(amide) complexes, and Group 4 pyridyl-amide complexes

that are active towards olefin polymerization to any extent.
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selected from Goups 13 to 16 atons, or the atons that
make up the Cp |igands can be sel ected from carbon,
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ger mani um boron and al um num and conbi nati ons

t hereof, wherein carbon makes up at | east 50% of the
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"mul ticatal yst
above) from the metal center of the catalyst component. The catalyst components

of embodiments described are thus activated towards olefin polymerization using
such activators. Embodiments of such activators include Lewis acids such as
cyclic or oligomeric poly(hydrocarbylaluminum oxides) and so called non-
coordinating  activators (“NCA”) (alternately, “ionizing activators” or
“stoichiometric activators”), or any other compound that can convert a neutral
metallocene catalyst component to a metallocene cation that is active with respect

to olefin polymerization.

[0092] Lewis acids may be used to activate the metallocenes described.

Mlustrative Lewis acids include, but are not limited to, alumoxane (e.g., “MAO™),
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r gl Ghy bieOpelfyiRr.pDloyrtimitingtekamples of other polymers include linear
low density polyethylenes, elastomers, plastomers, high pressure low density

polyethylene, high density polyethylenes, polypropylenes and the like.

[0095] The bimodal composition and blends thereof are useful in forming
operations such as film, sheet, and fiber extrusion and co-extrusion as well as
blow molding, injection molding and rotary molding. Films can include blown or
cast films formed by coextrusion or by lamination useful as shrink film, cling
film, stretch film, sealing films, oriented films, snack packaging, heavy duty bags,
grocery sacks, baked and frozen food packaging, medical packaging, industrial
liners, membranes, etc. in food-contact and non-food contact applications. Fibers
can include melt spinning, solution spinning and melt blown fiber operations for

use in woven or non-woven form to make filters, diaper fabrics, medical
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[0092] Lewi s acids may be used to activate the
met al | ocenes described. Illustrative Lewi s acids

WO p@losds4 but are not limted to, alunoxane {eP@r/UsS2006/021500

10

15

20

25

30

"MAOQ'), nodi fi ed al unoxane (e.g., "TIBAO'), and

al kyl al um num conpounds. I|onizing activators (neutral

or ionic) such as tri (n-butyl)ammoni um

t et raki s( pent af | uor ophenyl ) boron may be al so be used.
Further, a tr.isperf { Qi ;
pgag&lﬁ? g,ogeo;c%(&/ﬂe%é&a.s gg%%%l;hq{g%%% Ezglg @&uﬁ?hﬁeﬁic‘ﬁl ﬁilbmg, wire and
agublevaafingd, pipRs %écﬁlﬁ)ern@rm, agl pesddinatsoMolded amticles can include
conbi nation with the others. [0093 %Ot%gd%%#hqr holl
atingle goghBHE dayesd caPaRTBFlons i Qi PofRs. tgngs, large hollow
| QN : V. in the art and are
d%{s%lrélg’q%ﬁ@g(&d %‘%ﬁ%ﬁg‘{nﬁ té?sqé%gene You- Xi an Chen &

Tobin J . Marks, Cocatalysts for Metal-Catal yzed
(EEAMPESS yner i zati on: Activators, Activation

Processes, and Structure-Activity Rel ati onshi ps.  100(4)
ClaEad OLoenioavBVidg @ hettgrzunderstrmging oftfhe fregag dissustigh, the
b ssoci at ed . S i Wy

S CUBRREE B HthE iplap 4R oftered, S URRGEDy ot Lipidmay be
neéliddeenpicific caepdimdms, f theynardimot ab diey siewed ngsotimniting the

such as descri bed by Gregx[hy G H atky, Hetero e{%gous b

Sinygniéansi; @1YCPegs SEPOFlor A RIS rPIEBPY RS i RS ASERLERY AF Y
safedl! Voo Qfd) wel g alcTiddlg weight

gg‘% %hggglleﬁ%@%g)%ﬁh YQI@@ bli\dqr?gegal ?:N oenggfgsi tion gcgﬁlgbeaverage

usmikcutar aweiighie (VR§)i etuntef ayeodeactsleanldr evaighis@My), z-average

appl i cations. The binodal conposition can be_ bl ende

amplesuilag oweightidddzni el rf-aversae PoOISPHBF | WRISHL NMIﬁtlSn&/ere

exanpl es ,of ©oth . ' l 9% ;
pg'e%qr% Ib ne(Jge,1 %rgge? %m}?(ﬂag?@?%ﬁ rg, %l’gﬁg%vr essurtgy S
| exeldaas hsmpgyahpySBOR, hi gh density pol yet hyl enes,

pol ypropyl enes and the |ike. [0095] The bi nodal

conposj tion and bl ends thereof are useful in formng
opgr@Pleddsl%such as film sheet, and fiber extrusion

and co-extrusion as well as blow nolding, injection
Mpdo9h 1N Gn B JtRkamyled 0L 10, BBnodal high demityl putyedtigertl compositions
cast filnms formed by coextrusion or by |anination
ugestellprepareshby mieysirdlly blending varions agopaiscof #ifftph polyethylene

sealing fil ' £ i ' Yo
oot or Jius BolE0RE Releh) Sluc DR pABEERAL LB BR i o
paskordipotyettitistiecdmpoaeitagiovg molevdlas tweighit polyethylene component

(“LMWC”). The HMWC was polymerized using a gas phase reactor system with

a spray-dried catalyst system. The catalyst system included (phenylmethyl) [N'-
(2,3,4,5,6-pentamethylphenyl)-N-[2-[(2,3,4,5,6-pentamethylphenyl) amino- kN}
ethyl] -1,2-ethane diamino(2-)kNJKN'] zirconium. The catalyst was activated
using MAO, methylalumoxane. A “dry mode” was utilized, meaning that the
material was introduced to the reactor in the form of dry powder (granules).

Reactor conditions were as follows:

[0098] ethylene partial pressure = 220 psi;
temperature = 85°C;
H2/C2 = 0.0035;
C6/C2 =0.005;
bed weight = 115 Ibs.;
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operations for use in woven or non-woven formto nake

filters, diaper fabrics, nedical garnents, geotextiles,

etc. Extruded articles can include nedical tubing,

wire and cabl e coatings, pipe, georrerrbranes and pond

liners. Molded articl I Si

mul ti-layered const ruefﬁl%%hbaﬁd 95%137 rm o?ﬁ ?lllé(gt

tanks, large hollow ar e d ont ai ners

and toys, etc. EXAMPL %@%‘] 168e¢) provi de a

better under st andi ng d?oﬂeﬁf@n? 6‘?‘%956@%5’% EQ%é@,ll%% t he

following non-limting exanples are offered. Al though

the exanples may be directed to specific enbodi nents,

tﬂw9hr'1&16nbMW63 s vpadyveerizes usmg tgam opHtabe poiywradtization il the

an eC| ect p rts ortions, and
e‘%"%ﬁ% e% e ‘g‘ﬁn‘?ﬂéi‘@wt CRprtigadly B geiyst uemows, biso-

@iﬁ}llléyajopéﬁta@ﬁh?l)ilf&)hﬂﬁh rlﬁcﬁ’l@ﬂl&ht e rcﬁ%?ysmy?&m Ras also

, nber aver age nol ecul ar weight
aﬁ‘&‘éﬁ* éSlﬁﬁ INAG, and weidgh mods was assetl. thacameccaglmons were as
Gil.ar weight (Mz+1) were neasured by GCel
Per meat’'i on Chronat ography (GPC), al so known as size
excl usi on chromat ography (SEC). Exanples 1-12 [0097]
| io®eich of exanpl es 1-eliBlereiparibdbrddiigh =R20%ist; Y
pol yet hyl ene conposi t it@fgeriate= separ ed by physically
bl endi ng various amurFCoE ®odis: st pol yet hyl ene
conponent or hi gh nol ggbac msght pol yet hyl ene

t ("HWAC t t hyl
Conponent or 1 ow ol el ‘f”@?@gfgﬁrgé%ﬁ S
a

conponent ("LMAC'). T
é dried cat al yst
de

gas phase reactor syst T
system The catal yst é&‘?g’t%’ﬁﬁ‘t '}/I net hyl )
N - 1Sopentane concentratlon =10% to 12%.

(2, 3,4,5, 6-pent anet hyl phenyl )-N-[2-[(2, 3, 4, 5, 6- pent ane

t hyl phenyl) ami no- kN} ethyl] -1,2-ethane

dl@ﬂlﬁgfftg, Nsli3zig conium The catal yst was

acti vat ede)l?ssﬁ I\S/A 15rm=.\t hyl al uroxane. A "dry node" was
utilized, neaning that the material was introduced to

t {@O0Hedetthe dompatesive oexamplesdrly- iFovile (LNI§Y@nwhse pYepared as in

Examples 1-12, but the HMWC was polymerized in the gas phase reactor in the

—_

presence of a silica supported catalyst system. The catalyst system included a
support Ziegler-Natta catalyst (dibutyl magnesium/Butyl alcohol/TiCl4/SiO2).
The catalyst system was activated using MAO and a “dry mode” was used.

Reactor conditions for these products were as follows:

[0102] ethylene partial pressure = 220 psi;
temperature = 85°C;
H2/C2 =0.0035;
C6/C2 =0.005;
bed weight = 115 Ibs.;
fluidized bulk density = 13 Ib/ft> to 19 Ib/ft’;
SGV =2 ft/s to 2.15 ft/s;
dew point = 55°C to 60°C; and
isopentane concentration = 10% to 12%.
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Reactor conditions were as follows: [0098] ethylene
partial pressure = 220 psi; tenperature = 85C, H2/C2 =

WO 20063380846/ C2 = 0. 005; bed wei ght = 115 | bs. ; PCT/US202€021500
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25

bul k density = 13 Ib/ft 3 to 19 Ib/ft 3; SGV = 2 ft/s

to 2.15 ft/s; dew point = 550C to 600C, and isopentane
concentration = 10%to 12% [0099] The LMAC was

pol ymeri zed using gas phase polymerization in the
presence of a netallocene catalyst. Particularly, the
cat al yst system was bi s(npropyl cycl opent adi enyl)
zirconiumdichloride. The catal yst system was al so
adp103htlackacis Df]glel\E}@m;m];dl az ‘ankd ¢ompdﬁltwmmgﬁﬁ 13-15, granules

&%%ﬁ@ggéﬂ% e, - bl vt lipigos 16501, p60 e and

O

P a7 B panking cORPoURIcHsing o PRk Riogle sorew gypder

= \Qlﬂi tto moixingl Bedds/ s ;to dfowmp dientbimodd Chtgh dediy aolgethylene
centration = ar at

B0, RES é’i?}’f]‘m‘rsrﬁnfim‘l@ @ bigurias (CPoBRaRaPhY (SEC) data

130f1b§3 bihtvdalpdibe sﬁfén@ﬁre' sRo aPhisis 11- 12, but
t he HWAC was polynerlz in the gas phase reactor in

the presence of a sjlica supported catal yst system
Tf{glogjbt’la}eyg}wrgy@p@ﬁ{ SLERSP ggp@gﬁg resistance (ESyCR) of the polyethylene

compositions was also tested. The ESCR test was performed in accordance with
ASTM D 1693 Procedure B, F50 hours. The specific plate dimensions were 38
mm x 13 mm. The plates had a thickness of 1.90 mm. Table 1 shows the
environmental stress cracking resistance (ESCR) of the polyethylene

compositions.

[0105] Bottles from the polyethylene compositions were blow molded using‘an
Impco blow molding machine model A12. The compositions were extruded at
190°C through a 1.625” diameter divergent die and blow molded to form a Y
gallon bottle. The time (t) in seconds to extrude a parison was 2.0. Each bottle

had a wall thickness between about 0.01 inches and about 0.03 inches.

[0106] The percent die swell (%DS) of the polyethylene compositions was also
calculated. The compositions were extruded at 190°C and a shear rate of 997.2 s~
! The polymer was passed at a constant rate through a capillary die 20 mm in
length and 1 mm in diameter. The time (t) in seconds to extrude a rod 15.24 cm in
length was measured. The percent die swell is defined by {D/D,- 1} x 100, where
D, is the diameter of the die (1mm) and D is the average diameter of the extruded

rod calculated as follows:
D =20 * [t*0.075/(15.24*7*0.7693)]%°
[0107] The percent die swell (%DS) of the polyethylene compositions are

reported in Table 1 below.
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support Ziegler-Natta catal yst (dibutyl
magnesi um But yl al cohol / Ti C14/ Si Q2). The cat al yst

WG y®hassosas acti vated using MAO and a "dry nodeCT/MER06/021500

10

15

20

used. Reactor conditions for these products were as
follows: [0102] ethylene partial pressure = 220 psi;
tenperature = 85C, H2/C2 = 0.0035; C6/C2 = 0.005; bed
wei ght = 115 | bs.; fluidized bulk density = 13 Ib/ft 3

to 19 lb/ft = \ 1 . ' =,
5@&98? Jn%eo (?@ough ?ivglboﬁé i E‘é‘lﬂe b%:aglﬁ%eé ntg t at%lié E‘Hg@l %8&8‘%%{ weight
1e5hpdhbRid was alseasénsafed! Semples mp isHMVIC vearel prepared by adding
Conpar ati ve Exanpl es 13-15 ranul es of t

Lagaeoximatelylr y3mlendeld v t h59/ g@an SRXHERL0 ? %%Oﬁmwe“
BB AT S i

f agem)) Rea bl4f@ dah HMWC iten $0myn NMB, etﬁeyl’léxe;esample was dlssolved

CHRDRPBEFTRTPY SECEA bTrRrE RSSIo por s ot RYS dAE v
CONRQRI! 'lﬂﬂ‘% af evaRgyn UNIT-{fabhﬁ)Vgc 40084 NIMR spectrometer,

envi ronnent stress cracking resistance (ESCR) of the
pobyespbydiegie tooapid€l résonsnoraiequenoy tafs1@yd Nkl EgERuisition
test was perforned in accordance wt thASTM D 1693
Ppaeseiere visTe FSpClduios FnH BPRIEARY S ppati%tad‘?‘i‘ﬂﬁﬁgf"é‘ngl the

eS| B e RERERHe S 1 GRoTn) V&1 PRGLE, B et 1H

A EST, e, s

bImd«hmﬂZdelﬂ)OHzmng adfiile Isimecd G4 Kosatarpbiatss i ithethe prabehsad heated
Al2. The conpositions were extruded at 190C t hrough a
1. ‘Bﬂ%@ i ameter divergent die and bl ow nolded to form
a lgallon bottle. The tinme (t) in seconds to extrude

a QMipasAive Waamplddl6 Each bottle

[0109]1 A comparative polyethylene composition was polymerized in a gas phase
reactor in the presence of a chromium based catalyst. The bomposition had a
density of 0.9530 g/cc; FI (Ip) of 33 g/10 min; MI (I) of 0.39 g/10 min; and MFR
(Li/I) of 85. The Mn was 13,699; Mw was 125,648, and the MWD was 9.17.
The composition measured an ESCR of 24-48 hours. The bottle produced from
this composition weighed 73 gram bottle, and the composition had a die swell of

about 73%.
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(12 1/12) of 85. The M was 13,699; Mwv was 125, 648,

and the MAD was 9. 17. The conposition neasured an ESCR
3084 The bottl e produced from thi SPCT/US2006/021500
conposition weighed 73 gram bottle, and the

conposition had a die swell of about 73% Attorney

Docket No.: 2005U020. PCT[ 0111] As shown in Table 1,

Exanpl es 1-12 provi ded conpositi ons vvi t h surprising

nexpect ed. E aj u of1
T AR PIRNE aoFY BR et it prpositions  with
ﬁﬁ% ng EXQ0RE:§sctid EHﬂdZRlﬁ)alnésoiﬂ @t&ﬂbmﬂmmomth |e&milehadlerﬁgvell
greater than 1,000 hours and a

75@76?31@@&13 Partipularly avgsthorptiag dExensdes | %ﬂé @W%fi cgBgitions
8%, \gﬁ%‘% ES éIngrggtgf ﬁﬁhqﬁ(ﬂfo%ﬂ%m §§l1essv@émmﬂe¥ 7404 CRxample 1

provided conpositi ons having ESCR val ues greater than
8@1@0 pruvided acdiostlesweighsofadboue8BOYnan dlionatitde wesi Epamples 8 and

R

%?QISZMVE RBE5 and B@ttl@aﬁélglﬁk AbSNesd gfims! 4C8%ersely, none of the
npar ati ve Exanple 15) had a bot FI e wei ght of onl

660rﬂpﬂfamfsexamﬂ$ajr0ﬁdcd pepppesiomhaviamhee PR more than 212

f
BphSUoTRRSEA 48 ST o7 ESRSERRIANG, BRBNPCPS! ki Sbor
we%h&ofamygguyig}am\g\el ght distribution (MAD), flow

index (FI); melt index (M), nelt flowratio (I\/FR)
and density. However, when a person of ordinar

r €44 FRT SUpRseSrRL GRRICTHFRIFe SR OMSCRPCEH I YRR v¢ been
c
%igéﬁ?k c%rhe&{rmﬂﬁ %pﬁfpeﬁﬁg ﬁt?calllﬁz%rév'e&%le g{oeléUu‘Io)a?Qiélg/ht molecular

Wdlght etisigjbuitzeed (VB dloy indest (F@r ouetl indsx D baelt flow ratio

f O| | O\ge@qﬁ 3 %}t{}g Hv?q%g{jh B@trgg%?oélt %/f (grgl}l}él?yg%{gg dfead% tgls patent

t *Aﬁ& @fguespf&%éﬁh&eswﬁ&héﬂ & (kontpofitioh abrpblgmRRNEAS D Dysticular
not nerely preferred). Each claimshould be construed

t @rwzzﬁmrldcmélqdelma elginafthemynyy publisbpd (o Gteligreaized apthod or

t e extent diff t

- det ProS T, e Rl RE CERER R e bR (UBOERE the

sksbbdifitdlytidentEel procelitrea prgirretix pet thﬁ’em}qtrommmreaspemlﬁsd ina

i n measured properties_that are refll ted.in lg

clcéﬁlmsls mpndainirentcierelia Preédredn s c,‘géﬂ Btl £ Gopirued to
acggﬁx[the ult@@lpzin%f%{:@ Mcedud&, %@ﬁt@%é’élté{ﬁ’dﬁfé}efﬁ'ﬁ&edures

S
e nature of “testing I n general.
may yield different results or measurements. Thus a person of ordinary skill in

the art is to expect experimental variations in measured properties that are
reflected in the claims. All numerical values can be considered to be “about” or

“approximately” the stated value, in view of the nature of testing in general.

[0113] Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties, reaction conditions, and so forth, used in the specification
and claims are to be understood as approximations based on the desired propetties
sought to be obtained by the present invention, and the error of measurement, etc.,
and should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques. Notwithstanding that the

numerical ranges and values setting forth the broad scope of the invention are
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[0113] Unl ess otherw se indicated, all nunbers
expressing quantities of ingredients, properties,

WO eaet13s984 condi ti ons, and so forth, used in thrCT/US2006/021500
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15

specification and clainms are to be understood as
approxi mati ons based on the desired properties sought
to be obtained by the present invention, and the error
of nmeasurenent, etc., and should at | east be construed

t 0 d.,significant digits

bl a5 BRIl PL A8 A0 SR oSl o

hnxmmbhstandlng that t he nunerlcal ranges and val ues
setting forth the broad scope of the invention

ar Xl mat i ons, e nunerical values set forth are
éﬁ’ggf eYfTipus ;S?TEW@%# Bersgl Rrys been defiqedapgye.\Ap it extent a term
t afsB® it 8 @ik &S %bf‘défﬁ'}éﬁ :JBS o‘ij%ﬁée%grqu?%éﬁ it HOLEH %e given the
extent a termused In a c aimis not OVE,
elbseadestrdefinisiosi persons irsthe pedineat gt iave gihe haotadﬁ @t reflected in

© e e, BB et BoisSs Rt p Fihggore, all priority
pulolin@aiits @RsheRtin ifSISH BEoRBERRL l§y relféiréﬁ&%f@ﬂ gu.rlsﬁ clélogs in which

priority docunents ‘are herein Tully incorporate
r SHelt dpcoEparafionais| permittesidi Adl dmlmmtw:nmdhh@amh lncludlng testing

d. Al
 EBERGRSL L SR B Bk FREUERLE, £ i i

f uiHigh $uehdnqepahish Byermitred.ence for all jurisdictions
in which such incorporation is permtted. [0115] While

E@gf or&ﬂﬂ ﬂ%ﬁl s directed to enbodi nents of the

& Eivt fosrgoing: Weliregigd te ¢mbedimeniheliiheemesenpnvention,
t Ryeher AME PhrRR
the basic scoggﬁ¥%@§§%ﬁﬁhﬁ§gl%ﬁégg@% ggpﬁé$%g?uﬁ&RQ%pmﬂng
d draan rﬁlimbaiilqg§COPh ¢hareefi amd theaicopo ihepeaf Gh determindd aty the claims
Ch%h%ﬁﬂ; 1. A binodal polyethylene conmposition,
conpr|5|ﬁg: at | east one high nol ecul ar wei ght
pol yet hyl ene conponent havi ng a nol ecul ar wei ght
distribution (MAD) of about 6 to about 9, a short
chain branch content of |ess than about 2 branches per
1,000 mai n chain carbons, and aMz of about 1,100, 000
or nore; and at |east one | ow nol ecul ar wei ght
pol yet hyl ene conponent, wherein:
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a ratio of weight average nol ecul ar wei ght of the high

nmol ecul ar wei ght pol yet hyl ene conponent to wei ght
w@e@oassessol ecul ar wei ght of the | ow nol ecul ar PeEU§I6/021500

pol yet hyl ene conponent is about 20 or |ess; and the

conposition has a density of about 0.94 g/cc or nore,

an ESCR of about 600 hours or nore, and a percent die

swel | of about 70% or nore. 2. The conposition of

clai , Wherein the high nol ecul ar wei ght

p 1yl ene conponent has a Mz+1 of about 2, 000, 000

OrWHEYi€ clafned R€ COnposition of any of the preceding

cl al s, erei n the high nol ecul ar wei ght pol yet hyl ene

conponent has a conononer content of about 0.3 nol%to

about 1 | % .4. The, conposition of gny of the

p P]e cedith BPIE?%?# REly e‘?‘ﬁ]&nﬁ GBS FORBESHE densi ty of

about / e 260+ C Uikd :
NET 6ife Bigh NRbRculdr _Jéﬂgﬁ eﬁﬂ'ﬁgﬁﬂ%{ ggg{pggém Rving a

the preceding clainms, wherein
wei ght pol yendlgtwaeveightpdstahutiors(NWaRerftabowt Gito shoothta short

of about 60 %.0r lLess. of e conposition. 6. The .
conposi ti on Of i %]f(_:qnﬁeélt 8% Eeé%ﬁTaﬂga%BWa E'Eaf‘c}i}\??é?ﬁéilr‘?oo main
the hi gh noldpaisl afbos) Hidta M loy abdiit 1 S108,000 ¥p ate& tant S
present in an anount of about 50 wt% or |ess of the
conposiat lesst ong lowheoleaMarossightaelysthydeng compohent, wherein:

pr ecedi | i ' [:0, 0 [ e e .
oo S TR R S Che Y oEEAP i
pol yet hyl eneotymipdarendoniponestitg eight avargge ibleealat akight of the
wei ght of the | ow mol ecul ar wei ght pol yet hyl ene

conponent i SOWHBAECHE BFIg te%%lyetg}’leﬂe BTHRRRAgNt is about 20 or less;
pol yet hyl eng,gonposi tion, conprising: at |east one

hi gh nol ecul ar wei ght pol yet hyl ene conponent having a

mol eculthe comipgsitionlihgs ridensityonf @hind)0.94 gadooart mére, an ESCR of

g]? 02}3 ogi g %88{) c?utrs %f %n%(r)é,oa(r)l aoprer&% ﬁie s%Nne?l (?f a'%%ﬁtlm% or

more.

2. The composition of claim 1, wherein the high molecular weight

polyethylene component has a Mz+1 of about 2,000,000 or more.

3. The composition of any of the preceding claims, wherein the high
molecular weight polyethylene component has a comonomer content of

about 0.3 mol% to about 1 mol%.

4. The composition of any of the preceding claims, the composition has a

density of about 0.96 g/cc or more.
5. The composition of any of the preceding claims, wherein the high

molecular weight polyethylene component is present in an amount of

about 60 wt% or less of the composition.
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nore; and at |east one | ow nol ecul ar wei ght

pol yet hyl ene conponent havi ng a nol ecul ar wei ght of
W@bwt13$84 000 or | ess, wherein: the conpositi oPCTTES2086/021500

density of about 0.94 g/cc or nore, an ESCR of about

600 hours or nore, and a percent die swell of about

70% or nore. 9. The conposition of claim8, wherein

t he hi gh nol ecul ar wei ght pol yet hyl ene conponent has a

short i cen t cof about..1.0,t.0 abqut .2. .y

o8 ol Bt S"HALhe 2Rkt Yborigilet B nin

conposiroleculaf weight rpoByetivii@ice tompdinhiiQ Pre¥ehteiu b@famount of

wei ght %olyeth | ene comgonent has a short chain branch

cont ent308Rt YEgED pRlgss abibiecoppyidgehes per 1, 000 mai n

chain carbons. 11. The conposition of any of clains

8-10, wherein the high nol ecul ar wei ght pol yethyl ene

cShponérite bampasitianohangrof chatpeededifg elbiony, Wwhedeifitth8orho of

about 1 nol % 12. The conpositign of any of clains .

511, VAR 11VEHES h SR CLTER 06 IR Teh , BiolgAilsse weight

Conponﬁfaﬂ%éﬂﬁrlﬁ{ee bonefi ﬁ)nwéf@ti Berfie ﬁﬁi)ééhla?’%e\fi\éll%&rth low

| ess of the ‘conposition. 13. e conposition of any of

cl ai ns mBelegulanyeighti polyetindenecconiponeitgh aban &5 agtess.

nmol ecul ar wei ght of the high nol ecul ar wei ght

pol yet hyl ene conponent to wei ght average nol ecul ar

wed. ght  bihédl le@i€ Wb@posiedid) RbmpALiMet hy! ene

conponent_ is a g%?mgo or Igssnlg4.m£he %onposition of

any of a|laashsorg- hizh wppleeelan vepighit pAlyethylers gampanent dgwing a

nmol ecul ar ' . [ '

pol yet hyl eﬁgﬁ%g%%{]\g%@ﬁtt %E%Pgﬁljfl Wgﬁéﬂﬁ% {gctﬂla]a)\(r)ut %, aMz

wei ght of t hef dbout &7108000 & meieghhd poMyel fufl sbast 2,000,000 or
conmponent is about, 15 or |ess. 15. An extruded bottle
conpri si ng: 8O #sHal pol yet hyl ene conposition having

at | eask BR8 dHe9bwRh&IEHMIA" weight polyethylene component having a
molecular weight of about 50,000 or less, wherein:

the composition has a density of about 0.94 g/cc or more, an ESCR of

about 600 hours or more, and a percent die swell of about 70% or

more.

9. The composition of claim 8, wherein the high molecular weight
polyethylene component has a short chain branch content of about 1.0 to

about 2.0 branches per 1,000 main chain carbons.

10.  The composition of claim 8, wherein the high molecular weight
polyethylene component has a short chain branch content of less than

about 2 branches per 1,000 main chain carbons.
11.  The composition of any of claims 8-10, wherein the high molecular weight

polyethylene component has a comonomer content of about 0.3 mol% to

about 1 mol%.
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wei ght pol yet hyl ene conponent havi ng a nol ecul ar
wei ght distribution (MAD) of about 6 to about 9 and a

W@ b@ei1389Bai n branch content of |ess than aboutP@I/US2006/021500
branches per 1,000 mai n chain carbons, wherein: the
hi gh nol ecul ar wei ght pol yet hyl ene conponent is
present in an anount of about 50 wt % or |ess of the
conposition and the conposition has a density of

abgut Gf about 600 hours or .
e orit coMyEFiBh oF R Eor AR T nloR Hfieh byt eiant
and t hq)obmnylalel Soniopshtie lpgednt i@ dheatBoumt W labout'HOCK VB B8 less
of about. 0.01 inches to about 0.03 inches and a wei ght

of at Qfé]%ftcompcélft% 16. The bottle of claim 15,

wherein the high nol ecul ar wei ght pol yethyl ene

conponent has a Mz+1 of about 2,000,000 or nore. 17.

THe. botTHeeconipoaitipnaf anl af okirkb816, wheelieh Patiohsf wéightaverage
chain br ont ent s about. 1.0 to about 2.0

br anch&®® B@'ﬂarlw?}ébt anglecilamyuright pplyethylenaromnogent to

of any \9&%@ alvaFgd 5 Iﬂ(ﬁecu\l‘ﬁer\%lghtt hg hhghidwp! ﬁﬁ)‘i’écﬁfar we1ght

wei ght po yethylene conmponent nas a conononer conten

of abouytol@tigylens| ponensasiebolit Bdbo#desd9. The bottle of
any of clainms 15-18, further conprising at | east one
| ow nol ecul ar wei ght pol yet hyl ene conponent having a

nol4ec Ul Bife dvip@kitioffof aRPWF cRBnPOA 20HhtRESa 1A ofT\ki‘tﬁght average
bottle of any of clains 15-19, wherein the high

nol eculmaeleqdagheighiiybe hgghén@e@darpweht}]pqlﬁﬂnﬂ@mwnpmem to
e, co
21, “Trarigf | SR Rl et R ) hO SIS R gkl sieht

of wei ghlyeswderrgonipohes asouwesghtes@f the hi gh
nol ecul ar wei ght pol yet hyl ene conponent to wei ght
aver age nol ecul ar wei ght of the | ow nol ecul ar wei ght

palsyet Ny eafide@BBRR&BpkRingPout 20 or |ess.

a bimodal polyethylene composition having at least one high molecular
weight polyethylene component having a molecular weight
distribution (MWD) of about 6 to about 9 and a short chain branch
content of less than about 2 branches per 1,000 main chain carbons,
wherein:

the high molecular weight polyethylene component is present in an amount
of about 50 wt% or less of the composition; and

the composition has a density of about 0.94 g/cc or more; an ESCR of
about 600 hours or more; and a percent die swell of about 70% or
more; and

the bottle is blow molded to have a wall thickness of about 0.01 inches to
about 0.03 inches and a weight of at least 70 grams.

16.  The bottle of claim 15, wherein the high molecular weight polyethylene

component has a Mz+1 of about 2,000,000 or more.

37



22. The bottle of any of clains 15-21, wherein the
wal | thickness is about 0.017 inches to about 0.026
w0 p@aassoand the bottle wei ghs at | east 75 granBCT/US2006/021500

17.  The bottle of any of claims 15-16, wherein the short chain branch content

is about 1.0 to about 2.0 branches per 1,000 main chain carbons.

18.  The bottle of any of claims 15-17, wherein the high molecular weight
polyethylene component has a comonomer content of about 0.3 mol% to

about 1 mol%.

19.  The bottle of any of claims 15-18, further comprising at least one low

molecular weight polyethylene component having a molecular weight of
about 50,000 or less.

20. The bottle of any of claims 15-19, wherein the high molecular weight
polyethylene component is present in an amount of about 60 wt% or less

of the composition.

21.  The bottle of any of claims 15-20, wherein a ratio of weight average
molecular weight of the high molecular weight polyethylene component to
weight average molecular weight of the low molecular weight

polyethylene component is about 20 or less.

22.  The bottle of any of claims 15-21, wherein the wall thickness is about
0.017 inches to about 0.026 inches and the bottle weighs at least 75 grams.
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