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applications.

[0003] It is known that the type and amount of side chain branching within the
multimodal polyethylenes can influence the final properties of an article made
therefrom. In particular, K. Ebner, Bi-Modal HDPE for Piping Systems and
Further Applications in ADV. PLAST. TECHNOL. APT, INT. CONF. 1-8 (1997) and J.
Scheirs et al., PE100 Resins for Pipe Applications in 4(12) TRENDS IN POLY. SCIL
408-415 (1996) finds that bimodal polyethylenes having the majority of the
branching on the relatively “high” molecular weight fraction are most ideal.
Typically, polyethylenes useful in pipes, such as disclosed in US 6,867,278,
comprise a low and a high molecular weight composition, wherein most or all of
the branching is located on the high molecular weight fraction. What has not been
disclosed are polyethylenes having a desirable amount of branching that would
allow the composition to be multifunctional. The inventors have found such a
composition, and in particular, have surprisingly found that certain multimodal

compositions having a relatively large amount of branching on the low molecular
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polyethylene possessing a density from 0.940 to 0.965 g/ cm’, and an Ip; from 4 to
20 dg/min, and comprising the following ethylene copolymers:

a low molecular weight ethylene copolymer having a weight average
molecular weight from 5,000 amu to 50,000 amu; and

a high molecular weight ethylene copolymer having a weight average
molecular weight from 60,000 amu to 800,000 amu;

wherein the weight fraction of the high molecular weight ethylene
copolymer relative to the entire multimodal composition ranges from 0.3 to 0.7;
and

wherein the ratio of the branching index of the low and high molecular

weight ethylene copolymers ranges from 1.2 to 6.0.

[0006] These aspects of the invention and others can be combined with any

number of embodiments as described herein.
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[0011] Figure 5 is a graphical representation of GPC measurements and NMR

measurements of polymer fractions of a Dow 2100 bimodal polymer.

DETAILED DESCRIPTION OF THE INVENTION

[0012] As used herein, in reference to Periodic Table "Groups" of Elements, the
“new” numbering scheme for the Periodic Table Groups are used as in the CRC
Handbook of Chemistry and Physics (David R. Lide ed., CRC Press 81st ed.
2000).

[0013] As used herein, “short chain branching index” or “branching index” refers
to the number of C; to Cs side chain alkyl groups exist per 1000 backbone carbon
atoms on the polyethylene fraction being measured or referred to. This value is

determined by the method described in the “Examples™ section herein.

[0014] As used herein, “multimodal polyethylene” refers to polyethylene
copolymer compositions comprising at least one identifiable “low” molecular

weight ethylene copolymer and one identifiable “high” molecular weight ethylene
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The "nul ti nodal polyethylene" is not limted by its
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detectable level to 20 wt% a-olefin derived units, preferably from 1 to 10 wt% of
a-olefin derived units. Most preferably, the a-olefin is selected from the group

consisting of C4 to Cg a -olefins.

[0016] As used herein, the “low molecular weight ethylene copolymer” is an
ethylene copolymer possessing a weight average molecular weight from 5,000
amu to 50,000 amu, and more preferably from 5,500 amu to 40,000 amu. In one
embodiment, the low molecular weight ethylene copolymer possesses a short
chain branching index from 2.5 to 4.5 and from 3 to 4 in a more preferred

embodiment.

[0017] As used herein, the “high molecular weight ethylene copolymer” is an
ethylene copolymer possessing a weight average molecular weight from 60,000

amu to 800,000 amu, and more preferably from 65,000 amu to 700,000 amu. In
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- [0020] In one embodiment, the multimodal polyethylene possesses a density
(gradient density, ASTM D-792) from 0.940 to 0.965 g/cm’, and from 0.942 to
0.960 g/cm® in another embodiment, wherein a desirable range of density can
comprise any combination of any upper limit with any lower limit described
herein. Further, in one embodiment, the multimodal polyethylene possesses an
I; (Io; as measured by ASTM-D-1238-F, 190 °C/21.6 kg) from 4 to 20 dg/min,
and from 5 to 16 dg/min in another embodiment, and from 6 to 12 dg/min in yet
another embodiment, wherein a desirable range of I; can comprise any
combination of any upper limit with any lower limit described herein. In another
embodiment, the multimodal polyethylene described herein possesses an Is
(ASTM-D-1238-F, 190°C/5.0 kg) of from 0.2 to 0.5 dg/min, and from 0.3 to 0.45
in another embodiment, and from 0.3 to 0.4 in yet another embodiment, wherein a
desirable range of Is can comprise any combination of any upper limit with any
lower limit described herein. The multimodal polyethylene described herein may

comprise any combination of these features.
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Al SHonBY L8 i § sBld dRtinh6 R Phase fluidized bed reactor as an in-
situ blend of at least one high molecular weight ethylene copolymer and at least
one low molecular weight ethylene copolymer. In one or more embodiments, the
polymerization system can include a reactor body in fluid communication with
one or more discharge tanks, surge tanks, and recycle compressors. In one
embodiment, the reactor body includes a reaction zone within the reactor body in
fluid communication with a velocity reduction zone, typically at the top of the
reactor body and having a conical geometry with increasing diameter. The
reaction zone can include a bed of growing polymer particles, formed polymer
particles and catalyst particles fluidized by the continuous flow of polymerizable
and modifying gaseous components in the form of make-up feed and recycle fluid

through the reaction zone.

[0024] A feed stream can be directed to enter the cycle line before the blower but

may also be at any point in the polymerization system including to the reactor
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[0025] The fluidized bed has the general appearance of a dense mass of

individually moving particles as created by the percolation of gas through the bed.
The pressure drop through the bed is equal to or slightly greater than the weight of
the bed divided by the cross-sectional area. It is thus dependent on the geometry
of the reactor. To maintain a viable fluidized bed in the reaction zone, the
superficial gas velocity through the bed must exceed the minimum flow required
for fluidization. Preferably, the superficial gas velocity is at least two times the
minimum flow velocity. Ordinarily, the superficial gas velocity does not exceed

5.0 ft/sec and usually no more than 2.5 ft/sec is sufficient.

[0026] In general, the height to diameter ratio of the reaction zone can vary in the
range from 2:1 to 5:1. The range, of course, can vary to larger or smaller ratios
and depends upon the desired production capacity. The cross-sectional area of the
velocity reduction zone is typically within the range of 2 to 3 multiplied by the

cross-sectional area of the reaction zone.
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Preferably, the superficial gas velocity is at |east
theopalymrerdZafing 1$ACHPHuUmM f | ow vel ocity. Ordinarily, the
superficial gas velocity does not exceed 5.0 ft/sec
and usually no nore than 2.5 ft/sec is sufficient.
[0029] Preferably, the recycle stream is returned to the reactor and to the fluidized

bed through a gas distributor plate. A gas deflector is preferably installed at the
inlet to the reactor to prevent contained polymer particles from settling out and
agglomerating into a solid mass and to prevent liquid accumulation at the bottom
of the reactor as well to facilitate easy transitions between processes which
contain liquid in the cycle gas stream and those which do not and vice versa. An
illustrative deflector suitable for this purpose is described in US 4,933,415 and
6,627,713.

[0030] An activated precursor composition with or without an aluminum alkyl
modifier (hereinafter collectively referred to as catalyst) is preferably stored for
service in a catalyst reservoir under a blanket of a gas which is inert to the stored
material, such as nitrogen or argon. Preferably, the catalyst reservoir is equipped
with a feeder suitable to continuously feed the catalyst into the reactor. An

illustrative catalyst reservoir is shown and described in US 3,779,712, for
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cause polymerization to begin there and eventually cause plugging of the
distributor plate. Injection directly into the fluidized bed aids in distributing the
catalyst uniformly throughout the bed and tends to avoid the formation of
localized spots of high catalyst concentration which can cause "hot spots" to form.
An activator and/or modifier compound (e.g., an aluminum alkyl compound, a
non-limiting illustrative example of which is triethylaluminum), can also be added
to the reaction system either directly into the fluidized bed or downstream of the

heat exchanger, in which case the modifier is fed into the recycle system from a

dispenser.

[0032] The polymerization reaction is conducted substantially in the absence of
catalyst poisons such as moisture, oxygen, carbon monoxide and acetylene.
However, oxygen can be added back to the reactor at very low concentrations to

alter the polymer structure and its product performance characteristics. Oxygen



contain liquid in the cycle gas stream and those which

do not and vice versa. An illustrative deflector
waeovabi2eo f or this purpose is described in US BECPBS204d/640757

and 6,627,713. [0030] An actipvat ed precursor
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(hereinafter collectively referred to as catalyst) is
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located between the velocity reduction zone and heat exchanger.

[0035] The rate of polymer production in the bed depends on the rate of catalyst
injection and the concentration of monomer(s) in the reaction zone. The
production rate is conveniently controlled by adjusting the rate of catalyst
injection. Since any change in the rate of catalyst injection will change the
reaction rate and thus the rate at which heat is generated in the bed, the
temperature of the recycle stream entering the reactor is adjusted to accommodate
any change in the rate of heat generation. This ensures the maintenance of an
essentially constant temperature in the bed. Complete instrumentation of both the
fluidized bed and the recycle stream cooling system is, of course, useful to detect
any temperature change in the bed so as to enable either the operator or a
conventional automatic control system to make a suitable adjustment in the

temperature of the recycle stream.
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The valve allows passage of product into the product surge tanks. Another
preferred product discharge system which may be alternatively employed is that
disclosed and claimed in US 4,621,952. Such a system employs at least one
(parallel) pair of tanks comprising a settling tank and a transfer tank arranged in
series and having the separated gas phase returned from the top of the settling tank

to a point in the reactor near the top of the fluidized bed.

[0038] The fluidized-bed reactor is equipped with an adequate venting system to
allow venting the bed during start up and shut down. The reactor does not require
the use of stirring and/or wall scraping. The recycle line and the elements therein
should be smooth-surfaced and devoid of unnecessary obstructions so as not to

impede the flow of recycle fluid or entrained particles.

[0039] The conditions for polymerizations vary depending upon the monomers,

catalysts and equipment availability. The specific conditions are known or readily



[0034] A gas analyzer can be used to determ ne the
conposition of the recycle stream and the conposition
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gaseous conposition within the reaction zone. The gas
anal yzer can be a conventional gas analyzer that .
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a given set of operating conditions, the fluidized bed
is maintained at essentially a constant height by
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known in the art and include organometallic compounds comprising at least one
cyclopentadienyl ligand or ligands isolobal to cyclopentadienyl and a Group 3-8
or Lanthanide metal. Preferred metallocenes include bis-cyclopentadienyl
complexes with Group 4 metals, most preferably hafnium and zirconium; wherein
the cyclopentadienyl is selected from cyclopentadienyl, indenyl,
tetrahydroindenyl, and substituted versions thereof, most preferably
unsymmetrically substituted. By “unsymmetrically substituted, what is meant is
that there are a different number, type, or both, of substituent groups on each of
the cyclopentadienyl ligands or ligands isolobal to cyclopentadienyl. In a most
preferred embodiment, the metallocene is an unsymmetrically substituted
bis(cyclopentadienyl)zirconocene dihalide or dialkyl, wherein the substituent

groups are selected from C; to Cs alkyls.
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amine/imide,—coordination compounds of Group 3-10 metals. These types of
catalyst compositions are well known in the art for producing polyethylenes and

other polyolefins.

[0044] Preferable embodiments of bimetallic catalyst compositions also include a
support material such as an inorganic oxide or polymeric species. Preferred
supports include silica and aluminum. Preferably embodiments of the catalyst
compositions also include at least one activator. Activators are well known in the
art and include such compounds as alumoxanes, aluminum alkyls, alkylborane,

alkylborates, arylboranes and arylborate compounds, and mixtures thereof.

[0045] The multimodal polyethylenes described herein are useful in making pipes,
films, blow molded articles and rotomolded articles. ~Methods for producing
pipes from polyethylenes are well known in the art. Any size extruder suitable

for extruding the multimodal polyethylene for forming a pipe can be used, in one



catal ysts and equi pnent availability. The specific
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compositions described herein can be used to produce the films. Such extruders
are known to those skilled in the art. Such extruders include those having screw
diameters ranging from 30 to 150 mm in one embodiment, and from 35 to 120
mm in another embodiment, and having an output from 100 to 1,500 1bs/hr in one
embodiment, and from 200 to 1,000 lbs/hr in another embodiment. In one
embodiment, a grooved feed extruder is used. The extruder may possess an L/D
ratio from 80:1 to 2:1 in one embodiment, and from 60:1 to 6:1 in another
embodiment, and from 40:1 to 12:1 in yet another embodiment, and from 30:1 to

16:1 in yet another embodiment.

[0047] A mono or multi-layer die can be used. In one embodiment a 50 to 200
mm monolayer die is used, and a 90 to 160 mm monolayer die in another
embodiment, and a 100 to 140 mm monolayer die in yet another embodiment, the

die having a nominal die gap ranging from 0.6 to 3 mm in one embodiment, and
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[0050] Blowing molding is the primary method to form hollow plastic objects
such a{s soda bottles. The process includes clamping the ends of a softened tube of
polymers which can be either extruded or reheated, inflating the polymer against
the mold walls with a blow pin, and cooling the product by conduction or
evaporation of volatile fluids in the container. There are three general types of
blow molding: extrusion blow molding, injection blow molding, and stretch blow
molding. Extrusion blow molding is usually used to make items of weight greater
than 12 oz. such as containers for food, laundry, or waste. Injection blow molding
is used to achieve very accurate wall thickness, high-quality neck finish, and to
process polymers that can not be extruded. Usual applications include
pharmaceutical products, cosmetic products, and single serving liquor bottles that

weight less than 12 oz. Stretch blow molding is only used for difficult to blow
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PROPERTI ES ( TAPPI, 1992). Even nore particularly, the
films are blown filnms, the process for which is
BXAMPBES generally in FI LM EXTRUSI ON MANUAL, PROCESS,

%Tl%ﬂs%t\%imetallic catalyst composition

[0053] A supported bimetallic catalyst composition was used to produce the

“inventive” example polyethylenes. Non-limiting embodiments of “inventive”
examples as represented in the tables reflect separate runs of using the same
catalyst under varying reactor conditions. This bimetallic catalyst was injected
directly into a fluidized bed using purified nitrogen to produce the polyethylene.
Catalyst injection rates were adjusted to maintain approximately constant
production rate. In each run, the catalyst comprised a silica dehydrated at 875°C,
methylalumoxane, a (tetramethylcyclopentadienyl)(n-
propylcyclopentadienyl)zirconium difluoride metallocene and a Ziegler-Natta

catalyst compound comprising TiCls and an alkylmagnesium compound.

[0054] More specifically, an example of the method of making the bimetallic

catalyst used in the “inventive” examples is as follows: silica support material,



PROPERTI ES pp. 16-29, for exanple. Any extruder

sui table for extrusion of a LLDPE (density between
w@:2®Y06ma 0. 925 g/ cm 3) or HDPE (density greatRBCT/Uk2N6/040757

0.940 g/ cnB) operating undeyy; any desirable conditions

for the polyethylene conpositions described herein can

be used to produce the filnms. Such extruders are known

to those skilled in the art. Such extruders include
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|
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I ment rom 1 mmin yet anot
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by . any conblnatlo any e escr.i ei n.
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from1700C to 19Q0C in yet anot her
about 30 minutes at a temperature of about 54°C. The slurry is then allowed to

cool to ambient temperature.

[0055] The metallocene catalyst compound is then added to the sample of
titanium tetrachloride-treated dehydrated silica. First, 673 grams of a 30 wt%
solution of methylaluminoxane (MAO) in toluene is added to a new flask in an N,
glove box. About 13.72 grams of the metallocene bis-n-butyl-cyclopentadienyl
zirconium difluoride is added into the MAQ solution, and the mixture is stirred
until all of the solids are dissolved. Next, the MAO/Metallocene mixture is
slowly added into the flask containing the previously prepared titanium reaction
slurry over a period of about one hour. Toluene (50 ml) is used to wash the
residual MAO/Metallocene mixture remaining in the flask into the flask
containing the reaction slurry. The Al/Zr molar ratio (Al from MAO) may range
from about 90 to 110. The Ti/Zr molar ratio is about 6. Each resulting mixture
that included the respective bimetallic catalyst sample is then held at ambient

temperature for a period of one hour. Afterward, each mixture is dried using a



enbodi nent. The tenperature across the die ranges from
1600C to 2500C i n one enbodi ment, and from 17Q0C to

WQ 3006726 anot her enbodi ment, and from 1800C t BCRULSHE/040757
in yet another enbodi nent. {80049] In one enbodi nent, a
filmmade fromthe nulti nodal pol yethyl ene of at |east
12 mmin thickness possesses a dart drop of at |east
200 grans; the film having been made at a 4:1 BUR on a
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ﬁ&ﬁ}fn@f&ﬁﬁ positio@r € are three general types of blow
di ng: ‘extrusi on bl ow nol di ng, injection blow
nol di ng, and stret ch bl ow nol di ng. Extrusion bl ow

WPick, 2 | RabbiBing &N olEDRIe S dhee® i pillced using o
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IC pro St ngl e serving
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ding process is also we known 1n the a
Racfatptmdahonml ding is a process al so known as
rotonol ding or rotational casting is used for

Gas phase polvmerization conditions

[0057] The “inventive” and “comparative” polyethylenes were produced in a
single continuous fluidized bed gas phase reactor. The fluidized bed of the reactor
was made up of polyethylene granules. The reactor was passivated with an
alkylaluminum, preferably trimethylaluminum. The same or similar
alkylaluminum was also added to the reactor continuously during the production
of polymer. During each run, the gaseous feed streams of ethylene and hydrogen
were introduced before the reactor bed into a recycle gas line. The injections were
downstream of the recycle line heat exchanger and compressor. Liquid 1-hexene
comonomer was introduced before the reactor bed. The control agent (e.g., water,
isopropyl alcohol, etc), if any, that influenced resin split and helped control
fouling, especially bottom plate fouling, was added before the reactor bed into a
recycle gas line in gaseous or liquid form. The individual flows of alkylaluminum
(trimethylaluminum, “TMA?”), ethylene, hydrogen and 1-hexene comonomer were

controlled to maintain target reactor conditions, as identified in each example.



t he manuf acture of hollow plastics including | arge

storage tanks, typically parts that are |arger or
w@e@anensd n vol une than those produced in the BCDUS2006/040757

mol di ng process. It involvEs placing a thernoplastic

powder such as a polyolefin into a nold, heating the

nmold in an oven while rotating the nold into

per pendi cul ar axes si multaneously. [0052] Thus, the
ThO BBASnirhasls oIpdsddvosie SsRsurell by ¢i-B&E Biroma@RdphO NOther

can be described alternately by any of the enbodi nents
cendidonsseladsied in thetablesdsiiy-nati on of any of the

enbodi nents descri bed herein. Enbodi nents of the

Lnvention, ~wWh.le not nmeant to be limting by, may be
%ﬁ}%%% by reference to the foll ow ng

[008K) - RicBiintshftg]es i Bpth €frial EXANRIohipoandddwih additives and formed
.bimetallic catalyst conposition [0053]. A supported
ingp pellels ppé exidedyato fHaipes? oY sumiisingdivg wigh p8dul® 1.0
el e ?%%6 'rﬁ.‘ﬁ? die ﬁ?dm{e& 04 é&%ﬁéﬁ{, SRR NUBIbel 1Y 30 REIM —
enbod nts o Imventve" exanples as represented In
AR E2 +ABBd8. Mot kewt temppatat ecttingswek as$ollnyvst he sane

cat al yst under varying reactor conditions. This
bimetallic catalyst was injected directly into a

flui iagedi g cpsing purified nitrogen to produce the
pol yet hyl ene. Catal yst injection rates were adjusted

t o m@ameh2.A080Br oxi mat el y constant production rate. In
each ;U he c yst conprised a silica dehydrated

at 8%19,& ‘?fé%rﬁeiﬂ g‘?(ﬁir:mxane, a '

(t et BumRENAUGYa] 4QETR adi enyl ) (npropyl cycl opent adi enyl )
zirconiumdifluoride netall ocene and a Ziegler-Natta
cat alXegtca Sgpiehd 18 dnpri sing Tid and an

al kyl I U npound. [0054] More specifically, an
exanp[fig@gﬁéﬁnhguﬁgt hod of nmaking the binetallic

Die Middle, 410 °F

Die top, 410 °F

PENT Testing
[0059] Pellets of the resins were produced, pressed them into plaques and

performed a PENT test according to ASTM D F1473-01 in order to estimate the
performance of pipes made from the inventive polyethylenes. In particular, resin
was formed into pellets as noted in the bottom of the tables. Pent Test method
ASTM D F1473-01 (PENT) performed at 3.0 MPa and 80°C; a precisely pressed
and machined bar of the polyethylene sample was immersed in the stress cracking
fluid and placed under a tensile load of 3.0 MPa. Temperature is held constant at

80°C and the time to failure is measured.



catal yst used in the "inventive" exanples is as

foll ows:

WGR007 067269

silica support materi al
| neos ES757 can be used. The sili caBCHD82006/040757

dehydrated at a tenperature2bf 875C. Then
500 grans of the respective dehydrated silica

sanpl e,

i s added

into a 5-liter,

encl osed in an N gl ove box.
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L'BUR@TIUI I IUC T 3 a.u&rlc.u LILILY \4 Lo 7 |vr>t_z SUTOt |4uu, ul|u4 T \S )
DARXERDPE || Sg ST|I T 26 284 404 221 264 203
IMPACT F50,
ASTM D1709-01
ELMENDORF
TEAR, ASTM D-
1922-00 \
Machine g/um 3.18 125 1.19 0.87 1.15 0.69
Direction
Transverse g/pm 8.62 2.62 7.85 12.84 8.36 10.61
Direction

(1) Procedure ASTM D4703-00 was used for molding plaques, while ASTM D-1505-98 was used
for determining the density

(2) Test performed at 3.0 MPa and 80°C

(3) Frost line height ratio, defined as the ratio of the frost lme height of the largest bubble diameter
to the diameter of the die

(4) Blow up ratio, defined as the ratio of the largest bubble diameter to the diameter of the die




until all

m)

of the solids are dissol ved. Next,
MAQ Met al | ocene m xture is slowy added into the flask

t he

w@orasning the previously prepared titani um rBEDUSING/040757
slurry over a period of abdut one hour.
is used to wash the residual

Tol uene (50
MAQ Met al | ocene

m xture remaining in the flask into the flask
containing the reaction slurry. The Al/Zr nolar ratio
(Al fromMAO may range fromabout 90 to 110. The
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separate-runslof —usihrg—the 9‘?, ST o anple
und a“f/‘;ért ng |r eactor cbndl ons.| Gas phasée
POIRRIEL J, 2ot Tof—congrtons 297 299
Pressure
Ethylene Partial psia 190 184 157
Pressure
Hexene/ 1b/Ib Ratio 0.030 0.043 0.025
Ethylene Flow
Ratio
Hexene / Mol ratio 0.008 0.022 0.0112
Ethylene Molar
Ratio
TMA pPpm 96 110 100
H,0/Ethylene ppm 11.6 11.47 19
Isopentane Mol% 5.54% 5.36% 0%
Hydrogen / ppm/mol% 114 99 107
Ethylene
Lab 1b/1b 3200 4400 2900°
Productivity




[0057] The "inventive" and "conparative" polyethyl enes
were produced in a single continuous fluidized bed gas
w@bagmeeneact or. The fluidi zed bed of the reactPCT/WER06/040757

made up of pol yethyl ene grdhul es. The reactor was
passi vated with an al kyl al um num preferably
trinmethylalum num The sanme or simlar al kylal um num
was al so added to the reactor continuously during the
production of polynmer. During each run, the gaseous
feed streans of ethylene and hydrogen were introduced

before the r 9agio. Sk T4 prodikioheedas. | ne. The

i njections were downstream o recycle line heat
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?@% f; Res| n gsangpgés i both “Tr i dl s”ier e conpounded
AstM r@ggit ves and forqullntp.pellets and extruded
EIMEEboRy 5| O aj o0 Arprme TTng wth @ 18T LTD, 1.0
TERR, dsBM@RP| 100( mm di e, grooved fleed exftruder, Mdel
19dugoer HS b0 RFHM - AV 12 - W5 12. The gzone

enmies at ur e gmet [ 0B9Y Weez as 0f9%l |jows?s Barrel 1,3.395 OF
DiBatianel 2, K00 OF Bl gck Adapter, 4000F

Transverse g/um | 10.6 2.66 10.20 4.84 8.62
Direction 1

(1) Granular resins were compounded on a ZSK-30 with an additive package of 1500 ppm Irganox

1010, 1500 ppm Irgafos 168 and 1500 ppm ZnSt

(2) Granular resin compounded on ZSK-57 with additive package of 200 ppm Irgafos 168, 800

ppm Irganox 1010, 1000 ppm ZnSt and 200 ppm Carbowax

(3) Procedure ASTM D4703-00 was used for molding plaques, while ASTM D-1505-98 was used

for determining the density

(4) Frost line height ratio, defined as the ratio of the frost line height of the largest bubble diameter

to the diameter of the die ,

(5) Blow up ratio, defined as the ratio of the largest bubble diameter to the diameter of the die
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pressed theminto plaques azad perforned a PENT test

according to ASTM D F1473-01 in order to estimte the

performance of pipes nade fromthe inventive

pol yet hyl enes. In particular, resin was formed into

pellets as noted in . tabl es. Pent
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168, 800 was used bubbl e dianeter to the dianeter of
the die (5 Blowup ratio, defined as the ratio of the

wo 200gee25bubbl e di ameter to the dianmeter of theBCT/US2006/040757
dieTable 5. Trial 2 Plaques29pm ZnSt D-792 was used
for determning the density. (5) Test perforned at 3.0
MPa and 8Q0CBranchi ng I ndex [0060] The inventors have
found that nultinodal polyethyl enes having a desirable
branchi ng i ndex possesses properties that nake the
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each _having a, certain branching index, is desirable. )
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produced. [0061] The branching index is the ratio of
negmiearatbfe” Joewicies rpen. 1soDewr bR msionis 4 hightdensity (0.949
I r_backbong .1t 4s t.erm ned .herei reporte
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multimodal polyethylenes can be produced.

[0061] The branching index is the ratio of number of branches per 1000 carbon
atoms in the polymer backbone. It is determined herein, as reported in Table 6, by
separating a single sample into five to seven different molecular weight fractions
(by solvent fractionation), then measuring the branching of each molecular weight
by NMR. For a given sample this generates the number of branches per 1000
carbons as a function of molecular weight. The branching frequency can then be
estimated for each ethylene copolymer. The “branching index” as described
herein is a number ¢stimated by any technique known in the art, preferably as

described, to within + 15% or less.

[0062] More particularly, the branching index was determined by a technique
adapted from W. Holtrup, 178 MAKROMOL. CHEM. 2335 (1977). In order to
receive narrow molecular weight distribution fractions successive solution
fractionation was carried out by dynamic direct extraction according to Holtrup.
In a typical example, about 1 g of polymer sample were placed in a 180 mL
sample reactor and 8 fractions were obtained at 130°C by variation of the
volumetric ratios of xylene/ethylene glycol monobutyl ether mixtures

(“solvent/non—solvént”). Mixtures containing 65, 60, 55, 50, 43, 40 and 37 % of
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was deconvoluted into high and low molecular weight ethylene copolymers by use
of a "Wesslau model", wherein the p term was restrained for the low molecular
weight peak to 1.4, as described by E. Broyer & R.F. Abbott, Analysis of
molecular weight distribution using multiethylene copolymer models, ACS SYMP.
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and conprising the follow ng ethyl ene

(a) a | ow nol ecul ar wei ght ethyl ene

copol ymer havi ng a wei ght average nol ecul ar wei ght
from5,000 anu to 50,000 anu and having a short chain

branching index from2.5 to 4.5;
nol ecul ar wei ght et hyl ene copol yner

and (b)
havi n

a high
g a wei ght

aver age nol ecul ar wei ght from 60,000 anu to 800, 000
amu and having a short chain branching index from1l to

2.5.




2. The mul ti nodal pol yethylene of claim1, wherein the

rati o of the branching index of the | ow and high
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4.5. 3. The nul tinodal pol yzthyl ene according to any

one of the preceding clains, wherein the | ow nol ecul ar

wei ght et hyl ene copol yner has a short chai n branching

index from3 to 4. 4. The multi nodal pol yethyl ene

?ﬁégﬁ@$ng to any one of the preceding clains, wherein
ecul ar weight distribution of the polyethyl ene

Manglasn:f rom 30 to 100. 5. The nul ti nodal pol yet hyl ene
according to any one of the preceding claing, wherej

1 n
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Eb%PQHEﬁmﬁam%ﬁﬁﬁﬂm%1§g§écted fromthe group consisting
of cycl opentadi enyl, indenyl, tetrahydroindenyl, and
substituted versions thereof. |

2. The multimodal polyethylene of claim 1, wherein the ratio of the

branching index of the low and high molecular weight fraction is in the range of
1.5to0 4.5.

3. The multimodal polyethylene according to any one of the preceding
claims, wherein the low molecular weight ethylene copolymer has a short chain

branching index from 3 to 4.

4. The multimodal polyethylene according to any one of the preceding
claims, wherein the molecular weight distribution of the polyethylene ranges from
30 to 100.

5. The multimodal polyethylene according to any one of the preceding
claims, wherein the weight fraction of the high molecular weight ethylene

copolymer ranges from 0.3 to 0.7.

6. The multimodal polyethylene according to any one of the preceding
claims, wherein the polyethylene is produced in a single continuous fluidized bed

gas phase reactor.



9. The nmul ti nodal polyethylene of claim@8, wherein the

netal l ocene is unsymetrically substituted. 10. The
woredorioemsal pol yet hyl ene accordi ng to any one PET/UR®06/040757

precedi ng clainms, wherein a2&il mnade fromthe
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10. The multimodal polyethylene according to any one of the preceding

claims, wherein a film made from the multimodal polyethylene of at least 12 um
in thickness possesses a dart drop of at least 200 grams; the film having been
made under extruder conditions of 50 mm line with a 18:1 L/D, 1.0 mm die gap,

100 mm die, grooved feed extruder.

11. The multimodal polyethylene according to any one of claims 1-9,
wherein a pipe made from the multimodal polyethylene has a PENT (ASTM D
F1473-01, 3.0 MPa and 80°C) value of at least 150.

12. A rotomolded product made from the multimodal polyethylene

according to any one of claims 1-9.

13. A blow molded product made from the multimodal polyethylene

according to any one of claims 1-9.

14, The multimodal polyethylene according to any one of the preceding
claims, consisting essentially of one high molecular weight fraction and one low

molecular weight fraction.
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wherein the ratio of the branching i ndex of the | ow
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16.  The multimodal polyethylene of claim 15, wherein the ratio of the
branching index of the low and high molecular weight ethylene copolymers

ranges from 1.5 to 5.0.

17.  The multimodal polyethylene of claim 15, wherein the ratio of the
branching index of the low and high molecular weight ethylene copolymers

ranges from 1.8 to 4.5.

18.  The multimodal polyethylene of any one of claims 15-17, wherein
the polyethylene is produced in a single continuous fluidized bed gas phase

reactor.

19.  The multimodal polyethylene of any one of claims 15-18, wherein
the polyethylene is produced by contacting ethylene and a C3-Cg a-olefin with a
bimetallic catalyst composition comprising a metallocene and a non-metallocene

catalyst.

20. The multimodal polyethylene of claim 19, wherein the metallocene

is a bis-cyclopentadienyl complex of a Group 4 metal; wherein the



22. The mul ti nodal pol yethyl ene of any one of clains
15-21, wherein a pipe made fromthe nultinodal

wp@oioyee2yd ene has a PENT (ASTM D F1473-01, 3. OPGRPESZNE040757
8Q0C) value of at least 153 23. A rotonol ded product
made fromthe nultinodal pol yet hyl ene of any one of
clains 15-21. 24. A bl ow nol ded product nade fromthe
mul ti nodal pol yet hyl ene of any one of clains 15-21.

25. The_.nul ti | '
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21.  The multimodal polyethylene of any one of claims 19-20, wherein

the metallocene is unsymmetrically substituted.

22.  The multimodal polyethylene of any one of claims 15-21, wherein
a pipe made from the multimodal polyethylene has a PENT (ASTM D F1473-01,
3.0 MPa and 80°C) value of at least 150.

23. A rotomolded product made from the multimodal polyethylene of

any one of claims 15-21.

24. A blow molded product made from the multimodal polyethylene of

any one of claims 15-21.

25.  The multimodal polyethylene of any one of claims 15-24,
consisting essentially of one high molecular weight fraction and one low

molecular weight fraction.



