PEROXIDE TREATED METALLOCENE-BASED POLYOLEFINS WITH
IMPROVED MELT STRENGTH
BACKGROUND OF THE INVENTION

In various thick gauge film applications for linear low density polyethylene
{LLDPE) resins, such as geomembrane applications, melt strength for blown film
processing and bubble stability can be important.  Additionally, the density of the
LLDPE resin can be reduced for improved flexibility of the film, however the reduction
in density can adversely affect the stiffness and maximum use temperature (e.g.,
softening and/or melting temperature) of the film,

It would be beneficial to produce LLIDPE resins having good melt strength and
sufficient flexibility after converting into a film, without sacrificing the maximum use
temperature and stiffness of the film. Accordingly, it is to these ends that the present
ivention is directed.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of concepts in a simplified
form that are turther described below in the detailed description. This summary is not
mtended to identify required or cssential features of the claimed subjoct matter. Nor is
this summary intended to be used to limit the scope of the claimed subject matter.

The present invention generally relates to ethylene polymers (e.g., ethylene/o-
olefin copolymers) which can have a ratio of Mw/Mn of less than or equal to about 5, a
ratio of Mz/Mw of less than or equal to about 2.3, and a zero-shear viscosity at 190 °C
of greater than or equal to about 8 x 107 Pa-sec. In further aspects, these ethylene
polymers can have a melt index in a range from 0 to asbout 2, and/or a ratio of
HLMI/MI in a range from about 15 to about 50, and/or a density in a range from about
0.895 to about 0.928 g/cm’, and/or a ratio of Mw/Mn in a range from about 2 to about
5, and/or a ratio of Mz/Mw i a range from about 1.5 to about 2.3, and/or a Mw 1n a
range from about 75,000 to about 250,000 g/mol, and/or & Mn in a range from about
10,000 to about 70,000 g/mol, and/or a Mz in a range from about 175,000 to about
300,000 g/mol, and/or a zero-shear viscosity at 190 °C in a range from about 1 x 10° to
about 1 x 10° Pa-sec, and/or a CY-a parameter at 190 °C in a range from about 0.08 to
about 0.2¥, and/or from about 0.008 to about 0.04 long chain branches (LCB) per 1000

total carbon atoms, and/or a peak melting point in a range from about 100 to about
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120°C, and/or a vicat softening temperature in a range from about 95 to about 110 °C,
and/or a difference between the peak melting point and the vicat softening temperature
of less than or equal to about 16°C, and/or a reverse comonomer distribution. These
cthylene polymers can be used to produce various articles of manufacture, such as
blown films and cast films.

Processes for producing these ethylene polymers using a base resin and a
peroxide compound also are disclosed herein.  Typically, the base resin can be
produced using a metallocene-based catalyst system and can be characterized by a
narrow molecular weight distribution.

Both the foregoing swmmary and the following detailed description provide
examples and are explanatory only. Accordingly, the foregoing summary and the
following detailed description should not be considered to be restrictive.  Further,
features or variations may be provided in addition to those set forth herein. For
example, certain aspects and cmbodiments may be directed to wvarious feature
combinations and sub-combinations described in the detailed description.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 presents a dynamic rheology plot (viscosity versus shear rate) at 190 °C
for the polymers of Examples 1-8.

FIG, 2 presents a tensile plot {stress versus strain) for the 10-mil blown films of
Examples 1-4 i the transverse divection (TD).

FIG. 3 presents a tensile plot (stress versus strain) for the 10-mil blown films of
Examples 1-4 in the machine direction (MD).

FIGs. 4 presents a tensile plot (stress versus strain) for the [-mil blown films of
Examples 1-4 in the transverse direction (TD).

DEFINITIONS

To define more clearly the terms used herein, the following definitions are
provided. Unless otherwise indicated, the following definitions are applicable to this
disclosure. If a term is used in this disclosure but is not specifically defined herein, the
definition from the IUPAC Compendium of Chemical Terminology, Znd Ed (1997) can
be applied, as long as that definition does not conflict with any other disclosure or
definition apphied herein, or render indefinite or non-enabled any claim to which that

definition is applied. To the extent that any definition or usage provided by any



document incorporated herein by refercnce contlicts with the definition or usage
provided herein, the definition or usage provided herein controls.

Groups of elements are indicated using the numbering scheme indicated in the
version of the periodic table of elements published in Chemical and Engineering News,

63(5)

A

27, 1985, In some instances, a group of elements can be indicated using a
common name assigned to the group; for example, atkali metals for Group 1 elements,
alkaline carth metals for Group 2 elements, transition metals for Group 3-12 clements,
and halogens or halides for Group 17 elements.

The terms “3,” “an,” “the,” etc., are intended to inchide plural alternatives, e.g.,
at least one, unless otherwise specified. For instance, the disclosure of “an activator-
support” or “a mctallocene compound” is meant to cncompass one, or mixtures or
combinations of more than one, activator-support or metallocene compound,
respectively, unless otherwise specified.

The term “polymer” 18 used herein generically to inchude oletin homopolymers,
copolymers, torpolymers, and so forth. A copolymer is derived from an olefin
monomer and one olefin comonomer, while a terpolymer is derived from an olefin
monomer and two olefin comonomers.  Accordingly, “polymer” encompasses
copolymers, terpolymers, cte., derived from any olefin monorser and comonomer(s)
disclosed herein. Similarly, an cthylene polymer would include ethylene
homopolymers, ethylene copolymers, ecthylene terpolymers, and the like. As an
example, an olefin copolymer, such as an cthylene copolymer, can be derived from
ethylene and a comonomer, such as 1-bufene, 1-hexene, or 1-octene. I the monomer
and comonomer were ethylene and 1-hexene, respectively, the resulting polymer could
be categorized an as ethylene/1-hexene copolymer.

(34

In like wmanner, the scope of the term  “polymerization” iochudes
homopolymerization, copolymerization, terpolymerization, etc. Therefore, a
copolymerization process could involve contacting one olefin monomer (e.g., ethylenc)
and one olefin comonoemer {¢.g., 1-hexene) to produce a copolymer.

2%

The term “metallocene,” as used herein, describes compounds comprising at
5 N . o 3 >

least one 1’ to n-cycloalkadienyl-type moiety, wherein 1’ to 0 -cycloalkadienyl

moicties include cyclopentadieny! ligands, indenyl ligands, fluoreny! ligands, and the

like, including partially saturated or substituted derivatives or analogs of any of these.
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Possible substituents on these ligands may include H, therefore this invention
comprises ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydroftuorenyl,
partially saturated indenyl, partially satorated fluoreny], substituted partially saturated

indenyl, substituted partially saturated fluorenyl, and the like.

b1 b1

The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and the
like, do not depend upon the actual prodact or composition resulting from the coutact
or reaction of the initial components of the catalyst composition/maixture/system, the
nature of the active catalytic site, or the fate of the co-catalyst, the metallocene
compound(s), any olefin monomer used to prepare a precontacted mixture, or the
activator (e.g., activator-support), atier combining these components, Therefore, the
termas “catalyst composition,” “catalyst mixture,” “catalyst systern,” and the like,
encompass the initial starting components of the composition, as well as whatever
product(s) may result from contacting these mnitial starting components, and this is
inchusive of both heterogencous and homogenous catalyst systems or cormpositions.

4Y o6

The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and the like,
are used interchangeably throughout this disclosure.

The term “contact product” is used herein to describe compositions wherein the
components are contacted together in any order, in any manuner, and for any length of
time. For example, the components can be contacted by blending or mixing. Further,
contacting of any component can occur in the presence or absence of any other
component of the compositions described herein.  Combining additional materials or
components can be done by any suitable method. Further, the term “contact product”
includes mixtures, blends, sohutions, shurries, reaction products, and the like, or
combinations thereof. Although “contact product” can include reaction products, it is
not required for the respective components to react with one another. Similarly, the
term “comtacting” 18 used herein to refer o materials which can be blended, mixed,
slurried, dissolved, reacted, treated, or otherwise contacted in some other manner.

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are hercin described.

All pubhcations and patents mentioned herein are incorporated herein by

reference for the purpose of describing and disclosing, for example, the constructs and



methodologies that are described in the publications, which might be used i
connection with the presently described invention. The publications discussed
throughout the text are provided solely for their disclosure prior to the filing date of the
present application.  Nothing herein is to be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention.

Apphicants disclose several types of ranges in the present imvention. When
Applicants disclose or claim a range of any type, Applicants’ intent is to disclose or
claim individually cach pogsible number that such a range could reasonably encompass,
including end points of the range as well as any sub-ranges and combinations of sub-
ranges encompassed therein,  For example, when the Applicants disclose or claim a
chemical moiety or cormapound having a certain number of carbon atoms, Applicants’
intent is to disclose or claim individually every possible number that such a range could
encompass, consistent with the disclosure herein. For example, the disclosure that a
compound 15 a Cs to Cig olefin, or in alternative language, an olefin having from 3 to 18
carbon atoms, as used herein, refers to a compound that can be selected independently
from an olefin having 3, 4, 5, 6, 7, &, 9, 18, 11, 12, 13, 14, 15, 16, 17, or 18 carbon
atoms, as well as any range between these two numbers (for example, a Cy to Cyo
olefin), and also including any combination of ranges between these two numbers (for
example, a C3 to Ty and a Cip to Cie oletfin,

Similarly, another representative exarople follows for the mursber-average
molecular weight (Mn) of an cthylene polymer consistent with an aspect of this
mvention. By a disclosure that the Mn can be in a range from about 30,000 to about
70,000 g/mol, Applicants intend to recite that the Mn can be equal to about 30,000,
about 35,000, about 40,000, about 45,000, about 50,000, about 55,000, about 60,000,
about 65,000, or about 70,000 g/mol. Additionally, the Mu can be within any range
from about 30,000 io about 70,000 (for example, from about 35,000 to about 65,000),
and this also includes any combination of ranges between about 30,000 and about
70,000 (for example, the Mn can be in a range from about 30,000 to about 45,000, or
from about 50,000 to about 65,000). Likewise, all other ranges disclosed herein should
be interpreted in a manner similar to these two examples.

Applicants reserve the right to provise out or exclude any individual members

of any such group, including any sub-ranges or combinations of sub-ranges within the
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group, that can be claimed according to a range or in any similar manner, if for any
reason Applicants choose to claim less than the full measure of the disclosure, for
example, to account for a reference that Applicants may be vnaware of at the time of
the filing of the application. Further, Applicants reserve the right to proviso out or
exclude any individual sabstituents, analogs, compounds, Higands, structures, or groups
thereof, or any members of a claimed group, it for any reason Applicants choose to
claim less than the full measure of the disclosure, for example, to account for a
reference that Applicants may be unaware of at the time of the filing of the application.

Asg used herein, “MD” refers to the machine direction, and “CD” refers to the
cross direction. The cross direction also can be referred to herein as the fransverse
direction (TD). Various polymer and film properties are discussed throughout this
disclosure. Following is a listing of these properties and their corresponding analytical
test procedures and conditions:

Melt index (M1, /10 min) was determined in accordance with ASTM D1238
condition F at 190 °C with 2 2.16 Kg weight. High load melt index (HLMI, ¢/10 min)
was determined in accordance with ASTM D1238 condition E at 190 °C witha 21.6 Kg
weight, Polymer density was determined in grams per cubic centimeter {g/ce or g/em’)
on a compression molded sample, cooled at about 15 °C per minute, and conditioned
for about 40 hours at 23 °C in accordance with ASTM D1505 and ASTM B4703.

Vicat Softening Temperature was determined in accordance with ASTM D1525
{Loading 1, Rate A, °C). The peak melting point was determined using Differential
Scanning Calorimetry (DSC) as described in ASTM D3418 (2nd heat, °C) at a heating
rate of 10 “C/min.

Molecular weights and molecular weight distributions were obtained using a PL
220 SEC high teroperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCBH)Y as the solvent, with a flow rate of T ml/minutc at a
temperature of 145° C. BHT (2,6-di-tert-butyl-4-methylphenol} at a concentration of
0.5 g/L. was used as a stabilizer in the TCB. An injection volume of 200 ul. was used
with a nominal polymer concentration of 1.5 mg/mlL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150° C for 5 hours with occasional, gentle
agitation. The colomuns used were three PLgel Mixed A LS columus (7.8 x 300 mm)

and were calibrated with a broad lincar polyethylene standard (Chevron Phillips



Chemical Marlex BHB 5003) for which the molecular weight had been determined.
Mn is nomber-average molecular weight, Mw is weight-average molecular weight, and
Mz is z-average molecular weight.

Melt rheological characterizations were pertormed as follows,  Small-strain
{10%) oscillatory shear measurements were performed on a Rheometrics Scientific,
Inc. ARES rheometer using parvaliel-plate geometry. Al rheological tests were
performed at 190 °C. The complex viscosity | 7% versus frequency (@) data were then
curve fitted using the moditied three parameter Carreau-Yasuda (CY) empirical model
to obtain the zero-shear viscosity — 7, characteristic viscous relaxation time — 7, and
the breadth parameter — a (the CY-a parameter). The simplified Carreau-Yasuda (CY)

empirical model is as follows,

no
()| =
|7 (w) ] + (Tna))a](l—n)/a ﬁ

wherein: 7% @) | = magnitude of complex shear viscosity;
170 = zero-shear viscosity;
7, = viscous relaxation time;
a = “breadth” parameter (CY-a parameter);
n = fixes the final power law slope, fixed at 2/11; and
o = angular frequency of oscillatory shearing deformation.

Details of the significance and interpretation of the CY model and derived
parameters may be found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321
(1989); C.A. Hicber and H.H. Chiang, Pofym. Erng. Sci., 32, 931 (1992); and R. B. Bird,
R. C. Armsirong and O. Hasseger, Dynamics of Polvmeric Liguids, Volume 1, Fluid
Mechanics, 2nd Edition, John Wiley & Sons {1987); each of which s incorporated
hercin by reference in its entirety.

The LCB levels in samples were calculated using the method of Janzen and
Colby (/. Mol Struct., 435/486, 569 (1999)), from values of zero-shear viscosity, v,
{estimated from Carrcau-Yasuda model fitted to dynamic shear viscosity data), and
measured values of Mw obtained using a Dawn EOS nwltiangle light scattering

detector (Wyatt). See Y. Yu, D. C. Rohlfing, G. R Hawley, and P. J. DesLauriers,



Polymer Prepring, 44, 50, (2003). The zero-shear melt viscosity was obtained by fitting
the Carreau-Yasuda cquation to the experimental viscosity derived at 190°C as a
function of shear rate.

Comonomer distribution and short chain branching content can be determined
as described by P.J. DesLauriers, D.C. Rohlfing, and E.T. Hsich in FPolymer, 43, 159
(2002), and i U.S. Patent No. §,114,946, the disclosures of which are incorporated
hercin by reference in their entirety.

The blown film samples were produced on a laboratory-scale blown film line
using typical linear low density polyethylene conditions (LLDPE) as follows: 100 mm
{4 inch) die diameter, 2.8 mm (0. 110 mch) die gap, 37.5 mm (1.5 inch) diameter single-
screw extruder fitted with a barrier screw with a Maddock mixing section at the end
{L/D=24, 2.2:1 compression ratio}, 70 - 115 RPM screw speed {about 20-27 kg/hr (45-
60 Ib/hr) output rate), 2.5:1 blow up ratio (BUR), “in-pocket” bubble with a “freeze line
height” (FLH) between 20-28 cm (2-11 inch), 190°C (375°F) barrel and dic set
temperatures and 25 micron (1 mil) and 250 micron (10 mil) thick film. Cooling was
accomplished with a Dual Lip air ring using ambient (laboratory) air at about 25 °C
{75-80 °F). These particular processing conditions were chosen because the film
properties so obtained are typically representative of those obtained from larger,
commercial scale film blowing conditions.

Stress versus strain curves and other film properties {¢.g., sce Table I were
performed in accordance with ASTM D222,

DETAILED DESCRIPTION OF THE INVENTION

The present invention 18 directed generally to ethylene-based polymers having a
unique combination of polymer properties. Articles, such as blown and cast films, can
be produced from these cthylene-based polymers and are suitable in a variety of end-
use applications.
ETHYLENE POLYMERS

Generally, the polymers disclosed herein are cthylenc-based polymers, or
ethylene polymers, encompassing homopolymers of ethylene as well as copolymers,
terpoiymers, ctc., of ethylene and at least one olefin comonomer. Comonomers that
can be copolymerized with ethylene often can have from 3 to 20 carbon atoms in their

maolecular chain. For exanple, typical comonomers can include, but are not limited to,



propylene, I-butene, Z-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene,
3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-cthyl-1-
hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes (e.g., 1-octene), the
four normal nonenes, the five normal decenes, and the like, or mixtures of two or more
of these compounds. In an aspect, the olefin comonomer can comprise a {3-Cyg olefing
alternatively, the olefin comonomer can comprise & C3-Cy olefin; alternatively, the
oletfin comonomer can comprise a Cy-Cip olefing alternatively, the olefin comonomer
can comprise a C3-Cyp a-olefin; or alternatively, the olefin comonomer can comprise a
C4-Cio v-olefin.

According to another aspect of this invention, the olefin monorer cau comprise
cthylene, and the olefin comonomer can inchade, but is not limited to, propylene, 1-
butene, 1-pentene, I-hexene, 1-heptene, 1-octene, and the like, or combinations thereof,
In vet another aspect, the coronomer can comprise [-butene, 1-hexene, l-octene, or
any combination thercof. In still another aspect, the comonomer can comprise 1-
butene; alternatively, 1-hexene; or alternatively, 1-octene. Typically, the amount of the
comonomer, based on the total weight of monomer (ethylene) and comonomer, can be
in a range from about 0.01 1o about 40 wt. %, from about 0.1 to sbout 35 wt. %, from
about 0.5 to about 30 wi. %, from about 1 to about 20 wt. %, from about 2 to about 18
wt. %, or from about 3 to about 15 wt. %.

In some aspects, the ethylene polymer of this invention can be an ethylene/o-
olefin copolymer. For example, the ethyiene polymer can be an ethylene/1-butene
copolymer, an ethylene/l-hexene copolymer, or an cthylene/1-octene copolymer. In
particular aspects contemplated herein, the ethylene polymer can be an ethylene/1-
hexene copolymer.

An illustrative and non-limiting exaraple of an cthylene polymer of the present
imvention can have a ratio of Mw/Mn of less than or equal to about 5, a ratio of Mz/Mw
of less than or equal to about 2.3, and a zero-shear viscosity at 190 °C of greater than or
equal 1o about & x 10" Pa-sce.  Another illustrative and non-limiting example of an
ethylene polymer of the present invention can have a ratio of Mw/Mn in a range from
about 2 to about 5, a ratio of Mz/Mw in a range from about 1.5 to about 2.3, and a zero-
shear viscosity at 190 °C in a range from about § x 10% to about 2 x 10° Pa-sec. Yet

another illustrative and non-limiting example of an cthylene polymer of the present
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mvention can have a ratio of Mw/Mn in a range from about 2.1 to about 3.5, a ratio of
Mz/Mw in a range from about 1.5 to about 2.2, and a zero-shear viscosity at 190 “Cina
range from about 1 x §0° to about 1 x 10° Pasec. These illustrative and non-limiting
examples of ethylene polymers consistent with the present invention also can have any
of the polymer propertics listed below and in any combination.

Ethylene polymers in accordance with some aspects of this invention generally
can have a melt index (MI) from § to about 10 g/10 min. MUs in the range from 0 to
about 5 ¢/10 min, from 0 to about 2 ¢/10 min, or from 0 to about I g/10 min, are
contemplated in other aspects of this invention. For example, a polymer of the present
mvention can have a MI in a range from about 0.05 to about 2, from about 0.05 to
about 1, from about 80.05 1o about 0.5, from about 8.1 to about 1, from about 0.1 to
about 0.8, from about 0.15 to about 1, or from about (.15 to about .75 g/10 min.

Ethylene polymers in accordance with this invention can have a ratio of
HLMI/MI of greater than about §; alternatively, greater than about 10; alternatively,
greater than about 15; or aliernatively, greater than about 25. Suitable ranges for
HLMI/MI can include, but are not himited to, from about 10 o about 60, from about 15
to about 50, from about 20 t¢ about 50, from about 20 to about 45, from about 20 to
about 40, or from about 25 1o about 35, and the like.

The densities of ethylene-based copolymers disclosed herein often are less than
about 0.930 g/em’. To one aspect of this invention, the density of an ethylene
copolymer can be less than about 0.928, less than about 0.925, or less than abour (.92
g/ent’. Yet, in another aspect, the density can be in a range from about 0.895 to about
{1.928 g/em’, such as, for example, from about 0.90 to about $.925 g/em®, from about
{1,905 to about 0.925 g/em’, or from about 0.91 to about 0.92 /o’

Ethylene polymers consistent with various aspects of the present invention
generally can have a narrow molecular weight distribution, and often with weight-
average molecular weights (Mw’s) in a range from about 75,000 to abowt 250,000
g/mol, from about 85,000 to about 200,000 g/mol, from about 90,000 to about 150,000
g/mol, from about 100,000 to about 150,000 g/mol, from about 25,000 to about
140,000 g/mol, or from about 100,000 to about 175,000 g/mol, and the like. Likewise,
suitable non-limiting ranges of the mumber-average molecular weight (Mn) can include

from about 7,000 to about 70,000 g/mol, from about 16,000 to about 70,000 g/mol,
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from about 235,000 to about 70,000 g/mol, from about 30,000 to about 70,000 g/mol, or
from about 35,000 to about 65,000 g/mol, and the like. Further, suitable ranges for the
z-average molecular weight (Mz) can inclade, for instance, from about 175,000 to
about 350,000 g/mol, from about 175,000 to about 300,000 g/mol, tfrom about 200,000
to about 354,000 g/mol, from aboul 200,000 to about 300,000 g/mol, from about
210,000 to about 290,000 g/mol, or from about 225,000 to about 275,800 g/mol, and
the tike.

The ratic of Mw/Mn, or the polydispersity index, for the polymers of this
invention often can be less than or equal to about 5, less than or equal to about 4.5, less
than or equal to about 3.5, or less than or equal to about 3. In some aspects disclosed
herein, the ratio of Mw/Mn can be in a range trom about 2 to about 5, from about 2 to
about 4, or from about 2 to about 3.5. In other aspects, the ratio of Mw/Mn can be in a
range from about 2 to about 3, from about 2.1 o about 3.5, from about 2.1 to about 3,
from about 2.1 to about 2.8, or from about 2.1 to about 2.7.

The ratio of Mz/Mw for the polymers of this invention often can less than or
equal to about 2.5, less than or equal to about 2.4, less than or equal to about 2.3, or less
than or equal to about 2.2, For example, the Mz/Mw ratio can be in a range from about
1.5 to about 2.4, from about 1.5 to about 2.3, from about 1.5 1o about 2.2, from about
1.5 to about 2.1, or from about 1.5 to about 2.

Generally, cthylene polymers consistent with aspects of the present invention
have levels of long chain branches (LCB) per 1000 total carbon atoms in a range from
about 0.008 to about (.04, from about 0.009 to about £.035, or from about .01 to about
{3.03 LCB per 1000 total carbon atoms. In some aspects, the number of LCB per 1000
total carbon atorns can be in a range from about 0.00R to about 8.035, from about 0.01
to about 0.025, or from 0.012 to about 0.022 LCB per 1000 total carbon atoms.

Ethylene copolymers described herein can, in some aspects, have a reverse
comonomer distribution, i.c., a short chain branch content that generally incroases as
molecular weight increases, for example, the higher molecular weight components of
the polymer generally have higher comonomer incorporation than the lower molecular
weight components.  Typically, there is increasing comonomer incorporation with
mereasing molecular weight. For instance, the number of short chain branches (SCB’s)

per 1000 total carbon atoms can be greater at Mw than at Mn. In one aspect, the ratio
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of the mumber of short chain branches (SCB) per 1000 total carbon atoms of the
polymer at Mw to the number of SCB per 1000 total carbon atoms of the polymer at
Mn can be in a range from about [.1:1 to about 5:1, or aliernatively, in a range from
about 1.5:1 to about 4: 1.

In some aspects, ethylene polymers described herein can have a zero-shear
viscosity at 190 °C of greater than or equal to about & x 10" Pa-sec, or greater than or
equal to about | x 10° Pa-Sec. While not wishing to be bound by theory, Applicants
believe that a higher zero-shear viscosity may correlate with a higher polymer melt
strength {e.g., beiter bubbie stabifity in blown film). Suitable ranges for the zero-shear
viscosity can include, but are not Hmited to, from about § x 10" to about 2 x 10°, from
about 1 x 10° to about 2 x 10° from about 1 x 10° to about 1 x 10°, from about 1 x 10°
to about 8 x 10°, or from about 1 x 10° to about § x 10° Pa-sec.

In some aspects, the ethylene polymer can have a CY-a pararneter at 190 °Cina
range from about .08 10 about 0.28, from about 0.09 to about 0.25, from about 0.1 to
about 0.25, from about 8.1 to about .22, from about .08 to sbout 0.18, from about 0.1
to about 0.2, or from about 0.1 0 about .18,

The peak melting point of the ethylene polvmer (2nd heat, DSC) often can be
fess than or equal to about 125 °C, and more often, less than or cqual to about 120 °C.
For instance, the peak melting point of the ethylene polymer can be in a range from
about 100 to about 120 °C, from about 105 to about 120 °C, or from about 110 to about
120 °C.

The vicat softening temperature of the cthylene polymer often can be at least
about 90 °C, and more often, at least about 95 °C. For instance, the vicat softening
temperature of the ethylene polymer ¢can be in a range from about 100 to about 120 °C,
from about 100 to about 110 °C, from about 95 to about 110 °C, or from about 95 10
about 105 °C.

Generally, the difference (or delta) between the peak roelting point aund the vicat
softening teraperature of the ethylene polymer can be less than or equal to about 20 °C,
such as, for instance, less than or equal to about 18 °C, less than or equal to about 16
“C, or less than or equal to about 14 °C.

Consistent with aspects of the present inveution, the ethylene polymer can be

produced from a base resin (discussed hereinbelow) via a process comprising
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contacting the base resin with a peroxide compound at a temperature sufficient o
generate peroxide groups at about 10 to about 50 ppm of peroxide groups based on the
weight of the base resin.  In some aspects, the amount of peroxide groups i the
peroxide compound, based on the weight of the base resin, can be in a range from about
10 to about 45 ppm, from about 15 to about 30 ppm, from about 15 to about 45 ppm,
from about 20 to about 50 ppm, from about 20 to about 45 ppm, from about 25 to about
50 ppm, or from about 25 to about 45 ppr.

The peroxide compound can be any compound containing one or more peroxide
{(0-0) groups, suitable examples of which can inchude, but are pot limited to, 2,5-
dimethyl-2,5-di{t-butylperoxyhexane, dicumyl peroxide, t-butyl cumyl peroxide, n-
butyl-4.4’-di(t-butylperoxy yvalerate, and the like.

In an aspect, the step of contacting the base resin with the peroxide compound
can comprise melt processing a blend (or mixture) of the base resin and the peroxide
compound at any suitable melt processing temperature, such as, for cxarople, a
temperature in a range from about 120 to about 300 °C, a temperature in a range from
about 150 to about 250 °C, a temperature in a range from about 175 to about 225 °C,
and so forth. The appropriate temperatare may depend upon the composition of the
peroxide compound and the temperature at which it liberates peroxide groups. Prior to
contacting the peroxide compound, the base resin can be in any suitable form including,
for example, fluff, powder, granulate, pellet, solution, shurry, emulsion, and the Iike.
Simailarly, the peroxide compound can be in solid forr, in solution, or in a shurry. Oune
particular method uses a resin-based masterbatch of the peroxide compound, and
contacts the base resin after it has been melted.

The present fnvention is not limited to any particular method of contacting and
melt processing the base resin and the peroxide compound. Various methods of mixing
and/or compounding can be emploved, as would be recognized by those of skill in the
art. In one aspect, the melt processing of the base resin and the peroxide compound can
be performed in a twin screw extrusion system. In another aspect, the roelt processing
of the base resin and the peroxide compound can be performed in a single screw

gxtrusion system,
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FILMS AND ARTICLES

Articles of manufacture can be formed from, and/or can comprise, the ethylene
polymers of this mmvention and, accordingly, are encompassed herein.  For example,
articles which can comprise ethylene polymers of this invention can inchude, but are not
Himited to, an agricultural film, an automobile part, a bottle, a drum, a fiber or fabric, &
food packaging tilm or container, a food service article, a fuel tank, a geomembrane, a
household container, a liner, a molded product, a medical device or material, a pipe, a
sheet or tape, a toy, and the like. Various processes can be employed to form these
articles. Non-limiting examples of these processes include injection molding, blow
molding, rotational molding, film extrusion, sheet extrusion, profile extrusion,
thermoforming, and the like. Additionally, additives and modifiers are often added to
these polymers in order to provide beneficial polymer processing or end-use product
attributes.  Such processes and materials are described W Modern  Plastics
Encyclopedia, Mad-November 1995 Tssue, Vol. 72, No. 12; and Film Extrusion Manual
—~ Process, Maierials, Properties, TAPPE Press, 1992; the disclosures of which are
incorporated herein by reference in their entirety.

In some aspects, the article produced from and/or comprising an ethylene
polymer of this invention is a film product. For instance, the film can be a blown film
or a cast film that is produced from and/or comprises an cthylene polymer disclosed
herein. Such films also can contain one or more additives, non-limiting examples of
which can include an antioxidant, an acid scavenger, an antiblock additive, a slip
additive, a colorant, a filler, a processing aid, a UV inhibitor, and the like, as well ag
combinations thereof.

Applicants also conternplate a method for making a film (e.g., a blown film, a
cast film, cic.) comprising any cthylene polymer disclosed herein. For instance, the
method can comprise melt processing the ethylene polymer through a die to form the
film.  Suitably, the dic can be configured based on the film to be produced, for
example, an annufar blown film die to produce a blown film, a slot or cast film dic to
produce a cast film, and so forth. Moreover, any suitable means of melt processing can
be emploved, although extrusion typically can be utilized. As above, additives can be

combined with the ethylene polymer in the melt processing step {extrusion step), such
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as antioxidants, acid scavengers, antiblock additives, slip additives, colorants, fillers,
processing aids, UV inhibttors, and the like, as well as combinations thereof.

Films disclosed herein, whether cast or blown, can be any thickness that is
suitable for the particular end-use application, and often, the film thickoess can be ina
range from about .5 to about 250 mils, or from about 1 to about 200 mils. Thicker
films generally are employved 1n geomembrane and related applications, and these films
can have thickoesses in a range from about 10 to about 200 mils, from about 20 to
about 200 mils, from about 25 to about 150 mils, from about 30 to about 120 mils, or
from about 40 to about 100 mils.

In an aspect and unexpectedly, the films disclosed herein, whether cast or
blown, can have a generally non-distinct vield point in the transverse direction (TD).
While not wishing to be bound by theory, Applicants believe that thick films with a
non-distinct yield point may be less susceptible to thinning or failures in creased and/or
folded areas. One measure of the non-distinet yield point is the ratio of the maxirum
stress at a strain of less than 40% to the maximum stress at a strain in the 40% to 60%
range, in a8 stress versus strain curve in the TD for a 10-mil film (e.g., a blown film, a
cast film). In some aspects, the ratio can be less than or equal to 1, less than or equal o
about 0.99, or less than or equal to about 0.9%, while in other aspects, the ratio can be in
a range from about 0.85 to 1, from about 0.9 to about .99, or from about 0.9 to about
0.9¢. In another aspect, the generally non-distinct yield point can be measured by the
ratio of the maximum stress at a strain of less than 40% to the maximurm stress at a
strain in the 40% to 60% range, in a stress versus strain curve in the TD for a 1-mil film
{e.g., a blown film, a cast film). In some aspects, the ratio can be less than or equal to
i1, less than or equal to about |, less than or equal to about 0.99, or less than or equal
to about 0.98, while in other aspects, the ratio can be in a range from about 0.35 to 11,
from about 4.9 {0 about 1, or from about (0.9 to about 8.99.

Also unexpectedly, in a stress versus strain curve i the transverse direction
{TD) for a 10-mil film, the slope 15 not negative in the 25% to 50% strain range in some
aspects of this invention. In further aspects, and unexpectedly, in a stress versus strain
curve in the transverse direction (TD) for a 10-mil film, the stress at 50% strain can be
greater than the stress at the yield point. Likewise, in a stress versus strain curve in the

transverse direction (TD) for a 1-nul filim, the slope is not negative n the 25% to 30%
AL P £
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strain range in some aspects of this invention. Moreover, and unexpectedly, in a stress
versus strain curve in the transverse direction (TD) for a 1-mil film, the ratio of the
stress at 30% strain to the stress at the yield point can be greater than or equal to 0.9,
for example, greater than or equal to about 0.95, greater than or equal to about |, in a
range from (.9 to about 1.2, in a range from 0.9 to about 1.1, in a range from about 0.95
to about 1.2, in a range from about 0.95 to about 1.1, and the ke, For these film
{(stress-strain) cvaluations of 1-mil and 10-mil films, the equipment and fabrication
conditions used are as described herein above.

BASE RESINS

Generally, the base resin used to produce the cthylene polymer can be any
homopolymer of ethylene or copolymer, terpolymer, cte., of cthylene and at least one
olefin comonomer disclosed hereinabove for the cthylene polymer. Thus, the base
resin can be an ethylene/o-olefin copolymer, such as an ethylene/1-butene copolymer,
an cthylene/l-hexene copelymer, or an ethylene/i-octene copolymer.  Typically, for
example, if the base resin is an ethylene/i-hexene copolymer, then the ethylene
polymer produced from the base resin also is an ethylene/I-hexene copolymer,
although mixtures and combinations of various types of homopolymers and copolymers
can be used.

The base resin used to produce ethylene polymers in accordance with some
aspects of this invention generally can have a melt index (M) from 0 to about 5§ g/10
min. MI's in the range from 0 to about 2 g/10 min, from about 0.25 to about 5 g/10
min, or from about .25 to about 2 /10 min, are contermplated in other aspects of thig
invention. For example, a base resin can have a M1 in a range from about 0.25 to about
2.5, from about 0.5 to about 2.5, from about 0.5 to about 2, from about 0.5 to about
175, from about (.5 to about 1.5, from about 8.75 1o about 2, or from about 8.75 fo
about 1.75 ¢/10 min.

The base resin used to produce ethylene polymers in accordance with this
invention can have a ratio of HLMI/MI of greater than about 5; alternatively, greater
than about ¥; alternatively, greater than about 10; or alterpatively, greater than about
15, Suitable ranges for HLMEMI can include, but are not limited to, from about 8 to
about 35, from about 18 to about 35, from about 10 to about 30, from about 10 {0 about

25, from about 10 to about 20, or from about 15 to about 30, and the like.
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The densities of copolymer base resin used to produce ethylene copolymers
disclosed herein often are less than about 0.930 g/cm’. In one aspect of this invention,
the density of a base resin can be less than about 0,928, less than about 4,925, or less
than about 0.92 g/om’. Yet, in another aspect, the density can be in a range from about
0.895 to about 0.928 g/cm3 , such as, for example, from about 0.90 to about $.925
glem’, from about 0.905 to about 0.925 g/em’, or from about 0.91 to about 0.92 g/em’.

Base resins consistent with various aspects of the present mvention generally
can have a narrow molecular weight distribution, and often with weight-average
molecular weights (Mw’s) in a range from about 75,000 to about 250,000 g/mol, from
about 85,000 to about 200,000 g/mol, from about 20,000 to about 150,000 g/mol, from
about 100,000 to about 150,000 g/mol, from about 85,000 to about 140,000 g/mol, or
from about 104,000 o about 175,000 g/mol, and the like. Likewise, suitable non-
himiting ranges of the mumber-average molecular weight (Mn) can include from about
7,000 to about 70,000 g/mol, from about 10,000 to about 70,000 g/mol, from about
25,000 to about 70,000 g/mol, from about 30,000 to about 70,000 g/mol, or from about
35,060 to abowut 65,000 g/mol, and the like. Further, suitable ranges for the z-average
molecular weight (Mz) can include, for fnstance, from about 165,000 to about 350,000
g/mol, from about 165,600 to about 300,000 g/mol, from about 175,000 1o about
300,000 g/mol, from about 175,000 to about 275,000 g/mol, from about 200,000 to
about 300,800 g/mol, or from about 200,000 to about 290,000 ¢/mol, and the like.

The ratio of Mw/Mn, or the polydispersity index, for the base resins of this
invention often can legs than or equal to about 5, less than or equal fo about 4.5, less
than or equal to about 3.5, or fess than or equal to about 3. In some aspects disclosed
heremn, the ratio of Mw/Mn can be in a range from about 2 to about 5, from about 2 to
about 4, or from about 2 to about 3.5, In other aspects, the ratio of Mw/Mn canbe ina
range from about 2 to about 3, from about 2.1 to about 3.5, from about 2.1 to about 3,
from about 2.1 to about 2.8, or from about 2.1 to about 2.7.

The ratio of Mz/Mw for the base resing of this mvention often can less than or
equal to about 2.5, less than or equal to about 2.4, less than or equal to about 2.3, or less
than or equal to about 2.2, For example, the Mz/Mw ratio can be in a range from about
L.5 to about 2.4, from about 1.5 to about 2.3, from about 1.5 to about 2.2, from about

1.5 to about 2.1, or from about 1.5 to about 2.
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Generally, base resins consistent with aspects of the present invention can have
low levels of long chain branches (LUB) per 1000 total carbon atoms, such as less than
about 0.008 LCB per 1000 total carbon atoms, but greater than zero. In some aspects,
the number of LCB per 1000 total carbon atoms can less than about 0.006 LCB, less
than about 0.005 LCB, or less than about 0.043 LCB, per 1000 total carbon aloms.

Base resins described herein can, in some aspects, have & reverse comonomer
distribution, 1.¢., a short chain branch content that generally increases as molecular
weight increases, for example, the higher molecular weight components of the polymer
generally have higher comonomer incorporation than the lower molecular weight
components. Typically, there is increasing comonomer incorporation with increasing
molecular weight., For instance, the number of short chain branches (SCBs) per 1000
total carbon atoms can be greater at Mw than at Mn. In one aspect, the ratio of the
number of short chain branches (SCB) per 1000 total carbon atoms of the base resin at
Mw to the number of SCB per 1000 total carbon atoms of the polymer at Mn can be in
a range from about 1.1:1 to about 5:1, or alternatively, in a range from about 1.5:1 to
about 4:1.

In some aspects, base resing described herein can have a zevo-shear viscosity at
190 °C in a range from about 2 x 10° Pa-sec to about 7 x 10" Pa-Sec. Suitable ranges
for the zero-shear viscosity of the base resin can include, but are pot Iimited to, from
about 2 x 10" to about 5 x 107, from about 3 x 10° to about 5 x 10, from about 2 x 10
to about 2 x 107, from about 3 x 107 to about 2 x 107, or from about 2 x 10° to about 1 x
10" Pa-sec.

In some aspects, the base resin can have a CY-a parameter at 190 °C in a range
from about 8.4 to about 4.8, from about (.5 to about 8.8, from about 0.4 o about .7,
from about 0.5 to about (1.7, from about 0.45 to about 0.73, from about §.55 to about
0.75, or from about 8.55 to about 0.7.

The peak melting point of the base resin (20d heat, DSC) often can be less than
or equal to about 125 °C, and more often, less than or equal to about 120 °C. For
instance, the peak melting point of the base resin can be in a range from about 100 to
about 120 °C, from about 103 to about 120 °C, or from about 110 to about 120 °C.

The vicat softening temperature of the base resin often can be at least about

90°C, and more often, at least about 95°C. For instance, the vicat softening temperature
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of the base resin can be in a range from about 100 to about 120 °C, from about 100 to
about 110 °C, or from about 95 to about 105 °C.

Generally, the difference (or delta) between the peak melting point and the vicat
softening temperature of the base resin can be less than or equal to about 20 °C, such
as, for instance, less than or equal to about 18 °C, less than or equal to about 16 °C, or
less than or equal to about 14 °C,

Consistent with aspects of the present invention, the base resin can be produced
using a metallocenc-based catalyst eystem. Thus, the base resin can be produced using
a metallocene-based catalyst system containing any suitable metaliocene compound
and any suitable activator {one or more than one metallocene compound and one or
more than one activator can be employed). The metallocene compound can comprise,
for example, a transition metal from Groups {1L, IV, V, or VI of the Periodic Table of
the Blements, or a combination of two or more transition metals. The metaliocene
compound can comprise chromium, titanium, zirconium, hafnium, vanadium, or a
combination thereof, or can comprise titantum, zirconium, hafnium, or 3 combination
thereof, in certain aspects. Accordingly, the metallocene compound can comprise
titanium, or zivconium, or hafinium, cither singly or in combination.

While not being limited thercto, the metallocene compound can comprise an
unbridged metaliocene compound in an aspect of this invention. For instance, the
metallocene compound can comprise an unbridged zircopmm or hafnium based
metallocene compound and/or an unbridged zirconium and/or hatnium based dinuclear
metallocene compound. In one aspect, the metallocene compound can comprise an
unbridged zirconium or hafnium based metallocene compound containing two
cyclopentadienyl groups, two indeny! groups, or a cyclopentadienyl and an indenyl
group. In another aspect, the mctallocene compound can comprise an unbridged
zirconium based metallocene compound containing two cyclopentadienyl groups, two
indenyl groups, or a cyclopentadienyl and an indenyl group. [Hustrative and non-
hnuting examples of unbridged metallocene compounds (e.g., with zirconium or
hafnium) that can be employed in catalyst systems consistent with aspects of the
present nvention are described in U.S. Patent Nos. 7,226,886 and 7,619,047, the

disclosures of which are incorporated herein by reference in their entirety,
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In other aspects, the metallocene compound can comprise an unbridged
zirconium and/or hafbium based dinuclear metallocene compound. For example, the
metallocene compound can comprise an unbridged zirconiurn based homodinuclear
metallocene compound, or an unbridged hafomm based homodinuclear metallocene
compound, or an unbridged zirconiom and/or hafnium based heterodinuclear
metallocene compound (Le., a dinuclear compound with two hafniums, or two
zirconiums, or one zirconium and onc hafiium). These and other suitable dinuclear
compounds (bridged and unbridged) are described in U.S. Patent Nos, 7,863,210,
7,919,639, 8,012,900, and 8,080,681, the disclosures of which are incorporated herein
by reference in their entirety.

The metaliocene corapound can comprise a bridged metallocene compound,
e.g., with titanium, zirconium, or hafnium. Accordingly, the metallocene compound
can comprise a bridged zirconium based metallocene compound with a fluoreny! group,
and with no arvl groups on the bridging group, or a bridged zirconium based
metallocene compound with a cyclopentadienyl group and a fluoreny! group, and with
no aryl groups on the bridging group. Such bridged metallocenes, in some aspects, can
contain an alkenyl substituent {e.g., 4 terminal alkenyl) on the bridging group and/or on
a cyelopentadienyl-type group (¢.g., a cyclopentadicnyl group, a fluorenyl group, cte.).

In another aspect, the metallocene compound can comprise a bridged zirconium
or hafpium based metallocene compound with a fluorenyl group, and an aryl group on
the bridging group. Thus, the metallocene compound can comprise a bridged
zirconium or hafnium based metallocene compound with a cyclopentadieny! group and
fluorenyl group, and an aryl group on the bridging group; alternatively, a bridged
zivconium based metallocene compound with a fluoreny! group, and an aryl group on
the bridging group; or alternatively, a bridged hatniurn based metallocene compound
with a fluoreny! group, and an aryl group on the bridging group. In these and other
aspects, the aryl group on the bridging group can be a phenyl group. Optionally, these
bridged metallocenes can contain an alkenyl substituent {e.g., a terminal alkenyl) on the
bridging group and/or on a cyclopentadienyl-type group.

Hlustrative and non-limiting examples of bridged metallocene compounds (e.g.,
with zircomium or hafutom) that can be employed in catalyst systems consistent with

aspects of the present invention are described in ULS, Patent Nos, 7,041,617, 7,226,886,
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7,517,939, 7,619,047, and 8,329,834, the disclosures of which are incorporated herein
by reference in their entirety.

In one aspect, the catalyst composition contains ouly one metallocene
compound, while in another aspect, the catalyst composition contains two or more
metallocene compounds. If two or more metallocene compounds are used, the relative
amounts of each respective metaliocene compound are not restricted to auny particular
range. For instance, if the catalyst coraposition contains two metallocene conmpounds,
the weight ratio of the first metallocene catalyst component to the second metaliocene
catalyst component can be in a range of from about 1:100 to about 100:1, from about
1:50 to about 50:1, from about 1:25 to about 25:1, from about 1:20 to about 20:1, from
about 1:15 10 about 15:1, from about 1:10 t0 about 10:1, or from about 1:5 1o about 5:1.
Accordingly, suitable ranges for the weight ratio of the first metallocene catalyst
component to the second metallocene catalyst component can include, but are not
bimited to, from about 1:4 to about 4:1, from about 1:3 1o about 3:1, from about 1:2 to
about 2:1, from about 1:1.5 to about 1.5:1, from about 1:1.25 to about 1.25:1, or from
about 1:1.1 to about 1.1:1, and the like.

Typically, the metallocene-based catalyst systern contains an activator. For
example, the catalyst system can comtain an activator-support, an aluminoxanc
compound, an organoboron or organcborate compound, an ionizing ionic compound,
and the like, or any combination thereof. The catalyst system can contain one or more
than one activator,

In one aspect, the catalyst system can comprise an aluminoxane compound, an
organoboron or organcborate compound, an ionizing ionic compound, and the like, or a
combination thereof. Examples of such activators are disclosed in, for instance, ULS.
Patent Nos. 3,242,099, 4,794,096, 4,808,561, 5,576,259, 5,807,938, 5,919,983, and
8,114,946, the disclosures of which are incorporated herein hy reference in their
entirety. In another aspect, the catalyst system can comprise an aluminoxane
compound. In yet another aspect, the catalyst system can comprise an organoboron or
organoborate compound. In still another aspect, the catalyst system can comprise an
tonizing ionic compound.

In other aspects, the catalyst system can comprise an activator-support, for

example, an activator-support comprising a solid oxide treated with an clectron-
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withdrawing anion. Examples of such materials are disclosed in, for instance, U.S.
Patent Nos. 7,294,599 and 7,601,665, the disclosures of which are incorporated herein
by reference in their entirety.

The solid oxide used to produce the activator-support can comprise oxygen and
one or more elements from Groups 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 of the
periodic table, or comprising oxygen and one or more clernents from the lanthanide or
actinide clements (see o.g., Hawley's Condensed Chemical Dictionary, 11" Bd., John
Wiley & Song, 1995; Cotton, F.A., Witkinson, G., Murillo, C. A, and Bochmann, M.,
Advanced Inorganic Chemistry, 6" Ed., Wiley-Interscience, 1999). For instance, the
solid oxide can comprise oxygen and at least one element selected from Al B, Be, By,
Cd, Co, Cr, Cuy, Fe, Ga, La, Mn, Mo, Ni, Sb, 81, Sn, S5r, Th, TL, vV, W, P, Y, Zn, and Zr.

Accordingly, suitable examples of solid oxide materials that can be used to form
the activator-supports can include, but are not Hmited to, ALGs, B:Os, BeQ, Bi(Os,
CdO, CO}O»M CI‘QO_’;,, CUO., F(’)gOg, GazO;, 113;203, Iv{ﬂg()gg NEOO;, \10, PgOsg szO;‘,
Si0y, SnOy, SrO, ThO,, Ti0y V205, WO, Y203, Zn0, Zr0,, and the like, inchuding
mixed oxides thercof, and combinations thereof. This includes co-gels or co-
precipitates of different solid oxide materials. The solid oxide can encompass oxide
materials such as alumina, “mixed oxides” thercof such as silica-alumina, and
combinations and mixtures thereof. The mixed oxides such as silica-alumina can be
single or multiple chemical phases with more than one metal combined with oxygen to
form the solid oxide. Examples of mixed oxides that can be used to form an activator-
support, either singly or in combination, can include, but are not limited to, silica-
alumina, silica-titania, silica-zirconia, alumina-titania, alumina-zirconia, zinc-
ahuminate, alumina-boria, silica-boria, alominophosphate-silica, titania-zirconia, and
the like. The solid oxide used herein also can encoropass oxide materials such as silica-
coated alumina, as described in U.S. Patent No. 7,844,163, the disclosure of which is
imcorporated herein by reference in its entirety.

Accordingly, in one aspect, the solid oxide can comprise silica, alumina, silica-
alumina, silica-coated  alumina, aluminum  phosphate,  aluminophosphate,
heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide, any mixed oxide
thereof, or any combination thereof. In another aspect, the solid oxide can comprise

silica, alumina, titania, zirconia, magnesia, boria, zing oxide, any mixed oxide thereof,
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or any combination thereof. In yet another aspect, the solid oxide can comprise silica-
alumina, silica-coated alumina, silica-titania, silica-zirconia, alumina-boria, or any
combination thereof. In still another aspect, the solid oxide can comprise silica;
alternatively, alumina; alternatively, silica-alumina; or aliemnatively, silica-coated
alumina.

The silica-alumina which can be used typically can have an alumina content
from about 5 to about 95% by weight. In onc aspect, the alumnina content of the silica-
glumina can be from about 5 to about 50%, or from about 8% to about 30%, alumina by
weight.  In another aspect, high alumina content silica-alumina compounds can be
employed, in which the alumina content of these silica-alumina compounds typically
can range from about 60% 1o about 90%, or from about 65% to about 80%, alumina by
weight. According to yet another aspect, the solid oxide component can comprise
alumina without silica, and according to another aspect, the solid oxide component can
comprise silica without alumina. Morcover, as provided hercinabove, the solid oxide
can comprise a silica-coated alumina. The solid oxide can have any suitable surface
area, pore volume, and particle size, as would be recognized by those of skill in the art.

The electron-withdrawing component used to treat the solid oxide can be any
component that increases the Lewis or Brensted acidity of the solid oxide upon
treatment (as compared to the solid oxide that is not treated with at least one electron-
withdrawing anion). According to one aspect, the electron-withdrawing component
can be an clectron-withdrawing anion derived from a salt, an acid, or other compound,
such as a volatile organic compound, that serves as a source or precursor for that anion.
Examples of clectron-withdrawing anions can include, but are not limited to, sulfate,
bisulfate, fluoride, chloride, bromide, iodide, fluorosalfate, fluoroborate, phosphate,
fluorophosphate, trifluorcacetate, triflate, fluorozirconate, tluorotitanate, phospho-
tungstate, and the like, including mixtures and combinations thereof. In addition, other
ionic or npon-ionic compounds that serve as sources for these electron-withdrawing
anions also can be employed. It s contermplated that the electron-withdrawing anion
can be, or can comprise, fluoride, chloride, bromide, phosphate, triflate, bisulfate, or
sulfate, and the like, or any combination thereof, in some aspects provided herein. In
other aspects, the electron-withdrawing anion can cornprise sulfate, bisulfate, fhuoride,

chioride, bromide, todide, fluorosulfate, fluorcborate, phosphate, fluorophosphate,
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irifluoroacetate, triflate, fluorozirconate, fluorotitanate, and the like, or combinations
thereof.

In an aspect, the catalyst systern can comprise an activator-support, and the
activator-support can comprise fluorided alumina, chlorided alumina, bromided
atuminag, sulfated alumina, fluorided silica-alumina, chlorided silica-ahimina, bromided
sihica-alumina, sulfated siica-alumina, fluorided silica-zirconia, chlorided silica-
zirconia, bromuded silica-zivconia, sulfated silica-zircomia, flucrided silica-fitania,
fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated silica-
coated alumina, and the like, as well as any mixture or combination thereof. In another
aspect, the catalyst system can comprise an activator-support, and the activator-support
can comprise fluorided alumina, sulfated alumina, fluorided silica-alumina, sulfated
silica-alumina, fluorided silica-zirconia, fluorided silica-coated alumina, sulfated silica-
coated alumina, and the like, as well a3 any mixture or combination thereof.

Commonly used polyrerization co-catalysts can include, but are not limited 1o,
metal alkyl, or organometal, co-catalysts, with the metal cncompassing boron,
aluminum, and the like. Optionally, the catalyst systems provided herein can comprise
a co-catalyst, or a combination of co-catalysts. For instance, alkyl boron and/or alkyl
aluminum compounds often can be used as co-catalysts in such catalyst gystoms.
Representative boron compounds can include, but are not limited to, tri-n-butyl borane,
tripropylborane, triethyiborane, and the hike, and this inchide combinations of two or
more of these materials, While not being limited thereto, representative aluminum
compounds (e.g., organcaluminum compounds) can inchide, trimethylaluminum,
triethylabuminum, tri-n-propyvlalominum, tri-n-butylaluminum, triisobutylaluminum, tri-
n-hexylahiminur, tri-n-octylahiminum, diisobutylalumimum hydride, diethylaluminom
cthoxide, diethylaluminum chloride, and the like, as well as any combination thereof.

The base resins can be produced using any suitable olefin polymerization
process using various types of polymerization reactors, polymerization reactor systems,
and polymerization reaction conditions. As used herein, “polymerization reactor”
includes any polymerization reactor capable of polymerizing (inclusive of
oligomerizing) olefin monomers and comonomers {one or more than one comonomer)
to produce homopolymers, copolymers, terpolymers, and the like. The various types of

polymerization reactors include those that can be referred to as a batch reactor, slurry
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reactor, gas-phase reactor, solution reactor, high pressure reactor, tubular reactor,
autoclave reactor, and the like, or combinations thereof. The polymerization conditions
for the various reactor types are well known to those of skill in the art.  Gas phase
reactors can comoprise fluidized bed reactors or staged horizontal reactors.  Shurry
reactors can comprise vertical or horizontal loops. High pressure reactors can comprise
autociave or tubular reactors. Reactor types can inchide batch or continuous processes.
Continuous  processes  can  use  informitiont  or  continuous  product  discharge.
Polymerization reactor systems and processes also can inchude partial or full direct
recycle of unreacted monomer, unreacted comonomer, and/or difuent.

A polymerization reactor systerm can comprise a single reactor or multiple
reactors (2 reactors, more than 2 reactors, etc.) of the same or different type. For
imstance, the polymerization reactor system can comprise a slurry reactor, a gas-phase
reactor, a solution reactor, or a combination of two or more of these reactors,
Production of polymers in multiple reactors can include several stages in at least two
separate polymerization reactors interconnected by a transfer device making it possible
to transfer the polymers resulting from the first polymerization reactor into the second
reactor. The desired polymernization conditions in oue of the reactors can be different
from the operating counditions of the other reactor(s). Alternatively, polymerization in
multiple reactors can include the manual transfer of polymer from one reactor to
subsequent reactors for continued polymerization. Multiple reactor systems can
inchude any combination including, but not himited to, multiple loop reactors, mmltiple
gas phase reactors, a combination of loop and gas phase reactors, mulbtiple high
pressure reactors, or a combination of high pressure with loop and/or gas phase
reactors. The multiple reactors can be operated in series, in parallel, or both.

According to onc aspect, the polymerization reactor system can comprise at
least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst, and comonomer can be continuously fed to a loop reactor where
polymerization occurs. Generally, continuous processes can comprise the continuous
introduction of monomer/comonomer, a catalyst, and a diluent into a polymerization
reactor and the continuous removal from this reactor of a suspension comprising
polymer particles and the diluent. Reactor eftluent can be flashed to remove the solid

polymer from the liquids that comprise the diluent, monomer and/or comonorer.
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Various technologies can be used for this separation step including, but not limited o,
flashing that can include any combination of heat addition and pressure reduction,
separation by cyclonic action in either a cyclone or hydrocyclone, or separation by
centrifugation.

A typical shurry polymerization process (also known as the particle form
process) s disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885,
5,565,175, 5,575,979, 6,239,235, 6,262,191, and 6,833,415, cach of which is
incorporated herein by reference in s entirety.

Suitable diluents uvsed in shirry polymerization include, but are not limited to,
the monomer being polymerized and hydrocarbons that are hiquids wnder reaction
conditions. Examples of suitable diluents include, but are not limited to, hydrocarbons
such as propane, cyclohexane, isobutane, n-butane, n-peniane, isopentanc, neopentane,
and n-hexane. Some loop polymerization reactions can occur under bulk conditions
where no diluent is used. An example is polymerization of propylene monomer as
disclosed in U.S. Patent Nos. 5,455,314, which is incorporated by reference herein in
its entirety.

According to yet another aspect, the polymerization reactor systermn can
comprisc at least one gas phase reactor (e.g., a fluidized bed reactor). Such reactor
systems can employ a continuous recycle stream Containing one Of MONC MONOMOrs
continuously cycled through a fluidized bed in the presence of the catalyst under
polymerization conditions. A recycle stream can be withdrawn from the fluidized bed
and recycled back into the reactor. Simultancously, polymer product can be withdrawn
from the reactor and new or fresh monomer can be added to replace the polymerized
monomer. Such gas phase reactors can comprise a process for multi-step gas-phase
polymerization of olefins, in which olefins are polymerized in the gascous phase in at
least two independent gas-phase polymerization zones while feeding a catalyst-
containing polymer formed in a first polymerization zone to a second polymerization
zone. Ounc type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749,
4,588,790, and 5,436,304, cach of which is incorporated by reference in its entirety
herein.

According to still another aspect, the polymenization reactor system can

comprisc a high pressure polymerization reactor, ¢.g., can comprise a tubular reactor or
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an autoclave reactor. Tubular reactors can have several zones where fresh monomer,
initiators, or catalysts are added. Monomer can be entrained in an inert gaseous stream
and introduced at one zone of the reactor. Inifiators, catalysts, and/or catalyst
componenis can be entrained in a gaseous strear and introduced at another zone of the
reactor. The gas streams can be intermixed for polymerization. Heat and pressure can
be employed appropriately to obtain optimal polyroerization reaction conditions,

According to vyet another aspect, the polymerization reactor systom can
comprise a solution polymerization reactor wherein the monomer/comonomer are
contacted with the catalyst composition by suitable stirring or other means. A carrier
comptising an inert organic diluent or excess monomer can be erployed. If desired,
the monomer/comonomer can be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of liquid material.  The
polymerization zone can be maintained at temperatares and pressures that will result in
the formation of a solution of the polymer in a reaction medium. Agitation can be
eraployed to obtain better temperature control and to maintain uniform polymerization
mixtures throughout the polymerization zone. Adequate means are utilized for
dissipating the exothermic heat of polymerization.

The polymerization reactor system can further comprise any combination of at
least one raw material feed system, at least one feed system for catalyst or catalyst
components, and/or at feast one polymer recovery system. Suitable reactor systems can
further comprise systems for feedstock purification, catalyst storage and preparation,
extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loadout,
laboratory analysis, and process control. Depending upon the desired propertics of the
olefin polymer, hydrogen can be added to the polymerization reactor as needed (e.g.,
continuously, pulsed, etc.), and as discussed hereinabove.

Polymerization conditions that can be controlled for efficiency and to provide
desired polymer properties can include temperature, pressure, and the concentrations of
various reactants. Polymerization temperatare can affect catalyst productivity, polymer
molecular weight, and molecular weight distribution. A suitable polymerization
temperature can be any temperature below the de-polymerization temperature
according to the Gibbs Free energy equation. Typically, this includes from about 60 °C

to about 280 °C, for example, or from about 60 °C to about 110 °C, depending upon the
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type of polymerization reactor. In some reactor systems, the polymerization
temperature generally can be within a range from about 70 °C to about 90 °C, or from
about 75 °C to about 85 °C.

Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor typically can be
fess than 1000 psig. The pressure for gas phase polymerization can be in the 200 to
500 psig range. High pressure polymerization in tubular or autociave reactors generally
can be conducted at about 20,000 to 75,000 psig. Polymerization reactors also can be
operated in a supercritical region occurring at generally higher temperatures and
pressures.  Operation above the critical point of a pressure/temperatiure diagram
{(supercritical phase) can offer advantages.

EXAMPLES

The invention is further illustrated by the following exaraples, which are not to
be construed in any way as imposing limitations to the scope of this invention. Various
other aspects, embodiments, modifications, and equivalents thereof which, atter reading
the description herein, may suggest themselves to one of ordinary skill in the art
without departing from the spirit of the present invention or the scope of the appended
claims.

EXAMPLES 1-9

The LLDPE resin of Example 1 was 3 commercially-available cthylene/1-
hexene copolymer (Chevron Phillips Chemical Company LP) produced using a
chromiom-based catalyst system. The LLDPE resin of Example 2 was a
commercially-available ethylene/1-hexene copolymer (Chevron Phillips Chemical
Company LP) produced using a Zicgler-based catalyst system. The LLDPE resin of
Example 2 was a commercially-available ethylene/t-hexene copolymer {Chevron
Phillips Chemical Company LP) produced using a metallocene-based catalyst system.
The LLDPE resin of Example 5 was a commercially-available ethylene/1-hexene
copolymer {(Chevron Phillips Chemical Company LP) produced using a metallocene-
based catalyst systern, The properties of the polyrsers of Examples 1-3 and § are listed
in Table L

The LLDPE resin of Example 4 was prepared by first dry blending a base resin

{(Example 3) with 300 ppm by weight {ppmw) of a masterbatch containing a
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polyethylene carrier resin and 45 wt. % of 2,5-dimethyl-2, 5-di(t-butyiperoxy thexane.
Based on the weight percent of the two O-O groups in the compound and the 45 wt. %
toading in concentrate, the 300 ppmw loading of the masterbatch in the base resin
equates to about 30 pprow of peroxide groups, based on the weight of the base resin.
The blend of the base resin and peroxide masterbatch was compounded using a twin
screw extrusion system, and then pelletized to form the ethylene/1-hexene copolymer
of Example 4. Compounding was done on a laboratory Z5K-40 twin screw exiruder
equipped with 2 melt purop. The extruder was a super compounder with OD/ID ratio of
1.55 and screw L/D ratio of 28.9. Nitrogen purge was used at the extruder feed port.
Standard conditions of rate (65 kg/hr), screw speed (230 rpm) and 20 mesh filter screen
were used, and resulied in 2 melt temperature of about 478 °F and specific energy of
0.13 kW-hr/kg. A 10-hole strand die plate was used for pelletizing. The pellet count
was adjusted to 35/gram. The LLDPE resin of Example 6 was prepared as deseribed
for Exarople 4, cxcept that the base resin was Example 5 and the peroxide concentrate
loading was 400 ppmw (about 40 ppmw of peroxide groups based on the weight of the
base resin). The properties of the polymers of Examples 4 and 6 also are listed in
Table 1.

As shown in Table I, the polymers of Examples 4 and 6, as compared 1o
Examples 3 and 3, respectively, exhibited an unexpected combination of properties:
lower MI, lower HEMI, higher HEMI/MI, higher n,, lower CY-a parameter, and higher
LCB content, while the density, peak melting point, vicat softening terperature, and
difference between the melting point and the softening temperature (A) were
substantially unchanged. The Mn, Mw, Mz, Mw/Mn, and Mz/Mw of the polymers of
Examples 4 and 6, as compared to Examples 3 and §, respectively, increased only
slightly, particularly as compared to the sigoificant changes in the MI, HEML,
HEMI/MI, %, CY-a paramecter, and LCB content.  Thus, the improvement in polymer
melt strength as demonstrated, for example, by the reduction in M1 and HLMI and the
mcrease in M, and LCB content, was achieved without significant changes in several
other polymer properties.

Table 1 also demonstrates that the polymers of Examples 4 and 6, as compared
to Examples -2, exhibited relatively smilar values of 1, CY-a parameter, and LCB

content, and thus would be expected to have relatively similar melt strengths.
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However, and unexpectedly, these similar properties were achieved despite the much
fower ratios of Mw/Mn, Mz/Mw, and HEMI/MI of Examples 4 and 6 as compared to
Examples 1-2, as well as the lower peak melting point and the smaller difference
between the melting point and the softening temperature (A) of Examples 4 and 6.

Table II summarizes certain properties of the polymers of Examples 1-9. The
LLDPE resins of Example 7 and Example § were prepared as described for Example 6,
except that the peroxide concentrate loading was 300 pprow and 600 ppmw,
respectively (about 30 ppmw and about 60 ppmw, respectively, of peroxide groups
based on the weight of the base resin). The LLDPE resin of Example 9 was a
commercially-available ethylene/l-octene copolymer (Dow  Chemical Company)
produced using a Ziegler-based catalyst system and having a nominal 0.905 density.
The unique combination of rheological and thermal properties of the polymers of
Examples 4 and 6 are demonstrated 1 Table Tl FIG. 1 illustrates the dynamic
rheology propertics (viscosity versus shear rate) for the polymers of Examples 1-8 at
190 °C.

Blown film samples were produced from the polymers of Examples 1-4 ata -
mil thickness and a 10-mil thickness, the latter designed to stnudate the performance of
thick gauge films up to a film thickness of 100 mils, and above, FIG, 2 is a tensile plot
{stress versus strain) for the 10-mil blown films of Examples 1-4 in the transverse
direction (TD), while FIG. 3 is a tensile plot (stress versus strain) for the 10-mil blown
films of Examples 1-4 in the machine direction (MD). FIG. 4 15 a tensile plot (stress
versus strain) for the 1-mil blown films of Examaples 1-4 in the transverse direction
(TD). Table [II summarizes certain properties of the films of Examples 1-4.

FIG. 2 in the TD, unlike FIG. 3 in the MD, ilhustrates a surprising difference in
the tensile curves of Exaraple 3-4 as corapared to Examples 1-2: Examoples 3-4 show a
non-distinct yield point in the TD, whereas Examples 1-2 show a distinct yield point in
the TD followed by sharp decrease in stress up to an elongation of over 5(%. FIG. 4
illustrates the same difference in tensile curves in the TD for 1-mi films. The non-
distinct vield point of the films of Examples 3-4 can be important for the suitability of
thick films that are creased or folded, as films with the non-distinet vield point atiribute
generally do not exhibit failures in the creased/folded areas as compared to the films of

Examples 1-2.  Various measurements from the tensile curves which numerically
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demonstrate the differences between the film properties (stresg-strain of Fxamples 3-4,
as compared to Examples 1-2, are summarized in Table IIL

Table IV provides a comparison of the amount of gels m film samples
produced from the polymers of Examples 2 and 5-7. Gels were measured on 25 micron
(1 mil) thick films using an automated camera-based gel counting machine made by
Optical Control System (OCS), Model FS-5. The system consists of a light sowrce and
a detector. The film was passed through the system, between the light source and the
detector, with a 150 mm (6 inch) inspection width. A total of 10 square meters of film
arca was inspected and the gels with size greater than 200 microns were analyzed. The
counts represent the total gels, on a number of gels/square foot basis, with size > 200
micron as detected by the OCS systern.  Surprisingly, both of Examples 6-7 (produced
using peroxide treating) had less gels than that of the commercial ethylene copolymer

of Example 2.
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Table I. Property Summary for the Polymers of Examples 1-6

total C atoms)

Example | Example | Example | Example | Example | Example
| 2 3 4 5 6
Density 0922 | 0918 | 0916 | 0916 | 0914 | 0914
{g/ce)
ML 0.15 0.32 1.45 0.51 0.93 0.33
{g/10 min)
HLMI 14.5 14.1 24.4 15.7 16.1 10.5
{g/10 min)
HLMI/MI 97 44 17 31 17 32
Peak Melting . e , < 5 2
Point (°C) 123 126 116 115 115 113
Vicat Softening 108 102 103 103 103 102
Temperature (°C) ' - ) ) . N
A Melting ~ ,
Vi 3
Softening (°C) 15 24 3 12 12 11
Mo 10800 | 21100 | 43700 | 46200 | 58700 | s59.500
{g/mol)
Mw 166,000 | 145,000 | 108,000 | 119,000 | 132,000 | 142,000
{g/mol)
Mz 785,000 | 404.000 | 191,000 | 231,000 | 229,000 | 255.000
{g/mol)
Mw/Mn 15.3 6.9 25 2.6 2.2 24
Mz/Mw 4.7 2.8 1.8 1.9 1.7 1.8
o 985,000 | 155,000 | 4600 | 146000 | 7.500 | 125,000
(Pa-sec)
CY-a parameter 0.167 0.174 0.64% 0.131 0.605 0.168
LCB (per 1009 0016 | 0012 | o002 | 0021 | o001 | oo
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Table 1i. Propertics of Examples 1-9.

Peak Vigat A
: v o . Jelting | Softeni Melting— | Density
Example (P 31‘ ecy G- N‘é’iﬁi& T:;?i;f;?f re ;ifigrii o ?g/?:;gz
{°C) {°C) (°C)
i 985,080 | 0.167 123 108 15 0.922
2 155,000 | 0.174 126 102 24 0.918
3 4,600 0.648 116 103 13 0.916
4 146,000 | 0.131 113 103 12 0.916
5 7,500 0.605 [i5 103 12 0.914
6 125,080 | 0.168 113 102 11 0.914
7 41,200 | 0.230 -- -- -~ --
g 5,660,000 | 0.093 - -
9 -- 122 84 38 0.905

Table I, Film Property Summary for Examples -4

Exarople | Example | Example | Example
i 2 3 4

Ratio of:
Max Stress (@ < 40% Strain
Max Stress (@ 40-60% Strain
{10 mil film, TD)

I.14 1.06 0.980 (4.973

Ratio of:
Max Stress (@ < 40% Strain
Max Stress (@ 40-60% Strain
{1 mil film, TD)

1.60 1.24 0.9%2 0.997

Skope is negative in the 25-
50% strain range Yes Yes No No
{10 mil film, TD)

Slope is negative in the 25-
30% strain range Yes Yes No No
{1 mil film, TD)

Ratio of:
Stress (@ 50% Strain

7 1.85 93 Vo :
Stress (@ Yield Strain 0% 0 He He
(10 mil film, TD)
Ratio oft
Stress @ 30% Strai 3
Stress @) 309 Strain 0.61 084 1.06 0.97

Stress (@ Yield Strain
{1 mil film, TD)
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Table IV, Gel Count Comparison for Examples 2 and 5-7

Example | Example | Example | Example
2 5 6 7

Number of gels > 200 um

{(number per ft) 474 16 78 44

The mvention is described above with reference to numerous aspects and
embodiments, and specific examples. Many variations will suggest themselves to those
skilled in the art in light of the above detailed description. All such obvious variations
are within the full intended scope of the appended claims. Other erobodiments of the
invention can include, but are not Himited to, the following (embodiments are described
as “comprising” but, alternatively, can “consist cssentially of” or “consist of ")

Ersbodiment §. An ethylene polymer having a ratio of Mw/Mn of less than or
equal to about 5, a ratio of Mz/Mw of less than or equal to about 2.3, and a zero-shear
viscosity at 190 °C of greater than or equal to about 8 x 10" Pa-sec.

Embodiment 2. The polymer defined in embodiment |, wherein the ethylene
polymer has a melt index in any range disclosed herein, ¢.g., from 0 to about 2, from 0
to about 1, from about .05 to about 1, from about 0.1 to about 4.8 ¢/10 min, ete,

Embodiment 3. The polymer defined in any one of embodiments 1-2, wherein
the ethylene polymer has a ratio of HLMI/MI in any range disclosed herein, e.g., from
about 15 to about 50, from about 20 to about 50, from about 20 to about 45, from about
25 to about 35, etc.

Embodiment 4. The polymer defined in any one of embodiments 1-3, wherein
the ethylene polymer has a density in any range disclosed herein, ¢.g., from about .895
to about 8,928, from about 0.90 to about 0.925, from about §.905 10 about 0.925, from
about 0.91 to about 0.92 g/em’, etc.

Ersbodiment 5. The polymer defined in any one of embodiments 1-4, wherein
the ethylene polymer has a zero-shear viscosity at 190 °C in any range disclosed herein,
e.g., from about 8 x 10 10 about 2 x 10°, from about 1 x 10° to about 1 x 10°, from

about 1 x 10° to about & x 10°, from about 1 x 10” to about 5 x 10° Pa-sec, ete.
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Embodiment 6. The polymer defined in any one of embodiments 1-5, wherein
the ethylene polymer has a ratio of Mw/Mn in any range disclosed herein, e.g., from
about 2 t0 about 5, from about 2 to about 4, from about 2 to about 3.5, from about 2 o
about 3, from about 2.1 10 about 2.8, from about 2.1 to about 2.7, etc.

Embodiment 7. The polymer defined in any one of embodiments 1-6, wherein
the ethylene polymer has a ratio of Mz/Mw in any range disclosed herein, ¢.g., from
about 1.5 to about 2.3, from about 1.5 to about 2.2, from about 1.3 to about 2.1, from
about 1.5 to about 2, etc.

Embodiment 8. The polymer defined in any one of embodiments 1-7, wherein
the ethylene polymer has a Mw in any range disclosed herein, e.g., from about 75,000
to about 250,000, from about 85,000 to about 200,000, from about 90,000 to about
156,000, from about 100,000 to about 150,000 ¢/mol, etc.

Embodiment 9. The polymer defined 1o any one of ersbodiments -8, wherein
the cthylene polymer has a Mn in any range disclosed herein, e.g., from about 10,000 to
about 70,000, from about 25,000 to about 70,000, from about 30,000 to about 70,000,
from about 35,000 to about 65,004 g/mol, etc.

Embodiment 10. The polymer defined in any one of emmbodiments 1-9, wherein
the ethylene polymer has a Mz in any range disclosed herein, ¢.g., from about 175,000
to asbout 300,000, from about 200,000 to about 300,000, from about 210,000 to about
290,060 g/mol, etc.

Embodiment 11, The polymer defined in any one of embodiments 1-10,
wherein the ethylene polymer has a reverse comonomer distribution, e.g., the number
of short chain branches (SCB’s) per 1000 total carbon atoms of the polymer at Mw is
greater than at My, s,

Embodimment 12. The polymer defined in any onc of embodiments 1-11,
wherein the ethylene polymer has a number of long chain branches (LCB) per 1000
total carbon atoms in any range disclosed herein, e.g., from about 0.008 to about (.04,
from about 8.00% to about 0.035, from about 0.01 to about 0.03 LCH, etc.

Embodiment 13. The polymer defined in any one of embodiments 1-12,
wherein the ethylene polymer has a peak melting point of less than or equal to about
120 °C, e.g., in a range from about 100 to about 120 °C, in a range from about 110 to

abhout 120 °C, ete.
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Embodiment 14. The polymer defined in any one of embodiments 1-13,
wherein the ethylene polymer has a vicat softening temperature of greater than or equal
to about 95 °C, e.g., in a range from about 100 to about 120 °C, in a range from about
100 to about 110 °C, in a range from about 95 to about 105 °C, eic.

Embodiment 15. The polymer defined in any one of embodiments 1-14,
wherein the ethylene polymer has a difference between the peak melting point of the
polymer and the vicat softening temperature of the polymer of less than or equal to
about 20 °C, e.g., less than or equal to about 18 °C, less than or equal to about 16 °C,
less than or equal to about 14 °C, ete.

Ersbodiment 16. The polymer defined n any one of embodiments [-15,
wherein the ethylene polymer has a CY-a parameter at 190 °C in any range disclosed
herein, e.g., from about 8.08 (o about §.28, from about .09 to about §.25, from about
0.1 10 about .2, from about 0.1 10 about §.18, etc,

Embodiment 17. The polymer defined in any one of embodiments 1-16,
wherein the ethylene polymer is an ethylene/u-olefin copolymer.

Embodiment 18. The polymer defined in any one of embodiments 1-17,
wherein the ethylene polymer is an ethylene/1-butene copolymer, an ethylene/1-hexene
copolymer, or an ethylene/I-octene copolymer.

Embodiment 19. The polymer defined in any one of embodiments [-18,
wherein the ethylene polymer is an ethylene/l-hexene copolymer.

Embodiment 20. The polymer defined in any one of embodiments 1-19,
wherein the ethylene polymer is produced by a process comprising contacting a base
resin with a peroxide compound at a temperatare sufficient to generate peroxide groups
at 10-50 ppm of peroxide groups based on the weight of the base resin

Erobodiment 21, The polymer defined in embodiment 20, wherein the step of
contacting the base resin with the peroxide compound comprises melt processing a
blend (or mixture) of the base resin and the peroxide compound at any melt processing
temperature disclosed herein, e.g., in a range from about 120 to about 300 °C, in a
range from about 150 to about 250 °C, in a range from about 175 to about 225 °C, ete.

Embodiment 22. The polymer defined in embodiment 21, wherein the melt

processing is performed in a twin screw extrusion systers,
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Embodiment 23. The polymer defined in embodiment 21, wherein the melt
processing is performed in a single screw extrusion system.

Ersbodiment 24, The polymer defined in any one of embodiments 20-23,
wherein the base resin bas a melt index in any range disclosed herein, ¢.g., from 0 to
about 5, from about 0.25 to about 2, from about 0.5 to about 2.5, from about 0.5 to
about 2 g/10 min, etc.

Embodiment 25. The polymer defined in any one of cmbodiments 20-24,
wherein the base resin has a ratio of HLMI/MI in any range disclosed herein, e.g., from
about 10 to about 35, from about 10 to about 30, from about 10 to about 25, from about
15 10 about 30, ete.

Embodimuent 26. The polymer defined in any one of embodiments 20-25,
wherein the base resin has a density in any range disclosed herein, e.g., from about
0.895 to about 0.928, from about §.90 to about 0.925, from about $.905 to about §.928,
from about 0.91 to about 0.92 g/er’, efc.

Embodiment 27. The polymer defined in any one of embodiments 20-26,
wherein the base resin has a zero-shear viscosity at 190 °C in any range disclosed
herein, e.g., from about 2 x 107 to about 7 x 147, from about 3 x 10 to about 5 x 107,
from about 2 x 10° 1o sbout 2 x 10%, from about 3 x 1§ to about 2 x 10" Pa-see, cte.

Embodiment 28 The polymer defined in any one of embodiments 23-27,
wherein the base resin has a ratio of Mw/Mu in any range disclosed herein, e.g., from
about 2 to about 5, from about 2 1o about 4, from about 2 to about 3.5, from about 2 to
about 3, from about 2.1 t0 about 2.4, from about 2.1 to about 2.7, etc.

Embodiment 29. The polymer defined in any one of embodiments 20-28,
wherein the base resin has a ratio of Mz/Mw in any range disclosed herein, e.g., from
about 1.5 to about 2.3, from about 1.5 to about 2.2, from about 1.5 1o about 2.1, from
about 1.5 to about 2, etc.

Embodiment 30. The polymer defined in any one of embodiments 23-29,
wherein the base resin has a Mw in any range disclosed herein, ¢.g., from about 75,000
to about 250,000, from about 25,000 to about 200,000, from about 90,000 to about
156,000, from about 100,000 to about 150,000 g/mol, etc.

Ersbodiment 31, The polymer defined in any one of embodiments 20-30,

wherein the base resin has a Mo in any range disclosed herein, e.g., from about 10,000
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to about 70,000, from about 25,000 to about 70,000, from about 30,000 to about
70,000, from about 35,000 to about 65,000 g/mol, eic.

Embodiment 32, The polymer defined in any one of embodiments 20-31,
wherein the base resin has a Mz in any range disclosed herein, ¢.g., from about 165,000
to about 300,000, from about 175,000 to about 300,000, from about 200,000 to about
290,000 g/mol, ete.

Embodiment 33. The polymer defined in any one of embodiments 20-32,
wherein the base resin has a reverse comonomer distribution, e.z., the number of short
chain branches (SCB’s) per 1000 total carbon atoms of the polymer at Mw is greater
than at Mn, cte.

Embodirnent 34, The polymer defined in any one of embodiments 20-33,
wherein the base resin has less than about (L.003 long chain branches (LCB) per 10600
total carbon atoms, e.g., less than about 8.005 LCB, less than about .003 LCRB, ctc.

Embodiment 35, The polymer defined in any one of embodiments 20-34,
wherein the base resin has a peak melting point of less than or equal to about 120 °C,
e.g., in a range from about 100 to about 120 °C, in a range from about 110 to about 120
C, ete.

Embodimuent 36. The polymer defined in any one of embodiments 20-35,
wherein the base resin has a vicat softening temperature of greater than or equal to
about 95 °C, e.g., in a range from about 100 to about 120 °C, in a range from about 100
o about 110 °C, in a range from about 95 1o about 105 °C, ete.

Embodiment 37. The polymer defined in any one of embodiments 20-36,
wherein the base resin has a difference between the peak melting point of the base resin
and the vicat softening temperature of the base vesin of less than or equal to about 20
°C, ¢.g., less than or equal to about 18 °C, less than or equal to about 16 °C, less than or
equal to about 14 °C, etc.

Embodiment 38 The polymer defined in any one of embodiments 20-37,
wherein the base resin has a CY-a parameter at 190 °C in any range disclosed herein,
e.g., from about (.4 to about 0.%, from about (.5 to about 0.8, from about 0.4 to about
(.7, from about 0.5 to about .7, ctc.

Embodiment 39, The polymer defined in any one of embodiments 20-3%,

wherein the base resin 1s produced using a metallocene-based catalyst system.
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Embodiment 40. The polymer defined in any one of embodiments 20-39,
wherein the base resin is produced using a metallocene-based catalyst system
comptrising a metatlocene compoand and an activator, e.g., any metallocene compound
and any activator disclosed herein.

Embodiment 41. The polymer defined in embodiment 40, wherein the activator
comprises an activator-support, an aluminoxane compound, an organchoron or
organoborate compound, an ionizing ionic corapound, or any cormbination thereof.

Embodiment 42. The polymer defined in any one of embodiments 40-41,
wherein the activator comprises an activator-support, the activator-support comprising
a solid oxide treated with an electron-withdrawing anion.

Erobodiment 43, The polymer defined in any onc of embodiments 40-41,
wherein the activator comprises an ahuminoxane compound.

Embodiment 44, The polymer defined in any one of embodiments 40-43,
wherein the mctaliocene-based catalyst system further comprises a co-catalyst.

Embodiment 45. The polymer defined in any one of embodiments 40-44,
wherein the metallocene-based catalyst system further comprises an organocaluminum
co-catalyst.

Embodimuent 46. The polymer defined in any one of embodiments 20-45,
wherein the base resin is produced in any reactor disclosed herein, e.g., a slurry reactor,
a gas-phase reactor, a sohution reactor, etc., as well as multi-reactor combinations
thereof.

Embodiment 47. An article of manufacture comprising the ethylene polymer
defined in any one of embodiments 1-46.

Embodiment 48, A film comprising the ethylene polymer defined in any one of
embodiments 1-47, e.g. a blown film, a cast film, ctc.

Embodiment 49. A film comprising the ethylene polymer defined in any one of
embodiments 1-47 and at least one additive.

Embodiment 50. The film defined in embodiment 49, wherein the addiutive
comprises an antioxidant, acid scavenger, antiblock additive, slip additive, colorant,
filler, processing aid, UV inhibitor, or any combination thereot.

Ersbodiment 51. A method of making a film (e.g., a blown films, a cast film,

etc.) coraprising an ethylene polymer, the method comprising:
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(1) providing an ethylene polymer defined in any one of embodiments 1-46; and

{it) melt processing the ethylene polymer through a film die {e.g., a blown film
die, a cast film die, etc.) to form the film.

Erobodiment 52, The method defined in emabodiment 51, wherein the roethod
comprises melt processing the ethylene polymer and at least one additive through the
die.

Embodiment 53. The method defined in embodiment 52, wherein the additive
comprises an antioxidant, acid scavenger, antiblock additive, slip additive, colorant,
filler, processing aid, UV inhibitor, or any combination thereot.

Embodiment 54. The method defined in any one of embodiments 51-533,
wherein the ethylene polymer is produced by a process comprising countacting any base
resin disclosed herein with a peroxide compound at a temperature sufficient to generate
peroxide groups at 10-50 ppm of peroxide groups based on the weight of the base resin.

FEmbodiment 55. The method defined in embodiment 54, wherein the step of
contacting the base resin with the peroxide compound comprises melt processing a
blend {or mixture) of the base resin and the peroxide compound at any melt processing
temperature disclosed herein, e.g., in a range from about 120 to about 300 °C, in a
range from about 150 to about 250 °C, in a range from about 175 to about 225 °C, eic.

Embodiment 56. A film formed by the method defined in any one of
embodiments 51-55, e.g., a blown film, a cast film, etc.

Embodiment 57, The film or method defined 1o any one of embodiments 48-56,
wherein the film has a thickness in any range disclosed herein, e.g., from about 1 o
about 200 mils, from about 1 {o about 200 mils, from about 30 to about 120 mils, from
about 40 to about 100 mils, et¢.

Erobodiment 58. The film or raethod defined in any one of erbodiments 48-57,
wherein, in a stress versus strain curve in the transverse direction (TD) for a 10-mil film
{e.g., a blown film, a cast {iim}, a ratio of the maximum stress at a strain of less than
40% to the maxiroum stress at a strain in the 40% to 60% range is in any range of ratios
disclosed herein, e.g., less than or equal to 1, less than or equal to about .99, less than
or equal to about 8.98, from about 0.85 to 1, from about 8.9 to about §.99, from about

(.9 o about 0.9€, etc.
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Embodiment 59. The film or method defined in any one of embodiments 48-58,
wherein, in a stress versus strain curve in the transverse direction {TD) for a 1-mil film
{e.g., 8 blown film, a cast film), a ratio of the maximum stress at a strain of less than
40% to the maxinmurn stress at a strain in the 40% 10 60% range is in any range of ratios
disclosed herein, e.g., less than or equal to 1.1, ess than or equal to aboui 1, less than or
equal to about 8,99, less than or equal to about 8.98, from about §.85 to 1.1, from abowt
(.9 1o about 1, from about 0.9 to about 8.99, eic.

Embodiment 60, The film or method defined in any one of embodiments 48-59,
wherein, in a stress versus strain curve in the transverse direction (TD) for a 10-mil
film, the slope is not negative in the 25% to 50% strain range, and/or in a stress versus
strain curve in the transverse direction (TD) for a 1-mil film, the slope is not negative in
the 25% to 30% strain range.

Embodiment 61. The film or method defined 1o any one of embodiments 48-60,
wherein, in a stress versus strain curve in the tfransverse direction (TD) for a 10-mil
film, the stress at 50% strain is greater than the stress at the yield point.

Embodiment 62. The film or method defined in any one of embodiments 48-61,
wherein, in a stress versus strain curve in the transverse divection (TD) for a 1-mal film,
a ratio of the stress at a strain of 30% to the stress at the yield point s in any range of
ratios disclosed herein, e.g., greater than or equal to 0.9, greater than or equal to about
0.95, in a range from (.9 to about 1.2, in a range from 0.9 to about 1.1, in a range from
about 0.95 to about 1.2, in a range from about 0.95 to about 1.1, cte.

Embodiment 63, The film or method defined in any one of embodiments 48-02,
wherein the film is a blown film.

Ersbodiment 64, The film or method defined in any one of embodiments 48-62,

wherein the film is g cast film.
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CLAIMS

. A process for preparing an ethylene polymer having a ratio of Mw/Mn of less than or
equal to about 5, a ratio of Mz/Mw of less than or equal to about 2.3, and a zero-shear
viscosity at 190°C. of greater than or equal to about 8x10 Pa-sec, the process

comprising:

contacting a base resin with a peroxide compound at a temperature in a range from
about 120 to about 300°C. to generate peroxide groups at about 10-50 ppm of

peroxide groups based on the weight of the base resin.

The process of claim 1, wherein the step of contacting the base resin with the peroxide
compound comprises melt processing a mixture of the base resin and the peroxide

compound in a twin screw extrusion system.

The process of claim 2, wherein the base resin is produced using a metallocene-based

catalyst system.

The process of claim 1, wherein the ethylene polymer has from about 0.008 to about
0.04 long chain branches (LCB) per 1000 total carbon atoms.

The process of claim 1, wherein:

the ratio of Mw/Mn is in a range from about 2 to about 5;

the ratio of Mz/Mw is a range from about 1.5 to about 2.3; and

the zero-shear viscosity at 190 °C. is in a range from about 8x10” to about 2x10° Pa-

SEC.

The process of claim 5, wherein the ethylene polymer is an ethylene/a-olefin

copolymer.

The process of claim 6, wherein the ethylene/a-olefin copolymer has:
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a peak melting point in a range from about 100 to about 120°C.;

a difference between the peak melting point and the vicat softening temperature of

less than or equal to about 18°C.;

a zero-shear viscosity at 190°C. in a range from about 1x10° to about 1x10° Pa-sec;

and

a CY-a parameter at 190°C. in a range from about 0.08 to about 0.28.

The process of claim 5, wherein:

the ethylene polymer is an ethylene/a-olefin copolymer characterized by a peak
melting point in a range from about 100 to about 120°C., and a difference between the
peak melting point and the vicat softening temperature of less than or equal to about

18°C.; and

the base resin is characterized by a peak melting point in a range from about 100 to
about 120°C., and a difference between the peak melting point and the vicat softening

temperature of less than or equal to about 18°C.

The process of claim 5, wherein:

the ethylene polymer is an ethylene/a-olefin copolymer characterized by a zero-shear
viscosity at 190°C. in a range from about 1x10° to about 1x10° Pa-sec, and a CY-a

parameter at 190°C. in a range from about 0.08 to about 0.28; and

the base resin is characterized by a zero-shear viscosity at 190°C. in a range from
about 2x10° to about 7x10* Pa-sec, and a C'Y-a parameter at 190°C. in a range from

about 0.4 to about 0.8.

The process of claim 5, wherein:

the ethylene polymer has from about 0.009 to about 0.035 long chain branches (LCB)

per 1000 total carbon atoms; and
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the base resin has less than about 0.005 long chain branches (LCB) per 1000 total

carbon atoms.

The process of claim 1, wherein the ethylene polymer has:
a ratio of Mw/Mn in a range from about 2.1 to about 3.5;
a ratio of Mz/Mw in a range from about 1.5 to about 2.2;
a melt index in a range from 0 to about 1; and

a zero-shear viscosity at 190°C. in a range from about 1x10° to about 1x10° Pa-sec.

The process of claim 11, wherein the ethylene polymer has a CY-a parameter at 190°

C. in a range from about 0.1 to about 0.2.

The process of claim 11, wherein the ethylene polymer has from about 0.01 to about

0.03 long chain branches (LCB) per 1000 total carbon atoms.

The process of claim 11, wherein the ethylene polymer has a peak melting point in a

range from about 105 to about 120°C.

The process of claim 11, wherein the ethylene polymer is an ethylene/a-olefin

copolymer with a density in a range from about 0.91 to about 0.92 g/cm’.

The process of claim 15, wherein the ethylene/a-olefin copolymer is an ethylene/1-
hexene copolymer.

The process of claim 11, wherein the base resin has:

a ratio of Mw/Mn in a range from about 2 to about 3.5;

a ratio of Mz/Mw in a range from about 1.5 to about 2.2; and

a melt index in a range from about 0.5 to about 2.
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The process of claim 17, wherein the base resin has:
a zero-shear viscosity at 190°C. in a range from about 3x10° to about 2x10* Pa-sec;

a CY-a parameter at 190°C. in a range from about 0.5 to about 0.8; and less than

about 0.005 long chain branches (LCB) per 1000 total carbon atoms.

The process of claim 1, wherein the ethylene polymer is an ethylene/1-hexene

copolymer characterized by:
a ratio of Mw/Mn in a range from about 2 to about 3.5;
a ratio of Mz/Mw in a range from about 1.5 to about 2.2; and

a density in a range from about 0.905 to about 0.925 g/cm’.

The process of claim 19, wherein the ethylene/1-hexene copolymer has:
a zero-shear viscosity at 190°C. in a range from about 1x10’ to about 1x10° Pa-sec;
a CY-a parameter at 190°C. in a range from about 0.08 to about 0.28; and

from about 0.008 to about 0.04 long chain branches (LCB) per 1000 total carbon

atoms.



