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ETHYLENE BASED COPOLYMER COMPOSITIONS AS VISCOSITY MODIFIERS
AND METHODS FOR MAKING THEM

FIELD OF THE INVENTION

[0003] This disclosure relates to rheology modifiers and methods for making same. More
particularly, this disclosure relates to compositionally disperse polymeric compositions and/or
crystallinity disperse polymeric compositions that are useful in modifying the rheological
properties of fluids and methods for making such compositions.

BACKGROUND OF THE INVENTION

[0004] Lubrication fluids are typically applied to moving surfaces to reduce friction between
surfaces, thereby improving efficiency and reducing wear. Lubrication fluids are also typically
used to dissipate heat generated by the moving surfaces. One type of lubrication fluid is a
petroleum-based lubrication oil. Such lubrication oil is typically used for internal combustion
engines. Lubrication oils contain additives that help the lubrication oil to have a certain viscosity
at a given temperature.

[0005] In general, the viscosity of lubrication oils and fluids are inversely dependent upon
temperature. When the temperature of lubrication fluids is increased, the viscosity of such fluids
cenerally decreases, and when the temperature is decreased, the viscosity of such fluids generally
increases. For internal combustion engines, it is desirable to have lower viscosity at low
temperatures to facilitate engine starting during cold weather, and a higher viscosity at higher
ambient temperatures when lubrication properties typically decline.

[0006] Additives for such lubrication fluids and oils include rheology modifiers, including
viscosity index (VI) improvers. Components of VI improvers derived from ethylene-alpha-olefin
copolymers modify the rheological behavior to increase the lubricant viscosity and promote a
more constant viscosity over a wider range of temperatures. Such VI improvers with higher

ethylene contents can improve oil thickening (TE) and shear stability, as measured by shear
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stability index ("SSI"). Higher ethylene content VI improvers, however, tend to flocculate or
aggregate in oil formulations leading to highly viscous, flocculated materials that precipitate out of
the lubrication fluid. These precipitates are apparent as regions (€.g., "lumps") of high viscosity or
essentially complete solidification (e.g., "gels") and can lead to clogs and blockages of pumps and
other passageways for the lubrication fluid and can lead to harm and in some causes failure of
moving machinery.

[0007] Blends of amorphous and semi-crystalline ethylene-based copolymers have been used
to overcome or mitigate the propensity towards the formation of high viscosity flocculated
materials. See, e.g., U.S. Patent Nos. 7,402,235 and 5,391,617, and European Patent No. 0 638
611. There remains a need, however, for new rheology modifier compositions made from
ethylene that are suitable for use in VI improvers that have high TE and good low temperature
solution rheology properties.

SUMMARY OF THE INVENTION

[0008] Polymeric compositions and methods for making and using the same are provided. In
at least one specific embodiment, the polymeric composition can include a first ethylene-based
copolymer and a second ethylene-based copolymer. The first ethylene-based copolymer can have
a weight percent of ethylene-derived units based on a weight of the polymeric composition (Ea)
ranging from about 35 wt% to about 52 wt% and a weight-average molecular weight (Mwa) of
less than or equal to 130,000. The second ethylene-based copolymer can have a weight percent of
ethylene-derived units based on the weight of the polymeric composition (Eg) ranging from about
65 wt% to about 85 wt% and a weight-average molecular weight (Mwsg) of less than 130,000.
[0009] In at least one other specific embodiment, the polymeric composition can include a
first ethylene-based copolymer and a second ethylene-based copolymer. The first ethylene-based
copolymer can have a heat of fusion on a first melt of the first ethylene-based copolymer (Ha)
ranging from about 0 J/g to about 15 J/g and a weight-average molecular weight (Mw,) of

less than 130,000. The second ethylene-based copolymer can have a heat of fusion on a first

melt of the second ethylene-based copolymer (Hg) ranging from about 30 J/g to about 60 J/g
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to about 60 J/g and a weight-average molecular weight (Mwg) of less than or equal to
130,000.

[0010] In at least one specific embodiment, a lubrication o1l composition can include a
base o1l and a polymeric composition. The polymeric composition can include a first
cthylene-based copolymer and a second ethylene-based copolymer. The first ethylene-based
copolymer can have a weight percent of ethylene-derived units based on a weight of the
polymeric composition (Ex) ranging from about 35 wt% to about 52 wt% and a weight-
average molecular weight (Mwy) of less than or equal to 130,000. The second cthylene-
based copolymer can have a weight percent of ethylene-derived units based on the weight of
the polymeric composition (Eg) ranging from about 65 wt% to about 85 wt% and a weight-
average molecular weight (Mwg) of less than 130,000.

[0011] In at least one specific embodiment, a lubrication o1l composition can include a
base o1l and a polymeric composition. The polymeric composition can include a first
cthylene-based copolymer and a second ethylene-based copolymer. The first ethylene-based
copolymer can have a heat of fusion on a first melt of the first ethylene-based copolymer
(Ha) ranging from about 0 J/g to about 15 J/g and a weight-average molecular weight (Mw)
of less than 130,000. The second ethylene-based copolymer can have a heat of fusion on a
first melt of the second ethylene-based copolymer (Hg) ranging from about 30 J/g to about 60
J/g and a weight-average molecular weight (Mwg) of less than or equal to 130,000.
DETAILED DESCRIPTION OF THE INVENTION

[0012] Rheology modifier compositions or "polymeric compositions” made from
cthylene-based copolymers that are suitable for use mm VI mmprovers are provided. The
cthylene-based copolymers provided herein exhibit surprisingly increased TE and SSI with
excellent low temperature viscosity performance and/or pour point. The ethylene-based
copolymers can include two or more compositionally disperse polymeric compositions and/or
two or more crystallinity disperse polymeric compositions. The compositionally disperse
polymeric composition are formed from at least two discrete cthylene-based copolymers
having different cthylene contents, heats of fusion, molecular weights (Mn and Mw), melt
index and intermolecular composition distribution, and any combination thercof. The
crystallinity disperse polymeric compositions can be formed from at least two discrete
cthylene-based copolymers having different values of residual crystallinity.

[0013] Not wishing to be bound by theory, 1t 1s believed that the distribution of the

monomers and the chain architecture are controlled and segregated into at least two
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compositionally disperse or crystallinity disperse polymeric populations. These disperse
polymeric populations can be formed by a synthesis process that employs metallocene-based
catalysts. And contrary to conventional thought, there is a preferred relationship between the
amount and composition of the discrete distributions of the ethylene-based copolymers.
Definitions

[0014] For purposes of this inventions and the claims thereto, the definitions set forth below
are used.

[0015] As used herein, the term "complex viscosity" means a frequency-dependent viscosity
function determined during forced small amplitude harmonic oscillation of shear stress, in units
of Pascal-seconds, that is equal to the difference between the dynamic viscosity and the out-of-
phase viscosity (imaginary part of complex viscosity).

[0016] As used herein, the term "Composition Distribution Breadth Index" (CDBI) 1s defined
in U.S. Patent No. 5,382,630. CDBI is defined as the weight percent of the copolymer molecules
having a comonomer content within 50% of the median total molar comonomer content. The
CDBI of a copolymer is readily determined utilizing well known techniques for 1solating
individual fractions of a sample of the copolymer. One such technique is Temperature Rising
Elution Fraction (TREF), as described in L. Wild, et al, “Determination of Branching
Distributions in Polyethylene and Ethylene Copolymers,” JOURNAL OF POLYMER SCIENCE:
POLYMER PHYSICS EDITION, Vol. 20, pp. 441-455 (1982) and U.S. Patent No. 5,008,204.

[0017] As used herein, the term "compositionally disperse" means a polymeric composition
comprised of at least two discrete compositions of ethylene-based copolymers.

[0018] As used herein, the term "copolymer" includes any polymer having two or more
MONOMETS.

[0019] As used herein, the term "crystallinity disperse" means a polymeric composition
comprised of at least two ethylene-based copolymers having two discrete values of residual
crystallinity.

[0020] As used herein, the term "disperse” means that the compositions include constituent
polymer fractions which have different compositions and/or ditferent crystallinity due, 1n part, to
different molecular weight distributions, and/or different monomer compositional or sequence

distributions.
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[0021] As used herein, the term "EA" means the weight percent of ethylene-derived units
of the first ethylene-based copolymer based on the weight of the polymeric composition.
[0022] As used herein, the term "Eg" means the weight percent of ethylene-derived units
of the second ethylene-based copolymer based on the weight of the polymeric composition.
[0023] As used herein, the term "ethylene-based copolymer” means an cthylene-based
copolymer comprised of ethylene and one or more comonomers.

[0024] As used herein, the term "HA" means the heat of fusion 1n units of joules/gram on
a first melt of the first ethylene-based copolymer.

[0025] As used herein, the term "Hg" means the heat of fusion 1n units of joules/gram on
the first melt of the second ethylene-based copolymer.

[0026] As used herein, the term "intermolecular composition distribution,” (InterCD or
intermolecular CD), defines the compositional heterogeneity in terms of ethylene content,
among polymer chains. It 1s expressed as the minimum deviation, analogous to a standard
deviation, 1n terms of weight percent ethylene from the average ethylene composition for a
ogiven copolymer sample needed to include a given weight percent of the total copolymer
sample, which 18 obtained by excluding equal weight fractions from both ends of the
distribution. The deviation need not be symmetrical. When expressed as a single number,
for example, an intermolecular composition distribution of 15 wt% shall mean the larger of
the positive or negative deviations. For example, at 50 wt% intermolecular composition
distribution the measurement 1s akin to conventional composition distribution breadth index.
[0027] As used herein, the term "intramolecular composition distribution” (IntraCD or
intramolecular CD) defines the compositional variation, in terms of cthylene, within a
copolymer chain. It 18 expressed as the ratio of the alpha-olefin to ethylene along the
segments of the same chain.

[0028] As used herein, the term "MIA" means the melt index 1n units of g/10 min or
dg/min of the first ethylene-based copolymer.

[0029] As used herein, the term "MIg" means the melt index 1n units of g/10 min or
dg/min of the second ethylene-based copolymer.

[0030] As used herein, the term "Mn," means the number-average molecular weight of
the first ethylene-based copolymer as measured by GPC.

[0031] As used herein, the term "Mng" means the number-average molecular weight of

the second cthylene-based copolymer as measured by GPC.
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[0032] As used herein, the term "Mw," means the weight-average molecular weight of
the first ethylene-based copolymer in units of grams/mole in terms of polystyrene, as
measured by GPC.

[0033] As used herein, the term "Mwg" means the weight-average molecular weight of
the second cthylene-based copolymer in units of grams/mole in terms of polystyrene, as
measured by GPC.

[0034] As used herein, the term "MWD" means the ratio of Mw to Mn.

[0035] As used herein, the term “melting point” means the highest peak among principal
and secondary melting peaks as determined by DSC during the second melt, as discussed
herein.

[0036] As used herein, the term "polyene" means monomers or polymers having two or
more¢ unsaturations, ¢.g., dienes, trienes, and the like.

[0037] As used herein, the term "polypropylene” means a polymer made of at least 50%
propylene units, preferably at least 70% propylene units, more preferably at least 80%
propylene units, even more preferably at least 90% propylene units, even more preferably at
least 95% propylene units or 100% propylene units.

[0038] As used herein, the term "substantially linear structure” means that the first
cthylene-based copolymer and/or the second cthylene-based copolymer 1s characterized as
having less than 1 branch point pendant with a carbon chain larger than 19 carbon atoms per
200 carbon atoms along a backbone.

[0039] When a polymer or copolymer 18 referred to as comprising an olefin, including,
but not limited to ethylene, propylene, and butene, the olefin present in such polymer or
copolymer 1s the polymerized form of the olefin.

Polvmeric Compositions

[0040] The rheology modifier composition preferably includes at least one first ethylene-
based copolymer and at Iecast one second cthylene-based copolymer. The first ethylene-based
copolymer includes ethylene and at least one alpha-olefin comonomer, and optionally one or
more internal olefins, and optionally one or more polyenes. Similarly, the second ethylene-
based copolymer 1ncludes ethylene and at least one alpha-olefin comonomer, and optionally
on¢ or more¢ internal olefins, and optionally one or more polyenes. The first and second
cthylene-based copolymers, however, have different ethylene contents, heats of fusion,
molecular weights (Mn and Mw), melt index, intermolecular composition distribution, and/or

crystallinity. Unless otherwise specified, all references to a first ethylene-based copolymer
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and a second cthylene-based copolymer refer to both the compositionally disperse polymeric
compositions and the crystallinity disperse polymeric compositions.

[0041] The Eax 1n wt% of the first ethylene-based copolymer 1s preferably in the range of
35 < Ex £55; 1n some embodiments, in the range of 40 < Ex < 53; in other embodiments, in
the range of 45 < Ex < 53; and 1n still yet other embodiments E4 15 1n the range of about 47 <
Ex < 52. The first ethylene-based copolymer can have a weight percent of ethylene-derived
units based on the weight of the polymeric composition (Ea) ranging from a low of about 30
wt%, about 33 wt%, about 35 wt%, about 37 wt%, or about 40 wt% to a high of about 45
wt%, about 47 wt%, about 50 wt%, about 52 wt%, or about 54 wt%.

[0042] The Eg 1n wt% of the second ethylene-based copolymer 1s 1n the range of 35 < Eg
< &85; 1n some embodiments, 1n the range of 55 < Eg < 80; 1in other embodiments, 1n the range
of 65 < Ep < 80; 1n still other embodiments, 1n the range of 67 < Eg < 80; and still yet other
embodiments 67 < Eg < 77; and still yet other embodiments Eg 1s about 73. The second
cthylene-based copolymer can have a weight percent of ethylene-derived units based on the
welght of the polymeric composition (Eg) ranging from a low of about 60 wt%, about 63
wt%, about 65 wt%, about 67 wt%, or about 70 wt% to a high of about 80 wt%, about &3
wt%, about 85 wt%, or about 87 wt%.

[0043] In some embodiments, the cthylene weight percent Ex of the first ethylene-based
copolymer may be less than the ethylene weight percent Eg of the second ethylene-based
copolymer for the polymeric composition. In some embodiments, the compositionally
disperse polymeric compositions may be characterized by the difference in the ethylene
weight percent, Eg and EA. In some embodiments, Eg - Eo > 12; 1n other embodiments, Eg -
EA > 17; 1n still other embodiments, Eg - Ex > 21; 1n still yet other embodiments, Eg - Ep >
23. In some embodiments, the difference in ethylene weight percent, Eg and Ea, 15 1n the
range of 17 < Eg - Ex < 23; 1n other embodiments, the difference in Eg and E4 1s about 21.
The difference between the weight percent of ethylene-derived units of the second ethylene-
based copolymer based on the weight of the polymeric composition and the weight percent of
the ethylene-derived units in the first ethylene-based copolymer based on the weight of the
polymeric composition can range from a low of about 12, about 14, about 16, or about 18 to a
high of about 20, about 22, about 23, or abut 24.

[0044] The Hp of the first ethylene-based copolymer is 1n the range of 0 < Hp < 30; 1n
some¢ embodiments, in the range of 0 < Hx < 15; in other embodiments, 1n the range of 0 <

Ha < 10; 1n still other embodiments, in the range of 0 < Hay < 5; and 1n still yet other
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embodiments, Hx 1s about 2. In one or more embodiments, the first cthylene-based
copolymer can have a heat of fusion on a first melt of the first ethylene-based copolymer
(Ha) ranging from a low of about 0 J/g, about 1 J/g, or about 2 J/g to a high of about 8 J/g,
about 9 J/g, or about 10 J/g.

[0045] The Hg of the second ethylene-based copolymer 18 1n the range of 30 < Hy < 60;
in some embodiments, in the range of 35 < Hg <55; 1in other embodiments, in the range of 40
< Hgp < 50; and still yet other embodiments Hg 1s about 45. In one or more embodiments, the
second cthylene-based copolymer can have a heat of fusion on a first melt of the second
cthylene-based copolymer (Hg) ranging from a low of about 30 J/g, about 33 J/g, about 35
J/g, or about 37 J/g to a high of about 47 J/g, about 50 J/g, about 53 J/g, about 57 J/g, or about
60 J/g.

[0046] In some embodiments, the heat of fusion Hp of the first ethylene-based copolymer
may be less than the heat of fusion Hg of the second ethylene-based copolymer. In some
embodiments, the crystallinity disperse polymeric compositions may be characterized by the
difterence in the heat of fusion, Hg and Hx. In some embodiments, Hg - Hxo > 4; 1n other
embodiments, Hg - Hx > &; 1n still other embodiments, Hg - Ha > 12; 1n still yet other
embodiments, Hg - Hy > 16. In some embodiments, the difference in the heat of fusion, Hp
and Hpa, 1s 1n the range of 8 < Hg - Hay < 10; 1in other embodiments, the difference in Hy and
H, 1s about 9.

[0047] The first ethylene-based copolymer may be characterized by a weight-average
molecular weight (Mwy) of less than or equal to 130,000, or less than 120,000, or less than
110,000, or less than 100,000, or less than 90,000, or less than 80,000, or less than 70,000.
Preferably, the Mw, 1s from 70,000 to 95,000. In one or more embodiments, the first
cthylene-based copolymer can have a weight-average molecular weight (Mwy) ranging from
a low of about 60,000, about 65,000, about 70,000, or about 75,000 to a high of about 90,000,
about 95,000, about 100,000, about 105,000, or about 115,000.

[0048] The second ethylene-based copolymer may be characterized by a weight-average
molecular weight (Mwg) of less than or equal to 130,000, or less than 120,000, or less than
110,000, or less than 100,000, or less than 90,000, or less than 80,000, or less than 70,000.
Preferably, the Mwg 1s from 70,000 to 95,000. In one or more embodiments, the second
cthylene-based copolymer can have a weight-average molecular weight (Mwg) ranging from
a low of about 60,000, about 65,000, about 70,000, or about 75,000 to a high of about 90,000,
about 95,000, about 100,000, about 105,000, or about 115,000.

_8
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[0049] In some embodiments, MIA/MIg 1s less than or equal to 3, less than or equal to 2,
less than or equal to 1. The ratio of the melt index of the first ethylene-based copolymer
(MIp) to the melt index of the second cthylene-based copolymer (MlIg) of the polymeric
composition can be less than about 3.0, less than about 2.8, less than about 2.6, less than
about 2.4, less than about 2.2, less than about 1.8, or less than about 1.6.

[0050] The compositionally disperse and/or crystallinity disperse polymeric compositions
may be further characterized by the absolute value of the difference in the melt index of the
first cthylene-based copolymer MIn and the melt index of the second ethylene-based
copolymer MIg. In some embodiments, | MI, - MIg | < 3.0; in other embodiments, | MIy -
Ml [< 2.5; in still yet other embodiments, |MIy - MIg|< 2.0; in still yet other
embodiments, | MIa - Mly | < 1.5; 1 still yet other embodiments, |MIA - Mljy | < 1.1; and
still yet other embodiments, | MIa - Mg | < 1.0.

[0051] The melt flow rate (MFR) of the compositionally disperse and/or crystallinity
disperse polymeric compositions will be intermediate to the MFR of the lower and higher
cthylene content copolymers when these copolymers have different MFRs. The lower
cthylene content copolymer can have an MFR of from 0.2 to 25. The higher ethylene content
copolymer can have an MFR of from 0.2 to 25.

[0052] The first and/or second ethylene-based copolymers can have a MWD of less than
3.0, or less than 2.4, or less than 2.2, or less than 2.0. Preferably, the MWD for the first
cthylene-based copolymer and/or the second ethylene-based copolymer 1s in the range of
greater than or equal to 1.80 to less than or equal to 1.95.

[0053] In some embodiments, the comonomer insertion sequences of the first ethylene-
based copolymer and the second copolymer polymer fractions can be the same or different.
The 1nsertion sequences can provide linear polymer structure or substantially linear polymer
structure. The substantially linear structure of either the first ethylene-based copolymer
and/or the second ecthylene-based copolymer has less than 1 branch point pendant with a
carbon chain larger than 19 carbon atoms per 200 carbon atoms along a backbone, less than 1
branch point pendant with a carbon chain larger than 19 carbon atoms per 300 branch points,
less than 1 branch point pendant with a carbon chain larger than 19 carbon atoms per 500
carbon atoms, and preferably less than 1 branch point pendant with a carbon chain larger than
19 carbon atoms per 1000 carbon atoms notwithstanding the presence of branch points due to

incorporation of the comonomer.
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Comonomer Components

[0054] Suitable comonomers include, but are not limited to, propylene (Csz) and other
alpha-olefins, such as C4 to Cy¢ alpha-olefins (also referred to herein as "a-olefins”), and
preferably propylene and C4 to Ci; a-olefins. The a-olefin comonomer can be linear or
branched, and two or more comonomers can be used, if desired. Thus, reference herein to
"an alpha-olefin comonomer" includes one, two, or more alpha-olefin comonomers.

[0055] Examples of suitable comonomers include propylene, linear C4 to Cy, a-olefins,
and o-olefins having one or more C; to C; alkyl branches. Specific examples include:
propylene; 1-butene; 3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-pentene; 1-pentene with
on¢ or more methyl, ethyl or propyl substituents; 1-hexene with one or more methyl, ethyl or
propyl substituents; 1-heptene with one or more methyl, ethyl or propyl substituents; 1-octene
with one or more methyl, ethyl or propyl substituents; 1-nonene with one or more methyl,
cthyl or propyl substituents; ethyl, methyl or dimethyl-substituted 1-decene, or 1-dodecene.
Preferred comonomers include: propylene, 1-butene, 1-pentene, 3-methyl-1-butene, 1-
hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 3,3-dimethyl-1-butene, 1-heptene, 1-
hexene with a methyl substituents on any of C; to Cs, 1-pentene with two methyl substituents
in any stoichiometrically acceptable combination on C; or C4, 3-cthyl-1-pentene, 1-octene, 1-
pentene with a methyl substituents on any of C; or C4, 1-hexene with two methyl substituents
in any stoichiometrically acceptable combination on C; to Cs, 1-pentene with three methyl
substituents 1n any stoichiometrically acceptable combination on C; or C4, 1-hexene with an
cthyl substituents on C; or C4, 1-pentene with an ethyl substituents on C; and a methyl
substituents 1n a stoichiometrically acceptable position on C; or C4, 1-decene, 1-nonene, 1-
nonene with a methyl substituents on any of C; to Cy, 1-octene with two methyl substituents
in any stoichiometrically acceptable combination on C; to Cs, 1-heptene with three methyl
substituents 1in any stoichiometrically acceptable combination on C; to Cg, 1-octene with an
cthyl substituents on any of C; to C;, 1-hexene with two ethyl substituents 1n any
stoichiometrically acceptable combination on C; or C4, and 1-dodecene.

[0056] Other suitable comonomers can include internal olefins. Preferred internal olefins
ar¢ ci1s 2- butenc and trans 2- butene. Other internal olefins are contemplated. When an
internal olefin 1s present, negligible amounts, such as about 2 wt% or less of the total amount
of the internal olefin, can be present 1n the low ethylene-content copolymer, and most of the
internal olefin, such as about 90 wt% or more of the total amount of the internal olefin, can be

present 1n the high ethylene-content copolymer.

_10 -



10

15

20

25

30

CA 02802324 2012-12-10

WO 2012/015576 PCT/US2011/043206

[0057] Suitable comonomers can also include one or more polyenes. Suitable polyenes
can include non-conjugated dienes, preferably those that are straight chain, hydrocarbon di-
olefins or cycloalkenyl-substituted alkenes, having about 6 to about 15 carbon atoms, for
example: (a) straight chain acyclic dienes, such as 1,4-hexadiene and 1,6-octadiene; (b)
branched chain acyclic dienes, such as 5-methyl-1, 4-hexadiene; 3,7-dimethyl-1,6; (¢) single
ring alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and 1,7-
cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene, norbornadiene, methyl-tetrahydroindene, dicyclopentadiene (DCPD),
bicyclo-(2.2.1)-hepta-2,5-diene, alkenyl, alkylidene, cycloalkenyl and cycloalkylidene
norbornenes, such as 5-methylene-2-norbornene (MNB), 5S-propenyl-2-norbornene, 3-
1sopropylidene-2-norbornene,  5-(4-cyclopentenyl)-2-norbornene,  5-cyclohexylidene-2-
norbornene, and 5-vinyl-2-norbornene (VNB); and (¢) cycloalkenyl-substituted alkenes, such
as vinyl cyclohexene, allyl cyclohexene, vinyl cyclooctene, 4-vinyl cyclohexene, allyl
cyclodecene; and vinyl cyclododecene. Of the non-conjugated dienes typically used, the
preferred dienes are dicyclopentadiene (DCPD), 1,4-hexadiene, 1,6-octadiene; S-methyl-1,4-
hexadiene; 3,7-dimethyl-1,6-octadiene; S-methylene-2-norbornene, 5-cthylidene-2-
norbornene (ENB), and tetracyclo (A-11,12) 5,8 dodecene. It 1s preferred to use dienes which
do not lead to the formation of long chain branches, and non- or lowly branched polymer
chains are preferred. Other polyenes that can be used include cyclopentadiene and octatetra-
ene; and the like.

[00S8] When a polyene 1s present, the ethylene-based copolymers can include up to 5
mol%, up to 4 mol%, up to 3 mol%, up to 2 mol%, and up to 1 mol% polyene-derived unaits.
In some embodiments, the amount of polyene, when present, can range from about 0.5 mol%
to about 4 mol%:; about 1.0 mol% to about 3.8 mol%; or about 1.5 mol% to about 2.5 mol%.
Resulting Composition Blend

[0059] The discrete ethylene-based copolymers can be combined such that the less
crystalline ethylene-based copolymer (typically the ethylene-based copolymer with a lower
wt% ecthylene) can be present in an amount no greater than about 66 wt%, based on the
combined weight of the first and second ethylene-based copolymers. The first and second
cthylene-based copolymers can also be combined in a predetermined weight ratio such that
the cthylene-based copolymer with greater crystallinity (typically the ethylene-based
copolymer with a higher wt% ethylene) can be present in an amount no less than about 44

wt%, based on the combined weight of the first and second ethylene-based copolymers. In
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on¢ or more embodiments, the less crystalline ethylene-based copolymer can be present 1in an
amount less than about 65 wt%, less than about 60 wt%, less than about 55 wt%, less than
about 50 wt%, or less than about 45 wt%, based on the combined weight of the first and
second ethylene-based copolymers.

[0060] The polymeric composition can have a concentration or content of cthylene-
derived units ranging from about 70 mol% to about 85 mol%. For example, the polymeric
composition can have a concentration of e¢thylene-derived units ranging from a low of about
70 mol%, about 72 mol%, or about 74 mol% to a high of about 78 mol%, about 80 mol%,
about 83 mol%, or about 85 mol%. The MFR of the polymeric composition can be
intermediate to the MFR of the lower and higher ethylene content copolymers when the first
and second copolymers have different MFRs.

[0061] The lower cthylene content copolymer, 1.¢., the first ethylene-based copolymer,
can have a concentration or content of ethylene-derived units ranging from about 50 mol% to
about 70 mol% and a content of comonomer-derived units ranging from about 50 mol% to
about 30 mol%. The lower ethylene content copolymer can also have an MFR ranging from
about 0.2 to about 25. The lower ethylene content copolymer can also have a molecular
weight distribution (Mw/Mn) of from about 1.5 to about 3.

[0062] The amount of ethylene-derived units in the higher ethylene content copolymer,
1.c., the second ethylene-based copolymer, can be greater than about 70 mol%, greater than
about 74 mol%, or greater than about 78 mol%. The higher ethylene content copolymer can
also have an MFR ranging from about 0.2 to about 25. The higher cthylene content
copolymer can also have a molecular weight distribution (Mw/Mn) ranging from about 1.5 to
about 3.

Catalyst

[0063] The terms "metallocene” and "metallocene catalyst precursor,” as used herein,
refer to compounds possessing a transition metal M, with cyclopentadienyl (Cp) ligands, at
least one non-cyclopentadienyl-derived ligand X, and zero or one heteroatom-containing
ligand Y, the ligands being coordinated to M and corresponding in number to the valence
thercof. The metallocene catalyst precursors are generally neutral complexes but when
activated with a suitable co-catalyst yield an active metallocene catalyst which refers
generally to an organometallic complex with a vacant coordination site that can coordinate,
insert, and polymerize olefins. The metallocene catalyst precursor 1s preferably one of, or a

mixture of metallocene compounds, of either or both of the following types:
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(1) cyclopentadienyl (Cp) complexes which have two Cp ring systems for ligands.
The Cp ligands form a sandwich complex with the metal and can be free to rotate (unbridged)
or locked 1nto a rigid configuration through a bridging group. The Cp ring ligands can be like
or unlike unsubstituted, substituted, or a derivative thereof such as a heterocyclic ring system
which may be substituted, and the substitutions can be fused to form other saturated or
unsaturated rings systems such as tetrahydroindenyl, indenyl, or fluorenyl ring systems.
These cyclopentadienyl complexes have the general formula:

(Cp'R'm)R*W(Cp"R*)MX,

where Cp' of ligand (Cp'R'y) and Cp® of ligand (Cp’R”,) are the same or different
cyclopentadienyl rings; R' and R” each is, independently, a halogen or a hydrocarbyl,
halocarbyl, hydrocarbyl-substituted organome¢talloid  or  halocarbyl-substituted
organometalloid group containing up to about 20 carbon atoms; m1s 0 to 5; p 1s 0 to 5; and
two R' and/or R” substituents on adjacent carbon atoms of the cyclopentadienyl ring
associated there with can be joined together to form a ring containing from 4 to about 20
carbon atoms; R” is a bridging group; n is the number of atoms in the direct chain between
the two ligands and 1s 0 to 8, preferably 0 to 3; M 1s a transition metal having a valence of
from 3 to 6, preferably from group 4, 5, or 6 of the periodic table of the elements and 1s
preferably 1n 1ts highest oxidation state; cach X 1s a non-cyclopentadienyl ligand and 1s,
independently, a halogen or a hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-
substituted organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-
substituted organometalloid group containing up to about 20 carbon atoms; q 1s equal to the
valence of M minus 2;

(2) monocyclopentadienyl complexes which have only one Cp ring system as a
ligand. The Cp ligand forms a half-sandwich complex with the metal and can be free to rotate
(unbridged) or locked into a rigid configuration through a bridging group to a heteroatom-
containing ligand. The Cp ring ligand can be unsubstituted, substituted, or a derivative
thercof such as a heterocyclic ring system which may be substituted, and the substitutions can
be fused to form other saturated or unsaturated rings systems such as tetrahydroindenyl,
indenyl, or fluorenyl ring systems. The heteroatom containing ligand 1s bound to both the
metal and optionally to the Cp ligand through the bridging group. The heteroatom 1tself 1s an
atom with a coordination number of three from group VA or VIA of the periodic table of the

clements. These mono-cyclopentadienyl complexes have the general formula:

(Cp'R'm)RW(Y.R?) MX
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wherein R' is, each independently, a halogen or a hydrocarbyl, halocarbyl, hydrocarbyl-
substituted organometalloid or halocarbyl-substituted organometalloid group containing up to
about 20 carbon atoms; m is 0 to 5; and two R' substituents on adjacent carbon atoms of the
cyclopentadienyl ring associated therewith can be joined together to form a ring containing from
4 to about 20 carbon atoms; R’is a bridging group; n is 0 to 3; M i1s a transition metal having a
valence of from 3 to 6, preferably from group 4, 5, or 6 of the periodic table of the elements and
is preferably in its highest oxidation state; Y is a heteroatom containing group in which the
heteroatom is an element with a coordination number of three from Group VA or a coordination
number of two from group VIA preferably nitrogen, phosphorous, oxygen, or sultur; R’ is a
radical selected from a group consisting of C; to Cy hydrocarbon radicals, substituted C; to Cyy
hydrocarbon radicals, where one or more hydrogen atoms is replaced with a halogen atom, and
when Y is three coordinate and unbridged there may be two R groups on Y each independently a
radical selected from a group consisting of C; to Cyo hydrocarbon radicals, substituted C; to Cy
hydrocarbon radicals, where one or more hydrogen atoms is replaced with a halogen atom, and
each X is a non-cyclopentadienyl ligand and is, independently, a halogen or a hydrocarbyl,
oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted organometalloid, oxyhydrocarbyl-
substituted organometalloid or halocarbyl-substituted organometalloid group containing up to
about 20 carbon atoms; s is equal to the valence of M minus 2.

[0064] Examples of suitable biscyclopentadienyl metallocenes of the type described in group
] above can be as discussed and described in U.S. Patent Nos. 5,324,800; 5,198,401; 5,278,119;
5,387,568; 5,120,867; 5,017,714; 4,871,705; 4,542,199; 4,752,597, 5,132,262; 5,391,629;
5,243,001; 5,278,264; 5,296,434, and 5,304,614.

Non-coordinating Anions

[0063] The term "noncoordinating anion" (NCA) means an anion which either does not
coordinate to the transition metal cation or which is only weakly coordinated to the cation
thereby remaining sufficiently labile to be displaced by a neutral Lewis base. "Compatible"
noncoordinating anions are those which are not degraded to neutrality when the 1nitially formed
complex decomposes. Further, the anion will not transfer an anionic substituents or fragment to
the cation so as to cause it to form a neutral four coordinate metallocene compound and a neutral
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