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(57) ABSTRACT

The invention provides a process to form a composition
comprising at least one ethylene-based polymer and at least
one oil, said process comprising the following: polymerizing
a mixture comprising ethylene, and optionally one or more
comonomers, in a reactor system, comprising at least one
reactor and at least one mixer, located downstream from the
reactor, to form the ethylene-based polymer; and wherein
the oil is added to the ethylene-based polymer upstream of
the mixer. The invention also provides a reactor system for
a process to form a composition comprising at least one
ethylene-based polymer and at least one oil, said reactor
system comprising at least one reactor, at least one mixer,
and an oil feed into the ethylene-based polymer, and wherein
the oil feed is located after the reactor and before the mixer.
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PROCESS TO FORM OIL CONTAINING
ETHYLENE-BASED POLYMERS

REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 62/097257, filed Dec. 29, 2014,
and incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] There is a need to prepare high molecular weight
(e.g., high Mooney Viscosity), oil-extended, high molecular
weight (for example, Mw>200,000 g/mole) ethylene-based
polymers that can be successfully isolated from the polym-
erization reactor. Polymerization processes of the art are
described in the following references: U.S. Pat. Nos. 7,910,
637; 7,985,804; 5,516,849; 6,686,419; 6,545,088; 3,726,
843; U.S. Provisional 62/097268 (filed Dec. 29, 2014);
International Publication Nos. W02013/096573; W02014/
003857. See also, P. S. Ravishankar et al., treatise on EPDM,
Rubber Chemistry and Technology, Vol. 85, No. 3, pp
327-349, 2012; P. S. Ravishankar et al., Recent Advances in
EPDM and Dynamically Vulcanized Thermoplastic Elasto-
mers, 186th Technical Meeting of Rubber Division, ACS,
Nashville, Tenn., 2014; pp. 1-15. However, as discussed
above, there remains a need to prepare high molecular
weight ethylene-based polymers, which can be readily iso-
lated from the polymerization process. These needs have
been met by the following invention.

SUMMARY OF THE INVENTION

[0003] The invention provides a process to form a com-
position comprising at least one ethylene-based polymer and
at least one oil, said process comprising the following:
[0004] polymerizing a mixture comprising ethylene, and
optionally one or more comonomers, in a reactor system,
comprising at least one reactor and at least one mixer,
located downstream from the reactor, to form the ethylene-
based polymer; and wherein the oil is added to the ethylene-
based polymer upstream of the mixer.

[0005] The invention also provides a reactor system for a
process to form a composition comprising at least one
ethylene-based polymer and at least one oil, said reactor
system comprising at least one reactor, at least one mixer,
and an oil feed into the ethylene-based polymer, and wherein
the oil feed is located after the reactor and before the mixer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 depicts the “Cumulative Recovered Mass
(%) versus Boiling Point Temperature” for three oils.
[0007] FIG. 2 depicts an expanded region (BP from 350°
C. to 450° C.) of FIG. 1.

[0008] FIG. 3 depicts a schematic of a reactor system for
a polymerization using a stirred tank reactor.

[0009] FIG. 4 depicts a schematic of a reactor system for
a polymerization using a stirred tank reactor followed by a
loop reactor.

[0010] FIG. 5 depicts a schematic of a reactor system for
a polymerization using a loop reactor followed by a stirred
tank reactor.

[0011] FIG. 6 depicts a schematic of a reactor system for
a polymerization using a loop reactor.

[0012] FIG. 7 depicts a schematic of a reactor system for
a polymerization using two loop reactors in series.
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DETAILED DESCRIPTION OF THE
INVENTION

[0013] It has been discovered that high molecular weight
polymer (for example, Mw>200,000 g/mole), can be pro-
duced within one or more reactors, and still successfully
processed through the finishing section of the train, by the
addition of oil after the reactor, and before a static mixer.
The resultant product contains oil and a higher molecular
weight polymer that contribute to improved product prop-
erties, for example, good mechanical properties and good
processing properties. It has been discovered that the resul-
tant high molecular weight, oil-extended polymer product
can be processed through one or more devolatilization
devices, without a significant amount of oil carry over back
to the reactor. The polymer product can be used in applica-
tions that require both a high molecular weight for strength,
and oil for improved processibility of polymer blends and/or
articles of manufacturer.

[0014] As discussed above, in one aspect, the invention
provides a process to form a composition comprising at least
one ethylene-based polymer and at least one oil, said process
comprising the following:

[0015] polymerizing a mixture comprising ethylene, and
optionally one or more comonomers, in a reactor system,
comprising at least one reactor and at least one mixer,
located downstream from the reactor, to form the ethylene-
based polymer; and wherein the oil is added to the ethylene-
based polymer upstream of the mixer.

[0016] In a second aspect, the invention also provides a
reactor system for a process to form a composition com-
prising at least one ethylene-based polymer and at least one
oil, said reactor system comprising at least one reactor, at
least one mixer, and an oil feed into the ethylene-based
polymer, and wherein the oil feed is located after the reactor
and before the mixer.

[0017] An inventive process may comprise a combination
of two or more embodiments as described herein.

[0018] An inventive reactor system may comprise a com-
bination of two or more embodiments as described herein.
[0019] The ethylene-based polymer may comprise a com-
bination of two or more embodiments as described herein.
[0020] The oil may comprise a combination of two or
more embodiments as described herein.

[0021] The following embodiments apply to both the first
and second aspects of the invention as discussed above.
[0022] In one embodiment, the oil has a volatile fraction,
at 400° C. and atmospheric pressure, less than, or equal to,
2.0 wt %, further less than, or equal to, 1.8 wt %, further less
than, or equal to, 1.6 wt %, based on the total weight of the
oil.

[0023] In one embodiment, the oil has a volatile fraction,
at 400° C. and atmospheric pressure, less than, or equal to,
1.4 wt %, further less than, or equal to, 1.2 wt %, further less
than, or equal to, 1.0 wt %, further less than, or equal to, 0.9
wt %, based on the total weight of the oil.

[0024] In one embodiment, the oil has a volatile fraction,
at 425° C. and atmospheric pressure, less than, or equal to,
5.0 wt %, further less than, or equal to, 4.5 wt %, further less
than, or equal to, 4.0 wt % based on the total weight of the
oil.

[0025] In one embodiment, the oil has a volatile fraction,
at 425° C. and atmospheric pressure, less than, or equal to,
3.8 wt %, further less than, or equal to, 3.7 wt %, further less



US 2017/0313800 Al

than, or equal to, 3.6 wt %, further less than, or equal to, 3.5
wt %, based on the total weight of the oil.

[0026] In one embodiment, the oil has a volatile fraction,
at 500° C. and atmospheric pressure, less than, or equal to,
50 wt %, further less than, or equal to, 48 wt %, further less
than, or equal to, 46 wt %, further less than, or equal to, 44
wt %, based on the total weight of the oil

[0027] In one embodiment, the mixer is a static mixer.
Static mixers include, but are not limited to, helical static
mixers, and static mixers containing various baffle designs.
[0028] In one embodiment, the polymerization is a solu-
tion polymerization.

[0029] In one embodiment, the at least one reactor is a
continuous stirred tank reactor or a Loop reactor.

[0030] In one embodiment, the mixture further comprises
a polymerization solvent. In a further embodiment, the
reactor system comprises a line for recycled polymerization
solvent, and wherein the recycled polymerization solvent is
re-introduced into the at least one reactor.

[0031] In one embodiment, the ethylene-based polymer is
an ethylene/a-olefin interpolymer, further an ethylene/a-
olefin/non-conjugated polyene interpolymer, further an eth-
ylene/a-olefin/diene interpolymer, and further an ethylene/
a-olefin/diene terpolymer, and further an EPDM.

[0032] In one embodiment, the reactor system comprises
two reactors. In a further embodiment, the reactor system
comprises a stirred tank reactor (e.g., a CSTR) followed by
a Loop reactor.

[0033] In one embodiment, the oil is injected into the
reactor.
[0034] In one embodiment, the oil is added at a location

outside of the reactor.

[0035] In one embodiment, oil is added to the ethylene-
based polymer downstream of the at least one reactor.
[0036] In one embodiment, the oil is heated to a tempera-
ture from 80° C. to 190° C., prior to its addition to the
ethylene-based polymer. In a further embodiment, the oil is
heated using a post reactor heater. In a further embodiment,
the heater comprises one or more static mixing elements.
[0037] In one embodiment, the oil is subject to a purifi-
cation process to remove oxygenates and/or moisture prior
to its addition to the ethylene-based polymer. The process of
any one of the previous claims, wherein the difference
between the

[0038] In one embodiment, the difference between the
temperature of the oil and the temperature at least one
reactor (T,,;~T,.,c00) 18 from 50° C. to 150° C., further from
60° C. to 150° C., further from 70° C. to 150° C.

[0039] In one embodiment, the difference between the
temperature of the oil and the temperature at least one
reactor (T,,;~T,.,c00) 18 from 50° C. to 120° C., further from
50° C. to 100° C., further from 50° C. to 80° C.

[0040] In one embodiment, the at least one oil comprises
less than, or equal to, 40 wt %, further less than, or equal to,
35 wt %, further less than, or equal to, 30 wt %, based on the
weight of the oil, of one or more naphthenics.

[0041] In one embodiment, the at least one oil comprises
greater than, or equal to, 5 wt %, further greater than, or
equal to, 10 wt %, further less greater, or equal to, 15 wt %,
based on the weight of the oil, of one or more naphthenics.
[0042] In one embodiment, the at least one oil comprises
greater than, or equal to, 60 wt %, further greater than, or
equal to, 65 wt %, further greater than, or equal to, 60 wt %,
based on the weight of the oil, of one or more paraffinics.
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[0043] In one embodiment, the at least one oil comprises
less than, or equal to, 90 wt %, further less than, or equal to,
85 wt %, further less than, or equal to, 80 wt %, based on the
weight of the oil, of one or more paraffinics.

[0044] The invention also provides a composition, com-
prising at least one ethylene-based polymer and at least one
oil, formed by an inventive process as described herein.
[0045] The inventive composition may comprise a com-
bination of two or more embodiments described herein.
[0046] In one embodiment, the composition has a weight
average molecular weight (Mw) greater than, or equal to,
100,000 g/mole, further greater than, or equal to 120,000
g/mole, further greater than, or equal to 150,000 g/mole,
further greater than, or equal to 180,000 g/mole, greater
than, or equal to 190,000 g/mole, further greater than, or
equal to 200,000 g/mole.

[0047] In a further embodiment, the ethylene-based poly-
mer is an ethylene/c-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/ci-olefin/diene interpolymer (EAODM).
In a further embodiment, the interpolymer is an ethylene/
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is 5-ethylidene-2-norbornene (ENB). In
another embodiment, the composition comprises two ethyl-
ene-based polymers; and further each polymer is, indepen-
dently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/ci-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0048] In one embodiment, the composition has a weight
average molecular weight (Mw) less than, or equal to,
1,000,000 g/mole, further less than, or equal to, 800,000
g/mole, further less than, or equal to, 500,000 g/mole. In a
further embodiment, the ethylene-based polymer is an eth-
ylene/a-olefin interpolymer, and further an ethylene/ct-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, the interpolymer is an ethylene/-propyl-
ene/diene terpolymer (EPDM). In a further embodiment, the
diene is S5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).
[0049] In one embodiment, the composition has a MWD
less than, or equal to, 4.0, further less than, or equal to, 3.8,
further less than, or equal to 3.5. In a further embodiment,
the ethylene-based polymer is an ethylene/a-olefin inter-
polymer, and further an ethylene/a-olefin/nonconjugated
polyene interpolymer, and further an ethylene/a-olefin/diene
interpolymer (EAODM). In a further embodiment, the inter-
polymer is an ethylene/-propylene/diene terpolymer
(EPDM). In a further embodiment, the diene is 5-ethylidene-
2-norbornene (ENB). In another embodiment, the composi-
tion comprises two ethylene-based polymers; and further
each polymer is, independently, an ethylene/a-olefin inter-
polymer, and further an ethylene/a-olefin/nonconjugated
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polyene interpolymer, and further an ethylene/a-olefin/diene
interpolymer (EAODM). In a further embodiment, each
interpolymer is, independently, an ethylene/propylene/diene
terpolymer (EPDM). In a further embodiment, the diene is
5-ethylidene-2-norbornene (ENB).

[0050] In one embodiment, the composition has a MWD
greater than, or equal to, 1.6, further greater than, or equal
to, 1.8, further greater than, or equal to 2.0. In a further
embodiment, the ethylene-based polymer is an ethylene/a-
olefin interpolymer, and further an ethylene/a-olefin/non-
conjugated polyene interpolymer, and further an ethylene/
a-olefin/diene interpolymer (EAODM). In a further
embodiment, the interpolymer is an ethylene/-propylene/
diene terpolymer (EPDM). In a further embodiment, the
diene is 5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).
[0051] Inone embodiment, the composition has a Mooney
Viscosity (ML1+4, 125° C.) greater than, or equal to, 10,
further greater than, or equal to, 15, further greater than, or
equal to, 20. In a further embodiment, the ethylene-based
polymer is an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer (EAODM).
In a further embodiment, the interpolymer is an ethylene/-
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is 5S-cthylidene-2-norbornene (ENB). In
another embodiment, the composition comprises two ethyl-
ene-based polymers; and further each polymer is, indepen-
dently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0052] Inone embodiment, the composition has a Mooney
Viscosity (ML1+4, 125° C.) less than, or equal to, 300,
further less than, or equal to, 250, further less than, or equal
to, 200, further less than, or equal to, 150. In a further
embodiment, the ethylene-based polymer is an ethylene/a-
olefin interpolymer, and further an ethylene/a-olefin/non-
conjugated polyene interpolymer, and further an ethylene/
a-olefin/diene interpolymer (EAODM). In a further
embodiment, the interpolymer is an ethylene/-propylene/
diene terpolymer (EPDM). In a further embodiment, the
diene is 5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).
[0053] In one embodiment, the composition comprises
from 35 to 80 weight percent ethylene, further from 38 to 75
weight percent ethylene, and further from 40 to 70 weight
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percent ethylene, based on the weight of the composition. In
a further embodiment, the ethylene-based polymer is an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, the interpolymer is an ethylene/-propyl-
ene/diene terpolymer (EPDM). In a further embodiment, the
diene is S5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).

[0054] In one embodiment, the composition comprises
from 1.0 to 9.0 weight percent polyene, further from 1.5 to
8.5 weight percent polyene, and further from 2.0 to 8.0
weight percent polyene, based on the weight of the compo-
sition. In a further embodiment, the ethylene-based polymer
is an ethylene/a-olefin interpolymer, and further an ethyl-
ene/a-olefin/nonconjugated polyene interpolymer, and fur-
ther an ethylene/ci-olefin/diene interpolymer (EAODM). In
a further embodiment, the interpolymer is an ethylene/-
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is 5-ethylidene-2-norbornene (ENB). In
another embodiment, the composition comprises two ethyl-
ene-based polymers; and further each polymer is, indepen-
dently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/ci-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0055] In one embodiment, the composition has a rheol-
ogy ratio (V0.1/V100 at 190° C.) greater than, or equal to,
20, further greater than, or equal to, 22. In a further embodi-
ment, the ethylene-based polymer is an ethylene/a-olefin
interpolymer, and further an ethylene/a-olefin/nonconju-
gated polyene interpolymer, and further an ethylene/a-
olefin/diene interpolymer (EAODM). In a further embodi-
ment, the interpolymer is an ethylene/-propylene/diene
terpolymer (EPDM). In a further embodiment, the diene is
5-ethylidene-2-norbornene (ENB). In another embodiment,
the composition comprises two ethylene-based polymers;
and further each polymer is, independently, an ethylene/a-
olefin interpolymer, and further an ethylene/c-olefin/non-
conjugated polyene interpolymer, and further an ethylene/
a-olefin/diene interpolymer (EAODM). In a further
embodiment, each interpolymer is, independently, an ethyl-
ene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).

[0056] In one embodiment, the composition has a rheol-
ogy ratio (V0.1/V100 at 190° C.) less than, or equal to, 80,
further less than, or equal to, 75, further less than, or equal
to, 70. In a further embodiment, the ethylene-based polymer
is an ethylene/a-olefin interpolymer, and further an ethyl-
ene/a-olefin/nonconjugated polyene interpolymer, and fur-
ther an ethylene/ci-olefin/diene interpolymer (EAODM). In
a further embodiment, the interpolymer is an ethylene/-
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is 5-ethylidene-2-norbornene (ENB). In
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another embodiment, the composition comprises two ethyl-
ene-based polymers; and further each polymer is, indepen-
dently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0057] In one embodiment, the composition has a viscos-
ity (0.1 rad/sec at 190° C.) greater than, or equal to, 20,000
Pa-s, further greater than, or equal to, 25,000 Pass. In a
further embodiment, the ethylene-based polymer is an eth-
ylene/a-olefin interpolymer, and further an ethylene/ct-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, the interpolymer is an ethylene/-propyl-
ene/diene terpolymer (EPDM). In a further embodiment, the
diene is 5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).

[0058] In one embodiment, the composition has a viscos-
ity (0.1 rad/sec at 190° C.) less than, or equal to, 200,000
Pa-s, further less than, or equal to, 180,000 Pa-s. In a further
embodiment, the ethylene-based polymer is an ethylene/a-
olefin interpolymer, and further an ethylene/a-olefin/non-
conjugated polyene interpolymer, and further an ethylene/
a-olefin/diene interpolymer (EAODM). In a further
embodiment, the interpolymer is an ethylene/-propylene/
diene terpolymer (EPDM). In a further embodiment, the
diene is 5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).

[0059] In one embodiment, the incorporated oil is present
in an amount greater than, or equal to, 10 wt %, further
greater than, or equal to, 12 wt %, further greater than, or
equal to, 14 wt %, based on the weight of the composition.
In a further embodiment, the ethylene-based polymer is an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, the interpolymer is an ethylene/-propyl-
ene/diene terpolymer (EPDM). In a further embodiment, the
diene is 5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).
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[0060] In one embodiment, the incorporated oil is present
in an amount less than, or equal to, 70 wt %, further greater
than, or equal to, 60 wt %, further greater than, or equal to,
55 wt %, based on the weight of the composition. In a further
embodiment, the ethylene-based polymer is an ethylene/a-
olefin interpolymer, and further an ethylene/c-olefin/non-
conjugated polyene interpolymer, and further an ethylene/
a-olefin/diene interpolymer (EAODM). In a further
embodiment, the interpolymer is an ethylene/-propylene/
diene terpolymer (EPDM). In a further embodiment, the
diene is S5-ethylidene-2-norbornene (ENB). In another
embodiment, the composition comprises two ethylene-based
polymers; and further each polymer is, independently, an
ethylene/a-olefin interpolymer, and further an ethylene/a-
olefin/nonconjugated polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer (EAODM). In a fur-
ther embodiment, each interpolymer is, independently, an
ethylene/propylene/diene terpolymer (EPDM). In a further
embodiment, the diene is 5-ethylidene-2-norbornene (ENB).
[0061] In a one embodiment, the composition comprises
one ethylene-based polymer. In a further embodiment, the
ethylene-based polymer is an ethylene/c-olefin interpoly-
mer, and further an ethylene/c-olefin/nonconjugated poly-
ene interpolymer, and further an ethylene/ci-olefin/diene
interpolymer (EAODM), and further an ethylene/propylene/
diene terpolymer (EPDM). In a further embodiment, the
ethylene-based polymer is present in an amount from 30 to
90 wt %, further from 40 to 90 wt %, based on the weight
of the composition.

[0062] Inanother embodiment, the composition comprises
two ethylene-based polymers. In a further embodiment, each
polymer is, independently, an ethylene/c-olefin interpoly-
mer, and further an ethylene/c-olefin/nonconjugated poly-
ene interpolymer, and further an ethylene/ci-olefin/diene
interpolymer (EAODM). In a further embodiment, each
interpolymer is, independently, an ethylene/propylene/diene
terpolymer (EPDM). In a further embodiment, the diene is
5-ethylidene-2-norbornene (ENB). In a further embodiment,
the two ethylene-based polymers are present in a sum
amount from 30 to 90 wt %, further from 40 to 90 wt %,
based on the weight of the composition.

[0063] In one embodiment, the composition comprises
one ethylene-based polymer. In a further embodiment, the
composition comprises, based on the weight of the compo-
sition, greater than, or equal to, 60 wt %, further greater than,
or equal to, 70 wt %, further greater than, or equal to, 80 wt
%, of the sum weight of the oil and the ethylene-based
polymer. In a further embodiment, the ethylene-based poly-
mer is an ethylene/c-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/ci-olefin/diene interpolymer (EAODM).
In a further embodiment, the interpolymer is an ethylene/-
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is 5-ethylidene-2-norbornene (ENB).
[0064] In one embodiment, the composition comprises
one ethylene-based polymer. In a further embodiment, the
composition comprises, based on the weight of the compo-
sition, greater than, or equal to, 90 wt %, further greater than,
or equal to, 95 wt %, further greater than, or equal to, 99 wt
%, of the sum weight of the oil and the ethylene-based
polymer. In a further embodiment, the ethylene-based poly-
mer is an ethylene/c-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/ci-olefin/diene interpolymer (EAODM).
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In a further embodiment, the interpolymer is an ethylene/-
propylene/diene terpolymer (EPDM). In a further embodi-
ment, the diene is S-ethylidene-2-norbornene (ENB).
[0065] In one embodiment, the composition comprises
two ethylene-based polymers. In a further embodiment, the
composition comprises, based on the weight of the compo-
sition, greater than, or equal to, 60 wt %, further greater than,
or equal to, 70 wt %, further greater than, or equal to, 80 wt
%, of the sum weight of the oil and the two ethylene-based
polymers. In a further embodiment, each polymer is, inde-
pendently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0066] In one embodiment, the composition comprises
two ethylene-based polymers. In a further embodiment, the
composition comprises, based on the weight of the compo-
sition, greater than, or equal to, 90 wt %, further greater than,
or equal to, 95 wt %, further greater than, or equal to, 99 wt
%, of the sum weight of the oil and the two ethylene-based
polymers. In a further embodiment, each polymer is, inde-
pendently, an ethylene/a-olefin interpolymer, and further an
ethylene/a-olefin/nonconjugated polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer (EAODM).
In a further embodiment, each interpolymer is, indepen-
dently, an ethylene/propylene/diene terpolymer (EPDM). In
a further embodiment, the diene is S-ethylidene-2-nor-
bornene (ENB).

[0067] For those compositions comprising two ethylene-
based polymers, as described above, each polymer differs
from the other in one or more properties, including, but not
limited to, Mooney viscosity, Mw, Mn, MWD, V0.1, rhe-
ology ratio (V0.1/V100), ethylene content, and/or polyene
content.

[0068] In one embodiment, an inventive composition fur-
ther comprises at least one stabilizer. Suitable stabilizers
include, but are not limited to, AO and UV stabilizers.
[0069] In one embodiment, the at least one stabilizer is
present in an amount from 0.1 to 1 weight percent, based on
the weight of the composition

[0070] The inventive composition may comprise a com-
bination of two or more embodiments described herein.
[0071] The invention also provides an article comprising
at least one component formed from an inventive composi-
tion described herein. In a further embodiment, the article is
selected from the group consisting of profiles, injection
molded parts, gaskets, shoe components and tubes.

[0072] An inventive article may comprise a combination
of two or more embodiments as described herein.

Ethylene-Base Polymer(s)

[0073] In one embodiment, the composition comprises
one ethylene-based polymer. In a further embodiment, the
ethylene-based polymer is an ethylene/a-olefin interpoly-
mer.

[0074] In one embodiment, the composition comprises
two ethylene-based polymers. In a further embodiment, each
ethylene-based polymer is, independently, an ethylene/a-
olefin Interpolymer.

[0075] The following embodiments apply to one ethylene-
based polymer, or to two ethylene-based polymers.
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[0076] An ethylene/c-olefin interpolymer for the inven-
tive compositions described herein, comprise, in polymerize
form, ethylene, an a-olefin, and, optionally, a polyene and
further a non-conjugated polyene. Suitable examples of
a-olefins include the C3-C20 a-olefins, and preferably pro-
pylene. Suitable examples of nonconjugated polyenes
include the C4-C40 nonconjugated dienes.

[0077] The ca-olefin may be either an aliphatic or an
aromatic compound. The a-olefin is preferably a C3-C20
aliphatic compound, preferably a C3-C16 aliphatic com-
pound, and more preferably a C3-C10 aliphatic compound.
Preferred C3-C10 aliphatic a-olefins are selected from the
group consisting of propylene, 1-butene, 1-hexene and
l-octene, and more preferably propylene. In a further
embodiment, each ethylene/ci-olefin interpolymer is, inde-
pendently, an ethylene/a-olefin/polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer. In a further
embodiment, each interpolymer is, independently, an EPDM
terpolymer. In a further embodiment, the diene is ENB.
[0078] Illustrative nonconjugated polyenes include
straight chain acyclic dienes, such as 1,4-hexadiene and
1,5-heptadiene; branched chain acyclic dienes, such as
5-methyl-1,4-hexadiene, 2-methyl-1,5-hexadiene, 6-methyl-
1,5-heptadiene, 7-methyl-1,6-octadiene, 3,7-dimethyl-1,6-
octadiene, 3,7-dimethyl-1,7-octadiene, 5,7-dimethyl-1,7-oc-
tadiene, 1,9-decadiene, and mixed isomers of
dihydromyrcene; single ring alicyclic dienes such as 1,4-
cyclohexadiene, 1,5-cyclooctadiene and 1,5-cyclododecadi-
ene; multi-ring alicyclic fused and bridged ring dienes, such
as tetrahydroindene, methyl tetrahydroindene; alkenyl, alky-
lidene, cycloalkenyl and cycloalkylidene norbornenes such
as S-methylene-2-norbornene (MNB), 5-ethylidene-2-nor-
bornene (ENB), 5-vinyl-2-norbornene, S-propenyl-2-nor-
bornene, S-isopropylidene-2-norbornene, 5-(4-cyclopente-
nyl)-2-norbornene, and 5-cyclohexylidene-2-norbornene.
The polyene is preferably a nonconjugated diene selected
from the group consisting of ENB, dicyclopentadiene, 1,4-
hexadiene, 7-methyl-1,6-octadiene, and preferably, ENB,
dicyclopentadiene and 1,4-hexadiene, more preferably ENB
and dicyclopentadiene, and even more preferably ENB.
[0079] In one embodiment, each ethylene/ci-olefin inter-
polymer, independently, comprises a majority amount of
polymerized ethylene, based on the weight of the interpoly-
mer. In a further embodiment, each ethylene/c-olefin inter-
polymer is, independently, an ethylene/a-olefin/polyene
interpolymer, and further an ethylene/a-olefin/diene inter-
polymer. In a further embodiment, each interpolymer is,
independently, an EPDM terpolymer. In a further embodi-
ment, the diene is ENB.

[0080] In one embodiment, each ethylene/c-olefin inter-
polymer has a molecular weight distribution (Mw/Mn) from
1.7to 4.5, or from 1.9 to 4.0, or from 2.0 to 3.5. In a further
embodiment, each ethylene/ci-olefin interpolymer is, inde-
pendently, an ethylene/a-olefin/polyene interpolymer, and
further an ethylene/a-olefin/diene interpolymer. In a further
embodiment, each interpolymer is, independently, an EPDM
terpolymer. In a further embodiment, the diene is ENB.
[0081] In one embodiment, each ethylene/a-olefin/non-
conjugated polyene interpolymer has a Mooney viscosity,
ML(1+4) at 125° C., greater than, or equal to, 10, or greater
than, or equal to, 15, or greater than, or equal to 20, or
greater than, or equal to 25. In a further embodiment, each
ethylene/a-olefin interpolymer is, independently, an ethyl-
ene/a-olefin/polyene interpolymer, and further an ethylene/
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a-olefin/diene interpolymer. In a further embodiment, each
interpolymer is, independently, an EPDM terpolymer. In a
further embodiment, the diene is ENB.

[0082] In one embodiment, each ethylene/a-olefin/non-
conjugated polyene interpolymer has a Mooney viscosity,
ML(1+4) at 125° C., less than 300, or less than, or equal to,
200, or less than, or equal to, 150, or less than, or equal to,
100. In a further embodiment, each ethylene/ci-olefin inter-
polymer is, independently, an ethylene/a-olefin/polyene
interpolymer, and further an ethylene/a-olefin/diene inter-
polymer. In a further embodiment, each interpolymer is,
independently, an EPDM terpolymer. In a further embodi-
ment, the diene is ENB.

[0083] The Mooney viscosity for the ethylene-based poly-
mer is that of the neat polymer (or calculated viscosity of
neat polymer for polymers that contain a filler, such as
carbon black, and/or an oil). The neat polymer refers to the
polymer without filler and without oil.

[0084] In one embodiment, each ethylene/ci-olefin inter-
polymer has a number average molecular weight (Mn)
greater than, or equal to, 50,000 g/mole, further greater than,
or equal to 60,000 g/mole, further greater than, or equal to
70,000 g/mole, further greater than, or equal to, 80,000
g/mole. In a further embodiment, each ethylene/ci-olefin
interpolymer is an ethylene/c-olefin/polyene interpolymer,
and further an ethylene/a-olefin/diene interpolymer. In a
further embodiment, each interpolymer is, independently, an
EPDM terpolymer. In a further embodiment, the diene is
ENB.

[0085] In one embodiment, each ethylene/ci-olefin inter-
polymer has a number average molecular weight (Mn) less
than, or equal to, 350,000 g/mole, further less than, or equal
to, 300,000 g/mole, further less than, or equal to, 200,000
g/mole, further less than, or equal to, 100,000 g/mole. In a
further embodiment, each ethylene/a-olefin interpolymer is
an ethylene/a-olefin/polyene interpolymer, and further an
ethylene/a-olefin/diene interpolymer. In a further embodi-
ment, each interpolymer is, independently, an EPDM ter-
polymer. In a further embodiment, the diene is ENB.
[0086] In one embodiment, each ethylene/ci-olefin inter-
polymer has a weight average molecular weight (Mw) less
than, or equal to, 700,000 g/mole, further less than, or equal
to, 600,000 g/mole, further less than, or equal to, 500,000
g/mole. In a further embodiment, each ethylene/ci-olefin
interpolymer is an ethylene/c-olefin/polyene interpolymer,
and further an ethylene/a-olefin/diene interpolymer. In a
further embodiment, each interpolymer is, independently, an
EPDM terpolymer. In a further embodiment, the diene is
ENB.

[0087] In one embodiment, each ethylene/c-olefin inter-
polymer has a weight average molecular weight (Mw)
greater than, or equal to, 100,000 g/mole, further greater
than, or equal to 120,000 g/mole, further greater than, or
equal to 130,000 g/mole, further greater than, or equal to,
150,000 g/mole, further greater than, or equal to, 170,000
g/mole. In a further embodiment, each ethylene/ci-olefin
interpolymer is an ethylene/c-olefin/polyene interpolymer,
and further an ethylene/a-olefin/diene interpolymer. In a
further embodiment, each interpolymer is, independently, an
EPDM terpolymer. In a further embodiment, the diene is
ENB.

[0088] In one embodiment, each ethylene/c-olefin inter-
polymer has a molecular weight distribution (MWD) greater
than, or equal to, 1.8, further greater than, or equal to 1.9,
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further greater than, or equal to 2.0. In a further embodiment,
each ethylene/a-olefin interpolymer is an ethylene/a-olefin/
polyene interpolymer, and further an ethylene/a-olefin/diene
interpolymer. In a further embodiment, the each interpoly-
mer is, independently, an EPDM terpolymer. In a further
embodiment, the diene is ENB.

[0089] In one embodiment, each ethylene/ci-olefin inter-
polymer has a molecular weight distribution (MWD) less
than, or equal to, 3.0, further less than, or equal to, 2.7,
further less than, or equal to, 2.5. In a further embodiment,
each ethylene/a-olefin interpolymer is an ethylene/a-olefin/
polyene interpolymer, and further an ethylene/a-olefin/diene
interpolymer. In a further embodiment, each interpolymer is,
independently, an EPDM terpolymer. In a further embodi-
ment, the diene is ENB.

[0090] An ethylene-based polymer may comprise a com-
bination of two or more embodiments as described herein.
[0091] An ethylene/alpha-olefin interpolymer may com-
prise a combination of two or more embodiments as
described herein.

Oils

[0092] Oils include, but are not limited to, petroleum oils,
such as aromatic and naphthenic oils; polyalkylbenzene oils;
organic acid monoesters, such as alkyl and alkoxyalkyl
oleates and stearates; organic acid diesters, such as dialkyl,
dialkoxyalkyl, and alkyl aryl phthalates, terephthalates,
sebacates, adipates, and glutarates; glycol diesters, such as
tri-, tetra-, and polyethylene glycol dialkanoates; trialkyl
trimellitates; trialkyl, trialkoxyalkyl, alkyl diaryl, and triaryl
phosphates; chlorinated paraffin oils; coumarone-indene res-
ins; pine tars; mineral oils, vegetable oils, such as castor, tall,
rapeseed, and soybean oils and esters and epoxidized deriva-
tives thereof, and the like.

[0093] In one embodiment, the oil is present in an amount
from 5 to 70 weight percent, further from 5 to 60 weight
percent, further from 5 to 50 weight percent, based on the
weight of the composition.

[0094] In one embodiment, the oil is present in an amount
from 10 to 70 weight percent, further from 10 to 60 weight
percent, further from 10 to 55 weight percent, based on the
weight of the composition.

[0095] An oil may comprise a combination of two or more
embodiments as described herein.

Additives

[0096] An inventive composition may comprise one or
more additional additives. Suitable additives include, but are
not limited to, crosslinking agents, fillers, antioxidants, UV
stabilizers, flame retardants, colorants or pigments, foaming
agents and combinations thereof.

Applications

[0097] The compositions of the present invention may be
used to prepare a variety of articles or manufacture, or their
component parts or portions. The inventive compositions
may be converted into a finished article of manufacture by
any one of a number of conventional processes and appa-
ratus. [llustrative processes include, but are not limited to,
extrusion, calendering, compression molding, and other
typical thermoset material forming processes.

[0098] Articles include, but are not limited to, sheets,
foams, molded goods, and extruded parts. Additional articles
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include automotive parts, weather strips, belts, hoses, build-
ing profiles, wire and cable jacketing, flooring materials,
gaskets, tires and tire components, computer parts, building
materials and footwear components. A skilled artisan can
readily augment this list without undue experimentation.

Definitions

[0099] Unless stated to the contrary, implicit from the
context, or customary in the art, all parts and percents are
based on weight, and all test methods are current as of the
filing date of this disclosure.

[0100] The term “composition,” as used herein, includes a
mixture of materials, which comprise the composition, as
well as reaction products and decomposition products
formed from the materials of the composition. Any reaction
product or decomposition product is typically present in
trace or residual amounts.

[0101] The term “polymer,” as used herein, refers to a
polymeric compound prepared by polymerizing monomers,
whether of the same or a different type. The generic term
polymer thus embraces the term homopolymer (employed to
refer to polymers prepared from only one type of monomer,
with the understanding that trace amounts of impurities can
be incorporated into the polymer structure) and the term
interpolymer as defined hereinafter. Trace amounts of impu-
rities, such as catalyst residues, may be incorporated into
and/or within a polymer.

[0102] The term “interpolymer,” as used herein, refers to
polymers prepared by the polymerization of at least two
different types of monomers. The term interpolymer thus
includes the term copolymer (employed to refer to polymers
prepared from two different types of monomers) and poly-
mers prepared from more than two different types of mono-
mers.

[0103] The term “ethylene-based polymer,” as used
herein, refers to a polymer that comprises, in polymerized
form, a majority weight percent of ethylene (based on the
weight of the polymer), and optionally may comprise one or
more comonomers.

[0104] The term “ethylene-based interpolymer,” as used
herein, refers to a polymer that comprises, in polymerized
form, a majority weight percent of ethylene (based on the
weight of the interpolymer), and at least one comonomer.
[0105] The term “ethylene/a-olefin interpolymer,” as used
herein, refers to a polymer that comprises, in polymerized
form, a majority weight percent of ethylene (based on the
weight of the interpolymer), and at least one a-olefin.
[0106] The term “ethylene/a-olefin/polyene interpoly-
mer,” as used herein, refers to a polymer that comprises, in
polymerized form, ethylene, an a-olefin, and a nonconju-
gated polyene. In one embodiment, the “ethylene/a-olefin/
nonconjugated polyene interpolymer” comprises a majority
weight percent of ethylene (based on the weight of the
interpolymer).

[0107] The term “ethylene/a-olefin/diene interpolymer,”
as used herein, refers to a polymer that comprises, in
polymerized form, ethylene, an c-olefin, and a diene. In one
embodiment, the “ethylene/a-olefin/diene interpolymer”
comprises a majority weight percent of ethylene (based on
the weight of the interpolymer).

[0108] The term “ethylene/a-olefin/diene terpolymer,” as
used herein, refers to a polymer that comprises, in polym-
erized form, ethylene, an a-olefin, and a diene, as the only
three monomer types. In one embodiment, the “ethylene/ct-
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olefin/diene terpolymer” comprises a majority weight per-
cent of ethylene (based on the weight of the interpolymer).
[0109] The term, “ethylene/a-olefin copolymer,” as used
herein, refers to a copolymer that comprises, in polymerized
form, a majority amount of ethylene monomer (based on the
weight of the copolymer), and an a-olefin, as the only two
monomer types.

[0110] The term, “propylene-based polymer,” as used
herein, refers to a polymer that comprises, in polymerized
form, a majority amount of propylene monomer (based on
the weight of the polymer), and optionally may comprise
one or more COmMoNomers.

[0111] The term, “propylene/a-olefin copolymer,” as used
herein, refers to a copolymer that comprises, in polymerized
form, a majority amount of propylene monomer (based on
the weight of the copolymer), and an a-olefin, as the only
two monomer types.

[0112] The term, “propylene/ethylene copolymer,” as used
herein, refers to a copolymer that comprises, in polymerized
form, a majority amount of propylene monomer (based on
the weight of the copolymer), and ethylene, as the only two
monomer types.

[0113] The term “incorporated oil,” as used herein, refers
to oil contained within the ethylene-based polymer.

[0114] The term “o0il” is known in the art, and typically
refers to viscous liquid with increased viscosity, as com-
pared to that of water at the same temperature and pressure,
and which oil is typically derived from petroleum. The oil
typically provides lubrication and reduced friction between
moving surfaces of rotational and/or reciprocating mecha-
nisms. The oil can consist of single or multiple components.
Additives might be added to improve lubricity, flow prop-
erties, thermal stability, and/or other properties. Examples of
suitable oils include mineral oils.

[0115] The term “mixture,” as used herein, in reference to
a polymerization process, refers to a composition compris-
ing components of the polymerization (for example, mono-
mer, comonomer(s), solvent, etc.).

[0116] The term “reactor system,” as used herein, refers to
the components (devices) used to polymerize and/or isolate
a polymer. Such components/devices include, but are not
limited to, one or more reactors, one or more mixers, one or
more devolatization units, and one or more exchangers.
[0117] The term “mixer,” as used herein, in reference to a
polymerization process, refers to a device that comprises one
or more mixing elements. Mixing elements include, but are
not limited to, those elements configured to divide and
diverge the effluent entering the mixer.

[0118] The term “downstream,” as used herein, in refer-
ence to a reactor system, refers to the location of a polym-
erization device or isolation device that is located after
another device.

[0119] The term “upstream,” as used herein, in reference
to a reactor system, refers to the location of a polymerization
device or isolation device that is located prior to another
device.

[0120] The term “stirred tank reactor,” as used herein,
refers to a pressure reactor vessel containing one or more
rotating agitators, and/or one or more impellers, on a central
agitator shaft, and which are used to mix the reactor con-
tents. Typically, one or more feed streams introduce the
reactants into the reactor, and an exit stream is used to
withdraw the “reactor effluent.” Typically, one or more
baffles are often installed on the wall of the reactor to
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improve the quality of mixing. Stirred tank reactors are often
jacketed to allow limited addition or removal of heat, but the
amount of heat transfer area is small relative to other reactor
designs, and thus, stirred tank reactors operate principally
adiabatically, particularly at a large industrial scale polym-
erizations. Some stirred tank reactors may contain cooling
coils (for example, see U.S. Pat. No. 2,875,027) to aid in the
remove of the heat of polymerization. Others may be oper-
ated with a gas phase containing a condensable vapor, and
use condensation to remove heat (see, for example, U.S. Pat.
No. 3,968,090).

[0121] The term “loop reactor,” as used herein, refer to a
reactor that comprises a flow loop configuration. Loop
reactors for solution polymerization are well described in
U.S. Pat. No. 5,977,251. These reactors are characterized by
a recycling flow loop, where a pump is used to recirculate
the flow of the polymerization solution through one or more
heat exchangers, which remove the heat of polymerization,
and also through static and/or dynamic mixing elements,
which help homogenize the polymerization solution. Typi-
cally, solvent and monomer feeds are introduced at one or
more points within the loop, using various types of feed
injectors. Typically, one or more catalyst components are
introduced, in a similar fashion, via one or more catalyst
injectors. Static mixers are frequently used downstream of
each feed or catalyst injector, to improve mixing of these
feed streams into the bulk fluid. At some point within the
loop, an exit stream removes the reactor effluent, which is
sent, in turn, to subsequent reactors, or to the devolatilization
section of the isolation process.

[0122] The term “solution polymerization,” as used
herein, refers to a polymerization process, in which the
formed polymer is dissolved in the polymerization solvent.

[0123] The term “continuous solution polymerization,” as
used herein refers to a solution polymerization, in which
monomer, solvent, and catalyst feeds are continually added
to a reactor (for example, stirred tank, loop, pipe tlow, etc.).
Reactor effluent comprising polymer, solvent, catalysts and
unreacted monomers, is continually removed from the reac-
tor. By dividing the volume of the reactor, by the average
volumetric flow rate through the reactor, one can calculate
the residence time, which is the average time a discrete
quantity of reactor feed spends inside the reactor. Continu-
ous solution polymerization is distinct from batch polymer-
ization, where the feeds are introduced prior to polymeriza-
tion, and the reactor contents are removed at or near the end
of polymerization. Semi-batch polymerization is similar to
batch polymerization, but some feeds of monomer or cata-
lyst may be continually added during the course of polym-
erization, while the reactor contents are again removed at or
near the end of the polymerization.

[0124] The term “polymer solution,” as used herein, refers
to the complete dissolution of polymer in one or more
solvents (typically much lower in molecular weight than
polymer) to form a homogeneous (most often in liquid state)
phase. The solution comprises the polymer and solvent, and
may also comprise unreacted monomers and other residuals
of the polymerization reaction.

[0125] The term “solvent,” as used herein, refers to a
substance (for example, a hydrocarbon or a mixture of two
or more hydrocarbons (excluding monomer and comono-
mer)) that dissolves a species of interest, like a monomer
and/or polymer, resulting in a liquid phase.

Nov. 2, 2017

[0126] The term “adiabatic reactor,” as used herein, refers
to a reactor which has no active heat removal mechanism
and no active heat addition mechanism.

[0127] The terms “comprising,” “including,” “having,”
and their derivatives, are not intended to exclude the pres-
ence of any additional component, step or procedure,
whether or not the same is specifically disclosed. In order to
avoid any doubt, all compositions claimed through use of the
term “comprising” may include any additional additive,
adjuvant, or compound, whether polymeric or otherwise,
unless stated to the contrary. In contrast, the term, “consist-
ing essentially of” excludes from the scope of any succeed-
ing recitation any other component, step or procedure,
excepting those that are not essential to operability. The term
“consisting of” excludes any component, step or procedure
not specifically delineated or listed.

Test Methods

Volatile Fraction—Oil Analysis

[0128] The volatile fractions of an oil are determined
according to ASTM D7169. The detector response is
checked (see section 8.5 of ASTM D7169). Gas Chromato-
graphic conditions are listed in Table 1 of ASTM D7169.
Column=100% bonded polydimethylsiloxane column hav-
ing a nominal inside diameter of 0.5 mm and a film thickness
of 0.09 to 0.17 um is used. Injection volume of 1.0 pL.
Solvent is CS,.

[0129] A POLYWAX standard (P655 or P1000) plus
C7-C20 alkanes are used to generate the calibration curve
(Detector response versus retention time) and to verify the
chromatogram against Figure A.1.2 of the standard. Gas
Chromatographic conditions listed in Table 1 of ASTM
D7169. Column=100% bonded polydimethylsiloxane col-
umn having a nominal inside diameter of 0.5 mm and a film
thickness of 0.09 to 0.17 um is used. Injection volume of 1.0
pL. Solvent is CS,. See sections 8.3-8.4 of ASTM D7169.

[0130] Each oil is run using the GC conditions above, to
obtain a chromatogram (detector response versus retention
times) for the oil. About 70-80 mg oil in about 4.9 g solvent
is used as the chromatography sample. A computer software
(for example, SimDis from Agilent) converts retention times
to respective carbon numbers, and converts detector
response to weight fraction of the oil, to generate a “weight
fraction versus carbon number” profile. The computer soft-
ware converts carbon number to boiling point. The results
can be checked against Table 3 of ASTM D7169.

[0131] A reference standard (ASTM D6352/D7169 Ret-
erence Material 5010, available from Sigma-Aldrich) is run
to verify the boiling point distribution of the oil sample. A
computer software (for example, SimDis from Agilent)
converts weight fraction of oil to “cumulative recovery mass
(%).” Generate a “cumulative recovery mass (%) versus
boiling point® profile. See FIGS. 1 and 2. FIG. 2 depicts an
expanded region of FIG. 1.

Mooney Viscosity

[0132] The Mooney viscosity of the polymer [ethylene/a-
olefin/nonconjugated polyene interpolymer (e.g., EPDM)
with no filler and no oil), Mooney Viscosity (ML1+4 at 125°
C.)], is measured in accordance with ASTM 1646-04, with
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a one minute preheat time and a four minute rotor operation
time. The instrument is an Alpha Technologies Rheometer
MDR 2000.

[0133] Mooney viscosity of the composition comprising
the polymer(s) and the 0il(s), Mooney Viscosity (ML1+4 at
125° C.), is measured in accordance with ASTM 1646-04,
with a one minute preheat time and a four minute rotor
operation time. The instrument is an Alpha Technologies
Rheometer MDR 2000.

Gel Permeation Chromatography

[0134] The chromatographic system consisted of either a
Polymer Laboratories Model PL-210 or a Polymer Labora-
tories Model PL-220. The column and carousel compart-
ments were operated at 140° C. The columns were three
Polymer Laboratories, 10-micron Mixed-B columns. The
solvent used was 1,2,4 trichlorobenzene. The samples were
prepared at a concentration of “0.1 gram of polymer in 50
milliliters of solvent.” The solvent used to prepare the
samples contained “200 ppm of butylated hydroxytoluene
(BHT).” Samples were prepared by agitating lightly for two
hours at 160° C. The injection volume was 100 microliters,
and the flow rate was 1.0 milliliters/minute.

[0135] Calibration of the GPC column set was performed
with 21 “narrow molecular weight distribution polystyrene
standards,” with molecular weights ranging from 580 to
8,400,000, arranged in six “cocktail” mixtures, with at least
a decade of separation between individual molecular
weights. The standards were purchased from Polymer Labo-
ratories (Shropshire, UK). The polystyrene standards were
prepared at “0.025 grams in 50 milliliters of solvent” for
molecular weights equal to, or greater than, 1,000 kg/mol,
and “0.05 grams in 50 milliliters of solvent” for molecular
weights less than 1,000 kg/mol. The polystyrene standards
were dissolved at 80 degrees Celsius, with gentle agitation,
for 30 minutes. The narrow standards mixtures were run
first, and in order of decreasing “highest molecular weight”
component to minimize degradation. The polystyrene stan-
dard peak molecular weights were converted to polyethylene
molecular weights wusing the following equation:
Mpolyethylene:Ax(MpoZyS,y,ene)B, where M is the molecular
weight, A has a value of 0.431 and B is equal to 1.0 (as
described in Williams and Ward, J. Polym. Sc., Polym. Let.,
6, 621 (1968)). Polyethylene equivalent molecular weight
calculations were performed using Viscotek TriSEC soft-
ware Version 3.0.

FTIR Method for EPDM Composition Analysis

[0136] The terpolymers containing ethylene, propylene,
and 5-ethylidene-2-norbornene were analyzed using ASTM
D9300 for its ethylene content, and ASTM D6047 for its
ethylidene-norbornene or dicyclopentadiene content.

Dynamic Mechanical Spectroscopy (DMS)

[0137] Small angle oscillatory shear (melt DMS) was
performed using a TA Instruments ARES, equipped with “25
mm parallel plates,” under a nitrogen purge. The time
between sample loading, and beginning of the test, was set
to five minutes for all samples. The experiments were
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performed at 190° C., over a frequency range of 0.1 to 100
rad/s. The strain amplitude was adjusted, based upon the
response of the samples from 1 to 3%. The stress response
was analyzed in terms of amplitude and phase, from which,
the storage modulus (G'), loss modulus (G"), dynamic
viscosity ¥, and tan delta were calculated. Specimens for
Dynamic Mechanical Spectroscopy were “25 mm diameterx
3.3 mm thick” compression molded discs, formed at 180°
C., and 10 MPa molding pressure, for five minutes, and then
quenched between chilled platents (15-20° C.) for two
minutes. The rheology ratio (V0.1/V100 at 190° C.; also
referred to as “RR”) was recorded. A linear molecule (no
detectable long chain branching) typically has a RR of 8 or
less. It is acknowledged that the presence oil in the polymer
can decrease the observed RR, so the following equation is
used to estimate the RR of a polymer (RR,,,;,,.,) from the
RR value of a polymer containing oil RRog popmer)-
RR o 1mer™RR 0% posyme/ (Wt %0 0i1*(-0.01988)+1.0321).

Melt Index

[0138] Melt index (12, or MI) of an ethylene-based poly-
mer is measured in accordance with ASTM D-1238, condi-
tion 190° C./2.16 kg.

Density

[0139]
D-792.

Density is measured in accordance with ASTM

Experimental

Reagents

[0140] All solvents and monomers are first purified using
adsorption beds to remove potential catalyst poisons.

[0141] The solvent was ISOPAR E.
@®
t-Bu
oy
J o
Me Me
Mt
O——F "o
OQO O
t-Bu
b e

F F

(CAT A)
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[0142] CAT A: Hafnium, dimethyl[[2',2"'-[1,3-propanedi-
ylbis(oxy-.kappa.O)|bis[3-[3,6-bis(1,1-dimethylethyl)-
9H-carbazo0l-9-yl]-5'-fluoro-5-(1,1,3,3-tetramethylbutyl)
[1,1'-biphenyl]-2-olato- kappa.O]|(2-)]-, (OC-6-33)-.

(CAT B)

S5O
W

(CAT C)

Cocatalysts

[0143] Cocat 1: (bis-hydrogenatedtallowalkylmethylam-
monium tetrakis-pentafluorophenylborate)—Supplied by
Boulder Scientific.

[0144] Cocat2: (modified methaluminoxane) (MMAO-
3A)—Supplied by Akzo-Nobel.
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Polymerizations
EXAMPLE 1
CSTR
[0146] The polymerization process was depicted in FIG. 3.

The process conditions are shown in Tables 2A and 2B, as
Example 1, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, in one feed, were
fed to a jacketed and stirred tank reactor, through a feed
cooler. Three catalyst components (catalyst and cocatalyst
(s)) were fed to the reactor, separately from the other feeds.
PARALUX 6001 oil was added to the CSTR outlet stream.
The combined stream was then sent through a static mixer,
a heater, and through a pressure control valve, and then to
the devolatilization section of the reactor system.

EXAMPLE 2

CSTR—Loop

[0147] The polymerization process is depicted in FIG. 4.
The process conditions are shown in Tables 2A and 2B, as
Example 2, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, were fed, in one
feed, to a jacketed and stirred tank reactor (CSTR), through
a feed cooler. Three catalyst components (catalyst and
cocatalyst(s)) were fed to the CSTR, separately from the
other feeds. The outlet of the CSTR was sent to a Loop
reactor, along with additional chilled solvent (ISOPAR E),
ethylene, propylene, ENB, and hydrogen. Three catalyst
components (catalyst and cocatalyst(s)) were added to the
Loop reactor, separately from the other feeds. PARALUX
6001 oil was added to the outlet stream of the Loop reactor,
prior to a static mixer, which in turn, was followed by a
heater and a pressure control valve, and then the devolatil-
ization section of the reactor system.

EXAMPLE 3

Loop—CSTR

[0148] The polymerization process is depicted in FIG. 5.

[0145] The oils are listed in Table 1. The process conditions are shown in Tables 2A and 2B, as
TABLE 1
Oils
Volatile Volatile Volatile
Fraction  Fraction  Fraction
Kinematic at 400° C.; at 425° C.; at 500° C.;
Viscosity at atm atm atm
40° C. pressure  pressure  pressure  Amount of Amount of
(ASTM D (ASTM (ASTM (ASTM  Naphthenics Paraffinics
oil 445) D7169)  D7169)  D7169) (Wt %) (Wt %)
PARALUX 116 081 wt% 35wt% 44 wt% 30 70
6001 mm?/sec
116 ¢St
HYDROBRITE 100-125 090 wt% 3.8wt% 52 wt% 30 70
550 mm?/sec
113 ¢St
HYDROBRITE 180-240 256 wt% S5.6wt% 25 wt%
1000 mm?/sec

Each wt % based on the total weight of the oil.
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Example 3, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, were fed, in one
feed, to a Loop reactor through a feed cooler. Three catalyst
components (catalyst and cocatalyst(s)) were fed to the Loop
reactor, separately from the other feeds. The outlet of the
Loop reactor was sent to a CSTR, along with additional
chilled solvent, ethylene, propylene, ENB, and hydrogen.
Three catalyst components (catalyst and cocatalyst(s)) were
fed to the CSTR reactor, separately from the other feeds.
PARALUX 6001 oil was added to the outlet stream of the
CSTR reactor. The combined stream was then sent through
a static mixer, heater, pressure control valve, and then to the
devolatilization section of the reactor system.

EXAMPLE 4

Loop

[0149] This polymerization process is depicted in FIG. 6.
The process conditions are shown in Tables 2A and 2B, as
Example 4, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, were fed, in one
feed, to a “27 gallon” Loop reactor through a feed cooler.
Three catalyst components (catalyst and cocatalyst(s)) were
fed to the reactor, separately from the other feeds.
PARALUX 6001 oil was added to the Loop reactor outlet
stream. The combined stream was then sent through a static
mixer, heater, pressure control valve, and then to the devola-
tilization section of the reactor system.

EXAMPLE 5

Loop—Loop

[0150] This polymerization process is depicted in FIG. 7.
The process conditions are shown in Tables 2A and 2B, as
Example 5, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, were fed, in one
feed, to a Loop reactor, through a feed cooler. Three catalyst
components (catalyst and cocatalyst(s)) were fed to the Loop
reactor, separately from the other feeds. The outlet of the
Loop reactor was sent to a second Loop reactor, along with
additional chilled solvent, ethylene, propylene, ENB, and
hydrogen. Three catalyst components (catalyst and cocata-
lyst(s)) were fed to the CSTR reactor, separately from the
other feeds. PARALUX 6001 oil was added the outlet stream
of the second reactor. The combined stream was then sent
through a static mixer, heater, pressure control valve, and
then to the devolatilization section of the reactor system.

EXAMPLE 6

Loop—Loop

[0151] This polymerization process is depicted in FIG. 7.
The process conditions are shown in Tables 2A and 2B, as
Example 6, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAE E) and hydrogen, were fed, in one
feed, to a Loop reactor, through a feed cooler. Three catalyst
components (catalyst and cocatalyst(s)) were fed to the Loop
reactor, separately from the other feeds. The outlet of the
Loop reactor was sent to a second Loop reactor, along with
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additional chilled solvent, ethylene, propylene, ENB, and
hydrogen. Three catalyst components (catalyst and cocata-
lyst(s)) were fed to the CSTR reactor, separately from the
other feeds. HYDROBRITE 1000 oil was added to the outlet
stream of the second reactor. The combined stream was then
sent through a static mixer, heater, pressure control valve,
and then to the devolatilization section of the reactor system.

EXAMPLE 7

Loop

[0152] This polymerization process is depicted in FIG. 6.
The process conditions are shown in Tables 2A and 2B, as
Example 7, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAR E) and hydrogen, were fed, in one
feed, to a Loop reactor through a feed cooler. Three catalyst
components (catalyst and cocatalyst(s)) were fed to the
reactor, separately from the other feeds. HYDROBRITE 550
oil was added to the Loop reactor outlet stream. The
combined stream was then sent through a static mixer,
heater, pressure control valve, and then to the devolatiliza-
tion section of the reactor system.

EXAMPLE 8

CSTR

[0153] This polymerization process is depicted in FIG. 3.
The process conditions are shown in Tables 2A and 2B, as
Example 8, and product properties are shown in Table 3. The
reactive monomers ethylene, propylene, and ENB, along
with solvent (ISOPAE E) and hydrogen, were fed, in one
feed, to a jacketed and stirred tank reactor, through a feed
cooler. Three catalyst components (catalyst and cocatalyst
(s)) were fed to the reactor, separately from the other feeds.
HYDROBRITE 550 oil was added to the CSTR outlet
stream. The combined stream was then sent through a static
mixer, a heater, and through a pressure control valve and
then to the devolatilization section of the reactor system.

[0154] Polymer properties are shown in Tables 3 and 4. As
seen in the Tables 1-4 below, the inventive polymerizations
can be used to effectively produce oil-extended, high
molecular weight polymers. Oils, rich in low molecular
weight components, generate high concentrations of oil in
the vacuum solvent. Despite being the heaviest of all the oils
considered, HYDROBRITE 1000 produces the highest con-
centrations (wt %) of low molecular weight components, at
400° C. (atm) and 425° C. (atm), than PARALUX 6001 and
HYDROBRITE 550 (see the volatile fractions at 400° C.
and 425° C., each atm pressure). Of the three oils considered
here, PARALUX 6001 is the most appropriate. PARALUX
6001 has the lowest concentration of low molecular weight
components or fraction (wt %) at these temperatures, and
thus, is a preferred oil. These lower molecular weight
components can inadvertently be recycled back to the
polymerization process, during the isolation of the oil-
extended polymer, and thus, can result in undesirable reac-
tions and/or other undesirable effects during the polymer-
ization process.
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TABLE 2A
Polymerization Conditions
Example #
1 2 3 4 5 6 7 8
Catalyst CAT A CAT C CAT A CATA CATB CATB CATA CATA
First Cocatalyst Cocat 1 Cocat 1 Cocat 1 Cocat 1 Cocat 1 Cocat 1  Cocat 1 Cocat 2
Second Cocatalyst Cocat 2 Cocat 2 Cocat 2 Cocat 2 Cocat 2 Cocat 2 Cocat 2 Cocat 2
Reactor Configuration CSTR  CSTR-Loop Loop-CSTR  Loop Loop-Loop Loop-Loop Loop CSTR
First Reactor Temp. [C.] 101 98 120 120 83 84 106 140
First Reactor Pressure [psig] 657 697 577 525 525 526 548 542
First Reactor Solvent Flow [Ib/hr] 181.7 122.5 69.5 173.0 240.0 140.0 250.0 38.7
First Reactor Hydrogen Flow [sccm] 39 29 661 276 163 349 458 15
First Reactor Mon.(C2) Flow [lb/hr] 16.1 8.8 8.7 16.4 13.5 13.0 28.9 3.0
First Reactor Comon. (C3)Flow [lb/hr] 18.1 9.0 6.2 17.7 16.9 14.2 29.3 5.6
First Reactor ENB Flow [lb/hr] 4.0 2.9 1.1 5.2 3.0 2.9 6.2 1.0
Oil Flow [lb/hr] 16.3 13.5 5.0 4.7 14.9 7.6 10.4 0.6
First Reactor Mon. (C2) Conv. [%] 52.1 58.3 76.5 81.5 69.7 67.6 68.6 65.0
First Reactor Production Rate [lb/hr] 15.9 9.9 104 27.0 20.7 17.8 254 3.2
First Reactor log viscosity [log (cp)] 3.88 3.82 2.60 2.51 2.75 3.26 3.05 2.14
First Rnx, Catalyst Flow [PPH] 0.58 0.49 0.34 1.13 0.75 0.59 0.37 0.08
First Rnx, Catalyst Conc. [PPM] 30 50 25 50 23 23 75 74
First Rnx, First Cocatalyst Flow [PPH] 0.21 0.53 0.32 1.52 1.04 0.82 0.44 0.06
First Rnx, First Cocatalyst Conc. [PPM] 819 600 350 500 500 500 500 74
First Rnx, Second Cocatalyst Flow [PPH] 0.38 0.33 0.39 1.53 0.49 0.39 0.66 0.08
First Rnx, Second Cocatalyst-2 conc [PPM] 273 391 98 195 98 98 127 130
TABLE 2B
Polymerization Conditions Continued
Example #
1 2 3 4 5 6 7 8
Catalyst CATA CATC CATA CATA CATB CATB CATA CATA
First Cocatalyst Cocat 1 Cocat1 Cocatl Cocatl Cocat 1 Cocat1  Cocat1l Cocat 1
Second Cocatalyst Cocat 2 Cocat 2 Cocat 2 Cocat 2  Cocat 2 Cocat 2 Cocat 2 Cocat 2
Reactor Configuration CSTR CSTR-  loop- Loop Loop-Loop Loop-Loop Loop  CSTR
Loop CSTR
Second Reactor Temp. [C.] — 150 131 — 103 103 — —
Secondary Reactor Pressure [psig] — 653 600 — 523 523 — —
Secondary Reactor Solvent Flow [lb/hr] — 67.8 110.5 — 180.2 134.6 — —
Secondary Reactor Hydrogen Flow [scem] — 299 609 — 365 549 — —
Second Reactor Mon. Flow [lb/hr] — 84 12.2 — 12.1 11.9 — —
Second Reactor Comon. Flow [lb/hr] — 12.9 6.6 — 13.8 12.6 — —
Second Reactor ENB Flow [lb/hr] — 2.2 2.1 — 2.2 24 — —
Second Reactor Mon. (C2) Conv. [%] — 63.5 53.0 — 68.4 63.5 — —
Second Reactor log viscosity [log (cp)] — 292 3.23 — 2.36 2.69 — —
Second Reactor Production Rate [lb/hr] — 15.3 11.1 — 20.0 17.1 — —
Second Catalyst Flow [PPH] — 0.51 0.48 — 0.96 0.65 — —
Second Rnx, Catalyst Conc. [PPM] — 50 25 — 23 23 — —
Second Rnx, First Cocatalyst Flow [PPH] — 0.57 0.46 — 0.33 0.22 — —
Second Rnx, First Cocatalyst-1Cone. [PPM] — 600 350 — 2000 2000 — —
Second Rnx, — 0.35 0.28 — 0.64 0.44 — —
Second Cocatalyst-2 Flow [PPH]
Second Rnx, — 391 98 — 98 98 — —

Second Cocatalyst conc. [PPM]
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TABLE 3

2nd
Reactor Overall 2nd
Mooney Mooney® Reac- 2nd
(without (with oil) tor Reac-

oil) ML1+ wt% tor
wt % Oil (ML 1 + 4, 4, Pro- wt%
Ex. Oil* Type 125° C.) 125° C.) pylene ENB
1 505 PARALUX 6001 42.2
2 348 PARALUX 6001 21.1
3 189 PARALUX 6001 73.9 26.0 49
4 148 PARALUX 6001 54.3
5 26.8 PARALUX 6001 39.9
6 179 HYDROBITE 37.5
1000
7 29.1 HYDROBRITE 44.3
550
8 15.6 HYDROBRITE 73.7
550

*wt % oil in polymer determined by mass balance: [oil flow (Ib/hr)/(first reactor production
rate (Ib/hr) + second reactor production rate (Ib/hr) + oil flow (Ib/hr))] x 100.
“Overall = ethylene-based polymer plus oil.
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3. The process of claim 1, wherein the mixer is a static
mixer.

4. The process of claim 1, wherein the polymerization is
a solution polymerization.

5. The process of claim 1, wherein the at least one reactor
is a continuous stirred tank reactor or a Loop reactor.

6. The process of claim 1, wherein the mixture further
comprises a polymerization solvent.

7. The process of claim 6, wherein the reactor system
comprises a line for recycled polymerization solvent, and
wherein the recycled polymerization solvent is re-intro-
duced into the at least one reactor.

8. The process of claim 1, wherein the reactor system
comprises two reactors.

9. The process of claim 8, wherein the reactor system
comprises a stirred tank reactor followed by a Loop reactor.

10. The process of claim 1, wherein the difference
between the temperature of the oil and the temperature of at
least one reactor (T,,~T,.,.00,) 18 from 50° C. to 150° C.

TABLE 4
Second Overall®
Rnx (with
Second  Second V0.1 Overall® Overall oil) Overall®

Rnx Rnx  Second Second (190° C., Second (with  “(with Overall® V0.1 (with

wt Overall Overall Rnx Rnx  Second 0.1 Rnx oil) oil) (with  (190° C,, oil)

% Oil Wt. % wt. % Mn Mw Rnx rad/sec) V.U Mn Mw oil) rad/sec) Vo.1/

Ex. Oil* Type Propylene ENB  (g/mol) (g/mol) Mw/Mn Pa - sec V100 (g/mol) (g/mol) Mw/Mn Pa - sec V100

1 505 PARALUX 30.2 2.4 166,604 360,483 2.1 98,432 58.6
6001

2 348 PARALUX 304 5.2 83,089 261,565 3.1 27,344 24.6
6001

3189 PARALUX 142,941 312,756 2.2 149,450 315

6001

4 1438 PARALUX 345 7.7 81,032 215219 2.7 169,350 62.3
6001

5 268 PARALUX 35.2 6.1 66,810 225920 3.4 NA NA
6001

6 179 HYDROBITE 347 6.2 62,730 186,730 3.0 NA NA
1000

7 29.1 HYDROBRITE 274 5.0 87,509 208,894 2.4 64,286 254
550

8 15.6 HYDROBRITE 525 7.0 81,680 282,880 3.5 163,910 56.5
550

*wt % oil in polymer determined by mass balance: [oil flow (Ib/hr)/(first reactor production rate (Ib/hr) + second reactor production rate (Ib/hr) + oil flow (Ib/hr))] x 100.

“Overall = ethylene-based polymer plus oil.

1. A process to form a composition comprising at least one
ethylene-based polymer and at least one oil, said process
comprising the following:

polymerizing a mixture comprising ethylene, and option-
ally one or more comonomers, in a reactor system,
comprising at least one reactor and at least one mixer,
located downstream from the reactor, to form the
ethylene-based polymer; and

wherein the oil is added to the ethylene-based polymer
upstream of the mixer.

2. The process of claim 1, wherein the oil has a volatile
fraction, at 400° C. and atmospheric pressure, less than, or
equal to, 2.0 wt %, based on the total weight of the oil.

11. The process of claim 1, wherein the ethylene-based
polymer is an ethylene/ci-olefin interpolymer.

12. The process of claim 11, wherein the ethylene/c-olefin
interpolymer is an ethylene/a-olefin/diene interpolymer.

13. A composition comprising at least one ethylene-based
polymer and at least one oil formed by the process of claim
1.

14. An article comprising at least one component formed
from the composition of claim 13.

15. A reactor system for a process to form a composition
comprising at least one ethylene-based polymer and at least
one oil, said reactor system comprising at least one reactor,
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at least one mixer, and an oil feed into the ethylene-based
polymer, and wherein the oil feed is located after the reactor
and before the mixer.

#* #* #* #* #*
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