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Description

FIELD OF INVENTION

[0001] The invention relates to a propylene-based composition for use in injection molding applications.

BACKGROUND

[0002] Polyolefin-based polymers, such as propylene-based polymers, are customarily provided in a molten form into
a plunger-type apparatus to produce an injection molded article. The process generally includes the steps of adjusting
a mold, filling a mold with a molten polyolefin-based polymer or other injection material, and cooling the article constructed
therefrom. The injection molding process is known in the art and is used to construct a variety of plastic-based articles,
e.g., packaging materials, automobile parts, furniture, stationery, and toiletries. Injection molded articles sought are
those that provide a desired level of toughness without requiring a lengthy manufacturing time, effected by the process-
ability and crystallization characteristics of the feed polyolefin material.
[0003] Many different types of polymers are known and have been used in injection molding formulations. Exemplary
polyolefin-based polymers and methods of making polymer compositions are disclosed in U.S. Patent Nos. 7,294,681
and 7,524,910. WO Publication No. 2013/134038 discloses a method for producing a polymer blend having at least two
different propylene-based polymers produced in parallel reactors. The multi-modal polymer blend has an Mw of about
10,000 g/mol to about 150,000 g/mol.
[0004] However, there remains a need for a propylene-based formulation for use in an injection molding application
that have good flow properties and crystallization characteristics, as compared to molding formulations that are currently
available. The foregoing and/or other challenges are addressed by the methods and products disclosed herein.

BRIEF DESCRIPTION OF THE FIGURES

[0005]

Figure 1 shows processability parameters for polymer blends for use as injection molding articles.
Figure 2 shows crystallization rate for polymer blends for use as injection molding articles.
Figure 3 shows crystallization time for polymer blends for use as injection molding articles.

SUMMARY

[0006] The present invention is concerned with a polymer composition as defined in claim 1, an article as defined in
claim 13 and a process as defined in claim 14. In one aspect, a polymer blend is provided for use in an injection molded
composition. The polymer blend is made from 45 to 85 wt% of a polymer blend modifier based on the weight of the
polymer blend and from 15 to 55 wt% of a propylene-based elastomer based on the weight of the polymer blend. The
polymer blend modifier comprises a first propylene-based polymer, a homopolymer of propylene or a copolymer of
propylene and ethylene or a C4 to C10 alpha-olefin, and a second propylene-based polymer, a homopolymer of propylene
or a copolymer of propylene and ethylene or a C4 to C10 alpha-olefin. The second propylene-based polymer is different
than the first propylene-based polymer. The polymer blend modifier has a weight average molecular weight of 10,000
to 100,000 g/mole. The propylene-based elastomer has a weight average molecular weight of 100,000 to 300,000 g/mole.
The polymer blend modifier has a melt flow rate, as measured according to ASTM D-1238 (2.16kg at 230°C), of greater
than 1,000 g/10 min to less than 10,000 g/10 min and wherein the propylene-based elastomer has a melt flow rate, as
measured according to ASTM D-1238 (2.16kg at 230°C), of less than 100 g/10 min.

DETAILED DESCRIPTION

[0007] Various specific embodiments of the invention will now be described, including preferred embodiments and
definitions that are adopted herein for purposes of understanding the claimed invention. While the illustrative embodiments
have been described with particularity, it will be understood that various other modifications will be apparent to and can
be readily made by those skilled in the art.
[0008] The inventors have discovered that propylene-based polymers that have a low molecular weight, such as the
propylene based modifiers described herein, can be advantageously used in injection molding formulations and provide
the resulting polymer blend with good flow properties and crystallization characteristics. It is believed that these benefits
are obtained without compromising toughness properties of the resulting injection molded articles that is often seen in
articles made with formulations containing higher-molecular weight polyolefin polymers.
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[0009] As used herein, the term "copolymer" is meant to include polymers having two or more monomers, optionally,
with other monomers, and may refer to interpolymers, terpolymers, etc. The term "polymer" as used herein includes,
but is not limited to, homopolymers, copolymers, terpolymers, etc., and alloys and blends thereof. The term "polymer"
as used herein also includes impact, block, graft, random, and alternating copolymers. The term "polymer" shall further
include all possible geometrical configurations unless otherwise specifically stated. Such configurations may include
isotactic, syndiotactic and random symmetries. The term "blend" as used herein refers to a mixture of two or more
polymers. The term "elastomer" shall mean any polymer exhibiting some degree of elasticity, where elasticity is the
ability of a material that has been deformed by a force (such as by stretching) to return at least partially to its original
dimensions once the force has been removed.
[0010] "Propylene-based" as used herein, is meant to include any polymer comprising propylene, either alone or in
combination with one or more comonomers, in which propylene is the major component (i.e., greater than 50 mol%
propylene).
[0011] The term "monomer" or "comonomer," as used herein, can refer to the monomer used to form the polymer,
i.e., the unreacted chemical compound in the form prior to polymerization, and can also refer to the monomer after it
has been incorporated into the polymer, also referred to herein as a "[monomer]-derived unit". Different monomers are
discussed herein, including propylene monomers, ethylene monomers, and diene monomers.
[0012] "Reactor blend," as used herein, means a highly dispersed and mechanically inseparable blend of two or more
polymers produced in situ as the result of sequential or parallel polymerization of one or more monomers with the
formation of one polymer in the presence of another, or by solution blending polymers made separately in parallel
reactors. Reactor blends may be produced in a single reactor, a series of reactors, or parallel reactors and are reactor
grade blends. Reactor blends may be produced by any polymerization method, including batch, semi-continuous, or
continuous systems. Particularly excluded from "reactor blend" polymers are blends of two or more polymers in which
the polymers are blended ex situ, such as by physically or mechanically blending in a mixer, extruder, or other similar
device.
[0013] The polymers described herein, including the polymer blend modifier and the propylene-based elastomer, may
be prepared using one or more catalyst systems. As used herein, a "catalyst system" comprises at least a transition
metal compound, also referred to as catalyst precursor, and an activator. Contacting the transition metal compound
(catalyst precursor) and the activator in solution upstream of the polymerization reactor or in the polymerization reactor
of the process described above yields the catalytically active component (catalyst) of the catalyst system. Any given
transition metal compound or catalyst precursor can yield a catalytically active component (catalyst) with various acti-
vators, affording a wide array of catalysts deployable in the processes described herein. Catalyst systems useful in the
processes described herein comprise at least one transition metal compound and at least one activator. However,
catalyst systems of the current disclosure may also comprise more than one transition metal compound in combination
with one or more activators. Such catalyst systems may optionally include impurity scavengers. The triad tacticity and
tacticity index of the polymer may be controlled by the catalyst, which influences the stereoregularity of propylene
placement, the polymerization temperature, according to which stereoregularity can be reduced by increasing the tem-
perature, and by the type and amount of a comonomer, which tends to reduce the length of crystalline propylene derived
sequences.

Polymer Blend Modifiers

[0014] The Polymer Blend Modifiers ("PBMs") useful for making the polymer blend for use in the injection molding
article of the invention comprise a first propylene-based polymer, wherein the first propylene-based polymer is a homopol-
ymer of propylene or a copolymer of propylene and ethylene or a C4 to C10 alpha-olefin; and a second propylene-based
polymer, wherein the second propylene-based polymer is a homopolymer of propylene or comprises a comonomer of
ethylene or a C4 to C10 alpha-olefin; wherein the second propylene-based polymer is compositionally different than the
first propylene-based polymer.
[0015] In an embodiment, the PBM has a melt viscosity, measured at 190°C within the range of from about 800 or
1,000 or 5,000 cP to about 10,000 or 15,000 cP. According to the invention, the PBM has a Melt Flow Rate ("MFR",
230°C/2.16 kg) within the range of from about 1,000 or 2,000 g/10 min to about 5,000 or 10,000 g/10 min. The polymer
blend modifier has a weight average molecular weight of 10,000 or 25,000 or 50,000 to 75,000 or 100,000 g/mole.

Methods of Preparing PBMs

[0016] A solution polymerization process for preparing a PBM is generally performed by a system that includes a first
reactor, a second reactor in parallel with the first reactor, a liquid-phase separator, a devolatilizing vessel, and a pelletizer.
The first reactor and second reactor may be, for example, continuously stirred-tank reactors.
[0017] The first reactor may receive a first monomer feed, a second monomer feed, and a catalyst feed. The first
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reactor may also receive feeds of a solvent and an activator. The solvent and/or the activator feed may be combined
with any of the first monomer feed, the second monomer feed, or catalyst feed or the solvent and activator may be
supplied to the reactor in separate feed streams. A first polymer is produced in the first reactor and is evacuated from
the first reactor via a first product stream. The first product stream comprises the first propylene-based polymer, solvent,
and any unreacted monomer. A similar process may be used to produce a second product stream comprising the second
propylene-based polymer, solvent, and any unreacted monomer.
[0018] In any embodiment, the first monomer in the first monomer feed may be propylene and the second monomer
in the second monomer feed may be ethylene or a C4 to C10 olefin. In any embodiment, the second monomer may be
ethylene, butene, hexene, and octene. Generally, the choice of monomers and relative amounts of chosen monomers
employed in the process depends on the desired properties of the first polymer and final PBM. In any embodiment, the
relative amounts of propylene and comonomer supplied to the first reactor may be designed to produce a polymer that
is predominantly propylene, i.e., a polymer that is more than 50 mol% propylene. In another embodiment, the first reactor
may produce a homopolymer of propylene.
[0019] The second propylene-based polymer is different than the first propylene-based polymer. The difference may
be measured, for example, by the comonomer content, heat of fusion, crystallinity, branching index, weight average
molecular weight, and/or polydispersity of the two polymers. In any embodiment, the second propylene-based polymer
may comprise a different comonomer than the first propylene-based polymer or one polymer may be a homopolymer
of propylene and the other polymer may comprise a copolymer of propylene and ethylene or a C4 to C10 olefin. For
example, the first propylene-based polymer may comprise a propylene-ethylene copolymer and the second propylene-
based polymer may comprise a propylene-hexene copolymer. In any embodiment, the second propylene-based polymer
may have a different weight average molecular weight (Mw) than the first propylene-based polymer and/or a different
melt viscosity than the first propylene-based polymer. Furthermore, in any embodiment, the second propylene-based
polymer may have a different crystallinity and/or heat of fusion than the first propylene-based polymer.
[0020] It should be appreciated that any number of additional reactors may be employed to produce other polymers
that may be integrated with (e.g., grafted) or blended with the first and second polymers. Further description of exemplary
methods for polymerizing the polymers described herein may be found in U.S. Patent No. 6,881,800.
[0021] The first product stream and second product stream may be combined to produce a blend stream. For example,
the first product stream and second product stream may supply the first and second polymer to a mixing vessel, such
as a mixing tank with an agitator.
[0022] The blend stream may be fed to a liquid-phase separation vessel to produce a polymer rich phase and a polymer
lean phase. The polymer lean phase may comprise the solvent and be substantially free of polymer. At least a portion
of the polymer lean phase may be evacuated from the liquid-phase separation vessel via a solvent recirculation stream.
The solvent recirculation stream may further include unreacted monomer. At least a portion of the polymer rich phase
may be evacuated from the liquid-phase separation vessel via a polymer rich stream.
[0023] In any embodiment, the liquid-phase separation vessel may operate on the principle of Lower Critical Solution
Temperature (LCST) phase separation. This technique uses the thermodynamic principle of spinodal decomposition to
generate two liquid phases; one substantially free of polymer and the other containing the dissolved polymer at a higher
concentration than the single liquid feed to the liquid-phase separation vessel.
[0024] Employing a liquid-phase separation vessel that utilizes spinodal decomposition to achieve the formation of
two liquid phases may be an effective method for separating solvent from multi-modal polymer PBMs, particularly in
cases in which one of the polymers of the PBM has a weight average molecular weight less than 100,000 g/mol, and
even more particularly between 10,000 g/mol and 60,000 g/mol. The concentration of polymer in the polymer lean phase
may be further reduced by catalyst selection.
[0025] Upon exiting the liquid-phase separation vessel, the polymer rich stream may then be fed to a devolatilizing
vessel for further polymer recovery. In any embodiment, the polymer rich stream may also be fed to a low pressure
separator before being fed to the inlet of the devolatilizing vessel. While in the vessel, the polymer composition may be
subjected to a vacuum in the vessel such that at least a portion of the solvent is removed from the polymer composition
and the temperature of the polymer composition is reduced, thereby forming a second polymer composition comprising
the PBM and having a lower solvent content and a lower temperature than the polymer composition as the polymer
composition is introduced into the vessel. The polymer composition may then be discharged from the outlet of the vessel
via a discharge stream.
[0026] The cooled discharge stream may then be fed to a pelletizer where the PBM is then discharged through a
pelletization die as formed pellets. Pelletization of the polymer may be by an underwater, hot face, strand, water ring,
or other similar pelletizer. Preferably an underwater pelletizer is used, but other equivalent pelletizing units known to
those skilled in the art may also be used. General techniques for underwater pelletizing are known to those of ordinary
skill in the art.
[0027] Exemplary methods for producing useful PBMs are further described in International Publication No.
2013/134038, which is incorporated herein in its entirety. In particular, the catalyst systems used for producing semi-
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crystalline polymers of the PBM may comprise a metallocene compound and activator such as those described in
International Publication No. 2013/134038. Exemplary catalysts may include dimethylsilyl bis(2-methyl-4-phenylindenyl)
zirconium dichloride, dimethylsilyl bis(2-methyl-5-phenylindenyl) hafnium dichloride, dimethylsilyl bis(2-methyl-4-phe-
nylindenyl) zirconium dimethyl, and dimethylsilyl bis(2-methyl-4-phenylindenyl) hafnium dimethyl.

Polymers of the PBMs

[0028] As described herein, the PBM comprises a first propylene-based polymer and a second propylene-based
polymer. Preferred first and/or second propylene-based polymers of the PBM are semi-crystalline propylene-based
polymers. In any embodiment, the polymers may have a relatively low molecular weight, preferably about 100,000 g/mol
or less. In any embodiment, the polymer may comprise a comonomer selected from the group consisting of ethylene
and linear or branched C4 to C20 olefins and diolefins. In any embodiment, the comonomer may be ethylene or a C4 to
C10 olefin.
[0029] In any embodiment, one or more polymers of the PBM may comprise one or more propylene-based polymers,
which comprise propylene and from about 5 mol% to about 30 mol% of one or more comonomers selected from C2 and
C4-C10 α-olefins. In any embodiment, the α-olefin comonomer units may derive from ethylene, butene, pentene, hexene,
4-methyl-1-pentene, octene, or decene. The embodiments described below are discussed with reference to ethylene
and hexene as the α-olefin comonomer, but the embodiments are equally applicable to other copolymers with other α-
olefin comonomers.
[0030] In any embodiment, the one or more polymers of the PBM may include at least about 5 mol%, at least about
6 mol%, at least about 7 mol%, or at least about 8 mol%, or at least about 10 mol%, or at least about 12 mol% ethylene-
derived or hexene-derived units. In those or other embodiments, the copolymers may include up to about 30 mol%, or
up to about 25 mol%, or up to about 22 mol%, or up to about 20 mol%, or up to about 19 mol%, or up to about 18 mol%,
or up to about 17 mol% ethylene-derived or hexene-derived units, where the percentage by mole is based upon the total
moles of the propylene-derived and α-olefin derived units. Stated another way, the propylene-based polymer may include
at least about 70 mol%, or at least about 75 mol%, or at least about 80 mol%, or at least about 81 mol% propylene-
derived units, or at least about 82 mol% propylene-derived units, or at least about 83 mol% propylene-derived units;
and in these or other embodiments, the copolymers may include up to about 95 mol%, or up to about 94 mol%, or up
to about 93 mol%, or up to about 92 mol%, or up to about 90 mol%, or up to about 88 mol% propylene-derived units,
where the percentage by mole is based upon the total moles of the propylene-derived and alpha-olefin derived units. In
any embodiment, the propylene-based polymer may comprise from about 5 mol% to about 25 mol% ethylene-derived
or hexene-derived units, or from about 8 mol% to about 20 mol% ethylene-derived or hexene-derived units, or from
about 12 mol% to about 18 mol% ethylene-derived or hexene-derived units.
[0031] The one or more polymers of the PBM of one or more embodiments are characterized by a melting point (Tm),
which can be determined by differential scanning calorimetry (DSC). For purposes herein, the maximum of the highest
temperature peak is considered to be the melting point of the polymer. A "peak" in this context is defined as a change
in the general slope of the DSC curve (heat flow versus temperature) from positive to negative, forming a maximum
without a shift in the baseline where the DSC curve is plotted so that an endothermic reaction would be shown with a
positive peak.
[0032] In any embodiment, the Tm of the one or more polymers of the PBM (as determined by DSC) may be less than
about 130°C, or less than about 120°C, or less than about 115°C, or less than about 110°C, or less than about 100°C,
or less than about 90°C. In any embodiment, the Tm of the one or more polymers of the PBM may be greater than about
25°C, or greater than about 30°C, or greater than about 35°C, or greater than about 40°C. Tm of the one or more
polymers of the PBM can be determined by taking 5 to 10 mg of a sample of the one or more polymers, equilibrating a
DSC Standard Cell FC at -90°C, ramping the temperature at a rate of 10°C per minute up to 200°C, maintaining the
temperature for 5 minutes, lowering the temperature at a rate of 10°C per minute to -90°C, ramping the temperature at
a rate of 10°C per minute up to 200°C, maintaining the temperature for 5 minutes, and recording the temperature as Tm.
[0033] In one or more embodiments, the crystallization temperature (Tc) of the one or more polymers of the PBM (as
determined by DSC) is less than about 100°C, or less than about 90°C, or less than about 80°C, or less than about
70°C, or less than about 60°C, or less than about 50°C, or less than about 40°C, or less than about 30°C, or less than
about 20°C, or less than about 10°C. In the same or other embodiments, the Tc of the polymer is greater than about
0°C, or greater than about 5°C, or greater than about 10°C, or greater than about 15°C, or greater than about 20°C. In
any embodiment, the Tc lower limit of the polymer may be 0°C, 5°C, 10°C, 20°C, 30°C, 40°C, 50°C, 60°C, and 70°C;
and the Tc upper limit temperature may be 120°C, 110°C, 100°C, 90°C, 80°C, 70°C, 60°C, 50°C, 40°C, 30°C, 25°C,
and 20°C with ranges from any lower limit to any upper limit being contemplated. Tc of the PBM can be determined by
taking 5 to 10 mg of a sample of the polymer blend, equilibrating a DSC Standard Cell FC at -90°C, ramping the
temperature at a rate of 10°C per minute up to 200°C, maintaining the temperature for 5 minutes, lowering the temperature
at a rate of 10°C per minute to -90°C, and recording the temperature as Tc.
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[0034] The polymers suitable for in the PBM are said to be "semi-crystalline," meaning that in general they have a
relatively low crystallinity. The term "crystalline" as used herein broadly characterizes those polymers that possess a
high degree of both inter and intra molecular order, and which preferably melt higher than 110°C, more preferably higher
than 115°C, and most preferably above 130°C. A polymer possessing a high inter and intra molecular order is said to
have a "high" level of crystallinity, while a polymer possessing a low inter and intra molecular order is said to have a
"low" level of crystallinity. Crystallinity of a polymer can be expressed quantitatively, e.g., in terms of percent crystallinity,
usually with respect to some reference or benchmark crystallinity. As used herein, crystallinity is measured with respect
to isotactic polypropylene homopolymer. Preferably, heat of fusion is used to determine crystallinity. Thus, for example,
assuming the heat of fusion for a highly crystalline polypropylene homopolymer is 190 J/g, a semi-crystalline propylene
copolymer having a heat of fusion of 95 J/g will have a crystallinity of 50%. The term "crystallizable" as used herein
refers to those polymers which can crystallize upon stretching or annealing. Thus, in certain specific embodiments, the
semi-crystalline polymer may be crystallizable. The semi-crystalline polymers used in specific embodiments preferably
have a crystallinity of from 2% to 65% of the crystallinity of isotactic polypropylene. In further embodiments, the semi-
crystalline polymers may have a crystallinity of from about 3% to about 40%, or from about 4% to about 30%, or from
about 5% to about 25% of the crystallinity of isotactic polypropylene.
[0035] The semi-crystalline polymer of the PBM can have a level of isotacticity expressed as percentage of isotactic
triads (three consecutive propylene units), as measured by 13C NMR, of 75 mol% or greater, 80 mol% or greater, 85
mol% or greater, 90 mol% or greater, 92 mol% or greater, 95 mol% or greater, or 97 mol% or greater. In one or more
embodiments, the triad tacticity may range from about 75 mol% to about 99 mol%, or from about 80 mol% to about 99
mol%, or from about 85 mol% to about 99 mol%, or from about 90 mol% to about 99 mol%, or from about 90 mol% to
about 97 mol%, or from about 80 mol% to about 97 mol%. Triad tacticity is determined by the methods described in U.S.
Patent Application Publication No. 2004/0236042.
[0036] The semi-crystalline polymer of the PBM may have a tacticity index m/r ranging from a lower limit of 4, or 6 to
an upper limit of 10, or 20, or 25. The tacticity index, expressed herein as "m/r", is determined by 13C nuclear magnetic
resonance ("NMR"). The tacticity index m/r is calculated as defined by H.N. Cheng in Macromolecules, 17, 1950 (1984).
The designation "m" or "r" describes the stereochemistry of pairs of contiguous propylene groups, "m" referring to meso
and "r" to racemic. An m/r ratio of 1.0 generally describes an atactic polymer, and as the m/r ratio approaches zero, the
polymer is increasingly more syndiotactic. The polymer is increasingly isotactic as the m/r ratio increases above 1.0 and
approaches infinity.
[0037] In one or more embodiments, the semi-crystalline polymer of the PBM may have a density of from about 0.85
g/cm3 to about 0.92 g/cm3, or from about 0.86 g/cm3 to about 0.90 g/cm3, or from about 0.86 g/cm3 to about 0.89 g/cm3

at room temperature and determined according to ASTM D-792.
[0038] In one or more embodiments, the semi-crystalline polymer of the PBM can have a weight average molecular
weight (Mw) of from about 5,000 to about 500,000 g/mol, or from about 7,500 to about 300,000 g/mol, or from about
10,000 to about 200,000 g/mol, or from about 25,000 to about 175,000 g/mol.
[0039] Weight-average molecular weight, Mw, molecular weight distribution (MWD) or Mw/Mn (also referred to as
polydispersity index) where Mn is the number-average molecular weight, and the branching index, g’(vis), are charac-
terized using a High Temperature Size Exclusion Chromatograph (SEC), equipped with a differential refractive index
detector (DRI), an online light scattering detector (LS), and a viscometer. Experimental details not shown below, including
how the detectors are calibrated, are described in: T. Sun, P. Brant, R.R. Chance, and W.W. Graessley, Macromolecules,
Volume 34, Number 19, pp. 6812-6820, 2001. In one or more embodiments, the PBM can have a polydispersity index
of from about 1.5 to about 6.
[0040] Solvent for the SEC experiment is prepared by dissolving 6 g of butylated hydroxy toluene as an antioxidant
in 4 L of Aldrich reagent grade 1,2,4 trichlorobenzene (TCB). The TCB mixture is then filtered through a 0.7 mm glass
pre-filter and subsequently through a 0.1 mm Teflon filter. The TCB is then degassed with an online degasser before
entering the SEC. Polymer solutions are prepared by placing the dry polymer in a glass container, adding the desired
amount of TCB, then heating the mixture at 160°C with continuous agitation for about 2 hr. All quantities are measured
gravimetrically. The TCB densities used to express the polymer concentration in mass/volume units are 1.463 g/mL at
room temperature and 1.324 g/mL at 135°C. The injection concentration ranges from 1.0 to 2.0 mg/mL, with lower
concentrations being used for higher molecular weight samples. Prior to running each sample the DRI detector and the
injector are purged. Flow rate in the apparatus is then increased to 0.5 mL/min, and the DRI was allowed to stabilize for
8-9 hr before injecting the first sample. The LS laser is turned on 1 to 1.5 hr before running samples.
[0041] The concentration, c, at each point in the chromatogram is calculated from the baseline-subtracted DRI signal,
IDRI, using the following equation: 
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where KDRI is a constant determined by calibrating the DRI, and dn/dc is the same as described below for the LS analysis.
Units on parameters throughout this description of the SEC method are such that concentration is expressed in g/cm3,
molecular weight is expressed in kg/mol, and intrinsic viscosity is expressed in dL/g.
[0042] The light scattering detector used is a Wyatt Technology High Temperature mini-DAWN. The polymer molecular
weight, M, at each point in the chromatogram is determined by analyzing the LS output using the Zimm model for static
light scattering (M.B. Huglin, Light Scattering from Polymer Solutions, Academic Press, 1971): 

where ΔR(θ) is the measured excess Rayleigh scattering intensity at scattering angle θ, c is the polymer concentration
determined from the DRI analysis, A2 is the second virial coefficient, P(θ) is the form factor for a monodisperse random
coil (described in the above reference), and Ko is the optical constant for the system: 

in which NA is the Avogadro’s number, and dn/dc is the refractive index increment for the system. The refractive index,
n = 1.500 for TCB at 135°C and λ = 690 nm. In addition, A2 = 0.0015 and dn/dc = 0.104 for ethylene polymers, whereas
A2 = 0.0006 and dn/dc = 0.104 for propylene polymers.
[0043] The molecular weight averages are usually defined by considering the discontinuous nature of the distribution
in which the macromolecules exist in discrete fractions i containing Ni molecules of molecular weight Mi. The weight-
average molecular weight, Mw, is defined as the sum of the products of the molecular weight Mi of each fraction multiplied
by its weight fraction wi: 

since the weight fraction wi is defined as the weight of molecules of molecular weight Mi divided by the total weight of
all the molecules present: 

[0044] The number-average molecular weight, Mn, is defined as the sum of the products of the molecular weight Mi
of each fraction multiplied by its mole fraction xi:

since the mole fraction xi is defined as Ni divided by the total number of molecules 

[0045] In the SEC, a high temperature Viscotek Corporation viscometer is used, which has four capillaries arranged
in a Wheatstone Bridge configuration with two pressure transducers. One transducer measures the total pressure drop
across the detector, and the other, positioned between the two sides of the bridge, measures a differential pressure.
The specific viscosity, ηs, for the solution flowing through the viscometer is calculated from their outputs. The intrinsic
viscosity, [η], at each point in the chromatogram is calculated from the following equation: 

where c was determined from the DRI output.
[0046] The branching index (g’, also referred to as g’(vis)) is calculated using the output of the SEC-DRI-LS-VIS method
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as follows. The average intrinsic viscosity, [η]avg, of the sample is calculated by:

where the summations are over the chromatographic slices, i, between the integration limits.
[0047] The branching index g’ is defined as: 

where k = 0.000579 and α = 0.695 for ethylene polymers; k = 0.0002288 and α = 0.705 for propylene polymers; and k
= 0.00018 and α = 0.7 for butene polymers.
[0048] Mv is the viscosity-average molecular weight based on molecular weights determined by the LS analysis: 

[0049] In one or more embodiments, the semi-crystalline polymer of the PBM may have a viscosity (also referred to
a Brookfield viscosity or melt viscosity), measured at 190°C and determined according to ASTM D-3236 from about 100
cP to about 500,000 cP, or from about 100 to about 100,000 cP, or from about 100 to about 50,000 cP, or from about
100 to about 25,000 cP, or from about 100 to about 15,000 cP, or from about 100 to about 10,000 cP, or from about
100 to about 5,000 cP, or from about 500 to about 15,000 cP, or from about 500 to about 10,000 cP, or from about 500
to about 5,000 cP, or from about 1,000 to about 10,000 cP, wherein 1 cP = 1 mPa.sec.
[0050] The polymers that may be used in the injection molding compositions disclosed herein generally include any
of the polymers formed as disclosed in International Publication No. 2013/134038. The triad tacticity and tacticity index
of a polymer may be controlled by the catalyst, which influences the stereoregularity of propylene placement, the po-
lymerization temperature, according to which stereoregularity can be reduced by increasing the temperature, and by
the type and amount of a comonomer, which tends to reduce the length of crystalline propylene derived sequences.

Propylene-Based Elastomers

[0051] The polymer blends used to form the injection molding compositions described herein comprise one or more
propylene-based elastomers ("PBEs"). The PBE comprises propylene and from about 5 to about 25 wt% of one or more
comonomers selected from ethylene and/or C4-C12 α-olefins. The α-olefin comonomer units may be derived from eth-
ylene, butene, pentene, hexene, 4-methyl-1-pentene, octene, or decene. In preferred embodiments the α-olefin is eth-
ylene. In some embodiments, the propylene-based polymer composition consists essentially of propylene and ethylene,
or consists only of propylene and ethylene. The embodiments described below are discussed with reference to ethylene
as the α-olefin comonomer, but the embodiments are equally applicable to other copolymers with other α-olefin comon-
omers. In this regard, the copolymers may simply be referred to as propylene-based polymers with reference to ethylene
as the α-olefin.
[0052] The PBE may include at least about 5 wt%, at least about 6 wt%, at least about 7 wt%, or at least about 8 wt%,
or at least about 9 wt%, or at least about 10 wt%, or at least about 12 wt% ethylene-derived units, where the percentage
by weight is based upon the total weight of the propylene-derived and ethylene-derived units. The PBE may include up
to about 30 wt%, or up to about 25 wt%, or up to about 22 wt%, or up to about 20 wt%, or up to about 19 wt%, or up to
about 18 wt%, or up to about 17 wt% ethylene-derived units, where the percentage by weight is based upon the total
weight of the propylene-derived and ethylene-derived units. In some embodiments, the PBE may comprise from about
5 to about 25 wt% ethylene-derived units, or from about 7 wt% to about 20 wt% ethylene, or from about 9 to about 18
wt% ethylene-derived units, where the percentage by weight is based upon the total weight of the propylene-derived
and ethylene-derived units.
[0053] The PBE may include at least about 70 wt%, or at least about 75 wt%, or at least about 80 wt%, or at least
about 81 wt% propylene-derived units, or at least about 82 wt%, or at least about 83 wt% propylene-derived units, where
the percentage by weight is based upon the total weight of the propylene-derived and α-olefin derived units. The PBE
may include up to about 95 wt%, or up to about 94 wt%, or up to about 93 wt%, or up to about 92 wt%, or up to about
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90 wt%, or up to about 88 wt% propylene-derived units, where the percentage by weight is based upon the total weight
of the propylene-derived and α-olefin derived units.
[0054] The PBE can be characterized by a melting point (Tm), which can be determined by differential scanning
calorimetry (DSC). Using the DSC test method described herein, the melting point is the temperature recorded corre-
sponding to the greatest heat absorption within the range of melting temperature of the sample. When a single melting
peak is observed, that peak is deemed to be the "melting point." When multiple peaks are observed (e.g., principal and
secondary peaks), then the melting point is deemed to be the highest of those peaks. It is noted that at the low-crystallinity
end at which elastomers are commonly found, the melting point peak may be at a low temperature and be relatively flat,
making it difficult to determine the precise peak location. A "peak" in this context is thus defined as a change in the
general slope of the DSC curve (heat flow versus temperature) from positive to negative, forming a maximum without
a shift in the baseline where the DSC curve is plotted so that an endothermic reaction would be shown with a positive peak.
[0055] The Tm of the PBE (as determined by DSC) may be less than about 115°C, or less than about 110°C, or less
than about 100°C, or less than about 95°C, or less than about 90°C. In some embodiments, the PBE may have two
melting peaks as determined by DSC. In other embodiments, the PBE may have a single melting peak as determined
by DSC.
[0056] The PBE may be characterized by its heat of fusion (Hf), as determined by DSC. The PBE may have an Hf
that is at least about 0.5 J/g, or at least about 1.0 J/g, or at least about 1.5 J/g, or at least about 3.0 J/g, or at least about
4.0 J/g, or at least about 5.0 J/g, or at least about 6.0 J/g, or at least about 7.0 J/g. The PBE may be characterized by
an Hf of less than about 75 J/g, or less than about 70 J/g, or less than about 60 J/g, or less than about 50 J/g, or less
than about 45 J/g, or less than about 40 J/g, or less than about 35 J/g, or less than about 30 J/g, or less than 25 J/g.
[0057] The DSC procedures for determining Tm and Hf of the PBE include the following. The polymer is pressed at
a temperature of from about 200°C to about 230°C in a heated press, and the resulting polymer sheet is hung, under
ambient conditions, in the air to cool. About 6 to 10 mg of the polymer sheet is removed with a punch die. This 6 to 10
mg sample is annealed at room temperature for about 80 to 100 hours. At the end of this period, the sample is placed
in a DSC (Perkin Elmer Pyris One Thermal Analysis System) and cooled to about -30°C to about -50°C and held for 10
minutes at that temperature. The sample is heated at 10°C/min to attain a final temperature of about 200°C. The sample
is kept at 200°C for 5 minutes. Then a second cool-heat cycle is performed. Events from both cycles are recorded. The
thermal output is recorded as the area under the melting peak of the sample, which typically occurs between about 0°C
and about 200°C. It is measured in Joules and is a measure of the Hf of the polymer.
[0058] Preferably, the PBE has crystalline regions interrupted by non-crystalline regions. The non-crystalline regions
can result from regions of non-crystallizable propylene segments, the inclusion of comonomer units, or both. In one or
more embodiments, the PBE has a propylene-derived crystallinity that is isotactic, syndiotactic, or a combination thereof.
In a preferred embodiment, the PBE has isotactic sequences. The presence of isotactic sequences can be determined
by NMR measurements showing two or more propylene derived units arranged isotactically. Such isotactic sequences
can, in some cases be interrupted by propylene units that are not isotactically arranged or by other monomers that
otherwise disturb the crystallinity derived from the isotactic sequences.
[0059] The PBE can have a triad tacticity of three propylene units (mmm tacticity), as measured by 13C NMR, of 75%
or greater, 80% or greater, 85% or greater, 90% or greater, 92% or greater, 95% or greater, or 97% or greater. In one
or more embodiments, the triad tacticity may range from about 75 to about 99%, or from about 80 to about 99%, or from
about 85 to about 99%, or from about 90 to about 99%, or from about 90 to about 97%, or from about 80 to about 97%.
Triad tacticity is determined by the methods described in U.S. Patent No. 7,232,871.
[0060] The PBE may have a tacticity index m/r ranging from a lower limit of 4 or 6 to an upper limit of 8 or 10 or 12.
The tacticity index, expressed herein as "m/r", is determined by 13C nuclear magnetic resonance ("NMR"). The tacticity
index, m/r, may be calculated as defined by H. N. Cheng in Vol. 17, MACROMOLECULES, pp. 1950-1955 (1984). The
designation "m" or "r" describes the stereochemistry of pairs of contiguous propylene groups, "m" referring to meso and
"r" to racemic. An m/r ratio of 1.0 generally describes a syndiotactic polymer, and an m/r ratio of 2.0 describes an atactic
material. An isotactic material theoretically may have a ratio approaching infinity, and many by-product atactic polymers
have sufficient isotactic content to result in ratios of greater than 50.
[0061] The PBE may have a % crystallinity of from about 0.5% to about 40%, or from about 1% to about 30%, or from
about 5% to about 25%, determined according to DSC procedures.
[0062] The comonomer content and sequence distribution of the polymers can be measured using 13C nuclear magnetic
resonance (NMR) by methods well known to those skilled in the art. Comonomer content of discrete molecular weight
ranges can be measured using methods well known to those skilled in the art, including Fourier Transform Infrared
Spectroscopy (FTIR) in conjunction with samples by GPC, as described in Wheeler and Willis, Applied Spectroscopy,
1993, Vol. 47, pp. 1128-1130. For a propylene ethylene copolymer containing greater than 75 wt% propylene, the
comonomer content (ethylene content) of such a polymer can be measured as follows: A thin homogeneous film is
pressed at a temperature of about 150°C or greater, and mounted on a Perkin Elmer PE 1760 infrared spectrophotometer.
A full spectrum of the sample from 600 cm-1 to 4000 cm-1 is recorded and the monomer weight percent of ethylene can
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be calculated according to the following equation: Ethylene wt% = 82.585 - 111.987X + 30.045X2, where X is the ratio
of the peak height at 1155 cm-1 and peak height at either 722 cm-1 or 732 cm-1, whichever is higher. For propylene
ethylene copolymers having 75 wt% or less propylene content, the comonomer (ethylene) content can be measured
using the procedure described in Wheeler and Willis. Reference is made to U.S. Patent No. 6,525,157 which contains
more details on GPC measurements, the determination of ethylene content by NMR and the DSC measurements.
[0063] The PBE may have a density of from about 0.85 g/cm3 to about 0.92 g/cm3, or from about 0.86 g/cm3 to about
0.90 g/cm3, or from about 0.86 g/cm3 to about 0.89 g/cm3 at room temperature, as measured per the ASTM D-792 test
method.
[0064] The PBE can have a melt index (MI) (ASTM D-1238, 2.16 kg @ 190°C), of less than or equal to about 100
g/10 min, or less than or equal to about 50 g/10 min, or less than or equal to about 25 g/10 min, or less than or equal to
about 10 g/10 min, or less than or equal to about 9.0 g/10 min, or less than or equal to about 8.0 g/10 min, or less than
or equal to about 7.0 g/10 min.
[0065] The PBE may have a melt flow rate (MFR), as measured according to ASTM D-1238 (2.16 kg weight @ 230°C),
greater than about 1 g/10 min, or greater than about 2 g/10 min, or greater than about 5 g/10 min, or greater than about
8 g/10 min, or greater than about 10 g/10 min. According to the present invention, the PBE has an MFR less than about
100 g/10 min, or less than about 75 g/10 min, or less than about 50 g/10 min. In some embodiments, the PBE may have
an MFR from about 1 to about 100 g/10 min, or from about 2 to about 75 g/10 min, or from about 5 to about 50 g/10 min.
[0066] The PBE may have a g’ index value of 0.95 or greater, or at least 0.97, or at least 0.99, wherein g’ is measured
at the Mw of the polymer using the intrinsic viscosity of isotactic polypropylene as the baseline. For use herein, the g’
index is defined as: 

where ηb is the intrinsic viscosity of the polymer and ηl is the intrinsic viscosity of a linear polymer of the same viscosity-
averaged molecular weight (Mv) as the polymer. ηl = KMvα, K and α are measured values for linear polymers and should
be obtained on the same instrument as the one used for the g’ index measurement.
[0067] The PBE may have a weight average molecular weight (Mw) of from about 100,000 to about 300,000 g/mol,
or from about 150,000 to about 250,000 g/mol, or from about 150,000 to about 200,000 g/mol.
[0068] The PBE may have a number average molecular weight (Mn) of from about 2,500 to about 2,500,000 g/mol,
or from about 5,000 to about 500,000 g/mol, or from about 10,000 to about 250,000 g/mol, or from about 25,000 to about
200,000 g/mol.
[0069] The PBE may have a Z-average molecular weight (Mz) of from about 10,000 to about 7,000,000 g/mol, or from
about 50,000 to about 1,000,000 g/mol, or from about 80,000 to about 700,000 g/mol, or from about 100,000 to about
500,000 g/mol.
[0070] The molecular weight distribution (MWD, equal to Mw/Mn) of the PBE may be from about 1 to about 40, or
from about 1 to about 15, or from about 1.8 to about 5, or from about 1.8 to about 3.
[0071] Optionally, the propylene-based polymer compositions may also include one or more dienes. In embodiments
where the propylene-based polymer compositions comprises a diene, the diene may be present at from 0.05 wt% to
about 6 wt% diene-derived units, or from about 0.1 wt% to about 5.0 wt% diene-derived units, or from about 0.25 wt%
to about 3.0 wt% diene-derived units, or from about 0.5 wt% to about 1.5 wt% diene-derived units, where the percentage
by weight is based upon the total weight of the propylene-derived, alpha-olefin derived, and diene-derived units.
[0072] In one or more embodiments, the PBE can optionally be grafted (i.e., "functionalized") using one or more grafting
monomers. As used herein, the term "grafting" denotes covalent bonding of the grafting monomer to a polymer chain
of the PBE. The grafting monomer can be or include at least one ethylenically unsaturated carboxylic acid or acid
derivative, such as an acid anhydride, ester, salt, amide, imide, acrylates or the like. Illustrative monomers include but
are not limited to acrylic acid, methacrylic acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, mesaconic acid,
maleic anhydride, 4-methyl cyclohexene-1,2-dicarboxylic acid anhydride, bicyclo(2.2.2)octene-2,3-dicarboxylic acid an-
hydride, 1,2,3,4,5,8,9,10-octahydronaphthalene-2,3-dicarboxylic acid anhydride, 2-oxa-1,3-diketospiro(4.4)nonene, bi-
cyclo(2.2.1)heptene-2,3-dicarboxylic acid anhydride, maleopimaric acid, tetrahydrophthalic anhydride, norbornene-2,3-
dicarboxylic acid anhydride, nadic anhydride, methyl nadic anhydride, himic anhydride, methyl himic anhydride, and 5-
methylbicyclo(2.2.1)heptene-2,3-dicarboxylic acid anhydride. Other suitable grafting monomers include methyl acrylate
and higher alkyl acrylates, methyl methacrylate and higher alkyl methacrylates, acrylic acid, methacrylic acid, hydroxy-
methyl methacrylate, hydroxyl-ethyl methacrylate and higher hydroxy-alkyl methacrylates and glycidyl methacrylate.
Maleic anhydride is a preferred grafting monomer. In one or more embodiments, the grafted PBE comprises from about
0.5 to about 10 wt% ethylenically unsaturated carboxylic acid or acid derivative, more preferably from about 0.5 to about
6 wt%, more preferably from about 0.5 to about 3 wt%; in other embodiments from about 1 to about 6 wt%, more
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preferably from about 1 to about 3 wt%. In a preferred embodiment, wherein the graft monomer is maleic anhydride, the
maleic anhydride concentration in the grafted polymer is preferably in the range of about 1 to about 6 wt%, preferably
at least about 0.5 wt%, and highly preferably about 1.5 wt%.
[0073] In an embodiment, the PBE is a dual-reactor blend of a first polymer component and a second polymer com-
ponent. In some embodiments, the comonomer content of the PBE can be adjusted by adjusting the comonomer content
of the first polymer component, adjusting the comonomer content of second polymer component, and/or adjusting the
ratio of the first polymer component to the second polymer component present in the propylene-based polymer compo-
sition. In such embodiments, the first polymer component may comprise propylene and ethylene and have an ethylene
content of greater than 10 wt% ethylene, or greater than 12 wt% ethylene, or greater than 13 wt% ethylene, or greater
than 14 wt% ethylene, or greater than 15 wt% ethylene, and an ethylene content that is less than 20 wt% ethylene, or
less than 19 wt% ethylene, or less than 18 wt% ethylene, or less than 17 wt% ethylene, or less than 16 wt% ethylene,
where the percentage by weight is based upon the total weight of the propylene-derived and ethylene derived units of
the first polymer component. In such embodiments, the second polymer component may comprise propylene and ethylene
and have an ethylene content of greater than 2 wt% ethylene, or greater than 3 wt% ethylene, or greater than 4 wt%
ethylene, or greater than 5 wt% ethylene, or greater than 6 wt% ethylene, and an ethylene content that is less than 10
wt% ethylene, or less than 9.0 wt% ethylene, or less than 8 wt% ethylene, or less than 7 wt% ethylene, or less than 6
wt% ethylene, or less than 5 wt% ethylene, where the percentage by weight is based upon the total weight of the
propylene-derived and ethylene derived units of the second polymer component. In such embodiments, the PBE may
comprise from 3 to 25 wt% of the second polymer component, or from 5 to 20 wt% of the second polymer component,
or from 7 to 18 wt% of the second polymer component, or from 10 to 15 wt% of the second polymer component, and
from 75 to 97 wt% of the first polymer component, or from 80 to 95 wt% of the first polymer component, or from 82 to
93 wt% of the first polymer component, or from 85 to 90 wt% of the first polymer component, based on the weight of the PBE.
[0074] The PBE are preferably prepared using homogeneous conditions, such as a continuous solution polymerization
process in parallel reactors. Exemplary methods for the preparation of propylene-based polymer may be found in U.S.
Patent Nos. 6,881,800; 7,803,876; 8,013,069; and 8,026,323 and PCT Publications WO 2011/087729; WO 2011/087730;
and WO 2011/087731. The catalyst systems used for producing the PBE may comprise a metallocene compound, such
as the catalyst used to prepare a PBM described above.
[0075] Suitable PBEs for use in the present invention include some Vistamaxx™ grades available from ExxonMobil
Chemical, including Vistamaxx™ 6000 series.

Polymer Blends

[0076] Polymer blends according to the present invention comprise at least one PBM and at least one PBE. The blend
may comprise from about 45 or 55 or 60 to about 70 or 80 or 85 wt% PBM based on the polymer blend. The blend may
comprise from about 15 or 25 or 35 to about 45 or 55 wt% PBE based on the polymer blend. The polymer blends can
be made by dry-blending a PBE with a PBM or by metering the components directly into an extruder at the desired ratio.
[0077] The polymer blends comprising at least one PBM and at least one PBE can advantageously exhibit good flow
properties and crystallization characteristics. For example, the polymer blend may advantageously exhibit decreased
mixer torque, which indicates a higher flow rate and improved processability. For example, the polymer blend may exhibit
a mixer torque of less than 1,500 Nm, or less than 1,400 Nm, or less than 1,300 Nm, or less than 1,200 Nm, or less than
1,100 Nm, or less than 1,000 Nm. The mixer torque may be measured while mixing the polymer blend in a Brabender
mixer for 10 minutes with a 50 rpm rotor rate at 120°C.
[0078] In some embodiments, the polymer blends may also exhibit advantageous crystallization characteristics. Higher
crystallization rates and lower crystallization times can lead to shorter manufacturing time when making injection molded
articles. The difference in the onset crystallization temperature and the crystallization temperature of the polymer blend
can be used to indicate the crystallization rate of the polymer blend. In some embodiments, the polymer blend exhibits
a Tonset-Tc value of less than 12 °C, or less than 10 °C, or less than 9 °C. The Tonset and Tc may be measured as
described in the Examples herein.
[0079] The polymer blends described herein are can be used as molten feed material for injection molding apparatuses
generally known in the art to construct a variety of plastic-based articles, e.g., packaging materials, automobile parts,
furniture, stationery, and toiletries. It should be appreciated that the formulations of the present disclosure, while being
well suited for use as injection molding articles, may also find utility in other applications as well.
[0080] In some embodiments, the polymer blends are used to form an injection molded article by a process that
generally includes the steps of adjusting a mold, filling a mold with a the molten polymer blend, and cooling the article
constructed therefrom. For example, the molten polymer blend may be injected into the mold at an injection speed of
between 2 and 10 seconds. After injection, the material is packed or held at a predetermined time and pressure to make
the part dimensionally and aesthetically correct. Typical time periods are from 5 to 25 seconds and pressures from 1,380
kPa to 10,400 kPa. The mold is cooled, for example, between 10 °C and 70 °C. The temperature will depend on the
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desired gloss and appearance desired for the injection molded article. Typical cooling times are from 10 to 30 seconds,
depending on article’s thickness. Finally, the mold is opened and the shaped article is ejected.
[0081] The polymer blends useful for injection molded articles may further comprises one or more additive components
in addition to the PBM and PBE components described above. Various additives may be present to enhance a specific
property or may be present as a result of processing of the individual components. Additives which may be incorporated
include, but are not limited to, fire retardants, antioxidants, plasticizers, pigments, vulcanizing or curative agents, vul-
canizing or curative accelerators, cure retarders, processing aids, flame retardants, tackifying resins, flow improvers,
and the like. Antiblocking agents, coloring agents, lubricants, mold release agents, nucleating agents, reinforcements,
and fillers (including granular, fibrous, or powder-like) may also be employed. Nucleating agents and fillers may improve
the rigidity of the article.

EXAMPLES

[0082] Table 1 provides the Polymer Blend Modifiers (A to D) and Propylene-Based Elastomers (E to G) used to
prepare the Polymer Blends of the present invention. Table 2 provides the composition of each Polymer Blend (i.e., by
amount of Polymer Blend Modifier and Propylene-Based Elastomer). The PBMs and PBEs used in the examples were
prepared using a solution polymerization process in parallel reactors having a metallocene-based catalyst. The Blends
of Table 2 were prepared by mixing the respective amount of modifier and elastomer components at 50 rpm rotor rate
for 10 minutes at 120°C in a Brabender mixer. Figures 1 to 3 report the processability parameters and crystallization
characteristics of a Polymer Blend having 15 to 95 wt% of Propylene-Based Elastomer H and 5 to 85 wt% of Polymer
Blend Modifiers A to D, respectively. While only the properties of Propylene-Based Elastomer H are reported in the
Figures, it is expected that the other PBEs of Table 1 would display similar processability and crystallization properties.
[0083] Figure 1 shows processability parameters for polymer blends for use as injection molding articles. The torque
of the mixer was measured for each of the Polymer Blends, as reported in Nm, during the 10 minute mixing process
described above (50 rpm rotor rate at 120°C) used to prepare the blends. In the examples of the invention, a Brabender
mixer was used as a torque rheometer to measure the difficulty of mixing the respective polymer blend. The torque of
the mixer may be correlated to the viscosity of the polymer blend, and hence processability of the polymer blend. Low
mixer torque generally indicates a higher flow and therefore improved processability of the polymer blend. Figure 1
shows that mixer torque favorably decreases with the increase in the amount of PBM in the Polymer Blend for PBM A
through PBM D. Specifically, the mixer torque for polymer blends having about 20 wt% PBM was about 800 to about
1,500 Nm, for blends having about 45 wt% PBM was about 500 to about 1,100 Nm, and for blends having about 85 wt%
PBM was about 100 to about 300 Nm. Figure 1 shows that the lowest mixer torque was obtained for PBM A, consistent
with Table 1 which indicates that PBM has the lowest Mw of all the blend modifiers evaluated in the examples.
[0084] Figures 2 and 3 report crystallization characteristics of the Polymer Blends. These characteristics are related
to the manufacturing time of the injection molding process, as the higher the crystallization rate and lower the crystallization
time, the shorter the manufacturing time becomes. Figures 2 and 3 show that PBMs B and C generally displayed lower
Tonset-Tc and tset values than the other PBMs evaluated in the examples.
[0085] Figure 2 shows crystallization rate for polymer blends. Crystallization rates were measured by Differential
Scanning Calorimeter (DSC). Each Polymer Blend was melted at 200°C for 5 minutes and then cooled at the rate of
10°C/minute. Tonset-Tc reported in Figure 2 indicates the rate of crystallization. The lower the Tonset-Tc value, the less
time the respective Polymer Blend took to reach a maximum crystallization rate. Figure 2 shows that crystallization rate
favorably increases with the increase in the amount of PBM in the Polymer Blend. Specifically, the Tonset-Tc value for
polymer blends having about 20 wt% PBM was about 10 to about 15°C, for blends having about 45 wt% PBM was about
6 to about 9°C, and for blends having about 85 wt% PBM was about 6 to about 7°C.
[0086] Figure 3 shows crystallization time for polymer blends for use as injection molding articles. Crystallization times
were measured by DSC. Each Polymer Blend was cooled to 25°C at the rate of 200°C/minute after holding at 200°C
for 5 minutes. The temperature was then held at 25°C constantly. The time for the Polymer Blend to crystallize completely
was recorded as tset. Figure 3 shows that crystallization time favorably decreases with the increase in the amount of
PBM in the Polymer Blend after stabilizing, confirming the findings of Figure 2. Specifically, the tset value for polymer
blends having about 20 wt% PBM was about 170 to about 210°C, for blends having about 45 wt% PBM was about 130
to about 160°C, and for blends having about 85 wt% PBM was about 120 to about 150°C.

Table 1

Polymer Blend 
Components

Estimated Melt Flow Rate, g/10 
min

Ethylene Content, 
wt% Mw, g/mol Mw/Mn

Polymer Blend Modifier A >1,000 4.01 27,600 2.36
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[0087] Certain embodiments and features have been described using a set of numerical upper limits and a set of
numerical lower limits. It should be appreciated that ranges from any lower limit to any upper limit are contemplated
unless otherwise indicated. Certain lower limits, upper limits, and ranges appear in one or more claims below. All
numerical values are "about" or "approximately" the indicated value, and take into account experimental error and
variations that would be expected by a person having ordinary skill in the art.
[0088] To the extent a term used in a claim is not defined above, it should be given the broadest definition persons in
the pertinent art have given that term as reflected in at least one printed publication or issued patent.

Claims

1. A composition comprising:

a polymer blend of from 45 to 85 wt% of a polymer blend modifier based on the polymer blend and from 15 to
55 wt% of a propylene-based elastomer based on the polymer blend,
wherein the polymer blend modifier comprises

a first propylene-based polymer, wherein the first propylene-based polymer is a homopolymer of propylene
or a copolymer of propylene and ethylene or a C4 to C10 alpha-olefin, and
a second propylene-based polymer, wherein the second propylene-based polymer is a homopolymer of
propylene or a copolymer of propylene and ethylene or a C4 to C10 alpha-olefin,
wherein the second propylene-based polymer is different than the first propylene-based polymer; and

(continued)

Polymer Blend 
Components

Estimated Melt Flow Rate, g/10 
min

Ethylene Content, 
wt% Mw, g/mol Mw/Mn

Polymer Blend Modifier B >1,000 9.92 44,900 2.44

Polymer Blend Modifier C >1,000 9.98 36,800 2.82

Polymer Blend Modifier D >1,000 6.57 29,300 2.19

Propylene-Based 
Elastomer E

5 9.19 257,900 2.02

Propylene-Based 
Elastomer F

10 7.41 195,300 2.07

Propylene-Based 
Elastomer G

5 13.26 231,200 2.06

Propylene-Based 
Elastomer H

20 12.35 136,500 2.02

Table 2

Polymer Blend Polymer Blend Modifier, wt% Propylene-based Elastomer, wt%

1 5 95

2 15 85

3 25 75

4 35 65

5 45 55

6 65 35

7 85 15
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wherein the polymer blend modifier has a weight average molecular weight of 10,000 to 100,000 g/mole and
wherein the propylene-based elastomer has a weight average molecular weight of 100,000 to 300,000 g/mole,
wherein the polymer blend modifier has a melt flow rate, as measured according to ASTM D-1238 (2.16kg at
230°C), of greater than 1,000 g/10 min to less than 10,000 g/10 min and wherein the propylene-based elastomer
has a melt flow rate, as measured according to ASTM D-1238 (2.16kg at 230°C), of less than 100 g/10 min.

2. The composition of claim 1, wherein the mixer torque for the polymer blend is reduced by 1 to 2% for every 1 wt%
increase in the amount of the polymer blend modifier in the polymer blend.

3. The composition of any preceding claim, wherein the propylene-based elastomer comprises propylene and from 5
to 25 wt% units derived from one or more C2 or C4-C12 alpha-olefins and has a triad tacticity greater than 90% and
a heat of fusion less than 75 J/g.

4. The composition of any preceding claim, wherein the polymer blend modifier is a dual reactor blend.

5. The composition of any preceding claim, wherein the polymer blend modifier is a solution blend.

6. The composition of any preceding claim, wherein the first propylene-based polymer of the polymer blend modifier
comprises a copolymer of propylene and ethylene, and the second propylene-based polymer of the polymer blend
modifier comprises a copolymer of propylene and ethylene.

7. The composition of any preceding claim, wherein the first propylene-based polymer of the polymer blend modifier
and the second propylene-based propylene polymer of the polymer blend modifier have a difference in heat of fusion
of at least 10 J/g.

8. The composition of any preceding claim, wherein the propylene-based elastomer is a reactor blend of a first polymer
component and a second polymer component.

9. The composition of claim 8, wherein the first polymer component comprises propylene and ethylene and has an
ethylene content in the range of 10 wt% to 20 wt% based on the weight of the first polymer component.

10. The composition of claims 8 or 9, wherein the second polymer component comprises propylene and ethylene and
has an ethylene content in the range of 2 wt% to 10 wt%, based on the weight of the second polymer component.

11. The composition of claims 8 to 10, wherein the propylene-based elastomer comprises from 3 to 25 wt% of the
second polymer component, based on the weight of the propylene-based elastomer.

12. The composition of any preceding claim, wherein the polymer blend modifier has a polydispersity index of 1.5 to 6.

13. An injection molded article comprising the composition of any preceding claim.

14. A process comprising:
molding the composition of any of the claims 1 to 12 by the use of an injection molding machine.

Patentansprüche

1. Zusammensetzung, die
Polymergemisch aus 45 bis 85 Gew.% Polymergemischmodifizierungsmittel, bezogen auf das Polymergemisch,
und 15 bis 55 Gew.% Elastomer auf Propylenbasis umfasst, bezogen auf das Polymergemisch,
wobei das Polymergemischmodifizierungsmittel

erstes Polymer auf Propylenbasis, wobei das erste Polymer auf Propylenbasis Homopolymer von Propylen
oder Copolymer von Propylen und Ethylen oder C4- bis C10-alpha-Olefin ist, und
zweites Polymer auf Propylenbasis umfasst, wobei das zweite Polymer auf Propylenbasis Homopolymer von
Propylen oder Copolymer von Propylen und Ethylen oder C4-bis C0-alpha-Olefin ist,
wobei das zweite Polymer auf Propylenbasis sich von dem ersten Polymer auf Propylenbasis unterscheidet, und
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wobei das Polymergemischmodifizierungsmittel ein durchschnittliches Molekulargewicht (Gewichtsmittel) von 10
000 bis 100 000 g/Mol aufweist und das Elastomer auf Propylenbasis ein durchschnittliches Molekulargewicht
(Gewichtsmittel) von 100 000 bis 300 000 g/Mol aufweist,
wobei das Polymergemischmodifizierungsmittel eine Schmelzflussrate, gemessen gemäß ASTM D-1238 (2,16 kg
bei 230°C) größer als 1000 g/10 Min bis kleiner als 10 000 g/10 Min aufweist, und wobei das Elastomer auf Propy-
lenbasis eine Schmelzflussrate, gemessen gemäß ASTM D-1238 (2,16 kg bei 230°C), kleiner als 100 g/10 Min
aufweist.

2. Zusammensetzung nach Anspruch 1, bei der das Drehmoment des Mischers für das Polymergemisch für jeden
Anstieg der Menge des Polymergemischmodifizierungsmittels in dem Polymergemisch von 1 Gew.% um 1 bis 2 %
reduziert wird.

3. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das Elastomer auf Propylenbasis Propylen
und 5 bis 25 Gew.% von einem oder mehreren C2- oder C4- bis C12-alpha-Olefinen abgeleitete Einheiten umfasst
und eine Triadentaktizität größer als 90 % sowie eine Schmelzwärme kleiner als 75 J/g aufweist.

4. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das Polymergemischmodifizierungsmittel
ein Doppelreaktorgemisch ist.

5. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das Polymergemischmodifizierungsmittel
ein Lösungsgemisch ist.

6. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das erste Polymer auf Propylenbasis des
Polymergemischmodifizierungsmittels Copolymer von Propylen und Ethylen umfasst, und das zweite Polymer auf
Propylenbasis des Polymergemischmodifizierungsmittels Copolymer von Propylen und Ethylen umfasst.

7. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das erste Polymer auf Propylenbasis des
Polymergemischmodifizierungsmittels und das zweite Propylenpolymer auf Propylenbasis des Polymergemisch-
modifizierungsmittels einen Unterschied in der Schmelzwärme von mindestens 10 J/g aufweisen.

8. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das Elastomer auf Propylenbasis ein Re-
aktorgemisch einer ersten Polymerkomponente und einer zweiten Polymerkomponente ist.

9. Zusammensetzung nach Anspruch 8, bei der die erste Polymerkomponente Propylen und Ethylen umfasst und
einen Ethylengehalt im Bereich von 10 Gew.% bis 20 Gew.% aufweist, bezogen auf das Gewicht der ersten Poly-
merkomponente.

10. Zusammensetzung nach Anspruch 8 oder 9, bei der die zweite Polymerkomponente Propylen und Ethylen umfasst
und einen Ethylengehalt im Bereich von 2 Gew.% bis 10 Gew.% aufweist, bezogen auf das Gewicht der zweiten
Polymerkomponente.

11. Zusammensetzung nach den Ansprüchen 8 bis 10, bei der das Elastomer auf Propylenbasis 3 bis 25 Gew.% der
zweiten Polymerkomponente umfasst, bezogen auf das Gewicht des Elastomers auf Propylenbasis.

12. Zusammensetzung nach einem der vorhergehenden Ansprüche, bei der das Polymergemischmodifizierungsmittel
einen Polydispersitätsindex von 1,5 bis 6 aufweist.

13. Spritzgegossener Artikel, der die Zusammensetzung gemäß einem der vorhergehenden Ansprüche umfasst.

14. Verfahren, bei dem
die Zusammensetzung gemäß einem der Ansprüche 1 bis 12 durch Verwendung einer Spritzgießmaschine geformt
wird.

Revendications

1. Composition comprenant :
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un mélange de polymères composé de 45 à 85 % en poids d’un modificateur de mélange de polymères sur la
base du mélange de polymères et de 15 à 55 % en poids d’un élastomère à base de propylène sur la base du
mélange de polymères,
le modificateur de mélange de polymères comprenant

un premier polymère à base de propylène, le premier polymère à base de propylène étant un homopolymère
de propylène ou un copolymère de propylène et d’éthylène ou d’une alpha-oléfine en C4-10, et
un deuxième polymère à base de propylène, le deuxième polymère à base de propylène étant un homo-
polymère de propylène ou un copolymère de propylène et d’éthylène ou d’une alpha-oléfine en C4-10,
le deuxième polymère à base de propylène étant différent du premier polymère à base de propylène ; et

le modificateur de mélange de polymères possédant un poids moléculaire moyen en poids de 10 000 à 100
000 g/mole et l’élastomère à base de propylène possédant un poids moléculaire moyen en poids de 100 000
à 300 000 g/mole,
le modificateur de mélange de polymères possédant une vitesse d’écoulement à l’état fondu, telle que mesurée
selon la norme ASTM D-1238 (2,16 kg à 230 °C), de plus de 1 000 g/10 min jusqu’à moins de 10 000 g/10 min
et l’élastomère à base de propylène possédant une vitesse d’écoulement à l’état fondu, telle que mesurée selon
la norme ASTM D-1238 (2,16 kg à 230 °C), de moins de 100 g/10 min.

2. Composition selon la revendication 1, le couple du mélangeur pour le mélange de polymères étant réduit de 1 à 2
% pour chaque 1 % en poids d’augmentation de la quantité du modificateur de mélange de polymères dans le
mélange de polymères.

3. Composition selon une quelconque revendication précédente, l’élastomère à base de propylène comprenant du
propylène et de 5 à 25 % en poids de motifs issus d’une ou plusieurs alpha-oléfines en C2 ou en C4-12 et possédant
tacticité de triade supérieure à 90 % et une chaleur de fusion inférieure à 75 J/g.

4. Composition selon une quelconque revendication précédente, le modificateur de mélange de polymères étant un
mélange de réacteur double.

5. Composition selon une quelconque revendication précédente, le modificateur de mélange de polymères étant un
mélange en solution.

6. Composition selon une quelconque revendication précédente, le premier polymère à base de propylène du modi-
ficateur de mélange de polymères comprenant un copolymère de propylène et d’éthylène, et le deuxième polymère
à base de propylène du modificateur de mélange de polymères comprenant un copolymère de propylène et d’éthy-
lène.

7. Composition selon une quelconque revendication précédente, le premier polymère à base de propylène du modi-
ficateur de mélange de polymères et le deuxième polymère à base de propylène du modificateur de mélange de
polymères possédant une différence dans la chaleur de fusion d’au moins 10 J/g.

8. Composition selon une quelconque revendication précédente, l’élastomère à base de propylène étant un mélange
de réacteur d’un premier composant de polymère et d’un deuxième composant de polymère.

9. Composition selon la revendication 8, le premier composant de polymère comprenant du propylène et de l’éthylène
et possédant une teneur en éthylène dans la plage de 10 % en poids à 20 % en poids sur la base du poids du
premier composant de polymère.

10. Composition selon la revendication 8 ou 9, le deuxième composant de polymère comprenant du propylène et de
l’éthylène et possédant une teneur en éthylène dans la plage de 2 % en poids à 10 % en poids, sur la base du poids
du deuxième composant de polymère.

11. Composition selon les revendications 8 à 10, l’élastomère à base de propylène comprenant de 3 à 25 % en poids
du deuxième composant de polymère, sur la base du poids de l’élastomère à base de propylène.

12. Composition selon une quelconque revendication précédente, le modificateur de mélange de polymères possédant
un indice de polydispersité de 1,5 à 6.
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13. Article moulé par injection comprenant la composition selon une quelconque revendication précédente.

14. Procédé comprenant :
le moulage de la composition selon l’une quelconque des revendications 1 à 12 par l’utilisation d’une machine de
moulage par injection.
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