
WO 2009/067337PCT/US2008/082599 LONG CHAIN BRANCHED PROPYLENE-ALPHA-OLEFIN
COPOLYMERS CROSS-REFERENCE CE  TO RELATED APPLICATIONS       This application
claims the benefit of U.S. Provisional Application No. 60/988,999, filed November 19, 2007, which
application is fully incorporated herein by reference. .FIELD OF THE INVENTION 10001.1This
invention relates to propylene polymers, In one aspect, theelates to propylene polymers having long
chain branching (LCB) while another aspect, the ates to propylene polymers made in a high
temperature, solution process using a mposition comprising a Group 4 metal complex of a polyvalent
arylox.yether. BACKGROUND OF THE INVENTION 100021Propylene polymers, both homonolymers
and copolymers, are well known in the art, and their methods of preparation and uses are many and
varied, Depending upon, among other things, their compositional content (e.g., the nature and quantity
of the monomer(s) from which the polymer is made), structure (e.g., the manner in which the units
derived from the monomers arrange themselves into or onto a polymer chain), etc., the propylene
polymer will have desirable or undesirable properties for a :riven application. One property, actually a
combination of properties, important to processors of propylene polymers is processability,  e.g., the
shear thinning behavior and melt strength of the polymer in a melted state. [00931One class of
propylene copolymers is that described in USE 6,525,157. These ethylene-propylene copolymers,
when produced in the presence of a metallocene catalyst and an activator, in a single steady state
reactor, show a balance of flexural modulus, tensile strength and elasticity. These copolymers are
substantially free of diene-derived units, and exhibit softness, tensile strength and elasticity,
[00041Another, more interesting class of propylene copolymers that exhibit a wide range  of desirable
properties is that described in USP 6,960,635. These polymers are eharaet as comprising at least
about 60 weight percent (wt %) of units derived from propylene, about 0.1-35 wt % of units derived
from ethylene, and 0 to about 35 wt % of units derived from one or more unsaturated comonomers,
with the proviso that the combined weight percent of units derived from ethylene and the unsaturated
comonomer does not exceed about 40. These copolymers are also characterized as having at least
one of the following properties:  (i) 13 C NMR peaks corresponding to a region-error at about 14.6 and
about 15.7 ppm, the  peaks of about equal intensity, and (it) a skewness index, Si,,, greater than about
-1.20. 10005]While the processability of these and other propylene polymers is good, a continuing
interest in making it better exists, particularly with respect to shear thinning and melt strength.
Increasing these attributes of processability increases the rate at which the polymer can be processed
into film, fiber, extruded or injection molded articles and the like, 



10006}One method of increasing the prooessability of a polymer is through the use of additives, e.g.,
calcium stearate, a fluoro-clastomer, etc. This method, however, simply adds to the expense of the
process, and these additives can build-up on the extrusion surfaces of the processing equipment.
[0007]Another method is to introduce long chain branching into the structure of the polymer. While
long chain branching in polypropylene is known, it is typically the result of post-polymerization
modification of the polymer chain, e.g., subjecting the polypropylene to c-beam radiation, azide
coupling, etc. To introduce long chain branching into the polypropylene backbone during
polymerization usually requires the use of a dime or other chain extender, Polypropylene containing
long chain branching as a result of in-reactor polymerization without the use of a chain extender,e.g., a
diene, is not commercially practiced. SUMMARY  [0007a]In a first aspect, there is provided a
substantially isotactic propylene interpolymer having long chain branching and propylene chain
segments having a chain isolacticity triad index of at least 70 mole percent and comprising (A) at least
60 weight percent (wt%) units derived from propylene, and (B) between 1 and 40 wt% units derived
from ethylene, the propylene interpolymer characterized by a g' ratio, as defined in the experimental
part of the description, of less than 1 measured at interpolymer number average molecular weight
(Mn), and wherein the isotactic propylene interpolymer is free of diene-containing comonomers
[0007b]In a second aspect, there is provided an article comprising the propylene interpolymer as
defined above. [0007c]In a third aspect, there is provided the fiber as defined above in the form of a
core/sheath fiber in which the substantially isotactic propylene inteipolymer comprises an outer surface
layer. [0007d]In a fourth aspect, there is provided a crosslinked, substantially isotactic propylene
interpolymer as defined above. 10007e1In a fifth aspect, there is provided a blend comprising the
substantially isotactic propylene interpolymer as defined above and at least one other polymer.
100081In one embodiment the disclosure is a substantially isotactic propylene interpolymer having
long chain branching, and comprising (A) at least 60 weight percent (wt%) units derived from
propylene, and (B) between greater than zero and 40 wt% units derived from ethylene, the propylene
inte,rpolymer further characterized by at least one of the following properties: (I) a g' ratio of less than
1, preferably less than 0.95, more preferabiy less than 0.85 and even more preferably less than 0.80,
measured at interpolymer number average molecular weight (Mn.), (2) a relative compositional drift of
less than 50%, and (3) propylene chain segments having a chain isotacticity triad index of at least 70
mole percent. In another embodiment, the isota.ctic propylene interpolymer is characterized by at least
two of properties (1), (2) and (3) and in another embodiment, the isotactic propylene interpolymer is
characterized by properties (1), (2) and (3).  WO 2009/067337PCT/US2008/082599 



100091In other embodiments, the isotactie propylene mterpolyrners are further characterized at least
one of (4) an intrinsic viscosity is less than 0.35 at a logo weight average molecular weight of 5.5, and
(5) a degree of strain hardening of between greater than 1.2 and 20. in one embodiment, the isotactic
propylene interpolymers are characterized by both (4) and (5). [0010]In other embodiments, the
isotactic propylene internolymersare further characterized by at least one of the following properties:
(a) A weight average molecular weight (Mw) of at least 50,000 grams per (glmol) (b) An Niwilvin of less
than 4; (c) A critical shear rate at the onset of surface melt fracture (0S- lel) of at least 4,000 sec; (e)An
ho/I2 at 230C greater than or equal to (>) 5.63; A nominal weight percent crystallinity from greatet than
0 to 40 wt%; and, preferably, (g)A single melting point as measured by differential scanning
calorimetry (DSC). [01111 In still another embodiment, the disclosure is a process of polymerizing
propylene and at least one of ethylene and a C4-30 a-olefin under continuous Solution polymerization
conditions in the presence of a catalyst composition comprising a hafnium complex cf a
polyvalentaryloxyether.The catalyst includes an activating coeatalyst, and the polymerization
conditions typically include a temperature from 120 to 250C and a pressure from 100 lePa to 300 MPa;
The process for making the propylene interpolymers of this disclosure does not require the use of a
diene or other chain extender. [0012] The propylene-interpolymers of this disclosure exhibit higher
shear thinning     ior, higher melt strengths and improved processing as compared to propylene
interpolymers of like composition and structure but without long chain branching. These improvements
have commercial value in extrusion applications like blown and profile extrusion (e.g., improved bubble
stability, improved shape retention and reduced surface melt fracture). These improvements allow for
the processing of these polymers at higher production rates for extruded articles including film, fiber,
sheet, tube and other shaped  



profiles. Other commercial applications include wire and cable (thermoplastic and crosslinked),
blow-molding, biaxial)); oriented polypropylene (BOPP), mono- and co-extruded blown films, mono-
and co-extruded cast films, elastic non-woven fibers, mono-filament, and hi-component fibers arid
foams (both thermoplastic and crosslinked). Still other commercial applications for the propylene
interpolymers of this disclosure include as a component in polyolefin dispersions, in blends with
various polyethylenes (e.g., high density polyethylene), impact modification of various polymers,
tie-layers in film structures (particularly after graft-functionalization), and as additives to and/or as
blend components for various polymer compositions to improve one or more properties (e.g.,
paintability, softness, stiffness, etc.) of the compositions* BRIEF DESCRIPTION OF THE DRAWINGS
[0013]Figure I is a log-log graph reporting dynamic mechanical rheology (DIAS) comparisons between
Comparative Example 1 and inventive Examples 1 and 4.     41Figure 2 is a Mark-Houwink plot of the
log intrinsic viscosity agsinst he log molecular weight of Comparative Example I and inventive
Examples 1-3 [0015]Figure 3 is a graph reporting the melt strength data (force vs. velocity) of
Comparative ample I and Inventive Examples 1-4. [9016]FiTares 4A and 4B are graphs reporting
extruder processing conditions (torque vs. screw speed) of Comparative Example 3 and Inventive
Examples 1-3. [0017]Figure _ is a graph reporting the extrusion performance (torque vs* screw speed)
of Comparative Examplesand Inventive Example 7. SjFigures 6A-6C are micrographs of the surface of
tubing extruded from the polymers of Comparative Examples 4-5 and Inventive Example 7,
respectively. [00191Figures 7A-7B are bar graphs reporting long ttrm blocking (as unconfined yield
strength) of Comparative Example 6 and inventive Exam),and Comparative Example 6 and Inventive
Examples 11-14, respectively, [0020]Figures SA-8C are gel permeation chromatograph (GPC)/Fouritir
Transform Infrared (MR) spectrographs showing the ethylene content lieTSUS logio molecular weight
of inventive samples 15 and 16, respectively, and comparative sample CE8, 



[0021]Figures 9A and 9B illustrate the extensional viscosity fixture used in the Examples.  WO
2009/067337PCT/US2008/082599 10022jFigure 10 is an extension,l v':scosity plot Tneasured at
180C. for co example CE1. [0023111 is an extensional viscosity plot measured at 80"C for sample 1
and at a reactor temperature of 130C. 190241Figure 12 is an extensional viscosity plot measured at
180C for sample 4 and at a or n165C. [0025]Figure 13 is an extensional viscosity plot measured at
ISO C. for comparative example CE TAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
261All references to the Periodic Table of the Elements shall refer to the Periodic Table of the
Elements,. published and copyrighted by CRC Press, inc., 2003. Also, any references to a Group or
Groups shall be to the Group or Groups reflected in this Periodic Table of the Elements using the
RIPAC system for numbering groups. 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. For purposes of United States patent practice, the contents of any
referenced U.S. patent, allowed U.S. patent application, or U.S.' patent application publication are
incorporated by re [00271 The numerical ranges in this disclosure are approximate, and thus may
include values outside of the range unless otherwise indicated. Numerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that there is a
separation of at least two units between any lower value and any higher value. As an example, if a
compositional, physical or other property, such as, for example, molecular weight, monomer content,
melt flow rate, etc., is from 100 to 1,000., it is intended that all individual values, such as 100, 101,
102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly enumerated,
For ranges containing values that are less than one or containing fractional numbers greater than one
(e.g., I 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges
containing single digit numbers less than ten (e.g., I to 5), one unit is typically considered to be 0.1.
These are only examples of what is specifically intended, and all possible combinations of numerical
values between the lowest value and the highest value enumerated, are to he considered to be
expressly stated in this disclosure. Numerical ranges arc provided with' is disclosure for,  among other
things, ethylene content, long chain branching, isotacticity, molecular weight, melt flow rate and
various process parameters. 100281The term "or", unless stated otherwise, refers to the listed
members individually as well as in any combination. 



100291As used with respect to a chemical compound, unless specifically indicated otherwise, the
singular includes all isomeric forms and vice versa (for example, "hexane", includes all isomers of
hexane individually or collectively). The terms "compound" and "complex" are used interchangeably to
refer to organic-, inorganic- and organometal compounds. The term, "atom" refers to the smallest
constituent of an element regardless of ionic state, that is, -Whether or not the same bears a charge or
partial charge or is bonded to another atom. The term "heteroatorn" refers to an atom other than
carbon or hydrogen. Preferred heteroatoms include: F, Cl, Br, N, 0, P. B, Si, Si, Sb"kl, Sn, As, Sc and
Ge. The term "amorphous" refers to a polymer lacking a crystalline melting point as determined by
differential scanning calorimetry (DSC) or equivalent technique, [00301The term, "hydrocarbyr refers
to univalent substiments containing only hydrogen and carbon atoms, including branched or
unbranched, saturated or unsaturated, cyclic, poiycyclic or noncyclic species. Examples include alkyl-,
cycloalkyl-, alkenyl-, cycloalkenyl-, cycloalkadienyl-, aryl-, and alkynyi- groups. "Substituted
hydrocarbyr refers to a hydrocarbyl group that is substituted with one or more nonhydrocarbyl
substituent groups. The terms, "heteroatom containing hydrocarbyl" or "heterohydrocarbyl" refer to
univalent groups in which at least one atom other than hydrogen or carbon is present along with one or
more carbon atoms and one or more hydrogen atoms. The term "heterocarb3d" refers to groups
containing one or more carbon atoms and one or more heteroatoms, but without any hydrogen atoms.
The bond between the carbon atom and any heteroatom as well as the bonds between any two
hetematoms, may be a single or multiple covalent bond or a coordinating or other donative bond.Thus,
an alkyl group substituted with a heterocycloalkyl-,aryl-substitutedheterocycloalkyl-,h etero aryl
-,alkyl-substituted heteroaryl-, alkoxy-, aryloxy-, dihydrociuhylliory]-, dihydrocarbylphosphino-,
dihydrocarbylamino-, trihydrocarbylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- group is within the
scope of the term heteroalkyl, Examples of specific heteroalkyl groups include cyanomethyl-,
benzoylniethyl-, (2-pyridyl)methyl-, and trilluoromethyl- groups.  WO
2009/067337PCT/US2008/082599 [0031]The termrefers to a polyatomic, cyclic, conjugated ri
containing (46+2) it-electrons, wherein 6 is an integer greater than or equal to 1. The term "fused" as
used with respect to a ring system containing two or more polyatornic, cyclic rings means that with
respect to at least two of its rings, at least one pair of adjacent atoms is included in both rings. The
term "aryl" refers to a monovalent aromatic substituent which may be a single aromatic ring or multiple
aromatic rings which are fused together, linked covalently, or linked to a common group such as a
methylene or ethylene moiety. Examples of aromatic ring(s) include phenyl, na phthyl, anthracenyl,
and biphenyl, among others. 10032]"Substituted aryl'group in which one or more hydrogen atoms
bound to any carbon is replaced by one or more functional groups such as alkyl, substituted alkyl,
cycloalkyi, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalo (for
example, CF3), hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and both saturated and
unsaturated cyclic hydrocarbons which are fused to the aromatic rings), linked covalendy or linked to a
common group such as a methylene or ethylene moiety. The common linking group may also be a
carbonyl as in benzophenone, or oxygen as in diphenylether, or nitrogen as in diphenylamine.
[00331"polymer blend" and like terms mean a composition of two or more polymers. Such a blend may
or may not be miscible. S.a blend may or may nt be phase separated. Such a blend may or may not
contain one or more domain configurations, as determined from transmission electron spectroscopy,
light scattering, x-ray scattering, and any other method known in the LIM [00341The term
"polymer"refers to a macromolecular compound prepared by or more monomers. A polymer refers
topolymers, copolymers, terpotymers, intcrpolymers, and so on. The term "interpolymer" is used
interchangeably with the term copolymer to refer to polymers incorporating in polymerized form at least
two different copoiymerizable monomers. The least prevalent monomer or monomers in the resulting
interpolymer are generally referred to by the term "comonomer". The chain. length of the resulting long
chain branches referred. to above, is consequently longer than the carbon length resulting from
polymerization of any deliberately added comonomer, and in particular, is longer than I carbon for
propylene/ethylene copolymers. The presence of long chain branching may also be detected by the
increased shear sensitivity of the polymer, as  disclosed in EP-A-608,369, and elsewhere, or
determined by Melt Index Ratio (MIR), a ratio 



of polymer melt viscosities measured under differing loads, especially[0035]Differential scanning
calorimetry. (DSC) is a common technique that can be used to examine the melting and crystallization
of semi-crystalline polymers. General principles of DSC measurements and applications of DSC to
studying semi-crystalline polymers are described in standard texts (for instance, E. A. Turi, ed.,
"Thermal Characterization of Polymeric Materials", Academic Press, 1981), [0036]The term
"crystallinity" refers to the regularity of the arrangement of atoms or molecules forming a crystal
structure. Polymer crystallinity can be examined using DSC: - I'm, means the temperature at which the
melting ends and means the peak melting temperature, both as determined by one of ordinary skill in
the art from DSC analysis using data from the final heating step. One suitable method for DSC
analysis uses a model Q1000Tm DSC from TA Instruments, Inc. Calibration of the DSC is performed
in the following manner. First, a baseline is obtained by heating the cell front -90C to 290C without any
sample in the aluminum DSC pan. Then 7 milligrams of a fresh indium sample is analyzed by heating
the sample to 1.80C, cooling the sample to 140C at a cooling rate of 10Chnin followed by keeping the
sample isothermally at 140C for 1 minute, followed by heating the sample from 140C to 180C at a.
heating rate of 10C/mm. The heat of fusion and the onset of melting of the indium sample are
determined and checked to be within 0.5C from 156.6C for the onset of melting and within 0.5 Jig from
28.71 Jig for the heat of fusion. Then deionizcd water is analyzed by cooling a small drop of fresh
sample in the DSC pan from 25C to -30C in a cooling rate of 10"C/min. The sample is kept
isothermally at -30C for 2 minutes and heated to 30C at a heating rate of lO'Clmin. The onset of
melting is determined and checked to he within 0.5C from 0C. [0037]Samples of polymer are pressed
into a thin film at a temperature of 190C. About 5 to Sing of sample is weighed out and placed in a
DSC pan. A lid is crimped on the pan to ensure a closed atmosphere. The sample pan is placed in the
DSC cell and then heated. at a high rate of about 100Cimin to a temperature of about 30C above the
polymer melt temperature. The sample is kept at this temperature for about 3 minutes. Then the
sample is cooled at a rate of 10Cimin. to -40C, and kept isothermally at that temperature for 3 minutes.
Consequently the sample is heated at a rate of 10Chnin until melting is  complete. The resulting
enthalpy curves are analyzed for peak melt temperature, onset and peak crystallization temperatures,
heat of fusion and heat of crystallization, The, , and any other quantity of interest from the
corresponding thermograms as described in 'OSP 6,960,635. The factor that is used to convert heat of
fusion into nominal weight percent crystallinity is 165 Jig = 100 wt% crystallinity. With this conversion
factor, the total cry,stallinity of a propylene-based copolymer (units: weight percent crystallinity) is
calculated as the heat of fusion divided by 165 Jig and multiplied by 100 percent. 100381'Niter unit"
means that portion of a polymer derived from a singi molecule. For example, a flier unit from ethylene
has the genera: formula --CE120-12--. [00391"Polypropylene" or "propylene polymer" means a
polymer having at least half of its mer units derived from propylene. These include homopolymers of
propylene as well as copolymers of propylene with one or more monomers withMid it (i.e., propylene)
is copolymerimble such as ethylene, 1-butene, Ispentene, 1-hexene,1-octene, one or more conjugated
or non-conjugated dienes, and combinations of two or more of these comonomers.
[00401"Substantially ismactie propylene sequences" and similar terms mean that sequences have an
isotactic triad ,finni1 mole fraction measured by 13C MAK of greater than sMut0.70, preferably greater
than about 0.80, more preferably greater than about 0.85 and most preferably greater than about 0.90.
Isotactie tria.d measurements are well known in the art, and are described in, for example, USP
5,504,172 and WO 00/01745 that refer to the isotactie sequence in terms of a triad unit in the
copolymer molecular chain determined by 13C Nro.R. spectra. MAR spectra are determined as
follows. 10041113C NMI< spectroscopy is one of a number of techniques known in this an for
measuring comonomer incorporation into a polymer. An example of this technique is described for the
determination of comonomer content for ethylene/Ex-olefin copolymers in Randall (journal of
Macromolecular Science, Reviews in Macrornolecular Chemistry and Physics, C29 (2 & 3), 201 - 317
(1989)). The basic procedure for determining the comonomer content of an olefin interpolymer
involves obtaining the 13C NMR spectrum under conditions where the intensity of the peaks
corresponding to the different carbons in the sample is directly proportional to the total number of
contributing nuclei in the sample. Methods for ensuring this proportionality are known in the art and
involve allowance for  WO 2009/067337PCT/US2008/082599 sufficientor relaxation after a pulse, the
use of gated-decoupling techniques, relaxation 



agents, and the like. The relative intensity of a peak or group of peaks is obtained in practice from its
computer-generated integral. Alter obtaining the spectrum and integrating the peaks, those peaks
associated with the comonomer are assigned. This assignment can be made by reference to known
spectra or liters ttire, or by synthesis and analysis of model compounds, or by the use of isotopically
labeled comonomer. The mole percent comonomer can he determined by the ratio of the integrals
corresponding he number of moles of contonomer to the integrals corresponding to the number of
moles of all of the monomers in the polymer, as described in Randall, for example. [00421The data is
collected using a Varian UNITY Plus 4001qHz NMR spectrometer, corresponding to a -C. resonance
frequency of 100.4 MHz, Acquisition parameters are selected to ensure quantitative ScF data
acquisition in the presence of the relaxation agent. The data is acquired using gated 1H decouplimi,
4000 transients per data file, a 6 sec. pulse repetition delay, spectral width of 24,200Hz and a file size
of 32K data points, with the probe head heated to 130 C. The sample is prepared by adding
approximately :Ind, of a 50/50 mixture of tetrachlorcethane,-d2,'orthodichlorobenzene that is 0.025M in
chromium aectylacetonote (relaxation agent) to 0.4g sample in a lOmm NMR tube. The headspace of
tube is purged of oxygen by displacement with pure nitrogen, ample is dissolved and homogenized by
heating the tube and its contents to 150C with periodic refl.-axing initiated by heat gun,
100431Following data collection, the chemical shifts are internally referenced to the num= pentad at
21.90 ppm, Isotacticity at the triad level (mm) is determined from the methyl integrals representing the
mm triad (22.5 to 21.28 ppm), the mr triad (21.28-20.40 ppm), and the rr triad (20.67-19.4 ppm). The
percentage of nun toeticity is determined by dividing the intensity of the mm triad by the sum of the
mm, m , and rr triads. For propylene-ethylene copolymers, the integral regions are corrected for
ethylene and regioerror by subtracting the contribution using standard NMR techniques, once the
peaks have been. identified. This can be accomplished, for example, by analyzing, a series of
copolymers of various levels of monomer incorporation, by literature assignments, by isotopic labeling,
or other means which are known in the art.  WO 2009/067337PCT/US2008/082599
10044)"Polymerization conditions" generally refer to temperature, pressure, monomer content
(including comonomer concentration), catalyst concentration, coeatalyst concentration, monomer
conversion, polymer (or so) content of the reaction mixture or other conditions that influence the
properties ofresulting polymer. By operation according to the prescribed polymerization conditions of
the invention, high molecular weight polymers may be prepared with high catalyst activities, low
cocatalyst usage, high monomer conversion, and high reactor solids content. In particular, activities
(based on weight of polymer to weight of transition metal) greater than 0.5, preferably ,greater than
0.55 and even greater than 0.6, grams per microgram (glitg) are possible, 100451The propylene
interpolymers of this invention are characterized as comprising (A) between 60 and less than 100,
preferably between 80 and 99 and more preferably between 85 and 99, wt% units derived from
propylene, and (B) between greater than zero and 40, preferably between I and 20, more preferably
between 4 and 16 and even more preferably between 4 and 10, wt% units derived from at least one of
ethylene and/or a C4-30 a-olefin, propylene interpolymer containing an average of at least 0.001,
preferably an average of at least 0.005 and more preferably an average of at least 0.01, long chain
branches/1000 total carbons. The maximum number of long chain branches in the propylene
interpolymer is not critical to the definition of this invention, but typically it does not exceed 3 long chain
branches/1000 total carbons. [00461Suitable C4.30 a-olefins that can be used in the practice  of this
invention elude, but are not limited to, isobutylene, 1 -butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, 1- nonene, 1-decene, I-dodecene, 1-tetradecene, 1-hexadecene, 1-oetadecene, 1-eicosene,
3- methyl- I -butene, 3-methyl- I -pentene, -pentene, 4,6-dimethyl-l-hepterie, and v inyl cyci hexane
100471The term "linear as here used means that the propylene polymer does not have long chain
branching. That is, the polymer chains comprising the bulk linear propylene polymer have an absence
of long chain branching, as for example the traditional random propylene polymers made
usingZiegler-Natta polymerization processes (e,g.y UST 4,612,300). 



[00481The term "backbone" s used in refrencc to a discrete molecule, and the term "polymer" or "bulk
polymerused in the conventional sense to refer to the polymer as  formed in a reactor. For a polymer
to be consioI as hayg chain branching, the polymer must have - Iough molecules with long chain
branching such that the average long chain branching in the bulk polymer is at least an average of
0.001 long chain branches/1000 total carbons (including both backbone and branch carbons).
100491The term "bulk polymer" means the polymer which results from a polymerization process, and
it includes molecules having both an absence of long chain branching as well as molecules having
long chain branching. Thus a "bulk polymer'des all molecules formed during polymerization.For
propylene interpolymers containing long chain branching, not all molecules will have long chain
branching but a sufficient number of molecules will have long chain branching such thatthe average
long chain branching content of the bulk polymer positively affects the melt theology (i.e., the melt
fracture properties). [0050]As noted above, long chain branching (LCB) means a chain length greater
than that resulting from the incorporation of the comonomer into the polymer backbone. Short chain
branching (SCI3) means a chain length of two (2) carbons less than the number of carbons in the
comonomer. For example, a propylene/1-octene interpolymer of this invention ha.s backbones with
long chain branches of at least seven (7) carbons in length., hut these backbones also have short
chain branches of only six (6) carbons in length. In contrast, a propylenell -hexane interpolymer of this
invention will have long chain branches of at least five (5) carbons in length but short chain branches
of only four (4) carbons in length. [0051]LISP 4,500,648 leaches that long chain branching (LCF3)
frequency can he represented by the equation LCB---b/Wfw wherein b is the weight average number
of tong chain branches per molecule and livlw is the weight average molecular weight. The molecular
weight averages and the long chain branching characteristics are determined by gel permeation
chromatography and intrinsic viscosity methods. [0052)As suggested earlier, the presence of long
chain branching can be determined in propylene/ethylene copolymers by a number of different
methods using -IL nuclear magnetic resonance (NMR) spectroscopy and is quantified using the
method described by Randall (Rev, Macromol. Chem. Phys,, C29, V. 2 & 3, p. 285-297). [005:3]As a
practical matter; conventional '-C NMR spectroscopy cannot dete length of a. long chain branch in
excess of six carbon atoms. However, there are other known techniques usefial for determining the
presence of long chain branches in propylene/ethylene  WO 2009/067337PCT/US20081082599 



interpolymers. Two such methods are c permeation chromatography coupled w angle laser lightg
detector (611C-LALLS) and gel permeation chromatography coupled with a differential viscometer
detector (GPC-DV). The use of these techniques for long chain branch detection and the underlying
theories have been well documented in literature. See, for example, Zimm, (.1.11. and Stockmayer, W.
H., J. Chern. Phys., 17, 1301 (1949) and Rudin, A., Modern Methods of Polymer Characterization,
John Wiley St Sons, New York (1991) pp. 103112. 100541The triple detector GPC, method for
quantifying long chain branching in polyolefins is clearly described by Wood-Adams, Paula M.; Dealy,
John M.; deGroot, A. Willem; Redwine, 0. David, M  lLct of Molecular Structure on the
LinearVtstoelPstio  Behavior of Polyethylene, Macromolecules (2000), 13(20), 7489-7499. This
coupled with the technique described by Scholte et al in Journal of Applied Polymer SCiellee Vol. 29,
3763-3782 (1984) teaches one skilled in the art how to make a simple correction for randomly
branched copolymers. 100551The propylene intetpolymers of this invention are further characterized
as having a resistance to melt fracture. An apparent shear stress versus apparent shear rate plot is
used to identify the inch fracture phenomena. According to Ramamurihy in the journal of Rheology,
30(2), 337-357, 1986, above a certain critical flow rate, the observed extrudate irregularities may be
broadly classified into two main types: surface melt fracture and gross melt fracture. [0056]Surface
melt fracture occurs under apparently steady flow conditions and ranges in detail from loss of specular
film gloss to the more severe form of "sharkskin." The onset of surface melt fracture (OSMF) is
characterized at the beginning of losing extrudate gloss at which the surface roughness of the
extrud.ate can be detected by 40 times magnification. [0057]The propylene interpolymers are further
characterized as having an 1102 at 230C (as determined by ASTM D-1238) as greater than or equal
to (?) 5.63, preferably from 6.5 to 15, and more preferably from 7 to 10. The molecular weight (1.ution
(Mw/Mn or MWD), measured by gel permeation chromatography (([PC), is defined by the equation:
Mw/Mn(110/12) 4.63, andreferably between 1,5 and 2.5. The molecular weight distribution i.s typically
and preferably unimodal. The 110/12 ratio indicates the degree of long chain branching, i.e. the larger
the 110/12 ratio, the more long chain branching in the  WO 2009/067337PCT/US2008/082599
[0058]The prcpyh4ie interpolymersof this invention have txpected flow property, where the 1402 value
at 230C of the polymer is essentially independent of the polydispersity index 01.e., vin, of the
polymer.This is contrasted with polypropylene resins having rheological properties such that to
increase the 110/12 value, ti polydispersity index must also be increased. [0059)The weight average
molecular weight (MW) of the propylene interpolymers of 



this invention is typically at least 50,000, more typically at least 100,000 and even more typically at
best 200,000, Pr(g/mol).Mw can vary with a host         lea e.g., polymerization conditions,
comonomers, edam transfer agents, etc., but typically the maximum does not exceed 1.,000,000,
more typically it does not exceed 750,000 and even more typically it does not exceed 500,000, glmol.
[0060]The polydispersity or molecular weight distribution (i/4WD or Mw/Mn) of the propylene
rterpolymers of this invention is typically less than. 4, more typically less than 3.5, even more typically
less than 3 and still more typically less than 2,8. The density of these polymers (as determined by
ASTM D-792-00, Method B) is typically between 0.85 and 0.90, more typically between 0.855 and
0,895 and. even more typically between 0.86 and 0.89, grams per cubic centimeter (g/cc). 100611The
substantially isotaetie propylene interpolymers of this invention exhibit a degree of strain hardening of
between greater than 1.2 and 20. In one embodiment, the degree of strain hardening is preferably at
least 1.5, More preferably at least 1,9 and still more preferably at least 2.0 in another embodiment, the
maximum n degree of strain hardening is preferably less than 15 and more preferably less than 10.
Strain hardening is determined by the procedure described in the Specific Embodiments,
[0062]Polymer weight-average molecular weight (MW) is measured by gel permeation clutimatography
(GPC), one technique of which as described in 1.1S1) 5,272,236, Alternatively, melt index, It, Jo or
121, measured, for example, according to ASTM D-1238 at 230C, may be employed as an indication
of molecular weight. Generally, melt index is inversely related to the molecular weight of the polymer.
The higher the molecular weight, the lower the melt index, although the relationship is not necessarily
linear, Monomer conversion is typically measured by gas ehromotography (GC) or infrared (IR)
spectroscopic  WO 2009/067337PCT/US2008/082599      is of the reaction mixture exiting the reactor
using a probe inserted into the reactor or into an effluent stream from the reactor. [00631The catalysts
used to make the polymers of this invention are hafnium m  complexes of a polyvalent aryloxyether.
These catalysts impart long chain branching to the polymers, and exhibit high activity and good
stability at high temperatures. These catalysts comprise a Group 4 metal, preferably hafnium,
complexed with an aryloxyether ligand and activated with an activator or cocatalyst. The metal
complexes are capable of producing polymers from propylene containing monomer mixtures having
extremely high molecular and isotacticity, at catalyst efficiencies of greater than 0.5 gp";),,,,e,./.4",,ta;
thus allowing of a chain transfer agent to control molecular weight without sacrificing molecular weight
distribution. A sufficient quantity of chain transfer agent is preferably used so that a substantial
decrease in molecular weight (>3(1 percent) occurs compared to a comparative polymerization without
the use of chain transfer agent, When the chain, transfer agent is hydrogen, at least 0.01 mol percent
(based on propylene) is used, and a maximum of about 2 mol percent is used Highly isotactie
polymers can be prepared with high levelsof chain transfer agents, while still affording narrow
molecular weight distribution polymers and using low levels of alumex.ane activators, Generally, use of
high levels of chain transfer agent with more conventional catalysts results in production of ters having
broadened molecular weight distributions. 11)6641The metal complexes are activarious ways to yield
catalyst compounds having a vacant coordinatim - will coordinate, insert, a ierize addition
polytnerizable monomers, especially olefin(s). For the purposes of this patent specification and
appended claims, the term "activator" or "cocataiyst" means any compound or component or method
which can activate the metal complex in the foregoing manner. Non-limiting examples of suitable
activators include Lewis acids, non-coordinating ionic      ors, ionizing activators, organometallic
compounds, and combinations of the foregoing substances capable of converting the neutral metal
complex to a catalyticallyspecies. 100651in one embodiment of the invention, catalyst activation may
involve formation of  cationic, partially' cationic, or zwitterionic species, by means of proton transfer,
oxidation, or other suitable activation process. The present invention is operable and fully enabled
recardless of whether or not such an identifiable cationic, partially cationic, or zwitterionie  



WO 2009/067337PCT/US2008/082599 species actually results during the activation process,town as
an "ionization" process or "ionic activation process". [0066]Ionizing cocatalysts may contain, anor
some other cation associated with: but not coordinated to or only loosely coordinated to, an anion of
the ionizing compound. Such compounds are described in European publications EP-A-570982,
EP-A-520732, EP-A-495375, EP-A-500944, EP-A277 003 and EP-A-277004, and USP 5,153,157,
5,198,401, 5,066,741, 5,206,197, 5,241,025, 5,384,299 and 5,502,1.24. Preferred among the
foregoing activators are ammonium cation containing salts, especially those containing
trihydrocarbyl-substituted ammonium cations containing one or two C10.40 alkyl groups, especially
methylbis(octaclecyl)-ammonium- and 3 radecyl.)- ammonium- cations and a non-coordinating anion,
especially a totralcis perfluoro)arylborate anion, especially tetrakis(pentalluorophenyDborate. The
cation may comprise a mixture of         !I groups of differing lengths; For example, the protonated
ammonium cation derived from the commercially available long-chain amine comprising a mixture of
two C14, C16 or Cis alkyl groups and one methyl group. Such amines are available from Cherntura.
Corp., under the trade name Kemaminen4 T9701, and from Akzo-Nobel under the trade name
AmieenTm M2HT. A most preferred ammonium salt activator is methyl di(C14..,,D alkypammonium
tetrakis(pentafluorophenyl)borate. [0067)Activation methods using ionizing ionic compounds not
containing an actwe proton but capable of forming active catalyst compositions, such as ferroceniurn
salts of the foregoing non-coordinating anions, can also be used, and are described in EP-A-426637,
EP-A-573403 and US? 5,387,568. Also included is the use of strong Lewis acids, especially
tris(perfluoro)aryi bonne compounds, such as tris(pentafluorophenyl)borane, which are capable of
abstraction of ligand groups, especially a hydrocarbyl ligand, thus forming a non-coordinating counter
anion for the cationic derivative of. the metal complex.  WO 2009/067337PCT/US2008/082599  [0068]
[0069]A" is a cation, especially a proton containing cation, and preferably is a trihydrocarhyl
ammonium cation containing one or two Cla..40 ailcyl groups, especially a
methyldi(C,4"2.0a1kyeammonium- cation, 100701R4, independently each occunenee, is hydrogen or
a halo, hydrocarby!, halocarbyl, haiohydrocarbyl, sllyihydrocarbyl, or sityl, (including mono-, di- and
trithydrocarbypsilyt) group of up to 30 atoms not counting hydrogen, preferably C1_20 alkyl, and
190711J's' is tris(tentafluorophenyl)borane or t stpentalluorophenAalumane). 10072]Examples of these
catalyst activators include trihydrocarbylammonium- salts, especially, methyldi(C)1.20akyl*nmonium
salts of: his(trisEnentafluorophenyl)boranetimidazolide, bis(tris(pentalluo.ropheny Oborane)-2-undecyl
imidazolide, bis(tris(pentarluorophenyl)boranc)-2-heptadecylirnidazolide,
bis(tris(pentalluorophenyi)borane)-4,5-bis(undecyl)imidazolide,
ois(tris(pentafluorophenyl)borane)-4,5-bis(heptadecypirnidazolide,
bis(tris(pentalluorophenyl)borane)imidazolinide, 



bi s(tri s(penta fluorophenyljborane)-2-und ecylimide,
bis(triscpentatitiorophenyOborane)-2-heptadecylimidazolinide,
his(tris(pentafluorophenyOborane)-4,5-his(undecyl)inidazolinide,
bis(tris(pentalluorophenyl)borane)-4,5-biaptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)boranc)-5,6-dimethylbenzimidazolide,
bis(tris(pentalluorophenyl)borane)-5,6-bis(tmdecyl)benzimidazolide,
bis(tris(pentafluorophenypalum.ane)imitiazolide,  WO 2009/067337PCT/US2008/082599
bis(tris(penta.tluorophenyi)aiurnare)-2urIdecylin1idaZOlide
bis(tris(pentailuorophenyDalumane)-2-h.eptadecylirnidazolide,
his(tris(pentaf1uorophenyealumane)-4,5-bis(undeeyeimidazolide, bi s(tris(pentalluorophenyi)al
umane)-4,5Tb i s(hepta decyl)irn id azo ide, bis(tris(penta fitiorepheny )alumarie
bis(tris(pentafluorophenyi)a1umane)-2-undecylimi dazolini de,
bis(tris(pentafluorophenypalumane)-2-heptadecylimidazolinide, bi s(tri s(pen uorophenyDalumane)-4
,5-biseandecypimidazol ini de, bis(tris(pentafluorophediyOalumane)-4,5-bis(heptadecypimidazolinide,
bis(tris(pentalitiorophenypalumanc)-5,6-dimethylberizimidazol ide, and bis(tris(pentafluorophenyl)al
umane)-5,6-b is(undecyl) benzimidazol i de. [0073;Other activators include those described in PCT
publication WO 98/07515 such as iris (2, 2, 2"-nonalluorobiphenyl) flooroaluminate. Combinations of
activators are also contemplated by the invention, for example, alumoxanes and ionizing activators in
combinations, see for example, EP-A-0 573120, PCT publications WO 94/07928 and WO 95/14044
and LISP 5,153,157 and 5,453,410. WO 98/09996 describes activating catalyst compounds with
perchlorates, periodates and iodates, including their hydrates, WO 99/18135 describes the use of
organoboroaluminum activators, EP-A-781299 describes using a silylium salt in combination with a
non-coordinating compatible anion. Other or methods for activating a catalyst compound are described
in for example,       849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT publication WO 98/32775.
[00741Another suitable class of organometal activators or cocatalysts is alumoxanes, also referred to
as alikylaluminoxanes. Alumoxanes are well known activators for use with metallocene type catalyst
compounds to prepare addition polymerization catalysts. There are a variety of methods for preparing
0,1urrnixaries and modified alumoxanes, examples of which are described in 1.1SP 4,665,208,
4,952,540, 5,091,352, 5,206,199, 5,204,419; 4,874,734, 4,924, 018, 



4,908,463, 4,968,827, 5,308,815, 5329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031, 5,391,793,
5,391,529, 5,693,838, 5,731,253, 5,731,451 5,744,656; European publications EP-A-561476,
EP-A-279586 and EP-A-594218; and PCT publication WO 94/10180, Preferred alumoxanes are Lewis
acid modified alumoxanes, especiallythC3.6)a1ky1alurnimanmodifiedmethylal u moxan e.,including
WO 2009/067337PCT/1JS2008/082599 trifisobutypaluminum modified methalumoxane, available
commercially as MMAO-3A or trkri-octypaluminum modified methalumoxanc, available commercial as
MM AO-12, from Akzo Nobel, Inc. 



[007,51.e scope of this inventionuse of alurnexanc(s) or modified al umoxaneactivator or as a tertiary
component in the invented process. That is, the compound ma.y be used alone or in combination with
other activators, either neutral or ionic, such as tr(alkyl)ammonium tetrakis(pentafluorophenyOborate
compounds, trisperfluoroaryl compounds, polyhalogenated heteroborane anions as disclosed. in WO
98/43983, and combinations of two or more of these materials. When used as a tertiary component,
the amount of alumoxane employed is generally less than that necessary to effectively activate the
metal complex when employed alone.. In this emb, the allUITIOXEMe may not contribute significantly
to actual catalyst activation. Not withstanding the foregoing, some participation of the alumoxane in the
activation process is not necessarily excluded. [0076]Suitable alumoxanes include polymeric or
oligomeric alurnoxanes, especially methylalumoxane (MAO) as well as Lewis acid- modified
alumoxanes, especially trihydrocarbyialuminum-,halogenatedtrichydrocarbyl)aluminum-or halogenated
iydrocarbyl)boron- modified. alurnoxaties, having from I to 10 earbt each hydrocarbyt or halogenated
hydrocarbyl group. Such activating cocatalysts are previously disclosed in, among other publications,
USP 6,214,760, 6,160,146, 6,140,521, and 6,696,379. Preferred Lewis acid-modified alume,xanc
compounds are trki-butyl)aluminum-modified methalumoxanc and tri(n-oetyl)aluminum-modified met
alumoxane containing from 10 to 30, preferably 15 to 25 mole percent 1-butyl content and 10 to 20,
preferably 12 to IS mole percent n-ctoyi content, respectively, the molar percents based on total alkyi
ligand content. The alurnoxane or Lewis acid-modified alumoxane activator is preferably utilized in
molar ratios cocatalyst:catalyst from 20-200, more preferably from 20-150, and most preferably from
20-80. [00771Because ofability to be activated at relatively low levels of Lewis acid-modified
alumoxane cocatalysts while maintaining high catalyst efficiency, the present hafnium comple xes can
achieve reduced levels of cocatalyst by-products in the resulting polymer along with long chain branch
formation in the resulting polymer. This in  turn allows the polymers to be employe/ in demanding
applications such as those requiring high clarity or low dielectric constant. [0078]In a preferred
embodiment, the present process comprises polymerizing propylene and at least one of ethylene and
a C4_30 a-cite:fin using a hafnium metal complex and from 10 to 200 moles ner mole of hafnium of an
alum:Diu-me, under continuous, solution polymerization conditions at a temperature from 12.0 to
250C, preferably from 1.30 to 250C, under high propylene conversion conditions (>75%, preferably
>80%) to prepare a polymer comprising, in polymerized form, from 60 to less than 100, preferably 80
to 99 weight percent units derived from propylene, and greater than zero to 40, preferably I to 20, more
preferably 4 to 16 and even more preferably 4 to 10, weight percent units derived from ethylene and/or
a C.4.30 a-olefin. [00791in general, monomer conversion may be determined by measurement of the
reactor contents or of a representative stream of effluent exiting the reactor. Suitable methods for
determining monomer concentration include IR spectroscopy using a probe immersed in the reactor
contents or a suitable sample of the contents. One suitable technique uses Fourier Transform
Near-Infrared spectroscopy (FTNIR). Solids content of the reactor is calculated based on polymer
(solids) produced, or it may also be measured directly by use of viscosity or density measurements of
the reactor contents.          Multiple reactor polymerization processes may be suitably employed in the
present irvention. Examples include such systems as are disclosed in USP 3,914,342, among others.
The multiple reactors can be operated in series or in parallel, with at least one catalyst composition
according to the present invention employed in at least one of the reactors. One or both reactors may
also contain at least two catalysts which have different comonomer incorporation capability and/or
different molecular weight thrmation capability. [0081] In one embodiment, a relatively high molecular
weight product (Mw from 100,000 to over 1,000,000, more preferably 200,000 to 500,000) is formed
while in the second reactor a product of a relatively low molecular weight (Mw 2,000 to 300,000) is
thrined. Both of these reactor products can have similar or different densities and/or elastomer content,
The final product is a mixture of the two reactor effluents which are combined prior to devolatilization to
result in a uniform mixing of the two or more polymer products (i.e., an in-reactor polymer blend). 



WO 2009/067337PCT/US2008/082599 100821in another ernhodirrient, one reactor may be used to
prepare a high molecular weight propylene homopolymer while the second reactor is employed to
prepare a copolymer of propylene and ethylene andlor a Ci.30 a-olefin, or an interpolymer of
propylene, ethylene and/or a C4..30 a-olefin, and one or more dimes, Such a dual reactor process
allows for the preparation of impact modified products or products with tailored properties. in one
embodiment, the reactors are connected in series, that is, the effluent from the first reactor is charged
to the second reactor and fresh monomer, solvent and/or hydrogen is optionally added to the second
reactor, Reactor condilions                                                 -led such that the weight ratio of polymer
produced in. the first reactor: to that produced in the second reactor is ideally in the range from 5:95 to
95:5. The foregoing dual reactor process is capable of producing in-reactor polymer blends having
broadened molecular weight distribution or polydispersity index (PDT). Preferred polymers made in the
foregoing manner have PDI from 2,8 to 10.0, more preferably from 3.0 to:7,.0. 100831in a further
embodiment, one of the reactors in the polymerization process, including the first of two reactors
operating in series, contains a heterogeneous Ziegier-Natta catalyst or a chromium containing catalyst,
such as one of the numerous such catalysts known in the art. Examples of Ziegler-Natta catalysts
include, but are not limited to, titanium-based catalysts supported on MaC12, and additionally
comprise compounds of aluminum containing at least one aluminum-alkyl bond. Suitable Ziegler-Natta
catalysts and their 'reparation include, but are not limited to, those disclosed in LISP 4,612,300,
4,330,646 and 5,869,575. Suitable chromium based catalysts are those disclosed in, among other
publications, IISIP 4,981,927, 4,835,219, 4,564,660, 4,173,5.48 and 3,953,413. 100841Single reactor,
multiple catalyst processes are also useful in the present invento in one embodiment, two or more
catalysts are introduced into a. single reactor at t monomer conversion conditions in which each
catalyst inherently produces different polymer products. In one embodiment, a relatively high
molecular weight product (Mw from 100,000 to over 1,000,000, more prethrably 2(10,000, to 500,000)
is thrmed frorn one catalyst while a product of a relatively low molecular weight (Mw 2,000 to 300,000)
is formed from the other catalyst. Both of these catalyst compositions can have similar or different
polymer formation ability, at least one of which comprises a metal complex as described below. The
resulting polymer will have properties dependant on the ratio of the two catalysts that are employed in
WO 2009/067337PCT/US2008/082599 the single reactor. Suitable combinations of polymer
molecula,comonomer incorporation ability, processes and ratios of catalysts for such products areosed
in UST) 6,924,342. Due to the unique compatibility of the present catalyst compositions with other
olefin polymerization catalysts, including Ziegler/Nails catalysts, the second catalyst composition may
comprise a metal complex as described below, a raetallocene or other n-bonded ligand
group-containing metal complex (including constrained geometry metal complexes), or a polyvalent
heteroatom ligartd group-containing metal complex, especially polyvalent pyridylamine or
imidizolylamine based complexes and tetradendate oxygenligated biphenylphenol based Group 4
metal complexes. [0085jSuitable metal complexes for use according to the present inverthOn include
compowids corresponding to the formula.:    WO 2009/067337PCT/US2008/082599 



n,independently each occurrence is chloro, methyl or henzyi. [0087          Specific examples of suitable
metal complexes are the following compounds: bis(c2-oxoy1-3enzo- H-pyrrole-
-y1)-5-(-nethy1)pheny1)-2-phenoxy)- ,3 propanedi y lhafni m (IV) dimethyt, and
bis((2-exoyi-3-(dibenizo-1H-pyrrole-1-y1)-5-    hy1)placny1)-
-phenoxymethyl)-methylenctrans-1,2-cyclohexanediylhafnium (IV) dimethyl. 100881The foregoing
metal complexes may be conveniently prepared by standard metallation and ligand exchange
procedures involving a source of the transitioT neutral polyfimetional ligand source, The techniques
employed are the same as or analogous to those disclosed in, among other publications, USP
6,827,976 and 1152004/0010103.  089jThe metal complexto form the active catalyst composition by
combination with the cocatalvst. The activation may occur prior to addition of the catalyst composition
to the reactor with or without the presence of other components of the reaction mixture, or in situ
through separate addition of the metal complex and activating cocritalyst to the reactor, [0090[The
polymers of the invention can be usefully employed in a vanerv conventional thermoplastic fabrication,
processes to produce useful articles, including objects comprising at least one film layer, such as a
monolayer film, or at least one layer in a multilayer flim prepared by cast, blown, calendered or
extrusion coating processes (exemplary films include greenhouse films, heat-seal film., shrink films
including clarity shrink film, lamination film, biaxially-oriented film, extrusion coating, liners, clarity
liners, over-wrap film and agricultural film); molded articles, such as blow molded, injection molded, or
roto-molded articles; extrusions; and woven or non-woven fabrics. Monolayer and multilayer films may
be made according to the fIlm structures and fabrication methods described in thS, Pat. NO,
5,685,128, Thermoplastic compositions comprising the present polymers, include blends with other
natural or synthetic polymers, additives,     oriris,don resistant additives, antioxidants, stabilizers,
colorants, extenders, crosslinkers, blowing agents, and plasticizers, 100911Of particular utility are
multi-component fibers such as core/sheathfibers, having an outer surface layer, comprising at least in
part, one or more polymers of the inventior Fibers that may be prepared from the present polymers or
blends include staple fibers, tow, multi-component, sheath/core, twisted and monofilament, Suitable
fiber forming processes 'elude spun-bonded, melt blown techniques as disclosed in USP 4,430,563,
4,663,220, 4,668,566 and 4,322,027, gel-spun fibers as disclosed in 1JSP 4,413,110, woven and
nonwoven fabrics as disclosed in USP 3,485,706, or structures made from such fibers, including
blends with other fibers, such as polyester, nylon or cotton, thermoformed articles, extruded shapes,
including profile extrusions and co-extrusions, calend.ered articles, and drawn, twisted, or crimped
yarns or fibers, [0092]The polymers of this invention are also useful for wire and cable coating 



operations, as well as in sheet extrusion for vacuum footling operations, and forming molded articles,
including the use of injection molding, blow molding process, or roto-molding  Compositions cotthe
olefin polymers can also he .tbrmed into fabricated articles suchthose previously mentioned using
conventional polyolefin processlng techniques which are well known to those skilled in the art of
polyolefin processing. [009$]Dispersions (both aqueous and non-aqueous) can also be formed using
the present polymers or formulations comprising the same. Frothed foams comprising the invented
polymers can also be formed, as disclosed in PO' Application No. 2004/027593 filed August 25, 2004.
Other foams include high strength foam, soft foam, rigid foam, cross-linked foam, high strength foam
for cushioning applications, and sound insulation foam. NOMMolding applications include injection
molding; blow-molding; and extrusion molding, e.g., pipe, including potable water pipe and high
pressure pipe. Exemplary molded articles include bottles, frozen food packages and various interior
and exterior automobile parts; and thermoformed articles, especially cups and plates, trays and
containers. [0095]The polymers may also be erosslinked by any known means, such as the use of
peroxide, electron beam, shale, azide or other cross-linking technique. The polymers can     he
chemically modified, such as by grafting (for example by use of maleic anhydride (MAP), silanes, or
other grafting agent), halogenation, amination, sultbnation or other chemical modification. [00961The
polypropylene polymers of this invention can be blended with other polymers to form, among other
things, useful. fibers, films and molded articles. Suitable polymers for blending with the polypropylene
polymers anion are commercially available from a variety of suppliers and include, but are not limited
to, other polyoiefins such as an ethylene polymer (e.g., low density polyethylene (LOPE), ULDPE,
medium density polyethylene (MOPE), LLOPE, HOPE, homogeneously branched linear ethylene
polymer, substantially. ethylene polymer, graft-modified ethylene polymer, ethylene-styrene
interpolymers,     ene vinyl acetate interpolymer, ethylene acrylic acid interpolymer, ethylene ethyl
acetate interpolymer, ethylene methacrylie acid interpolymer, ethylene methacrylic acid ionomer, and
the like), olefin multi-block interpolymers, polyearbonate, polystyrene, conventional polypropylene
(e.g., homopolymer polypropylene, polypropylene copolymer, random block polypropylene
interpolymer and the like), thermoplastic polyurethane, polyamide, polylactic acid interpoiymer,
thermoplastic block polymer (e.g. styrene butadiene copolymer, styrene butadiene styrene triblock
copolymer, styrene ethylene-butylene styrene frit:lock copolymer  and the like), polyether block
copolymer (e.g,, PEI3.AX), eopolyester polymer, polyester/polyether block polymers (e.g., BYTE:L),
ethylene carbon monoxide interpolymer (e.g., ethylene/carbon monoxide (EGO), copolymer"
ethylene/acrylic acid/carbon monoxide (EA.ACO) tetpolymer, ethylene/methacrylic acid/carbon
monoxide (EMAACO) terpolymer, ethylene/vinyl acetate/carbon monoxide (EVACO) terpolyrner and
styrene/carbon monoxide (SCO)), polyethylene terephthalate (PET), chlorinated polyethylene, and the
like and res thereof. in other words, the propylene-ethylene (P-E) copolymers used in the 



of this invention can be a blend of two or more polyolefins, or a blend of one or more polyolefins with
one or more polymers other than a polyolefin. If the P-E copolymer used in the practice of this
invention is a blend of one or more polyolefins with one or more s other than a polyolefin, then the P-E
copolymer comprises at least about I,     ably at least about 50 and more preferably at least about 90,
wt A of the total weight of he end, [0097]The olefin multi-block interpolymers that can be used as blanc
components in the  practice of this invention are exemplified by the ethylene multi-block copolymers
made with two catalysts incorporating differing quantities of comonomer, and these copolymers have a
ratio of blocks from 95:5 to 5:95, Representative o-f these olefin multi-block 'polymers are the olefin
multi-block interpolymers to be manuihctured and sold by The Dow Chemical Company under the
trademark INFUSE'. [0098]The ethylene multi-block copolymers desirably have an ethylene content of
from 20 to 90 percent, optionally a diene content of from 0,1 to 10 percent, and an alpha-olefin content
of from 10 to 80 percent, based on the total weight of the polymer. Further preferably, the multi-block
copolymers have an ethylene content of from 60 to 90 percent, a (Ilene content of from 0.1 to 10
percent, and an alpha-olefin content of from 10 to 40 percent, based on the total weight of the polymer.
Preferred polymers are high molecular weight polymers, having a weight average molecular weight
(Mw) from 10,000 to about 2,500,000, preferably from 20,0(10 to 500,000, more preferably from
20,000 to 350,000; a polydispersity less than 3.5, more preferably less than 3 and as low as about 2;
and a Mooney viscosity NE, (1+4)125 C.) from I to 250. More preferably, such polymers have an
ethylene content from 65 fit 75 percent, a diene content front 0 to 6 percent, and an alpha-o content
from 20 to 35 percent.  WO 2009/067337PCT/US2008/082599 100991The ethylene multi-block
copolyrners also typically have a density of less than about 0.90, preferably less than about 0.89, more
preferably less than about 0.885, even more preferably less than about 0.88 and even more preferably
less than about 0.875, glee. The ethylene multi-block copolymers typically have a density greater than
about 0.85, and more preferably greater than about 0.86, glee, Density is measured by the procedure
of ASTM D792. Low density ethylene multi-block copolymers are generally characterized as
amorphous, flexible and haying good optical properties, e.g., high transmission of visible and UV-light
and low haze. j001001The ethylene multi-block copolymers useful in the practice of this invention
typically have a inciting point of less than about 125. The melting point is measured by the differential
scanning calorimetry (DSC) method described in WO 2005/090427 (U82006/0199930). Ethylene
multi-block copolymers with a low melting point often exhibit desirable flexi deity properties useful in
the fabrication of the modules of this invention. [00101]The ethylene multi-block copolymers used in
t.ice of this invention, and their preparation and use, are more fully described in WO 2005/090427,
U82006/0199931., US2006/0199930, US2006/0199914, US2006/0199912,. 11S2006/019991 1,
US2006/0199910, 



082006/0199908, US2006/0199907, 082006/0199906, US2006/0199905, US2006/0199897,
1182006/0199896, US2006/0199887, 082006/01 99884, US200610199872, UE2006/0199744,
US2006/0199030, 082006/0199006  and 1182006/0199983. [001021The follo-wing examples farther
illustrate the invention, Unless otherwise noted, all parts and percentages are by weight. SPECIFIC
EMBODIMENTS 1001031All of the inventive propylene-ethylene copolymers are produced using
Is(<2- oxoyherizo-pyrrole-1-yE)-5-(methyl)phenyl)-2-phenoxymethyl)-methylenetrans-
1,2-cyclohexanediylhafnium (IV) dimethyl (Catalyst A). The comparative propyleneethylene
copolymers are commercially available and manufactured using N-12,6-bis(1-
methylethyephenyli-a-I2-(1 -methylethyl)pbeny11-6-(i -naphtholenyl-KC2)-2-pyridine
methanaminato(2-)-k/N1,KN21di.methyl-hafnium (Catalyst  WO 20(19/067337PCT/US2008/082599 



[00104]The propylene-ethylene. copolymers used in these examples are made according to the
following procedure. The catalyst and cocatalyst component solutions are metered using pumps and
mass flow meters and are combined with the catalyst Bush solvent and introduced into the bottom of
the reactor. The cocatalyst used is a long-chain alkyl ammonium borate of approximate stoichiometry
equal to methyl dhoetadecyljammo ni um tetrakis(pentalluorophenyOborate combined with a tertiary
component, trifisobutyBaluminum modified methalumexane (MMAO) containing a molar ratio of
i-butyllmethyl groups of about 1/3. For Catalysts A and B. the cocatalyst is in a molar ratio based on Hf
of 1.2/1, and MMAO (25/1 Allflf). The polymerization process is exothermic. There are about 900 BTUs
released of propylene polymerized and about 1,500 BTUs released per pound of ethylene
polymerized.. The primary process design consideration is the removal of' the heat of reaction. The
propylene-ethylene (P-E) copolymers are produced in a low-pressure, solution polymerization loop
reactor, made up of a 3 inch loop pipe plus two heat exchanges, the total volume of which is 31.4
gallons. Solvent and monomer (propylene) are injected into the reactor as a liquid. The comonomer
(ethylene) gas is fully dissolved in the liquid solvent, The feed is cooled to 5C before injection into the
reactor. The reactor operates at polymer concentration between 15 and 20 wt%. The adiabatic
temperature rise of the solution accounts for some of the heat removal from the polymerization
reaction. Heat exchangers within the reactor are utilized to remove the remaining heat of reaction
allowing for reactor temperature control at the reaction temperatures (reported in the following tables).
1001961The solvent used is a high purity iso-paraffinic fraction available from Exxon under the
trademark "sop& E. Fresh propylene is passed through a bed of Selexsorb COS for purification before
mixing with a. recycle stream. containing solvent, propylene, ethylene, and hydrogen. After mixing with
the recycle stream, the combined stream is passed through a bed of 75 wt% Molecular Sieve 13X and
25 wt% Selexsorb CD for further purification          g a high pressure (700 psig) feed pump to pass the
contents to the reactor. Fresh ethylene is passed through a Selexsorb COS bed for purification before
compressing the stream to 750 psig. Hydrogen (a teiogen used to reduce molecular weight) is mixed
with the compressed ethylene before the two are misted/dissolved into the liquid feed. The total stream
is cooled to an appropriate feed temperature (5'}C). The reactor operates at 500-  525 psig and the
control temperature is reported in the Tables. The propylene conversion in the reactor is maintained by
controlling the catalyst injection rate, The reaction temperature is maintained by controlling the water
temperature across th.e shell side of the heat exchanger at 85C. The residence time in the reactor is
short (about 10 minutes). The propylene conversion per reactor pass is also reported in the tables.
[00107]Upon exiting the reactor, water and additive are injected into the polymer solution. The water
hydrolyzes the catalyst, terminating the polymerization reaction. The additives consist of antioxidants,
i.e., 500 ppm of a phenolic and 1000 pprn of a phosphite, which remain with the polymer and act as
stabilizers to prevent polymer degradation while in storage before subsequent fabrication it an
end-user's facility. The post-reactor so super-heated from reactor temperature to 230C in preparation
for a two-stage devolatilization.The solvent and unreacted monomers are removed during the process.
The polymer melt is pumped to a die for underwater pellet cutting.     81 Solvent and monomer vapors
exiting the top of the devoiatilizers are sent to a coaleseer. The coalesce:- removes polymer entrained
in the vapor during devolatilization. The clean vapor stream leaving the coaiescer is partially
condensed through a series of heat exchangers. The two-phase mixture enters a separation drum.
The condensed solvent and monomers are purified (this is the recycle stream described above) and
re-used in the reaction process. The vapors leaving the separating drum, mostly containing propylene
and ethylene are sent to a block flare and burned. [00109] Each of the P-E copolymers of CFA and
Examplesaboutt% 1-4 contained units derived from ethylene. The number average (Mu) and weight
average (Mw) mole weight values for these P-E copolymers are reported in Table 1B. and the g' ratios
as well as other properties of these P-E copolymers are reported in 'Table IC. These examples
demonstrate, among other things, the higher shear thinning values for the inventive copolymers as
compared to the commercially available copolymers. These data also demonstrate that higher shear
thinning values are obtained as the reactor temperature is increased from 130 to 160C.  WO
2009/067337PCT/US2008/082599 j 



00 110 TABLE I A     Selected Reaction Conditions of the Manufacture of P-E Copolymers
Example 12 (230C) 110112 (230C) 



Density (glee) Catalyst Type Reaction , Temp Propylene Conversion       (C)    CE I 9  6.3 



0.888  B 100 60    8.5 1 9,4 0.887 A 130 80   4      



4        7.59.5 0.887 A 145 81  3 7,0111.7 0,888 A 155 79 



73 14.6 0.887 A 165 80 1001111TABLE 1B  Mn and Mw of the P-E Copolvmers   Example  ACPC).
(cPC1) C E I 76,000 189,000 ,  72,000 



203,000 2 77,000 216,000 3 62,000 209,000 4 61,000 225,000 (00112)TABLE IC Selected  Properties
of the P-E Copolymers  Ex. 112 110/12 Density u' Ratio g' Ratio Degree of 



fsotacticity (2.16kg/ 230C (glee) (fiVrtin C4Mw Strain (%xam) j 230"C)     Hardening  CI31  9
6.310.888   



1  97  8,5 9.4 0.887   0.93  0.981.9 96  2 C 9.50.887 0.95  0.96   96 3  7.0 11.7 0.888  



0.81 0.9 4.6  96   1 14.6 0,887  0.74 0,95   96  WO 2009/067337PCT/US2008/082599
[00113)Dynamic. Mechanical Rhie o [00114] Additional data for demonstrating thed shear thinning
behavior of inventive polymers is based on dynamic. methanicai theology (DMS) data obtained at
190C melt temperature for the shear rate frequency range of 0.1 to 100 radians per second (r/s).
Complex viscosity versus shear rate frequency data arc shown in FIGURE 1. These viscosity curves
demonstrate the (improved) shear thinning behavior of the inventive P-E copolymers, The examples
reported in Figure 1 are further characterized using a rheology ratio value which is calculated from the
viscosity at 0.1 rls divided by the viscosity all 00 res. The theology ratio values reflect the overall slope
of the viscosity versus shear rate frequency curves and are analogous to the TiriTh ratio, The P-E
copolymers with higher Theology ratio values have higher (improved) shear thinning behavior.
100115]The lower viscosities at higher shear rates are due to the presence of long chain branching in
the inventive P-E copolymers. The presence of long chain branching is indicated from the non-linear
response of Mark-Houwink plots or curves. These data are shown. in Figure 2. For these data, a gel
permeation chromatograph ((i-PC) equipped with triple detectors (laser light scattering, differential
refraeton)eter and viscometer) is utilized. The triple detector GPC method for quanti:ving long chain
branching in polyolefins is clearly described by Wood-Adams, Paula M,; Healy, John M.; deGroet, A.
Willem; Redwine, 0. David, in I I u .. . . ................................. on Ihe'Llnew Vncocljue Bny'or
.ofilkily6thYlea Macromolecules (2000), 33(20), 7489-7499, This coupled with the technique described
by Scholte eta! in Journal of Anplied Polymer Science, Vol. 29, 3763-3782 (1984) teaches one skilled
in the art how to make a simple correction for randomly branched copolymers.     6 The g' ratio is the
ratio of the intrinsic viscosity value for the branched propylene-ethylene copolymer divided by the
intrinsic viscosity value for the linear propylene-ethylene copolymer having similar ethylene content,
i.e., polymer density, rind similar molecular weight, i.e., melt flow rate. "Similar' means within twenty
percent (20%) of each value. These g' ratios are calculated at the number average molecular weight
(Mn) and weight average molecular weight values (Mw). The g' values for the comparative example
and the 



entive examples are shown in. Table I C. g' =Ov brand 100117) The IV values are obtained at Mn and
Mw values.  WO 2009/067337PCT/US2008/082599 100a pies are also characterized, for melt strength
at 190C. This method     a a capillary rheometer equipped with a mechanical device that measures the
force on the extruded molten strand as a function of linear velocity. e melt strength data arc shown in
Figure 3. Higher melt strength values are indicated by higher force versus velocity values,The
inventive P-F, copolymers exhibit higher melt strength values as compared to the comparative P-E
copolymer. The melt strength data for the inventive P-11,', copolymers are consistent with the higher
110/12 values and higher rheology ratio values. [00119] Extrusion Processing Comparisons [00120]
The Comparative and Inventive P-L copolymers reported in Table 1 are compared for melt
processability using a Haake extruder and drive control unit. The extruder has a length:diameter (LID)
ratio of 24:1, an 18 millimeter (mm) diameter single screw equipped with a tube die having dimensions
of 2.54 mm outer diameter (OD) and 128 mm inner diameter (ID). The die gap is 0.038 mm. The
extrusion temperature is set at 130C. The copolymers are melt extruded using the extruder and die at
screw speeds of 20, 40, 60 and 80 revolutions per minute (rpm). Figure 4A shows the shear rate
versus screw speed (in revolutions per minute (rpm)) calibration curve. At 40 rpm the shear rate is
4,000 reciprocal seconds (sec1-4). At each screw speed, the extruder torque is monitored. At each
screw speed, the surface quality of the extruded article (tube) is determined. The torque versus screw
speed data is shown in Figure 4B. These data show the improved processability of the inventive
copolymers. In addition, for the comparative copolymer melt fracture is observed on the tube surface
at a screw speed of 20 rpm. For the inventive copolymers, melt fracture is observed on the tube
surface at 80 rpm. These melt fracture data also demonstrate the improved processability of the
inventive copolymers.          The comparative and inventive copolymers reported in Table 2 are
extruded into monolayer films using a blown film extrusion process. The equipment uses is a
Gionchester blown film line equipped with a 6-inch die. The extruder is a 30:1 (L/D), 2.5 inch diameter,
single-screw extruder equipped a barrier screw. The blown, film extrusion conditions are shown in
Table 3. The blown film thickness is controlled to a thickness of 0.051 trim (0.002 inch). For these
extrusion conditions, melt fracture is observed on the blown film prepared from the comparative
copolymers. Melt fracture is not observed on the blown film prepared from the inventive copolymers.
WO 2009/967337PCT/US2008/082599 TABLE 2 Sete ted Properties of P-E, Copolymers i Selected
Reaction Conditions  [00124] More Extrusion ProcessComparisons 1001251 The Comparative and
inventive P-E copolymers reported in Table 4 are compared for melt processability using the Haake
extruder and drive control unit described for the comparisons reported for the copolymers repotted in
Table I. The extrusion temperature is set at I80C. The copolymers are melt extruded using the
extruder and die at screw speeds of 20, 40, 60, 80, 120 and 160 rpm. At each screw speed, the
extruder torque is monitored. At each screw speed, the surface quality of the extruded article (tube) is
determined. The torque versus screw speed data is shown in Figure 5. These data show the improved
processabiiity of the inventive copolymers. in addition, for the comparative copolymers melt fracture is
observed on the tube surface at a screw speed of 40 rpm and -180C (Figures GA-64 These melt
fracture data also demonstrate the improved processability of the inventive copolymers.  WO
2009/067337PCT/US2008/082599  10126;TABLE 4 



Selected Properties of P-E Copolymers and Selected Reaction Conditions  Example 121 Density Cat [
React Propyl Ethyl   (230C)(glee) . Type [ Temp Cony (ct%)      CC)   



CE4 (VISTAMAXX" 3 0.854     "EC) 00)______ CE5(VISTAMAXV6 -------- i 0.868    10  3000)   



0.876 A [301 80 9     [001.27]'[..,ern) Term Pellet Blocking  [001281 The comparative and inventive
copolymers of these blocking examples are described in Table 5. The ethylene-octene copolymer and
the random polypropylene copolymer are added to the base polymer, melt blended and pelletized_
The ethylene-octene copolymer has a density of 0,900 glee and a melt index (12 at 190C and 2.16 kg)
of 6.0 gill) mm. The random polypropylene copolymer also has a density of 0.900 g/c.e and a melt flow
rate (112 at 230C and 2.16 kg) of 7.0 g/10 mm. 1001291For each sample, approximately 100 grams of
pellets are placed in a 2-inch diameter, two-piece "clam shell" metal cylinder. A 4.25 pound (lb) load is
place on the pellets in the cylinder. This amount of weight simulates the load placed on the bottom
layer of an eight layer pallet (50 lb bags). The cylinders with the pellets are placed in an oven at 37C.
After 4 weeks the cylinders with pellets are removed from the oven, the toad is removed, and the
outside metal cylinders are opened. The unconfined yield strength is determined (units of pounds per
square feet (Ibift2) from the maximum load (lb) on the pellets before fracture. The data of Figures 7A
and 7B clearly demonstrate the non-blocking character of the inventive copolymers. 



WO 2009/067337PCT/US2008/082599 [00130]TABLES Description of he Copolymers Used for the
Blocking  Comnarison  [001311Cornpositionajrifi D [00132]Samples: [00133] Three samples are
evaluated using CPC-FT/IR methodology. Examples 15 and 16 use propylene-ethylene copolymers
prepared with Catalyst A.. For comparison, a random copolymer polypropylene sample (CE8) is also
evaluated.. The comparative sample is produced with a conventional Ziegler-Nails catalyst. All three
samples are further described in TABLE 6 [00134] Measurement: [00135] The GPC-PT/iR
techniqueallows for the measurement of fractional polymer compositions as a function of polymer
molecular weight. This characterization technique utilizes gel perm chromatography (('PC) coupled
with Fourier Transform Infrared Spectroscopy (FT/IR), For this analysis, Waters high temperature GPC
unit (#150C) is  coupled to a Magna System 560 FT/IT (Water Corp, Milford, MA). The mobile ha or
solvent is tetrachloroethylene. The following references described this technique.     Deslauriers, D.C.
Rohlting, E.T, Hsieh, "Quantifying Short Chain Branching in Ethylene 1-olefin Copolymers using Size
Exclusion Chromatography and Fourier Transform Infrared Spectroscopy", Polymer, 43, 1.59-170
(2002). R.P. Markovich, LG. Hazlitt, L. Smith, ACS Symposium Series: Chromatography of Polymers,
521, 270-276 (1993). [0U1361 The samples are dissolved in tetrachloroethylenc and analyzed on the
CPC-FT/lR. The samples are separated by molecular weight fraction and as these fractions elute, they
are analyzed by the FT/IR, For propylene based polymers, the infrared spectral region from 2.750 to
100 crif' is obtained as a function of molecular weiabt. Within this spectral region, the partial
absorbance area at greater than 2940 cm's is used for the methyl content. From those measurements,
one skilled in the art can develop ethylene content calibration curves for comparing the compositional
drift of the samples versus the molecular weight distribution. The compositional drift is calculated as
the weight percent ethylene content at the 90% cumulative UPC fraction and at the 10% cumulative
CiPC fraction. These two ethylene values are subtracted and the result is then divided by the weight
percent ethylene content of the sample. [001371Analysis: 1001381 The GPC-FT/IR curves for the
three samples are shown in FiguresThese     'show the ethylene content versus logic) molecular
weight. From these data, the compositional drift is calculated, A summary of the compositional drift
data are presented in TABLE 6.   [00139] 



Selected TABLE 6    Properties of P-E Copolymers and Compositional Drift Data   Sample No. Figure
12Wt% hotactleity Compositional    (230C)Ethylene (mole% mm) Drift  15 8 5 



96 21  16  8 12 96 8  CBS  7, 93 -150  [001401Extensional Viscosity Analysis  1001411Samples:
100142] Extensional viscosity measurements are made on a propylene-ethylene comparative example
(CE9), on two different propylene-ethylene polymers of the invention (17 and 18), and on a PRO-FAX
PF814 by Basel' Polyolefins (a post-reactor, branched polypropylene) (CE10) comparative example.
Extension How measurements are described in John licitly and Ronald Larson, Structure and
'theology of Molten Polymers (2006), Hanser Publishers, Munich, 1001431The "degree of strain
hardening" is further defined in the above reference 



(Chapter 10, pp, 381 and 382). One skilled in the an can calculate the "degree of strain hardening" by
comparing and measutring extensional flow and melt viscosity data. [001441 TABLE 7 Sample
information   Example No,Catalyst Reactor  Temperature     100C    A  130C   



4  A ti5C     CE 10 Not Applicable rNot ApplicableI [00145]Specimen Preparation:
100146)Testspecimensforextensionalviscositymeasurementarepreparedona  programmable
Tetrahedron bench top press. The program held the melt at 177'C (350I) for 5 minutes at a pressure of
1500 psi (107The chase is then removed to the bench top to coot. The 0.79 mm thick chase is Teflon
coated with three 77x51 mm2 rectangles. After the samples are pressed, test specimens are die-cut
using a punch press and a handheld die with the dimensions of 10x18 nun' (WxL). The specimen's
thickness (usually in the range of 0.7 - 1.2 mm) and width are measured and recorded. These
measurements are entered in the test setup and used in the instrument calculations. P01471 Test
specimens for melt viscosity measurement are prepared on a programable Tetrahedron bench top
press. The program held the melt at 177C. (3507) for 5 minutes at a pressure of 1500 psi (107 Pa).
The chase is then removed to the bench top to cool, The Teflon coated chase was 3 rum thickness
and produced 25 mm diameter test specimens ' disks). These disks are used for measuring the inch
viscosities of the examples. [00148] Measurements: [001491 Extensional viscosities are measured. at
180C by using the Extensional Viscosity Fixture (EVF). Figures 9A and 913 show sketches of the
fixture, The fixture is designed to be accommodated in an ARES rheometer oven. The polymer film is
attached onto each of the two drums by a pin. The oven is then closed to let the temperature
equilibrate. The test suns with otating the outer drum around the center drum while the center drum is
fixed during the test as shown in. Figure 9B. The entire test is divided into three zones. The first zone
is the pre-stretch zone that stretches the film at a - 11 seconds. The purpose of this step is to reduce
film huckli strain rate (0.005 si for 



ised. by film loading. It is  followed by a relaxation zone (10 see) to Minimize the effect of possible
residual stress introduced during compression molding. The third zone is the stretch zone where the
data are used for analysis. Four Hencky strain rates of 0.01, 0,1, 1 and 10 s`' are applied for each
sample, and ew specimen is used for each strain rate. 101501 Melt viscosities are measured at 180C
by using a dynamic mechanical spectrometer (ARES Rheorneter, TA instruments). Each polymer
specimen is placed in the ARES rheometer oven between two 25 mm diameter, parallel metal fixtures.
The oven is closed to let temperature equilibrate. The distance between the two metal fixtures is
adjusted to a 2 mm gap. Melt viscosity values for each sample are then obtained from 0.1 to 100 s*
These melt viscosity data are used with the extension viscosity data to calculate the "degree of strain
hardening". Results and Analysts:  P01521Figures ICthe extensional viscosity result for the samples. It
can be seen from Figure 10 that the CID sample produced with Catalyst B does not show any
significant strain hardening at all four strain rates. The result indicates no long chain branching is
present in the sample. This is because in linear semicrystalline polymers, such as PE, PP, the
molecular wehas to be extremely high to achieve strain hardening at experimentally accessiblein rate,
and this is not the case for the samples in this study. The extensional viscosity result is also consistent
with the GPC-Tripie Detector data where no deviation from the linear reference material was observed
in the MarkHouwink plot. 1001531Rowe er, for molecules with multi-branched molecular structure,in
hardening can be easily obtained. Figures 11 and 12 show the extensional viscosity result for Samples
I and 4, respectively, made Catalyst A but at different reactor temperatures. Strain hardening can be
observed for both samples, and the sample made at higher (165C) reactor          e show much
stronger strain hardening than that of the one made at lower reactor temperature (1309C), As a
comparison, the extensional viscosity of CEIO, a commercially available, post-reactor modified,
long-chain branched polypropylene sample, is measured at the same condition. The result is shown in
Figure 13. Even stronger strain hardening can be observed from the plot. 1001541 A method for
qualitatively evaluating and comparingstrain hardening, of'          laterials is the use of a "reduced"
extensional viscosity or "degree of strain hardeninis defined as below 



where c.f' is the strain rate, f,t; is the  ri is the viscosity obtained from  linear visee-elastic measurement
at the same temperature, such as frequency sweep or the start-up of the low shear rate steady shear
measurements.theory tins value should be equal to one if there is no strain hardening and should he
greaterone if strain h ening. is present. For these evaluations the viscosity value II from the melt
viscosity measurement at the same temperature (1 WC) is used. [001551Table 8 compares the
degree of strainhardening values, as calculated using the above equation; for the reported samples.
For these calculations, the extensional viscosity  WO 2009/067337PCT/US2008/082599 data are
obtained and compared at a strain rate of 1 si' and at the elongation measurement time of 3.0
seconds. The corresponding melt viscosity values are obtained at a strain rate of I [00156]TABLE 8
Degree of Strain Hardening at a Strain Rate of I s1" and at the Elongation Measurement Time of 3
Seconds:  - Degree of Strain Hardening 



@ 1 s4 and Elongation of Measurement Time of 3sec  CE1  1  4  CBI 0  [00157]Although the invention
has been described in considerable detail through the above specification and examples, this detail is
for the purpose of illustration. Many variations and modifications can be made without departing from
the spirit and scope of the invention as described in the following claims.  CLAIMS 1.A substantially
isotactic propylene interpolymer having long chain branching and propylene chain segments having a
chain isolacticity triad index of at least 70 mole percent and comprising (A) at least 60 weight percent
(wt%) units derived from propylene, and (B) between 1 and 40 wt% units derived from ethylene, the
propylene interpolymer characterized by a g' ratio, as defined in the experimental part of the
description, of less than 1 measured at interpolymer number average molecular weight (Mn), and
wherein the isotactic propylene interpolymer is free of diene-containing comonomers. 2.The isotactic
propylene interpolymer of Claim 1 in which the g' ratio is less than 0 96 3.The isotactic propylene
interpolymer of Claim 1 comprising between 1 and 20 wt% units derived from ethylene. 4.The isotactic
propylene interpolymer of Claim 1 further characterized by at least 



one of the following properties: (a) A weight average molecular weight (Mw) as measured by GPC of
at least 50,000 grams per mole (g/mol); (b) A unimodal molecular weight distribution, and an Mw/Mn of
less than 4; (c) A critical shear rate at the onset of surface melt fracture (OSMF) of at least 4,000
sec-1, deteunined as disclosed in the description; and        (d) A nominal weight percent crystallinity of
from greater than 2 to 40 wt% as measured by DSC. 5.The isotactic propylene interpolymer of Claim 4
further comprising at least two of properties (a)-(d). 6.The isotactic propylene interpolymer of Claim 4
having a Mw/Mn of less than 3.5. 7.An article comprising the propylene interpolymer of Claim 1. 8.The
article of Claim 7 in the form of a film, fiber, sheet, tube, molded profile, coating, dispersion, emulsion
or foam.          9. The article of Claim 7 in the form of at least one of a greenhouse film, heat-seal film,
shrink film, lamination film, biaxially-oriented film, extrusion coated film, liner, over-wrap film and
agricultural film.        10. The article of Claim 7 in the form of a multi-component fiber.        11. The fiber
of Claim 10 in the form of a core/sheath fiber in which the substantially isotactic propylene interpolymer
comprises an outer surface layer.        12. The fiber of Claim 11 in the form of a staple fiber, tow fiber,
twisted fiber or monofilament.        13. A crosslinked, substantially isotactic propylene interpolymer of
Claim 1.        14. A blend comprising the substantially isotactic propylene interpolyrner of Claim 1 and
at least one other polymer. 


