
STRETCH FABRICS AND GARMENTS OF OLEFIN BLOCK POLYMERS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] For
purposes of United States patent practice, the
contents U.S. Provisional Application No. 60/885,208,
filed January 16, 2007 is herein incorporated by
reference in its entirety. FIELD OF THE INVENTION
[0002] This invention relates to elastic fibers,
fabrics, and garments capable of being heat set and/or
being made in a continuous scouring process.
BACKGROUND AND SUMMARY OF THE INVENTION [0003] Many
different materials have been used in making knit or
woven fabrics for use in, for example, garments. It is
often desirable that such fabrics have a combination
of desirable properties including one or more of the
following: dimensional stability, heat-set properties,
capability to be made stretchable in one or both
dimensions, chemical, heat, and abrasion resistant,
tenacity, etc. It is also often important that such
fabrics be able to withstand hand or machine washing
without significantly degrading one or more of the
aforementioned properties. Further, increased
throughput with reduced defects, e.g., fiber breakage,
is sometimes desirable. In addition, exposure to high
temperatures without fiber breakage is often
desirable. Unfortunately, prior materials often suffer
from one or more deficiencies in the aforementioned
properties. In addition, the prior materials may
sometimes limit the manufacturing process in some way,
e.g., knit fabric production may be limited to a
pulley feeding system as opposed to an eyelet system
or the fabric may not be capable of being scoured in a
continuous process. [0004] Improved fibers and fabrics
have now been discovered which often have a balanced
combination of desirable properties. These
compositions may also allow for improved
processability in some applications. In one aspect the
present invention is a fabric made by a continuous
scouring process wherein said fabric comprises elastic
fibers. The elastic fibers comprise the reaction
product of at least one ethylene block polymer and at
least one crosslinking agent. The ethylene block
polymer is, for example, an ethylene/a-olefin
interpolymer, wherein the ethylene/a-olefin
interpolymer has one or more of the following
characteristics prior to crosslinking:( 1) an average
block index greater than zero and up to about 1.0 and
a molecular weight distribution, Mw/Mn, greater than
about 1.3; or (2) at least one molecular fraction
which elutes between 40C and 130C when fractionated
using TREF, characterized in that the fraction has a
block index of at least 0.5 and up to about 1; or (3)
an Mw/Mn from about 1.7 to about 3.5, at least one
melting point, Tm, in degrees Celsius, and a density,
d, in grams/cubic centimeter, wherein the numerical
values of Tm and d correspond to the relationship: Tm
> -2002.9 + 4538.5(d) - 2422.2(d)2; or (4) an Mw/Mn
from about 1.7 to about 3.5, and is characterized by a
heat of fusion, DH in J/g, and a delta quantity, DT,
in degrees Celsius defined as the temperature
difference between the tallest DSC peak and the
tallest CRYSTAF peak, wherein the numerical values of
DT and DH have the following relationships: DT >
-0.1299(DH) + 62.81 for DH greater than zero and up to
130 J/g, DT > 48C for DH greater than 130 J/g ,
wherein the CRYSTAF peak is determined using at least
5 percent of the cumulative polymer, and if less than
5 percent of the polymer has an identifiable CRYSTAF
peak, then the CRYSTAF temperature is 30C; or (5) an
elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured with a compression-molded film of
the ethylene/a-olefm interpolymer, and has a density,
d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially
free of a crosslinked phase: Re >1481-1629(d); or (6)
a molecular fraction which elutes between 40C and 130C
when fractionated using TREF, characterized in that
the fraction has a molar comonomer content of at least
5 percent higher than that of a comparable random
ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random
ethyleneinterpolymer has the same cotnonomer(s) and
has a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a- olefin interpolymer; or (7) a
storage modulus at 25 C, G'(25 C), and a storage
modulus at 100 C, G'(100 C), wherein the ratio of
G'(25 C) to G'(100 C) is in the range of about 1:1 to
about 9:1. [0005] In another aspect the invention is
an elastic fiber comprising the reaction product of at
least one ethylene olefin block polymer as described
previously and at least one crosslinking agent The
elastic fibers may be characterized (1) by a storage
modulus at 85 C of at least about 1.2 MPa and/or (2)
the ability to be heat set, i.e., stretched to a
desired width which is maintained when an elastic
fabric comprising said fibers is released from, for
example, a tenterframe. [0006] The ethylene/a olefin
interpolymer characteristics ( 1) through (7) above
are given with respect to the ethylene/a-olefin
interpolymer before any significant crosslinking, Le.,
before crosslinking. The ethylene/a-olefin
interpolymers useful in the present invention are
usually crosslinked to a degree to obtain the desired
properties. By using characteristics (1) through (7)
as measured before crosslinking is not meant to
suggest that the interpolymer is not required to be
crosslinked - only that the characteristic is measured
with respect to the interpolymer without significant
crosslinking. Crosslinking may or may not change each
of these properties depending upon the specific
polymer and degree of crosslinking. BRIEF DESCRIPTION
OF THE DRAWINGS [0007] Figure 1 shows the melting
point/density relationship for the inventive polymers
(represented by diamonds) as compared to traditional
random copolymers (represented by circles) and
Ziegler-Natta copolymers (represented by triangles).
[00081 Figure 2 shows plots of delta DSC-CRYSTAF as a
function of DSC Melt Enthalpy for various polymers.
The diamonds represent random ethylene/octene
copolymers; the squares represent polymer examples
1-4; the triangles represent polymer examples 5-9; and
the circles represent polymer examples 10-19. The "X"
symbols represent polymer examples A*-F*. [0009J
Figure 3 shows the effect of density on elastic
recovery for unoriented films made from inventive
intetpolymers(represented by the squares and circles)
and traditionalcopolymers (represented by the
triangles which are various AFFINITY(tm) polymers
(available from The Dow Chemical Company)). The
squares represent inventive ethylene/butene
copolymers; and the circles represent inventive
ethylene/octene copolymers. [0010] Figure 4 is a plot
of octene content of TREF fractionated ethylene/
1-octene copolymer fractions versus TREF elution
temperature of the fraction for the polymer of Example
5 (represented by the circles) and comparative
polymers E and F (represented by the X" symbols). The
diamonds represent traditional random ethylene/octene
copolymers. [0011] Figure 5 is a plot of octene
content of TREF fractionated ethylene/ 1-octene
copolymer fractions versus TREF elution temperature of
the fraction for the polymer of Example 5 (curve 1)
and for comparative F (curve 2). The squares represent
Example F*; and the triangles represent Example 5.
[0012] Figure 6 is a graph of the log of storage
modulus as a function of temperature for comparative
ethylene/1-octene copolymer (curve 2) and propylene/
ethylene- copolymer (curve 3) and for two
ethylene/1-octene block copolymers of the invention
made with differing quantities of chain shuttling
agent (curves 1). [0013] Figure 7 shows a plot of TMA
(1mm) versus flex modulus for some inventive polymers
(represented by the diamonds), as compared to some
known polymers. The triangles represent various Dow
VERSIFY(tm) polymers(available from The Dow Chemical
Company); the circles represent various random
ethylene/styrene copolymers; and the squares represent
various Dow AFFINITY(tm) polymers(available from The
Dow Chemical Company). [0014] Figure S shows the
procedure for heat-setting and shrinkage testing of
fibers. [0015] Figure 9 shows shows a plot of e-beam
radiation versus percent crosslinking for an olefin
block copolymer. [0016] Figure 10 shows a plot of
storage modulus versus temperature for the fibers of
Examples 26 and 27. DETAILED DESCRIPTION OF THE
INVENTION General Definitions [0017] "Fiber" means a
material in which the length to diameter ratio is
greater than about 10. Fiber is typically classified
according to its diameter. Filament fiber is generally
defined as having an individual fiber diameter greater
than about 15 denier, usually greater than about 30
denier per filament. Fine denier fiber generally
refers to a fiber having adiameter less than about 15
denier per filament. Microdenier fiber is generally
defined as fiber having a diameter less than about 100
microns denier per filament. [0018| "Filament fiber"
or "monofilament fiber" means a continuous strand of
material of indefinite (i.e., not predetermined)
length, as opposed to a "staple fiber" which is a
discontinuous strand of material of definite length
(i.e., a strand which has been cut or otherwise
divided into segments of a predetermined length).
[0019] "Elastic" means that a fiber will recover at
least about 50 percent of its stretched length after
the first pull and after the fourth to 100% strain
(doubled the length). Elasticity can also be described
by the "permanent set" of the fiber. Permanent set is
the converse of elasticity. A fiber is stretched to a
certain point and subsequently released to the
original position before stretch, and then stretched
again. The point at which the fiber begins to pull a
load is designated as the percent permanent set.
"Elastic materials" are also referred to in the art as
'"elastomers" and "elastomeric". Elastic material
(sometimes referred to as an elastic article) includes
the copolymer itself as well as, but not limited to,
the copolymer in the form of a fiber, film, strip,
tape, ribbon, sheet, coating, molding and the like.
The preferred elastic material is fiber. The elastic
material can be either cured or uncured, radiated or
un-radiated, and/or crosslinked or uncrosslinked.
[0020} "Nonelastic material" means a material, e.g., a
fiber, that is not elastic as defined above. [0021]
"Homofil fiber" means a fiber that has a single
polymer region or domain, and that does not have any
other distinct polymer regions (as do bicomponent
fibers). [0022] "Bicomponent fiber" means a fiber mat
has two or more distinct polymer regions or domains.
Bicomponent fibers are also known as conjugated or
multicomponent fibers. The polymers are usually
different from each other although two or more
components may comprise the same polymer. The polymers
are arranged in substantially distinct zones across
the cross-section of the bicomponent fiber, and
usually extend continuously along the length of the
bicomponent fiber. The configuration of a bicomponent
fiber can be, for example, a sheath/core arrangement
(in which one polymer is surrounded by another), a
side by side arrangement, a pie arrangement or an
"islands-in-the sea" arrangement. Bicomponent fibers
are further described in U.S. Patents No. 6,225,243,
6,140,442, 5,382,400, 5,336,552 and 5,108,820. [0023]
"Meltblown fibers" are fibers formed by extruding a
molten thermoplastic 



polymer composition through a plurality of fine,
usually circular, die capillaries as molten threads or
filaments into converging high velocity gas streams
(e.g. air) which function toattenuate the threads or
filaments to reduced diameters. The filaments or
threads are carried by the high velocity gas streams
and deposited on a collecting surface to form a web of
randomly dispersed fibers with average diameters
generally smaller than 10 microns. [0024] "Meltspun
fibers" are fibers formed by melting at least one
polymer and then drawing the fiber in the melt to a
diameter (or other cross-section shape) less than the
diameter (or other cross-section shape) of the die.
[0025] "Spunbond fibers" are fibers formed by
extruding a molten thermoplastic polymer composition
as filaments through a plurality of fine, usually
circular, die capillaries of a spinneret. The diameter
of the extruded filaments is rapidly reduced, and then
the filaments are deposited onto a collecting surface
to form a web of randomly dispersed fibers with
average diameters generally between about 7 and about
30 microns. [0026] "Nonwoven" means a web or fabric
having a structure of individual fibers or threads
which are randomly interlaid, but not in an
identifiable manner as is the case of a knitted
fabric. The elastic fiber in accordance with
embodiments of the invention can be employed to
prepare nonwoven structures as well as composite
structures of elastic nonwoven fabric in combination
with nonelastic materials. {0027] 'U arn" means a
continuous length of twisted or otherwise entangled
filaments which can be used in the manufacture of
woven or knitted fabrics and other articles. Yarn can
be covered or uncovered. Covered yarn is yarn at least
partially wrapped within an outer covering of another
fiber or material, typically a natural fiber such as
cotton or wool. [0028] "Polymer" means a polymeric
compound prepared by polymerizing monomers, whether of
the same or a different type. The generic term
"polymer" embraces the terms "homopolymer,"
"copolymer," "terpolymer" as well as "interpolymer."
[0029] 'Interpolymer" means a polymer prepared by the
polymerization of at least two different types of
monomers. The generic term "interpolymer" includes the
term "copolymer" (which is usually employed to refer
to a polymer prepared from two different monomers) as
well as the term "terpolymer" (which is usually
employed to refer to a polymer prepared from three
different types of monomers). It also encompasses
polymers made by polymerizing four or more types of
monomers. [0030] The term "ethylene/a-olefin
interpolymer" generally refers to polymers comprising
ethylene and an a-olefin having 3 or more carbon
atoms. Preferably, ethylene comprises the majority
mole fraction of the whole polymer, i.e., ethylene
comprises at least about 50 mole percent of the whole
polymer. More preferably ethylene comprises at least
about 60 mole percent, at least about 70 mole percent,
or at least about 80 mole percent, withthe substantial
remainder of the whole polymer comprising at least one
other comonomer that is preferably an a-olefin having
3 or more carbon atoms. For many ethylene/octene
copolymers, the preferred composition comprises an
ethylene content greater than about 80 mole percent of
the whole polymer and an octene content of from about
10 to about 15, preferably from about 1S to about 20
mole percent of the whole polymer. In some
embodiments, the ethylene/a-olefin interpolymers do
not include those produced in low yields or in a minor
amount or as a by-product of a chemical process. While
the ethylene/a- olefin interpolymers can be blended
with one or more polymers, the as-produced ethylene/a-
olefin interpolymers are substantially pure and often
comprise a major component of the reaction product of
a polymerization process. [0031] The ethylene/a-oletln
interpolymers comprise ethylene and one or more
copolymerizable a-olefin comonomers in polymerized
form, characterized by multiple blocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties. That is, the
ethylene/a-olefin interpolymers are block
interpolymers, preferably multi-block interpolymers or
copolymers. The terms "interpolymer" and "copolymer"
are used interchangeably herein. In some embodiments,
the multi-block copolymer can be represented by the
following formula: (AB)n where n is at least 1,
preferably an integer greater than I, such as 2, 3, 4,
5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, or
higher, "A represents a hard block or segment and B
represents a soft block or segment. Preferably, As and
Bs are linked in a substantially linear fashion, as
opposed to a substantially branched or substantially
star-shaped fashion. In other embodiments, A blocks
and B blocks are randomly distributed along the
polymer chain. In other words, the block copolymers
usually do not have a structure as follows.
AAA-AA-BBB-BB [0032] In still other embodiments, the
block copolymers do not usually have a third type of
block, which comprises different comonomer(s). In yet
other embodiments, each of block A and block B has
monomers or comonomers substantially randomly
distributed within the block. In other words, neither
block A nor block B comprises two or more sub-segments
(or sub-blocks) of distinct composition, such as a tip
segment, which has a substantially different
composition than the rest of the block. [0033] The
multi-block polymers typically comprise various
amounts of hard" and "soft" segments. "Hard" segments
refer to blocks of polymerized units in which ethylene
is present in an amount greater than about 95 weight
percent, and preferably greater than about98 weight
percent based on the weight of the polymer, in other
words, the comonomer content (content of monomers
other than ethylene) in the hard segments is less than
about 5 weight percent, and preferably less than about
2 weight percent based on the weight of the polymer.
In some embodiments, the hard segments comprises all
or substantially all ethylene. "Soft" segments, on the
other hand, refer to blocks of polymerized units in
which the comonomer content (content of monomers other
than ethylene) is greater than about 5 weight percent,
preferably greater than about 8 weight percent,
greater than about 10 weight percent, or greater than
about 1S weight percent based on the weight of the
polymer. In some embodiments, the comonomer content in
the soft segments can be greater than about 20 weight
percent, greater than about 25 weight percent, greater
than about 30 weight percent, greater than about 35
weight percent, greater than about 40 weight percent,
greater than about 45 weight percent, greater than
about 50 weight percent, or greater than about 60
weight percent [0034] The soft segments can often be
present in a block interpolymer from about 1 weight
percent to about 99 weight percent of the total weight
of the block interpolymer, preferably from about 5
weight percent to about 95 weight percent, from about
10 weight percent to about 90 weight percent, from
about 15 weight percent to about 85 weight percent,
from about 20 weight percent to about 80 weight
percent, from about 25 weight percent to about 75
weight percent, from about 30 weight percent to about
70 weight percent, from about 35 weight percent to
about 65 weight percent, from about 40 weight percent
to about 60 weight percent, or from about 45 weight
percent to about 55 weight percent of the total weight
of the block interpolymer. Conversely, the hard
segments can be present in similar ranges. The soft
segment weight percentage and the hard segment weight
percentage can be calculated based on data obtained
from DSC or NMR. Such methods and calculations are
disclosed in a concurrently filed U.S. Patent
Application Serial No. 11/376,835, Attorney Docket No.
385063999558, entitled "Ethylene/a-Olefins Block
Interpolymers", filed on March 15, 2006, in the name
of Colin L.P. Shan, Lonnie Hazlitt, et. al. and
assigned to Dow Global Technologies Inc., the
disclosure of which is incorporated by reference
herein in its entirety. [0035] The term "crystalline"
if employed, refers to a polymer that possesses a
first order transition or crystalline melting point
(Tm) as determined by differential scanning
calorimetry (DSC) or equivalent technique. The term
may be used interchangeably with the term
"semicrystalline". The term "amorphous" refers to a
polymer lacking a crystallinemelting point as
determined by differential scanning calorimetry (DSC)
or equivalent technique. [0036) The term "multi-block
copolymer" or "segmented copolymer" refers to a
polymer comprising two or more chemically distinct
regions or segments (referred to as "blocks")
preferably joined in a linear manner, that is, a
polymer comprising chemically differentiated units
which are joined end-to-end with respect to
polymerized ethylenic functionality, rather than in
pendent or grafted fashion. In a preferred embodiment,
the blocks differ in the amount or type of comonomer
incorporated therein, the density, the amount of
crystallinity, the crystallite size attributable to a
polymer of such composition, the pe or degree of
tacticity (isotactic or syndiotactic),
regio-regularity or regio-irregularity, the amount of
branching, including long chain branching or
hyper-branching, the homogeneity, or any other
chemical or physical property. The multi-block
copolymers are characterized by unique distributions
of both polydispersity index (PD! or Mw/Mn), block
length distribution, and/or block number distribution
due to the unique process making of the copolymers.
More specifically, when produced in a continuous
process, the polymers desirably possess PDI from 1.7
to 2.9, preferably from 1.8 to 2.5, more preferably
from 1.8 to 2.2, and most preferably from 1.8 to 2.1.
When produced in a batch or semi-batch process, the
polymers possess PDI from 1.0 to 2.9, preferably from
1.3 to 2.5, more preferably from 1.4 to 2.0, and most
preferably from 1.4 to 1.8. [0037) In the following
description, all numbers disclosed herein are
approximate values, regardless whether the word
"about" or "approximate" is used in connection
therewith. They may vary by 1 percent, 2 percent, 5
percent, or, sometimes, 10 to 20 percent. Whenever a
numerical range with a lower limit, RL and an upper
limit, Ru , is disclosed, any number falling within
the range is specifically disclosed. In particular,
the following numbers within the range are
specifically disclosed: Rs RL+k*(Ru -RL), wherein k is
a variable ranging from 1 percent to 100 percent with
a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent,..., 50
percent, 5 1 percent, 52 percent,..., 95 percent, 96
percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two
R numbers as defined in the above is also specifically
disclosed. Ethylene/ a-Olefin Interpoiymers [0038} The
ethylene/a-olefin interpolymers used in embodiments of
the Invention (also referred to as 'inventive
interpolymer" or 'inventive polymer") comprise
ethylene and one or more copolymerizable a-olefin
comonomers in polymerized form, characterized by
multiple -blocks or segments of two or more
polymerized monomer units differing in chemical or
physical properties (block interpolymer), preferably a
multi-block copolymer. The ethylene/ a-olefn
interpolymers are characterized by one or more of the
aspects described as follows. [0039] In one aspect,
the ethylene/ a-olefin interpolymers used in
embodiments of the invention have a MwZM from about
1.7 to about 3.5 and at least one melting point, Tm,
in degrees Celsius and density, d in grams/cubic
centimeter, wherein the numerical values of the
variables correspond to the relationship: T1n >
-2002.9 + 4538.5(d) - 2422.2(d) 2, and preferably Tn,
> -6288.1 + 13141(d) - 6720.3(d) 2, and more
preferably Tm > 858.91 - 1825.3(d) + 1 1 12.8(d)2.
[0040] Such melting point/density relationship is
illustrated in Figure 1. Unlike the traditional random
copolymers of ethylene/ a-olefins whose melting points
decrease with decreasing densities, the inventive
interpolymers (represented by diamonds) exhibit
melting points substantially independent of the
density, particularly when density is between about
0.87 g/cc to about 0.95 g/cc. For example, the melting
point of such polymers are in the range of about 110 C
to about 130 C when density ranges from 0.875 g/cc to
about 0.945 



g/cc. In some embodiments, the melting point of such
polymers are in the range of about 115 C to about 125
C when density ranges from 0.875 g/cc to about 0.945
g/cc. [0041] In another aspect, the ethylene/ a-olefin
interpolymers comprise, in polymerized form, ethylene
and one or more a-olefins and are characterized by a
DT, in degree Celsius, defined as the temperature for
the tallest Differential Scanning Calorimetry ("DSC")
peak minus the temperature for the tallest
Crystallization Analysis Fractionation ("CRYSTAF )
peak and a heat of fusion in J/g, DH, and DT and DH
satisfy the following relationships: DT > -0. 1299(DH)
+ 62.8 1, and preferably DT > -0. 1299(DH) + 64.38,
and more preferably DT > -0.1299( DH) + 65.95, for DH
up to 130 J/g. Moreover, DT is equal to or greater
than 48 C for DH greater than 130 J/g. The CRYSTAF
peak is determined using at least 5 percent of the
cumulative polymer (that is, the peak must represent
at least 5 percent of the cumulative polymer), and if
less than5 percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30C, and
DH is the numerical value of the heat of fusion in
J/g. More preferably, the highest CRYSTAF peak
contains at least 10 percent of the cumulative
polymer. Figure 2 shows plotted data for inventive
polymers as well as comparative examples. Integrated
peak areas and peak temperatures are calculated by the
computerized drawing program supplied by the
instrument maker. The diagonal line shown for the
random ethylene octene comparative polymers
corresponds to the equation DT - -0.1299 (DH) 62.81.
[00421 yet another aspect, the ethylene/a-olefin
interpolymers have a molecular fraction which elutes
between 40 C and 130C when fractionated using
Temperature Rising Elution Fractionation ("TREF"),
characterized in that said fraction has a molar
comonomer content higher, preferably at least 5
percent higher, more preferably at least 10 percent
higher, than that of a comparable random ethylene
interpolymer fraction eluting between the same
temperatures, wherein the comparable random ethylene
interpolymer contains the same comonomer(s), and has a
melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the block interpolymer. Preferably, the Mw/Mn of
the comparable interpolymer is also within 10 percent
of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content
within 10 weight percent of that of the block
interpolymer. [0043] In still another aspect, the
ethylene/a-olefn interpolymers are characterized by an
elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured on a compressionmolded film of an
ethylene/a-olefin interpolymer, and has a density, d,
in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase: Re >1481-1629(d); and
preferably Re >1491-1629(d); and more preferably Re
>150l-1629(d); and even more preferably Re >151
1-1629(d). [0044] Figure 3 shows the effect of density
on elastic recovery for unoriented films made from
certain inventive interpolymers and traditional random
copolymers. For the same density, the inventive
interpolymers have substantially higher elastic
recoveries.[0045] in some embodiments, the
ethylene/a-olefin interpolymers have a tensile
strength above 0 MPa, preferably a tensile strength >
11 MPa, more preferably a tensile strength > 13MPa
and/or an elongation at break of at least 600 percent,
more preferably at least 700 percent, highly
preferably at least 800 percent, and most highly
preferably at least 900 percent at a crosshead
separation rate of 11 cm/minute. [0046] In other
embodiments, the ethylene/a-olefin interpolymers have
(1) a storage modulus ratio, G'(25CyG'(100C), of from
1 to 50, preferably from 1 to 20, more preferably from
1 to 10; and/or (2) a 70C compression set of less than
80 percent, preferably less than 70 percent,
especially less than 60 percent, less than 50 percent,
or less than 40 percent, down to a compression set of
0 percent [0047] In still other embodiments, the
ethylene/a-olefin interpolymers have a 70C compression
set of less than 80 percent, less than 70 percent,
less than 60 percent, or less than 50 percent.
Preferably, the 70C compression set of the
interpolymers is less than 40 percent, less than 30
percent, less than 20 percent, and may go down to
about 0 percent. [0048] In some embodiments, the
ethylene/a-olefin interpolymers have a heat of fusion
of less than 85 J/g and/or a pellet blocking strength
of equal to or less than 100 pounds/foot 2 (4800 Pa),
preferably equal to or less than 50 lbs/ft2 {2400 Pa),
especially equal to or less than 5 lbs/ft2 (240 Pa),
and as low as 0 lbs/ft2 (0 Pa). [0049] In other
embodiments, the ethylene/a-olefin interpolymers
comprise, in polymerized form, at least 50 mole
percent ethylene and have a 70C compression set of
less than 80 percent, preferably less than 70 percent
or less than 60 percent, most preferably less than 40
to 50 percent and down to close to zero percent.
[0050] In some embodiments, the multi-block copolymers
possess a PDI fitting a Schultz-Flory distribution
rather than a Poisson distribution. The copolymers are
further characterized as having both a polydisperse
block distribution and a polydisperse distribution of
block sizes and possessing a most probable
distribution of block lengths. Preferred multiblock
copolymers are those containing 4 or more blocks or
segments including terminal blocks. More preferably,
the copolymers include at least 5, 10 or 20 blocks or
segments including terminal blocks. [0051] Comonomer
content may be measured using any suitable technique,
with techniques based on nuclear magnetic resonance
("NMR' *) spectroscopy preferred. Moreover, for
polymers or blends of polymers having relatively broad
TREF curves, the polymer desirably is first
fractionated using TREF into fractions each having an
eluted temperature range of 10C or less. That is, each
eluted fraction has a collection temperaturewindow of
10C or less. Using this technique, said block
interpolymers have at least one such fraction having a
higher molar comonomer content than a corresponding
fraction of the comparable interpolymer. [0052] In
another aspect, the inventive polymer is an olefin
interpolymer, preferably comprising ethylene and one
or more copolymerizable comonomers in polymerized
form, characterized by multiple blocks (i.e., at least
two blocks) or segments of two or more polymerized
monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a
multi-block copolymer, said block interpolymer having
a peak (but not just a molecular fraction) which
elutes between 40C and 130C (but without collecting
and/or isolating individual fractions), characterized
in that said peak, has a comonomer content estimated
by infra-red spectroscopy when expanded using a full
width/half maximum (FWHM) area calculation, has an
average molar comonomer content higher, preferably at
least S percent higher, more preferably at least 10
percent higher, than that of a comparable random
ethylene interpolymer peak at the same elution
temperature and expanded using a full width/half
maximum (FWHM) area calculation, wherein said
comparable random ethylene interpolymer has the same
comonomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within
10 percent of that of the blocked interpolymer.
Preferably, the Mw/Mn of the comparable interpolymer
is also within 10 percent of that of the blocked
interpolymer and/or the comparable interpolymer has a
total comonomer content within 10 weight percent of
that of the blocked interpolymer. The full width/half
maximum (FWHM) calculation is based on the ratio of
methyl to methylene response area [CH3/CH2] from the
ATREF infra-red detector, wherein the tallest
(highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution
measured using an ATREF peak, the FWHM area is defined
as the area under the curve between Ti and T , where
Ti and T are points determined, to the left and right
of the ATREF peak, by dividing the peak height by two,
and then drawing a line horizontal to the base line,
that intersects the left and right portions of the
ATREF curve. A calibration curve for comonomer content
is made using random ethylene/a-olefin copolymers,
plotting comonomer content from NMR versus FWHM area
ratio of the TREF peak. For this infra-red method, the
calibration curve is generated for the same comonomer
type of interest. The comonomer content of TREF peak
of the inventive polymer can be determined by
referencing this calibration curve using its FWHM
methyl : methylene area ratio [CH3/CH2] of the TREF
peak.[0053] Comonomer content may be measured using
any suitable technique, with techniques based on
nuclear magnetic resonance (NMR) spectroscopy
preferred. Using mis technique, said blocked
interpolymer has higher molar comonomer content than a
corresponding comparable interpolymer. [0054]
Preferably, for interpolymers of ethylene and
1-octene, the block interpolymer has a comonomer
content of the TREF fraction eluting between 40 and
13(PC greater than or equal to the quantity (- 0.2013)
T + 20.07, more preferably greater than or equal to
the quantity (-0.201 3) T+ 2 1.07, where T is the
numerical value of the peak elution temperature of the
TREF fraction being compared, measured in C. [0055]
Figure 4 graphically depicts an embodiment of the
block interpolymers of ethylene and 1-octene where a
plot of the comonomer content versus TREF elution
temperature for several comparable ethylene/ 1-octene
interpolymers (random copolymers) are fit to a line
representing (-0.201 3) T + 20.07 (solid line). The
line for the equation (- 0.2013) T + 2 1.07 is
depicted by a dotted line. Also depicted are the
comonomer contents for fractions of several block
ethylene/1 -octene interpolymers of the invention
(multi-block copolymers). AUof the block interpolymer
fractions have significantly higher 1-octene content
than either line at equivalent elution temperatures.
This result is characteristic of the inventive
interpolymer and is believed to be due to the presence
of differentiated blocks within the polymer chains,
having both crystalline and amorphous nature. [0056]
Figure 5 graphically displays the TREF curve and
comonomer contents of polymer fractions for Example 5
and Comparative F discussed below. The peak eluting
from 40 to 130C, preferably from 60C to 95C for both
polymers is fractionated into three parts, each part
eluting over a temperature range of less than 10C.
Actual data for Example 5 is represented by triangles.
The skilled artisan can appreciate that an appropriate
calibration curve may be constructed for interpolymers
containing different comonomers and a line used as a
comparison fitted to the TREF values obtained from
comparative interpolymers of the same monomers,
preferably random copolymers made using a metallocene
or other homogeneous catalyst composition. Inventive
interpolymers are characterized by a molar comonomer
content greater than the value determined from the
calibration curve at the same TREF elution
temperature, preferably at least 5 percent greater,
more preferably at least 10 percent greater. [0057J In
addition to the above aspects and properties described
herein, the inventive polymers can be characterized by
one or more additional characteristics. In one aspect,
the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or
morecopolymerizable comonomers in polymerized form,
characterized by multiple blocks or segments of two or
more polymerized monomer units differing in chemical
or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block
interpolymer having a molecular fraction which elutes
between 40"C and 130C, when fractionated using TREF
increments, characterized in that said fraction has a
molar comonomer content higher, preferably at least 5
percent higher, more preferably at least 10, 15 20 or
25 percent higher, than that of a comparable random
ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random
ethylene interpolymer comprises the same comonomer(s),
preferably it is the same comonomer(s), and 



a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the blocked interpolymer. Preferably, the Mw/Mn of
the comparable interpolymer is also within 10 percent
of that of the blocked interpolymer and/or the
comparable interpolymer has a total comonomer content
within 10 weight percent of that of the blocked
interpolymer. [0058] Preferably, the above
interpolymers are interpolymers of ethylene and at
least one a-olefin, especially those interpolymers
having a whole polymer density from about 0.855 to
about 0.935 g/cm3, and more especially for polymers
having more than about 1 mole percent comonomer, the
blocked interpolymer has a comonomer content of the
TREF fraction eluting between 40 and 130C greater than
or equal to the quantity (-0.1356) T + 13.89, more
preferably greater than or equal to the quantity (-0.
1356) T 14.93, and most preferably greater than or
equal to the quantity (-0.2013)T + 2 1.07, where T is
the numerical value of the peak ATREF elution
temperature of the TREF fraction being compared,
measured in C. [0059] Preferably, for the above
interpolymers of ethylene and at least one
alpha-olefin especially those interpolymers having a
whole polymer density from about 0.855 to about 0.935
g/cm3, and more especially for polymers having more
than about 1 mole percent comonomer, the blocked
interpolymer has a comonomer content of the TREF
fraction eluting between 40 and 130C greater than or
equal to the quantity (- 0.2013) T + 20.07, more
preferably greater than or equal to the quantity
(-0.2013) T+ 21.07, where T is the numerical value of
the peak elution temperature of the TREF fraction
being compared, measured in C. [0060] In still another
aspect, the inventive polymer is an olefin
interpolymer, preferably comprising ethylene and one
or more copolymerizable coraonomers in polymerized
form, characterized by multiple blocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties (blocked
interpolymer), most preferably a multiblock copolymer,
said block interpolymer having a molecular fraction
which elutes between40C and 13( , when fractionated
using TREF increments, characterized in that every
fraction having a comonomer content of at least about
6 mole percent, has a melting point greater than about
100C. For those fractions having a comonomer content
from about 3 mole percent to about 6 mole percent,
every fraction has a DSC melting point of about 110C
or higher. More preferably, said polymer fractions,
having at least 1 mole percent comonomer, has a DSC
melting point that corresponds to the equation: Tm>
(-5.5926Xmole percent comonomer in the fraction) +
135.90. [0061] In yet another aspect, the inventive
polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable
comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized
monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a
multiblock copolymer, said block interpolymer having a
molecular fraction which ehites between 40C and 130C,
when fractionated using TREF increments, characterized
in that every fraction that has an ATREF elution
temperature greater than or equal to about 76C, has a
melt enthalpy (heat of fusion) as measured by DSC,
corresponding to the equation: Heat of fusion (J/gm) <
(3.1718XATREF elution temperature in Celsius) -
136.58, [0062] The inventive block interpolymers have
a molecular fraction which elutes between 40C and
130C, when fractionated using TREF increments,
characterized in that every fraction that has an ATREF
elution temperature between 40C and less than about
76C, has a melt enthalpy (heat of fusion) as measured
by DSC, corresponding to the equation: Heat of fusion
(J/gm) < (1.1312)(ATREF elution temperature in
Celsius) + 22.97. ATREF Peak Comonomer Composition
Measurement by Infra-Red Detector [0063] The comonomer
composition of the TREF peak can be measured using an
IR4 infra-red detector available from Polymer Char,
Valencia, Spain (http://www.polvmerchar.com/) . [0064]
The "composition mode" of the detector is equipped
with a measurement sensor (CH ) and composition sensor
(CH3) that are fixed narrow band infra-red filters in
the region of 2800-3000 cm"1. The measurement sensor
detects the methylene (CH2) carbons on the polymer
(which directly relates to the polymer concentration
in solution) while the composition sensor detects the
methyl (CH ) groups of the polymer. The mathematical
ratio of the composition signal (CH3) divided by the
measurement signal (CH2) is sensitive to thecomonomer
content of the measured polymer in solution and its
response is calibrated with known ethylene
alpha-olefin copolymer standards. [0065] The detector
when used with an ATREF instrument provides both a
concentration (CH2) and composition (CH3) signal
response of the eluted polymer during the TREF
process. A polymer specific calibration can be created
by measuring the area ratio of the CH3 to CH2 for
polymers with known comonomer content (preferably
measured by NMR). The comonomer content of an ATREF
peak of a polymer can be estimated by applying a the
reference calibration of the ratio of the areas for
the individual CH3 and CH response (i.e. area ratio
CH3/CH2 versus comonomer content). [0066] The area of
the peaks can be calculated using a full width/half
maximum (FWHM) calculation after applying the
appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full
width/half maximum calculation is based on the ratio
of methyl to methylene response area [CH3/CH2] from
the ATREF infrared detector, wherein the tallest
(highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution
measured using an ATREF peak, the FWHM area is defined
as the area under the curve between Tl and T2, where T
l and T2 are points determined, to the left and right
of the ATREF peak, by dividing the peak height by two,
and then drawing a line horizontal to the base line,
that intersects the left and right portions of the
ATREF curve. [0067] The application of infra-red
spectroscopy to measure the comonomer content of
polymers in this ATREF-infra-red method is, in
principle, similar to that of GPC/FTIR systems as
described in the following references: Markovich,
Ronald P.; Hazlitt, Lonnie G.; Smith, Linley;
''Development of gel-permeation chromatography-Fourier
transform infrared spectroscopy for characterization
of ethylene-based polyolefm copolymers". Polymeric
Materials Science and Engineering (1991), 65, 98-100.;
and Deslauriers, P.J.; Rohlfng, D.C.; Shieh, E.T.;
"Quantifying short chain branching microstructures in
ethylene- 1-olefin copolymers using size exclusion
chromatography and Fourier transform infrared
spectroscopy (SEC-FTIR)", Polymer (2002), 43, 59-170.,
both of which are incorporated by reference herein in
their entirety. [0068} In other embodiments, the
inventive ethylene/ a-olefin interpolymer is
characterized by an average block index, ABl, which is
greater than zero and up to about 1.0 and a molecular
weight distribution, MvZMn, greater than about 13. The
average block index, ABI, is the weight average of the
block index ("Bl") for each of the polymer fractions
obtained in preparative TREF from 20C and 1100C, with
an increment of 5*C:ABl BI ) where BIi is the block
index for the ith fraction of the inventive
ethylene/o-olefin interpolymer obtained in preparative
TREF, and Wj is the weight percentage of the ith
fraction. [0069] For each polymer fraction, BI is
defined by one of the two following equations (both of
which give the same BI value): B =VTx -ltT LnPx -LnPX0
MTA-\ITAB LnPA- LnPl8 where Tx is the preparative
ATREF elution temperature for the ith fraction
(preferably expressed in Kelvin), Px is the ethylene
mole fraction for the ith fraction, which can be
measured by NMR or IR as described above. PABis the
ethylene mole fraction of the whole ethylene/a-olefin
interpolymer (before fractionation), which also can be
measured by NMR or IR. T and PAare the ATREF elution
temperature and the ethylene mole fraction for pure
"hard segments" (which refer to the crystalline
segments of the interpolymer). As a first order
approximation, the TAand PAvalues are set to those for
high density polyethylene homopolymer, if the actual
values for the "hard segments" are not available. For
calculations performed herein, TA is 3720K, PA is 1.
[0070] TAB is the ATREF temperature for a random
copolymer of the same composition and having an
ethylene mole fraction of PAB- TABcan be calculated
from the following equation: Ln PAB O/TAB + b where
aand b are two constants which can be determined by
calibration using a number of known random ethylene
copolymers. It should be noted that a and b may vary
from instrument to instrument Moreover, one would need
to create their own calibration curve with the polymer
composition of interest and also in a similar
molecular weight range as the fractions. There is a
slight molecular weight effect. f the calibration
curve is obtained from similar molecular weight
ranges, such effect would be essentially negligible.
In some embodiments, random ethylene copolymers
satisfy the following relationship: Ln P -237.83/TA
PU-F + 0.639[0071] Tco is the ATREF temperature for a
random copolymer of the same composition and having an
ethylene mole fraction of Px. Tco can be calculated
from LnPx a/Tco b Conversely, Pco is the ethylene mole
fraction for a random copolymer of the same
composition and having an ATREF temperature of Tx ,
which can be calculated from Ln Px o a/Tx + p\ [00721
Once the block index (BI) for each preparative TREF
traction is obtained, the weight average block index,
ABI, for the whole polymer can be calculated. In some
embodiments, ABI is greater than zero but less than
about 0.3 or from about 0.1 to about 03. In other
embodiments, ABI is greater than about 03 and up to
about 1.0. Preferably, ABI should be in the range of
from about 0.4 to about 0.7, from about 0.5 to about
0.7, or from about 0.6 to about 0.9. In some
embodiments, ABI is in the range of from about 03 to
about 0.9, from about 03 to about 0.S, or from about
03 to about 0.7, from about 03 to about 0.6, from
about 03 to about 0.5, or from about 03 to about 0.4.
In other embodiments, ABI is in the range of from
about 0.4 to about 1.0, from about 0.5 to about 1.0,
or from about 0.6 to about 1.0, from about 0.7 to
about LO, from about 0.8 to about 1.0, or from about
0.9 to about 1.0. [0073] Another characteristic of the
inventive ethylene/a-olefin interpolymer is that the
inventive ethylene/a-olefin interpolymer comprises at
least one polymer fraction which can be obtained by
preparative TREF, wherein the fraction has a block
index greater than about 0.1 and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than
about 13 . In some embodiments, the polymer fraction
has a block index greater than about 0.6 and up to
about LO, greater than about 0.7 and up to about 1.0,
greater than about 0.8 and up to about 1.0, or greater
than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index
greater than about 0.1 and up to about LO, greater
than about 0.2 and up to about 1.0, greater than about
0.3 and up to about 1.0, greater than about 0.4 and up
to about LO, or greater than about 0.4 and up to about
1.0. In still other embodiments, the polymer fraction
has a block index greater than about 0.1 and up to
about 0.5, greater than about 0.2 and up to about 0.5,
greater than about 03 and up to about 0.5, or greater
than about 0.4 and up to about 0.5. In yet other
embodiments, the polymer fraction has a block index
greater than about 0.2 and up to about 0.9, greater
than about 03 and up to about 0.8, greater than about
0.4 and up to about 0.7, or greater than about 0.5 and
up to about 0.6. [0074} For copolymers of ethylene and
an a-olefn, the inventive polymers preferably possess
(I) a PDI of at least 13, more preferably at least
1.5, at least 1.7, or at least 2.0, and most
preferably at least 2.6, up to a maximum value of 5.0,
more preferably up to a maximumof 3.5, and especially
up to a maximum of 2.7; (2) a heat of fusion of 80 J/g
or less; (3) an 



ethylene content of at least 50 weight percent; (4) a
glass transition temperature, T , of less than -25C,
more preferably less than -30C; and/or (5) one and
only one Tm. [0075J Further, the inventive polymers
can have, alone or in combination with any other
properties disclosed herein, a storage modulus, G',
such that log (G') is greater than or equal to 400
kPa, preferably greater than or equal to 1 0 MPa, at a
temperature of 100C. Moreover, the inventive polymers
possess a relatively flat storage modulus as a
function of temperature in the range from 0 to 100C
(illustrated in Figure 6) that is characteristic of
block copolymers, and heretofore unknown for an olefin
copolymer, especially a copolymer of ethylene and one
or more C aliphatic a-olefins. (By the term
"relatively flat" in this context is meant that log G'
(in Pascals) decreases by less man one order of
magnitude between 50 and 100C, preferably between 0
and 100C). [0076] The inventive interpolymers may be
further characterized by a thermomechanical analysis
penetration depth of I mm at a temperature of at least
90C as well as a flexural modulus of from 3 kpsi (20
MPa) to 13 kpsi (90 MPa). Alternatively, the inventive
interpolymers can have a thermomechanical analysis
penetration depth of 1mm at a temperature of at least
104C as well as a flexural modulus of at least 3 kpsi
(20 MPa). They may be characterized as having an
abrasion resistance (or volume loss) of less than 90
mm3. Figure 7 shows the TMA ( 1 mm) versus flex
modulus for the inventive polymers, as compared to
other known polymers. The inventive polymers have
significantly better flexibility-heat resistance
balance than the other polymers. [0077] Additionally,
the ethylene/a-olefin interpolymers can have a melt
index, h , from 0.01 to 2000 g/10 minutes, preferably
from 0.01 to 1000 g/10 minutes, more preferably from
0.01 to 500 g/10 minutes, and especially from 0.01 to
100 g/10 minutes. In certain embodiments, the
ethylene/a-olefin interpolymers have a melt index, ,
from 0.01 to 10 g/10 minutes, from 0.5 to 50 g/10
minutes, from 1 to 30 g/10 minutes, from 1 to 6 g/10
minutes or from 0.3 to 10 g/10 minutes. In certain
embodiments, the melt index for the ethylene/a-olefin
polymers is Ig/ 10 minutes, 3 g/10 minutes or 5 g/10
minutes. [0078] The polymers can have molecular
weights, Mw, from 1,000 g/mole to 5,000,000 g/mole,
preferably from 1000 g/mole to 1,000,000, more
preferably from 10,000 g/mole to 500,000 g/mole, and
especially from 10,000 g/mole to 300,000 g/mole. The
density of the inventive polymers can be from 0.80 to
0.99 g/cm3 and preferably for ethylene containing
polymers from 0.85 g/cm3 to 0.97 g/cm3. In certain
embodiments, the density of the ethylene/a-olefin
polymers ranges from 0.860 to 0.925 g/cm3 or 0.867 to
0.910 g/cm3.[0079] Hoe process of making the polymers
has been disclosed in the following patent
applications: U.S. Provisional Application No.
60/553,906, filed March 17, 2004; U.S. Provisional
Application No. 60/662,937, filed March 17, 2005; U.S.
Provisional Application No. 60/662,939, filed March
17, 2005; U.S. Provisional Application No. 60/662,938,
filed March 17, 2005; PCT Application No.
PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17,
2005; and PCT Application No. PCT/US2005/008917, filed
March 17, 2005, all of which are incorporated by
reference herein in their entirety. For example, one
such method comprises contacting ethylene and
optionally one or more addition polymerizable monomers
other than ethylene under addition polymerization
conditions with a catalyst composition comprising: the
admixture or reaction product resulting from
combining: (A) a first olefin polymerization catalyst
having a high comonomer incorporation index, (B) a
second olefin polymerization catalyst having a
comonomer incorporation index less than 90 percent,
preferably less than 50 percent, most preferably less
than 5 percent of the comonomer incorporation index of
catalyst (A), and (C) a chain shuttling agent. [0080]
Representative catalysts and chain shuttling agent are
as follows. [00811 Catalyst (Al) is
[N-(2,6-di(l-methylethyl)phenyl)amidoX2-isoproryIrheny
ica-
naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium
dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. CH(CHj)2 (H3ChHC CH3 [0082]
Catalyst (A2) is
[N-(2,6-di(1-methylethyi)phenyl)amidoX2-methylphenyic
1,2- phenylene-(6-pyridin 2-diyl)methane)]hafnium
dimethyl, prepared according to the teachingsofWO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. (HjC)2HC CH3 CH3 [00831
Catalyst (A3) is bis[N,N' -(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hafiiium
diben2yl. X= CH2C6H5 10084] Catalyst (A4) is
bis((2-oxoyl-3-(diben2"-lH-
ryrrole-l-yl>5-(methyl)phenyl)-2-
phenoxymethyl)cyclohexane l ,2-diyl zirconium (IV)
dibenzyl, prepared substantially according to the
teachings of US-A-2004/0010103. [00851 Catalyst (Bl)
is l,2-bis-(3,5-di-t-butylphenyIene)(l
-(N-(Imethylethyl) immino)methyl)(2-oxoyl) zirconium
dibenzylC(CHj) 3 C(CHJ) 3 (H3C [00861 Catalyst (B2) is
l,2-bis-<3,5-di-t-butylphenyleneXl-(N-<2-methylcyclohe
xyl> irnmino)methyic2-oxoyl) zirconium dibenzyl
C(CH3)3 [0087] Catalyst (Cl) is
(t4>utylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-h-inde
n-l - yl)silanetitanium dimethyl prepared
substantially according to the techniques of USP
6,268,444: N (CHj) 3 Catalyst (C2) is
(t-butylamido)di(4-methylphenyl)(2-methyl-l,2,3,3a,7a-
h-indenl- yl)silanetitanium dimethyl prepared
substantially according to the teachings of US-A-
2003/004286:[0089] Catalyst (C3) is (t
butylamido)di(4-methylphenyl)(2 methyl- l
,2,3,3a,8a-h-sindacen- l-yl)silanetitanium dimethyl
prepared substantially according to the teachings of
USA- 2003/004286: CH3 N C(CH3)J Hc [0090] Catalyst (Dl
) is bis(dimethyldisiloxane)(indene-l -yl)zirconium
dichloride available from Sigma-Aldrich: [0091]
Shuttling Agents The shuttling agents employed include
diethylzinc, di(ibutyi) zinc, di(n-hexyl)zinc,
triethylaluminum, trioctylaluminum, triethylgallium,
ibutylaluminum bis(dimethyl(t-butyl)siloxane),
i-butylaluminum bis(di(trimethylsilyl)amide),
n-octylalurainum di(pyridine-2-methoxide),
bis(n-octadecyl)i-butylaluminum, ibutylaluminum
bis(di(n'pentyl)am ide), n-octylaluminum
bis(2,6-di-t-butylphenoxide, noctylaluminum
di(ethyl(l-naphthyt)amide), ethylaluminum
bis(t-butyldimethylsiloxide), ethylaluminum
di(bis(trimethylsilyl)amide), ethylaluminum
bis(2,3A7-dibenzo-lazacycloheptaneamide),
n-octytaluminum
bis(2,3,6,7-dibenzo-l-azacycloheptaneamide),
noctylaluminum bis(dimethyl(t-butyl)siloxide,
ethylzinc (2,6-diphenylphenoxide), and ethylzine
(t-butoxide). [0092] Preferably, the foregoing process
takes the form of a continuous solution process for
forming block copolymers, especially multi-block
copolymers, preferably linear multiblock copolymers of
two or more monomers, more especially ethylene and a
C3.20 olefin or cycloolefin, and most especially
ethylene and a C4-20 a-olefin, using multiple
catalysts that are incapable of interconversion. That
is, the catalysts are chemically distinct Under
continuous solution polymerization conditions, the
process is ideally suited for polymerization of
mixtures of monomers at high monomer conversions.
Under these polymerization conditions, shuttling from
the chain shuttling agent to the catalyst becomes
advantaged compared to chain growth, and multi-block
copolymers, especially linear multiblock copolymers
are formed in high efficiency. [0093] The inventive
interpolymers may be differentiated from conventional,
random copolymers, physical blends of polymers, and
block copolymers prepared via sequential monomer
addition, fluxional catalysts, anionic or cationic
living polymerization techniques. In particular,
compared to a random copolymer of the same monomers
and monomer content at equivalent crystallinity or
modulus, the inventive interpolymers have better
(higher) heat resistance as measured by melting point,
higher TMA penetration temperature, higher
hightemperature tensile strength, and/or higher
high-temperature torsion storage modulus as determined
by dynamic mechanical analysis. Compared to a random
copolymer containing the same monomers and monomer
content, the inventive interpolymers have lower
compression set, particularly at elevated
temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking
resistance, faster setup due to higher crystallization
(solidification) temperature, higher recovery
(particularly at elevated temperatures), better
abrasion resistance, higher retractive force, and
better oil and filler acceptance. [0094] The inventive
interpolymers also exhibit a unique crystallization
and branching distribution relationship. That is, the
inventive interpolymers have a relatively large
difference between the tallest peak temperature
measured using CRYSTAF and DSC as a function of heat
of fusion, especially as compared to random copolymers
containing the same monomers and monomer level or
physical blends of polymers, such as a blend of a high
density polymer and a lower density copolymer, at
equivalent overall density. It is believed that this
unique feature of the inventive interpolymers is due
to the unique distribution of thecomonomer in blocks
within the polymer backbone. In particular, the
inventive inteipolymers may comprise alternating
blocks of differing comonomer content (including
homopolymer blocks). The inventive interpolymers may
also comprise a distribution in number and/or block
size of polymer blocks of differing density or
comonomer content, which is a Schultz-Flory type of
distribution. In addition, the inventive interpolymers
also have a unique peak melting point and
crystallization temperature profile that is
substantially independent of polymer density, modulus,
and morphology. In a preferred embodiment, the
macrocrystalline order of the polymers demonstrates
characteristic spherulites and lamellae that are
distinguishable from random or block copolymers, even
at PDI values that are less than 1.7, or even less
than 1.5, down to less than 1.3. [0095] Moreover, the
inventive interpolymers may be prepared using
techniques to influence the degree or level of
blockiness. That is the amount of comonomer and length
of each polymer block or segment can be altered by
controlling the ratio and type of catalysts and
shuttling agent as well as the temperature of the
polymerization, and other polymerization variables. A
surprising benefit of this phenomenon is the discovery
that as the degree of blockiness is increased, the
optical properties, tear strength, and high
temperature recovery properties of the resulting
polymer are improved. In particular, haze decreases
while clarity, tear strength, and high temperature
recovery properties increase as the average number of
blocks in the polymer increases. By selecting
shuttling agents and catalyst combinations having the
desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other
forms of polymer termination are effectively
suppressed. Accordingly, little if any b-hydride
elimination is observed in the polymerization 



of ethylene/a-olefm comonomer mixtures according to
embodiments of the invention, and the resulting
crystalline blocks are highly, or substantially
completely, linear, possessing little or no long chain
branching. [0100] Polymers with highly crystalline
chain ends can be selectively prepared in accordance
with embodiments of the invention. In elastomer
applications, reducing the relative quantity of
polymer that terminates with an amorphous block
reduces the intermolecular dilutive effect on
crystalline regions. This result can be obtained by
choosing chain shuttling agents and catalysts having
an appropriate response to hydrogen or other chain
terminating agents. Specifically, if the catalyst
which produces highly crystalline polymer is more
susceptible to chain termination (such as by use of
hydrogen) than the catalyst responsible for producing
the less crystalline polymer segment (such as through
higher comonomer incorporation, regio-error, or
atactic polymer formation), then the highlycrystalline
polymer segments will preferentially populate the
terminal portions of the polymer. Not only are the
resulting terminated groups crystalline, but upon
termination, the highly crystalline polymer forming
catalyst site is once again available for reinitiation
of polymer formation. The initially formed polymer is
therefore another highly crystalline polymer segment.
Accordingly, both ends of the resulting multi-block
copolymer are preferentially highly crystalline.
[0101] The ethylene a-olefin interpolymers used in the
embodiments of the invention are preferably
interpolymers of ethylene with at least one C3-C2O
a-olefin. Copolymers of ethylene and a C3-C20 a-olefin
are especially preferred. The interpolymers may
further comprise C4-C18 diolefin and/or
alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example,
ethylenically unsaturated monomers, conjugated or
nonconjugated dienes, polyenes, alkenylbenzenes, etc.
Examples of such comonomers include C3-C20 a-olefins
such as propylene, isobutylene, 1-butene, 1-hexene,
1-pentene, 4-methyl-l-pentene, 1-heptene, 1-octene,
1-nonene, l-decene, and the like. 1- butene and
1-octene are especially preferred. Other suitable
monomers include styrene, haloor alkyl-substituted
styrenes, vinylbenzocyclobutane, 1,4-hexadiene,
1,7-octadiene. and naphthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). [0102] While
ethylene/a-olefin interpolymers are preferred
polymers, other ethylene/olefin polymers may also be
used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least
one carbon-carbon double bond. Depending on the
selection of catalysts, any olefin may be used in
embodiments of the invention. Preferably, suitable
olefins are C3-C20 aliphatic and aromatic compounds
containing vinylic unsaturation, as well as cyclic
compounds, such as cyclobutene, cyclopentene,
dicyclopentadiene, and norbornene, including but not
limited to, norbornene substituted in the S and 6
position with C1-C20 hydrocarbyl or cyclohydrocarbyl
groups. Also included are mixtures of such olefins as
well as mixtures of such olefins with C4-C40 diolefin
compounds. [0103] Examples of olefin monomers include,
but are not limited to propylene, isobutylene,
l-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
1-nonene, l-decene, and 1- dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-
1-butene, 3- methyl-l-pentene, 4-methyl-l-pentene,
4,6-dtmethyl- 1-heptene, 4-vtnylcycIohexene,
vinylcyclohexane, norbornadiene, ethylidene
norbornene, cyclopentene, cyclohexene,
dicyclopentadiene, cyclooctene, C4-C40 dienes,
including but not limited to
1,3-butadiene,1,3-pentadiene, 1,4-hexadiene,
1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4
-C4 0 a- olefins, and the like. In certain
embodiments, the a-olefin is propylene, 1-butene, 1-
pentene,1-hexene, 1-octene or a combination thereof.
Although any hydrocarbon containing a vinyl group
potentially may be used in embodiments of the
invention, practical issues such as monomer
availability, cost, and the ability to conveniently
remove unreacted monomer from the resulting polymer
may become more problematic as the molecular weight of
the monomer becomes too high. [0104] The
polymerization processes described herein are well
suited for the production of olefin polymers
comprising monovinylidene aromatic monomers including
styrene, omethyl styrene, p-methyl styrene,
t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be
prepared by following the teachings herein.
Optionally, copolymers comprising ethylene, styrene
and a C3-C20 alpha olefin, optionally comprising a
C4-C20 diene, having improved properties can be
prepared. [0105] Suitable non-conjugated diene
monomers can be a straight chain, branched chain or
cyclic hydrocarbon diene having from 6 to 15 carbon
atoms. Examples of suitable non conjugated dienes
include, but are not limited to, straight chain
acyclic dienes, such as 1,4- hexadiene, 1,6-octadiene,
1,7-octadiene, 1,9-decadiene, branched chain acyclic
dienes, such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-
1,6-octadiene; 3,7-dimethyl- 1,7-octadiene and mixed
isomers of dihydromyricene and dihydroocinene, single
ring alicyclic dienes, such as 1,3-cyclopentadiene;
1,4-cyclohexadiene; 1,5-cyclooctadiene and
1,5-cyclododecadiene, and multi-ring alicyclic fused
and bridged ring dienes, such as tetrahydroindene,
methyl tetrahydroindene, dicyclopentadiene,
bicyclo-(2,2,l)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as
5-methylene-2-norbornene (MNB); S
propenyl-2-norbornene, 5-isopropylidene-2-norbomene,
5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene,
and norbornadiene. Of the dienes typically used to
prepare EPDMs, the particularly preferred dienes are
1,4-hexadiene (HD), 5-ethylidene-2-norbomene (ENB),
5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MNB), and dicyclopentadiene (DCPD). The
especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD).
[0106] One class of desirable polymers that can be
made in accordance with embodiments of the invention
are elastomeric interpolymers of ethylene, a C3-C20
a-olefin, especially propylene, and optionally one or
more diene monomers. Preferred a-olefins for use in
this embodiment of the present invention are
designated by the formula CH2=CHR*,where R* is a
linear or branched aikyl group of from 1 to 12 carbon
atoms. Examples of suitable a-olefins include, but are
not limited to, propylene, isobutylene, l-butene,
1-pentene, 1-hexene, 4-methyl-l-pentene, and 1-octene.
A particularly preferred a-olefm is propylene. The
propylene based polymers are generally referred to in
the art as EP or EPDM polymers. Suitable dienes for
use in preparing such polymers, especially multi-block
EPDM type polymers include conjugated or
non-conjugated, straight or branched chain , cyclic-
or polycyclic- dienes comprising from 4 to 20 carbons.
Preferred dienes include 1,4-pentadiene,
1,4-hexadiene, 5-ethylidene-2-norbornene,
dicyclopentadiene, cyclohexadiene, and 5-
butylidene-2-norboraene. A particularly preferred
diene is 5-ethylidene-2-norbomene. [01071 Because the
diene containing polymers comprise alternating
segments or blocks containing greater or lesser
quantities of the diene (including none) and a-olefin
(including none), the total quantity of diene and
a-olefm may be reduced without loss of subsequent
polymer properties. That is, because the diene and
a-olefin monomers are preferentially incorporated into
one type of block of the polymer rather than uniformly
or randomly throughout the polymer, they are more
efficiently utilized and subsequently the crosslink
density of the polymer can be better controlled. Such
crosslinkable elastomers and the cured products have
advantaged properties, including higher tensile
strength and better elastic recovery. (0108] In some
embodiments, the inventive interpolymers made with two
catalysts incorporating differing quantities of
comonomer have a weight ratio of blocks formed thereby
from 95:5 to 5:95. The elastomeric polymers desirably
have an ethylene content of from 20 to 90 percent, a
diene content of from 0.1 to 10 percent, and an
a-olefin content of from 10 to 80 percent, based on
the total weight of the polymer. Further preferably,
the multi-block elastomeric polymers have an ethylene
content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-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 20,000 to 500,000, more preferably from 20,000 to
350,000, and a polydispersity less than 3.5, more
preferably less than 3.0, and a Mooney viscosity (ML
(1+4) 125C.) from 1 to 250. More preferably, such
polymers have an ethylene content from 65 to 75
percent, a diene content from 0 to 6 percent, and an
a-olefin content from 20 to 35 percent. (0109) The
ethylene/a-oiefin interpolymers can be functionalized
by incorporating at least one functional group in its
polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono-
and di-functional carboxylic acids,ethylenically
unsaturated mono and di-functional carboxylic acid
anhydrides, salts thereof and esters thereof. Such
functional groups may foe grafted to an ethylene/a
-olefin interpolymer, or it may be copolymerized with
ethylene and an optional additional comonomer to form
an interpolymer of ethylene, the functional comonomer
and optionally other comonomer(s). Means for grafting
functional groups onto polyethylene are described for
example in U.S. Patents Nos. 4,762,890, 4,927,888, and
4,950,541, the disclosures of these patents are
incorporated herein by reference in their entirety.
One particularly useful functional group is malic
anhydride. {0110] The amount of the functional group
present in the functional interpolymer can vary. The
functional group can typically be present in a
copolymer-type functionalized interpolymer in an
amount of at least about 1.0 weight percent,
preferably at least about 5 weight percent, and more
preferably at least about 7 weight percent. The
functional group will typically be present in a
copolymer-type functionalized interpolymer in an
amount less than about 40 weight percent, preferably
less than about 30 weight percent, and more preferably
less than about 25 weight percent. Testing Methods
[0111] In the examples that follow, the following
analytical techniques are employed: GPC Method for
Samples 1-4 and A-C [01 12] An automated
liquid-handling robot equipped with a heated needle
set to 160C is used to add enough
1,2,4-trichlorobenzene stabilized with 300 ppm Ionol
to each dried polymer sample to give a final
concentration of 30 mg/mL. A small glass stir rod is
placed into each tube and the samples are heated to
160C for 2 hours on a heated, orbital-shaker rotating
at 250 rpm. The concentrated polymer solution is then
diluted to 1 mg/ml using the automated liquid-handling
robot and the heated needle set to 160C. [01 13) A
Symyx Rapid GPC system is used to determine the
molecular weight data for each sample. A Gilson 350
pump set at 2.0 ml/min flow rate is used to pump
helium-purged 1,2-dichlorobenzene stabilized with 300
ppm Ionol as the mobile phase through three Plgel 10
micrometer (mm) Mixed B 300mm x 7.5mm columns placed
in series and heated to 160C. A Polymer Labs ELS 1000
Detector is used with the Evaporator set to 250C, the
Nebulizer set to 165C, and the nitrogen flow rate set
to 1.8 SLM at a pressure of 60-80 psi (400-600 kPa)
N2. The polymer samples are heated to 160C and each
sample injected into a 250 ml loop using the
liquid-handling robot and a heated needle. Serial
analysis of thepolymer samples using two switched
loops and overlapping injections are used. The sample
data is collected and analyzed using Symyx Epoch(tm)
software. Peaks are manually integrated and the
molecular weight information reported uncorrected
against a polystyrene standard calibration curve.
Standard CRYSTAF Method [0114] Branching distributions
are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit
commercially available from PolymerChar, Valencia,
Spain. The samples are dissolved in 1,2,4
trichlorobenzene at 160C (0.66 mg/mL) for 1 hour and
stabilized at 9SC for 45 minutes. The sampling
temperatures range from 95 to 30"C at a cooling rate
of 0.2C/min. An infrared detector is used to measure
the polymer 



solution concentrations. The cumulative soluble
concentration is measured as the polymer crystallizes
while the temperature is decreased. The analytical
derivative of the cumulative profile reflects the
short chain branching distribution of the polymer.
[0115] The CRYSTAF peak temperature and area are
identified by the peak analysis module included in the
CRYSTAF Software (Version 2001.b, PolymerChar,
Valencia, Spain). The CRYSTAF peak finding routine
identifies a peak temperature as a maximum in the
dW/dT curve and the area between the largest positive
inflections on either side of the identified peak in
the derivative curve. To calculate the CRYSTAF curve,
the preferred processing parameters are with a
temperature limit of 70C and with smoothing parameters
above the temperature limit of 0 1, and below the
temperature limit of 0.3. DSC Standard Method
(Excluding Samples 1-4 and A-C) [01 16] Differential
Scanning Calorimetry results are determined using a
TAl model QlOOO DSC equipped with an RCS cooling
accessory and an autosampler. A nitrogen purge gas
flow of SO tnl/min is used. The sample is pressed into
a thin film and melted in the press at about 175C and
then air-cooled to room temperature (25C). 3-10 mg of
material is then cut into a 6 mm diameter disk,
accurately weighed, placed in a light aluminum pan (ca
50 mg), and then crimped shut. The thermal behavior of
the sample is investigated with the following
temperature profile. The sample is rapidly heated to
180C and held isothermal for 3 minutes in order to
remove any previous thermal history. The sample is
then cooled to - 40C at l0C/min cooling rate and held
at -40C for 3 minutes. The sample is then heated to
150C at 10C/min. heating rate. The cooling and second
heating curves are recorded.{0117] The DSC melting
peak is measured as the maximum in heat flow rate
(W/g) with respect to the linear baseline drawn
between -30C and end of melting. The heat of fusion is
measured as the area under the melting curve between
-30C and the end of melting using a linear baseline.
GPC Method (Excluding Samples 1-4 and A-C) [0118] The
gel permeation chromatographic system consists of
either a Polymer Laboratories Model PL-210 or a
Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140C.
Three Polymer Laboratories 10- micron Mixed-B columns
are used. The solvent is 1,2,4 trichlorobenzene. The
samples are prepared at a concentration of 0.1 grams
of polymer in 50 milliliters of solvent containing 200
ppm of butylated hydroxytoluene (BHT). Samples are
prepared by agitating tightly for 2 hours at 160C. The
injection volume used is 100 microliters and the flow
rate is 1.0 ml/minute. [0119] Calibration of the GPC
column set is performed with 2 1 narrow molecular
weight distribution polystyrene standards with
molecular weights ranging from 580 to 8,400,000,
arranged in 6 "cocktail" mixtures with at least a
decade of separation between individual molecular
weights. The standards are purchased from Polymer
Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50
milliliters of solvent for molecular weights equal to
or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at
80C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of
decreasing highest molecular weight component to
minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene
molecular weights using the following equation (as
described in Williams and Ward, J. Polvm. ScL. Polvm.
Let. 6 , 621 (1968)): Mpolyecylene O^UMpCyayrene).
[0120] Polyethylene equivalent molecular weight
calculations are performed using Viscotek TriSEC
software Version 3.0. Compression Set [0121]
Compression set is measured according to ASTM D 395.
The sample is prepared by stacking 25.4 mm diameter
round discs of 3.2 mm, 2.0 mm, and 0.25 mm thickness
until a total thickness of 12.7 mm is reached. The
discs are cut from 12.7 cm x 12.7 cm compression
molded plaques molded with a hot press under the
following conditions: zero pressure for 3minutes at
190C, followed by 86 MPa for 2 minutes at 190C,
followed by cooling inside the press with cold running
water at 86 MPa. Density [0122) Samples for density
measurement are prepared according to ASTM D 1928.
Measurements are made within one hour of sample
pressing using ASTM D792, Method B. Flexural/Secant
Modulus/ Storage Modulus [0123] Samples are
compression molded using ASTM D 1928. Flexural and 2
percent secant moduli are measured according to ASTM
D-790. Storage modulus is measured according to ASTM D
5026-01 or equivalent technique. Optical properties
[0124] Films of 0.4 mm thickness are compression
molded using a hot press (Carver Model
#4095-4PR1001R). The pellets are placed between
polytetrafluoroethylene sheets, heated at 190 C at 55
psi (380 kPa) for 3 minutes, followed by 1.3 MPa for 3
minutes, and then 2.6 MPa for 3 minutes. The film is
then cooled in the press with running cold water at
1.3 MPa for 1 minute. The compression molded films are
used for optical measurements, tensile behavior,
recovery, and stress relaxation. [0125] Clarity is
measured using BYK Gardner Haze-gard as specified in
ASTM D 1746. [0126] 45 gloss is measured using BYK
Gardner Glossmeter Microgloss 45 as specified in ASTM
D-2457. [0127] Internal haze is measured using BYK
Gardner Haze-gard based on ASTM D 1003 Procedure A.
Mineral oil is applied to the film surface to remove
surface scratches. Mechanical Properties - Tensile,
Hysteresis, and Tear [0128] Stress-strain behavior in
uniaxial tension is measured using ASTM D 1708
microtensile specimens. Samples are stretched with an
Instron at 500% min- 1 at 21C. Tensile strength and
elongation at break are reported from an average of 5
specimens. |0129] 100% and 300% Hysteresis is
determined from cyclic loading to 100% and 300%
strains using ASTM D 1708 microtensile specimens with
an Instron(tm) instrument. The sample is loaded and
unloaded at 267 % min- 1 for 3 cycles at 21C. Cyclic
experiments at 300% and 80C are conducted using an
environmental chamber. In the 80C experiment, the
sample is allowed to equilibrate for 45 minutes at the
test temperature before testing. In the21C, 300%
strain cyclic experiment, the retractive stress at
150% strain from the first unloading cycle is
recorded. Percent recovery for all experiments are
calculated from the first unloading cycle using the
strain at which the load returned to the base line.
The percent recovery is defined as: where ef is the
strain taken for cyclic loading and s is the strain
where the load returns to the baseline during the 1st
unloading cycle. [0130] Stress relaxation is measured
at SO percent strain and 37C for 12 hours using an
Instron(tm) instrument equipped with an environmental
chamber. The gauge geometry was 76 mm x 25 mm x 0.4
mm. After equilibrating at 37C for 45 min in the
environmental chamber, the sample was stretched to 50%
strain at 333% min- 1. Stress was recorded as a
function of time for 12 hours. The percent stress
relaxation after 12 hours was calculated using the
formula: where Lo is the load at 50% strain at 0 time
and L12 is the load at 50 percent strain after 12
hours. [0131] Tensile notched tear experiments are
carried out on samples having a density of 0.88 g/cc
or less using an Instron(tm) instrument The geometry
consists of a gauge section of 76 mm x 13 mm x 0.4 mm
with a 2 mm notch cut into the sample at half the
specimen length. The sample is stretched at 508 mm
min' 1at 2 1 C until it breaks. The tear energy is
calculated as the area under the stress-elongation
curve up to strain at maximum load. An average of at
least 3 specimens are reported. TMA [0132] Thermal
Mechanical Analysts (Penetration Temperature) is
conducted on 30mm diameter x 3.3 mm thick, compression
molded discs, formed at 180C and 10 MPa molding
pressure for 5 minutes and then air quenched. The
instrument used is a TMA 7, brand available from
Perkin-Elmer. In the test, a probe with 1.5 mm radius
tip (P/N N519-04 16) is applied to the surface of the
sample disc with IN force. The temperature is raised
at 5C/minfrom 25C. The probe penetration distance is
measured as a function of temperature. The experiment
ends when the probe has penetrated 1 mm into the
sample. DMA [0133] Dynamic Mechanical Analysis (DMA)
is measured on compression molded disks formed in a
hot press at 180C at 10 MPa pressure for S minutes and
then water cooled in the press at 90C / min. Testing
is conducted using an ARES controlled strain rheometer
(TA instruments) equipped with dual cantilever
fixtures for torsion testing. [01341 1.5mm plaque is
pressed and cut in a bar of dimensions 32x12mm. The
sample is clamped at both ends between fixtures
separated by 10mm (grip separation DL) and subjected
to successive temperature steps from -100C to 200C (5C
per step). At each temperature the torsion modulus G
is measured at an angular frequency of 10 rad/s, the
strain amplitude being maintained between 0.1percent
and 4 percent to ensure that the torque is sufficient
and that the measurement remains in the linear regime.
[0135] An initial static force of 10 g is maintained
(auto-tension mode) to prevent slack in the sample
when thermal expansion occurs. As a consequence, the
grip separation DL increases with the temperature,
particularly above the melting or softening point of
the polymer sample. The test stops at the maximum
temperature or when the gap between the fixtures
reaches 65 mm. Melt Index [0136] Melt index, or I , is
measured in accordance with ASTM D 1238, Condition
190C/2.16 kg. Melt index, or I10 is also measured in
accordance with ASTM D 1238, Condition 190C/10 kg.
ATREF [0137] Analytical temperature rising elution
fractionation (ATREF) analysis is conducted according
to the method described in U.S. Patent No. 4,798,081
and Wilde, L.; RyIe, T.R.; Knobeloch, D.C.; Peat,
I.R.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. ScL,
20, 441-455 (1982), which are incorporated by
reference herein in their entirety. The composition to
be analyzed is dissolved in trichlorobenzene and
allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the
temperature to 20C at a cooling rate of 0.1C/min. The
column is equipped with an infrared detector. An ATREF
chromatogram curve is thengenerated by eluting the
crystallized polymer sample from the column by slowly
increasing the temperature of the eluting solvent
(trichlorobenzene) from 20 to 120C at a rate of
l.5C/min. 1 C NMR Analysis [0138] The samples are
prepared by adding approximately 3g of a 50/50 mixture
of tetrachloroethane-d2/orthodichlorobenzene to 0.4 g
sample in a 10 mm NMR tube. The samples are dissolved
and homogenized by heating the tube and its contents
to 150C. The data are collected using a JEOL
Eclipse(tm) 400MHz spectrometer or a Varian Unity
Plus(tm) 400MHz spectrometer, corresponding to a 13C
resonance frequency of 100.5 MHz. The data are
acquired using 4000 transients per data rile with a 6
second pulse repetition delay. To achieve minimum
signal-to-noise for quantitative analysis, multiple
data files are added together. The spectral width is
25,000 Hz with a minimum file size of 32K data points.
The samples are analyzed at 130 C in a 10 mm broad
band probe. The comonomer incorporation is determined
using Randall's triad method (Randall, J.C.; JMS-Rev.
Macromoi. Chem. 



Phys., C29, 201-317 (1989), which is incorporated by
reference herein in its entirety. Polymer
Fractionation by TREF [0139] Large-scale TREF
fractionation is carried by dissolving 15-20 g of
polymer in 2 liters of 1,2,4-trichlorbenzene (TCB)by
stirring for 4 hours at 160C. The polymer solution is
forced by 15 psig (100 kPa) nitrogen onto a 3 inch by
4 foot (7.6 cm x 12 cm) steel column packed with a
60:40 (v:v) mix of 30-40 mesh (600-425 mm) spherical,
technical quality glass beads (available from Potters
Industries, HC 30 Box 20, Brownwood, TX, 76801) and
stainless steel, 0.028" (0.7mm) diameter cut wire shot
(available from Pellets, Inc. 63 Industrial Drive,
North Tonawanda, NY, 14120). The column is immersed in
a thermally controlled oil jacket, set initially to
160C. The column is first cooled ballistically to
125C, then slow cooled to 20C at 0.04C per minute and
held for one hour. Fresh TCB is introduced at about 65
ml/min while the temperature is increased at 0.167C
per minute. [0140] Approximately 2000 ml portions of
eluant from the preparative TREF column are collected
in a 16 station, heated fraction collector. The
polymer is concentrated in each fraction using a
rotary evaporator until about 50 to 100 ml of the
polymer solution remains. The concentrated solutions
are allowed to stand overnight before adding excess
methanol, filtering, and rinsing (approx. 300-500 m!
of methanol including the final rinse). The filtration
step is performed on a 3 position vacuum assisted
filtering station using 5.0 mmpolytetrafluoroethylene
coated filter paper (available from Osmonics Inc.,
Cat# 250WP04750). The filtrated fractions are dried
overnight in a vacuum oven at 60C and weighed on an
analytical balance before further testing. Melt
Strength [0141] Melt Strength (MS) is measured by
using a capillary rheometer fitted with a 2.1 mm
diameter, 20:1 die with an entrance angle of
approximately 45 degrees. After equilibrating the
samples at 190C for 10 minutes, the piston is run at a
speed of 1 inch/minute (2.54 cm/minute). The standard
test temperature is 190C. The sample is drawn
uniaxially to a set of accelerating nips located 100
mm below the die with an acceleration of 2.4 mm/sec2.
The required tensile force is recorded as a function
of the take-up speed of the nip rolls. The maximum
tensile force attained during the test is defined as
the melt strength. In the case of polymer melt
exhibiting draw resonance, the tensile force before
the onset of draw resonance was taken as melt
strength. The melt strength is recorded in
centiNewtons ("cN"). Catalysts [0142] The term
"overnight", if used, refers to a time of
approximately 16-18 hours, the term "room
temperature", refers to a temperature of 20-25 bC, and
the term "mixed alkanes" refers to a commercially
obtained mixture of C >aliphatic hydrocarbons
available under the trade designation Isopar E(r),
from ExxonMobil Chemical Company. In the event the
name of a compound herein does not conform to the
structural representation thereof, the structural
representation shall control. The synthesis of all
metal complexes and the preparation of all screening
experiments were carried out in a dry nitrogen
atmosphere using dry box techniques. AUsolvents used
were HPLC grade and were dried before their use.
[0143] MMAO refers to modified methylalumoxane, a
triisobutylaluminum modified methylalumoxane available
commercially from Akzo-Noble Corporation. [0144] The
preparation of catalyst (B1) is conducted as follows.
a) Preparation of ( 1 methylethylV2-hvdroxy 3
5-di(t-butyl')phenv methylimine
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10
mL of isopropylamine. The solution rapidly turns
bright yellow. After stirring at ambient temperature
for 3 hours, volatiles are removed under vacuum to
yield a bright yellow, crystalline solid (97 percent
yield).b) Preparation of
L2-bis-(3.5-di-t-butylDhenylenet-fN-(lmethylethv
immmo^methyl^-oxovh zirconium dibenzyl A solution of
(l-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine
(605 mg, 2.2 mmol) in 5 mL toluene is slowly added to
a solution OfZr(CH 2Ph) 4 (SOO mg, 1.1 mmol) in 50 mL
toluene. The resulting dark yellow solution is stirred
for 30 minutes. Solvent is removed under reduced
pressure to yield the desired product as a
reddish-brown solid. [0145] The preparation of
catalyst (B2) is conducted as follows. a) Preparation
of ( 1-(2-methylcvclohexyl 'te thyl 2-oxoyl-3.5 di
t-butyl >phenyl')imine 2-Methylcyclohexylamine (8.44
mL, 64.0 mmol) is dissolved in methanol (90 mL), and
di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is
added. The reaction mixture is stirred for three hours
and then cooled to -25C for 12 hours. The resulting
yellow solid precipitate is collected by filtration
and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of
a yellow solid. 1H NMR is consistent with the desired
product as a mixture of isomers. b) Preparation of
bis-(l'(2-methylcvclohexyl)ethyl2-oxoyl-3.5-di(t-butv
pphenv p imminoteirconium dibenzyl A solution of
(l-(2-methylcyclohexyl)ethylX2-oxoyl-3,5-di(t-butyl)ph
enyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is
slowly added to a solution OfZr(CH 2Ph)4 (5.28 g, 11.6
mmol) in 600 mL toluene. The resulting dark yellow
solution is stirred for 1 hour at 25C. The solution is
diluted further with 680 mL toluene to give a solution
having a concentration of 0.00783 M. [0146] Cocatalyst
I A mixture of methyldi(Cu.i8 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after
armeenium borate), prepared by reaction of a long
chain trialkylamine (Armeen(tm) M2HT, available from
Akzo-Nobel, Inc.), HCl and Li[B(C F5) ], substantially
as disclosed in USP 5,919,9883, Ex. 2. 10147]
Cocatalyst 2 Mixed Cu-i alkyldimethylammonium salt of
bis(tris(pentafluorophenyI)-alumane)-2-undecylimida2ol
ide, prepared according to USP 6,395,671, Ex. 16.
[0148] Shuttling Agents The shuttling agents employed
include diethylzinc (DEZ, SAl ). di(i-butyl)zinc
(SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA,
SA4),trioctylaluminum (SA5), triethylgallium (SA6),
i-butylaluminum bis(dimethyl(tbutyl) siloxane) (SA7),
i-butylaluminum bis(di(trimethylsilyl)amide) (SA8),
n-octylaluminum di(pyridine-2-methoxide) (SA9),
bis(n-octadecyl)i-butylaluminum (SAlO),
i-burylaluminum bis(di(n-pentyl)amide) (SAIl),
n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA12),
noctylaluminum di(ethyl(l-naphthyl)amide) (SA13),
ethylaluminum bis(tbutyldimethylsiloxide) (SA14),
ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
ethylaluminum
bis(2,3,6,7-dibenzo-l-azacycloheptaneamide) (SA16),
n-octylaluminum
bis(2,3,6,7-dibenzo-l-azacycloheptaneamide) (SA 17),
n-octylaluminum bis(dimethyl(tbutyl) siloxide(SAl 8),
ethylzinc (2,6-diphenylphenoxide) (SA19), and
ethylzinc (t-butoxide) (SA20). Examples 1-4
Comparative A-C General High Throughput Parallel
Polymerization Conditions [0149] Polymerizations are
conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx
Technologies, Inc. and operated substantially
according to US Patents No. 6,248,540, 6,030,917,
6,362,309, 6,306,658, and 6,316,663. Ethylene
copolymerizations are conducted at 130C and 200 psi
(1.4 MPa) with ethylene on demand using 1.2
equivalents of cocatalyst 1 based on total catalyst
used (l.l equivalents when MMAO is present). A series
of polymerizations are conducted in a parallel
pressure reactor (PPR) contained of 48 individual
reactor cells in a 6 x 8 array that are fitted with a
preweighed glass tube. The working volume in each
reactor cell is 6000 mL. Each cell is temperature and
pressure controlled with stirring provided by
individual stirring paddles. The monomer gas and
quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are
robotically added to each reactor cell by syringes and
the reservoir solvent is mixed alkanes. The order of
addition is mixed alkanes solvent (4 ml), ethylene,
1-octene comonomer ( 1 ml), cocatalyst 1 or cocatalyst
1/MMAO mixture, shuttling agent, and catalyst or
catalyst mixture. When a mixture of cocatalyst 1 and
MMAO or a mixture of two catalysts is used, the
reagents are premixed in a small vial immediately
prior to addition to the reactor. When a reagent is
omitted in an experiment, the above order of addition
is otherwise maintained. Polymerizations are conducted
for approximately 1-2 minutes, until predetermined
ethylene consumptions are reached. After quenching
with CO, the reactors are cooled and the glass tubes
are unloaded. The tubes are transferred to a
centrifuge/vacuum drying unit, and dried for 12 hours
at 60C. The tubes containing driedpolymer are weighed
and the difference between this weight and the tare
weight gives the net yield of polymer. Results are
contained in Table 1. In Table 1 and elsewhere in the
application, comparative compounds are indicated by an
asterisk (*). [0150] Examples 1-4 demonstrate the
synthesis of linear block copolymers by the present
invention as evidenced by the formation of a very
narrow MWD, essentially monomodal copolymer when DEZ
is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced
polymers) in the absence of DEZ. Due to the fact that
Catalyst (Al) is known to incorporate more octene than
Catalyst (Bl), the different blocks or segments of the
resulting copolymers of the invention are
distinguishable based on branching or density. Table 1
Cat. (AI) Cat (Bt ) Cocat MMAO shuttling Ex. (mmoD
(mmol) (mmol) (mmoD agent mmoh Yield ( Mn Mw/Mn
hexvls' A* 0.06 - 0.066 0.3 - 0.1363 300502 3.32 - B*
0.1 0.1 10 0.5 0.1S81 36957 1.22 2.5 C* 0.06 0.1 0.176
0.8 0.2038 45526 5.302 5.5 1 0.06 0. 0.192 - DEZ (8.0)
0.1974 28715 1.19 4.8 2 0 06 0. 0.192 - DEZ (80.0)
0.1468 2161 1.12 14.4 3 0.06 0. 0.192 TEA (8.0) 0.208
22675 1.71 4.6 4 0.06 0. 0.192 - TEA (80.0) 0.1879
3338 1.54 9.4 or higher chain content per 1000 carbons
2 Bimodal molecular weight distribution [0151] It may
be seen the polymers produced according to the
invention have a relatively narrow polydispersity
(Mw/Mn) and larger block-copolymer content (trimer,
tetramer, or larger) than polymers prepared in the
absence of the shuttling agent. [0152] Further
characterizing data for the polymers of Table 1 are
determined by reference to the figures. More
specifically DSC and ATREF results show the following:
[0153] The DSC curve for the polymer of example 1
shows a 115.7C melting point (Tm) with a heat of
fusion of 158.1 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 34.5C with a peak area of
52.9 percent. The difference between the DSC Tm and
the Tcrystafis 81.2C. [0154] The DSC curve for the
polymer of example 2 shows a peak with a 109.7C
melting point (Tm) with a heat of fusion of 214.0 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 46.2C with a peak area of 57.0 percent. The
difference between the DSC Tm and the Tcrystaf is
63.5C.[0155] The DSC curve for the polymer of example
3 shows a peak with a 120.7C melting point (Tm) with a
heat of fusion of 160.1 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 66.1C with a peak area
of 71.8 percent. The difference between the DSC Tm and
the Tcrystaf is 54.6C. [0156] The DSC curve for the
polymer of example 4 shows a peak with a 104.5C
melting point (Tm) with a heat of fusion of 170.7 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 30 C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystaf is
74.5C. 



[0157] The DSC curve for comparative A shows a 90.0C
melting point (Tm) with a heat of fusion of 86.7 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 48.5C with a peak area of 29.4 percent Both of
these values are consistent with a resin that is low
in density. The difference between the DSC Tm and the
Tcrystaf is 4 1.8C. [0158] The DSC curve for
comparative B shows a 129.8C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 82.4C with a peak area
of 83.7 percent. Both of these values are consistent
with a resin that is high in density. The difference
between the DSC Tm and the Tcrystaf is 47.4C. [0159]
The DSC curve for comparative C shows a 125.3C melting
point (Tm) with a heat of fusion of 143.0 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
81.8 C with a peak area of 34.7 percent as well as a
lower crystalline peak at 52.4 C. The separation
between the two peaks is consistent with the presence
of a high crystalline and a low crystalline polymer.
The difference between the DSC Tm and the Tcrystaf is
43.5C. Examples 5-19. Comparatives D-F. Continuous
Solution Polymerization. Catalyst A1/B2 + DEZ [0160)
Continuous solution polymerizations are carried out in
a computer controlled autoclave reactor equipped with
an internal stirrer. Purified mixed alkanes solvent
(Isopar(tm) E available from ExxonMobil Chemical
Company), ethylene at 2.70 lbs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a
3.8 L reactor equipped with a jacket for temperature
control and an internal thermocouple. The solvent feed
to the reactor is measured by a mass-flow controller.
A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the
discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1
injection lines and the reactor agitator. These flows
are measured by Micro-Motion mass flow meters and
controlled by controlvalves or by the manual
adjustment of needle valves. The remaining solvent is
combined with 1-octene, ethylene, and hydrogen (where
used) and fed to the reactor. A mass flow controller
is used to deliver hydrogen to the reactor as needed.
The temperature of the solvent/monomer solution is
controlled by use of a heat exchanger before entering
the reactor. This stream enters the bottom of the
reactor. The catalyst component solutions are metered
using pumps and mass flow meters and are combined with
the catalyst flush solvent and introduced into the
bottom of the reactor. The reactor is run liquid-full
at 500 psig (3.45 MPa) with vigorous stirring. Product
is removed through exit lines at the top of the
reactor. All exit lines from the reactor are steam
traced and insulated. Polymerization is stopped by the
addition of a small amount of water into the exit line
along with any stabilizers or other additives and
passing the mixture through a static mixer. The
product stream is then heated by passing through a
heat exchanger before devolatilization. The polymer
product is recovered by extrusion using a
devolatilizing extruder and water cooled pelletizer.
Process details and results are contained in Table 2.
Selected polymer properties are provided in Table
3.STRETCH FABRICS AND GARMENTS OF OLEFIN BLOCK
POLYMERS CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] For purposes of United States patent practice,
the contents U.S. Provisional Application No.
60/885,208, filed January 16, 2007 is herein
incorporated by reference in its entirety. FIELD OF
THE INVENTION [0002] This invention relates to elastic
fibers, fabrics, and garments capable of being heat
set and/or being made in a continuous scouring
process. BACKGROUND AND SUMMARY OF THE INVENTION
[0003] Many different materials have been used in
making knit or woven fabrics for use in, for example,
garments. It is often desirable that such fabrics have
a combination of desirable properties including one or
more of the following: dimensional stability, heat-set
properties, capability to be made stretchable in one
or both dimensions, chemical, heat, and abrasion
resistant, tenacity, etc. It is also often important
that such fabrics be able to withstand hand or machine
washing without significantly degrading one or more of
the aforementioned properties. Further, increased
throughput with reduced defects, e.g., fiber breakage,
is sometimes desirable. In addition, exposure to high
temperatures without fiber breakage is often
desirable. Unfortunately, prior materials often suffer
from one or more deficiencies in the aforementioned
properties. In addition, the prior materials may
sometimes limit the manufacturing process in some way,
e.g., knit fabric production may be limited to a
pulley feeding system as opposed to an eyelet system
or the fabric may not be capable of being scoured in a
continuous process. [0004] Improved fibers and fabrics
have now been discovered which often have a balanced
combination of desirable properties. These
compositions may also allow for improved
processability in some applications. In one aspect the
present invention is a fabric made by a continuous
scouring process wherein said fabric comprises elastic
fibers. The elastic fibers comprise the reaction
product of at least one ethylene block polymer and at
least one crossiinking agent. The ethylene block
polymer is, for example, an ethylene/a-olefin
tnterpolymer, wherein the ethylene/a-olefin
interpolymer has one or more of the following
characteristics prior to crosslinking:( 1) an average
block index greater than zero and up to about 1.0 and
a molecular weight distribution, Mw/Mn, greater than
about 1.3; or (2) at least one molecular fraction
which elutes between 40C and 130C when fractionated
using TREF, characterized in that the fraction has a
block index of at least 0.5 and up to about 1; or (3)
an Mw/Mn from about 1.7 to about 3.5, at least one
melting point, Tm, in degrees Celsius, and a density,
d, in grams/cubic centimeter, wherein the numerical
values of Tm and d correspond to the relationship: Tm,
> -2002.9 + 4538.5(d) - 2422.2(d)2; or (4) an Mw/Mn
from about 1.7 to about 3.5, and is characterized by a
heat of fusion, DH in J/g, and a delta quantity, DT,
in degrees Celsius defined as the temperature
difference between the tallest DSC peak and the
tallest CRYSTAF peak, wherein the numerical values of
DT and DH have the following relationships: DT > -0.1
299(DH) + 62.81 for DH greater than zero and up to 130
J/g, DT > 48C for DH greater than 130 J/g , wherein
the CRYSTAF peak is determined using at least 5
percent of the cumulative polymer, and if less than 5
percent of the polymer has an identifiable CRYSTAF
peak, then the CRYSTAF temperature is 30C; or (5) an
elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured with a compression-molded film of
the ethylene/a-olefin interpolymer, and has a density,
d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially
free of a crosslinked phase: Re >1481-1029(d); or (6)
a molecular fraction which elutes between 40C and 130C
when fractionated using TREF, characterized in that
the fraction has a molar comonomer content of at least
5 percent higher than that of a comparable random
ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random
ethyleneinterpolymer has the same comonomer(s) and has
a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a- olefin interpolymer; or (7) a
storage modulus at 25 C, G'(25 C), and a storage
modulus at 100 C, G'(100 C), wherein the ratio of
G'(25 C) to G'(100 C) is in the range of about 1:1 to
about 9:1. [0005] In another aspect the invention is
an elastic fiber comprising the reaction product of at
least one ethylene olefin block polymer as described
previously and at least one crosslinking agent. The
elastic fibers may be characterized (1) by a storage
modulus at 85 C of at least about 1.2 MPa and/or (2)
the ability to be heat set, i.e., stretched to a
desired width which is maintained when an elastic
fabric comprising said fibers is released from, for
example, a tenterframe. [0006] The ethylene/a-olefm
interpolymer characteristics (1) through (7) above are
given with respect to the ethylene/a-olefin
interpolymer before any significant crosslinking,
i.e., before crosslinking. The ethylene/a-olefin
interpolymers useful in the present invention are
usually crosslinked to a degree to obtain the desired
properties. By using characteristics ( 1) through (7)
as measured before crosslinking is not meant to
suggest that the interpolymer is not required to be
crosslinked - only that the characteristic is measured
with respect to the interpolymer without significant
crosslinking. Crosslinking may or may not change each
of these properties depending upon the specific
polymer and degree of crosslinking. BRIEF DESCRIPTION
OF THE DRAWINGS [0007] Figure 1 shows the melting
point/density relationship for the inventive polymers
(represented by diamonds) as compared to traditional
random copolymers (represented by circles) and
Ziegler-Natta copolymers (represented by triangles).
[0008] Figure 2 shows plots of delta DSC-CRYSTAF as a
function of DSC Melt Enthalpy for various polymers.
The diamonds represent random ethylene/octene
copolymers; the squares represent polymer examples
1-4; the triangles represent polymer examples 5-9; and
the circles represent polymer examples 10-19. The X
symbols represent polymer examples A*-F*. [0009]
Figure 3 shows the effect of density on elastic
recovery for unoriepted films made from inventive
interpolymers(represented by the squares and circles)
and traditionalcopolymers (represented by the
triangles which are various AFFINITY(tm) polymers
(available from The Dow Chemical Company)). The
squares represent inventive ethylene/butene
copolymers; and the circles represent inventive
ethylene/octene copolymers. [0010] Figure 4 is a plot
of octene content of TREF fractionated ethylene/
1-octene copolymer fractions versus TREF elution
temperature of the fraction for the polymer of Example
5 (represented by the circles) and comparative
polymers E and F (represented by the "X" symbols). The
diamonds represent traditional random ethylene/octene
copolymers. [0011] Figure 5 is a plot of octene
content of TREF fractionated ethylene/ 1-octene
copolymer fractions versus TREF elution temperature of
the fraction for the polymer of Example 5 (curve 1)
and for comparative F (curve 2). The squares represent
Example F*; and the triangles represent Example 5.
[0012] Figure 6 is a graph of the log of storage
modulus as a function of temperature for comparative
ethylene/ 1-octene copolymer (curve 2) and propylene/
ethylene- copolymer (curve 3) and for two ethylene/1
-octene block copolymers of the invention made with
differing quantities of chain shuttling agent (curves
1). [0013] Figure 7 shows a plot of TMA (1mm) versus
flex modulus for some inventive polymers (represented
by the diamonds), as compared to some known polymers.
The triangles represent various Dow VERSIFY(tm)
polymers(available from The Dow Chemical Company); the
circles represent various random ethylene/styrene
copolymers; and the squares represent various Dow
AFFINITY(tm) polymers(available from The Dow Chemical
Company). [0014] Figure 8 shows the procedure for
heat-setting and shrinkage testing of fibers. [0015]
Figure 9 shows shows a plot of e-beam radiation versus
percent crosslinking for an olefin block copolymer.
[0016] Figure 10 shows a plot of storage modulus
versus temperature for the fibers of Examples 26 and
27. 



DETAILED DESCRIPTION OF THE INVENTION General
Definitions [0017] "Fiber" means a material in which
the length to diameter ratio is greater than about 10.
Fiber is typically classified according to its
diameter. Filament fiber is generally defined as
having an individual fiber diameter greater than about
15 denier, usually greater than about 30 denier per
filament. Fine denier fiber generally refers to a
fiber having adiameter less than about 15 denier per
filament. Microdenier fiber is generally defined as
fiber having a diameter less than about 100 microns
denier per filament. [0018] "Filament fiber" or
"monofilament fiber" means a continuous strand of
material of indefinite (i.e., not predetermined)
length, as opposed to a "staple fiber" which is a
discontinuous strand of material of definite length
(i.e., a strand which has been cut or otherwise
divided into segments of a predetermined length).
[0019] "Elastic" means that a fiber will recover at
least about 50 percent of its stretched length after
the first pull and after the fourth to 100% strain
(doubled the length). Elasticity can also be described
by the "permanent set" of the fiber. Permanent set is
the converse of elasticity. A fiber is stretched to a
certain point and subsequently released to the
original position before stretch, and then stretched
again. The point at which the fiber begins to pull a
load is designated as the percent permanent set.
"Elastic materials" are also referred to in the art as
"elastomers" and "elastomeric". Elastic material
(sometimes referred to as an elastic article) includes
the copolymer itself as well as, but not limited to,
the copolymer in the form of a fiber, film, strip,
tape, ribbon, sheet, coating, molding and the like.
The preferred elastic material is fiber. The elastic
material can be either cured or uncured, radiated or
un-radiated, and/or crosslinked or uncrosslinked.
[0020] "Nonelastic material" means a material, e.g., a
fiber, that is not elastic as defined above. [0021]
"Homofil fiber" means a fiber that has a single
polymer region or domain, and that does not have any
other distinct polymer regions (as do bicomponent
fibers). [0022] "Bicomponent fiber" means a fiber that
has two or more distinct polymer regions or domains.
Bicomponent fibers are also known as conjugated or
multicomponent fibers. The polymers are usually
different from each other although two or more
components may comprise the same polymer. The polymers
are arranged in substantially distinct zones across
the cross-section of the bicomponent fiber, and
usually extend continuously along the length of the
bicomponent fiber. The configuration of a bicomponent
fiber can be, for example, a sheath/core arrangement
(in which one polymer is surrounded by another), a
side by side arrangement, a pie arrangement or an
"islands-in-the sea" arrangement. Bicomponent fibers
are further described in U.S. Patents No. 6,225,243,
6,140,442, 5,382,400, 5,336,552 and 5,108,820. [0023]
"Meltblown fibers" are fibers formed by extruding a
molten thermoplastic polymer composition through a
plurality of fine, usually circular, die capillaries
as molten threads or filaments into converging high
velocity gas streams (e.g. air) which function
toattenuate the threads or filaments to reduced
diameters- The filaments or threads are carried by the
high velocity gas streams and deposited on a
collecting surface to form a web of randomly dispersed
fibers with average diameters generally smaller than
10 microns. [0024] "Meltspun fibers" are fibers formed
by melting at least one polymer and then drawing the
fiber in the melt to a diameter (or other
cross-section shape) less than the diameter (or other
cross-section shape) of the die. [0025] "Spunbond
fibers" are fibers formed by extruding a molten
thermoplastic polymer composition as filaments through
a plurality of fine, usually circular, die capillaries
of a spinneret. The diameter of the extruded filaments
is rapidly reduced, and then the filaments are
deposited onto a collecting surface to form a web of
randomly dispersed fibers with average diameters
generally between about 7 and about 30 microns. [0026]
"Nonwoven" means a web or fabric having a structure of
individual fibers or threads which are randomly
interlaid, but not in an identifiable manner as is the
case of a knitted fabric. The elastic fiber in
accordance with embodiments of the invention can be
employed to prepare nonwoven structures as well as
composite structures of elastic nonwoven fabric in
combination with nonelastic materials. [0027] "Yarn"
means a continuous length of twisted or otherwise
entangled filaments which can be used in the
manufacture of woven or knitted fabrics and other
articles. Yarn can be covered or uncovered. Covered
yarn is yarn at least partially wrapped within an
outer covering of another fiber or material, typically
a natural fiber such as cotton or wool. [0028]
"Polymer" means a polymeric compound prepared by
polymerizing monomers, whether of the same or a
different type. The generic term "polymer" embraces
the terms "homopolymer," "copolymer," "terpolymer" as
well as "interpolymer." [0029] "Interpolymer" means a
polymer prepared by the polymerization of at least two
different types of monomers. The generic term
"interpolymer" includes the term "copolymer" (which is
usually employed to refer to a polymer prepared from
two different monomers) as well as the term
"terpolymer" (which is usually employed to refer to a
polymer prepared from three different types of
monomers). It also encompasses polymers made by
polymerizing four or more types of monomers. [0030]
The term "ethylene/a-olefin interpolymer" generally
refers to polymers comprising ethylene and an a-olefin
having 3 or more carbon atoms. Preferably, ethylene
comprises the majority mole fraction of the whole
polymer, i.e., ethylene comprises at least about 50
mole percent of the whole polymer. More preferably
ethylene comprises at least about 60 mole percent, at
least about 70 mole percent, or at least about 80 mole
percent, withthe substantial remainder of the whole
polymer comprising at least one other comonomer that
is preferably an a-olefin having 3 or more carbon
atoms. For many ethylene/octene copolymers, the
preferred composition comprises an ethylene content
greater than about 80 mole percent of the whole
polymer and an octene content of from about 10 to
about 15, preferably from about 15 to about 20 mole
percent of the whole polymer. In some embodiments, the
ethylene/a-olefin interpolymers do not include those
produced in low yields or in a minor amount or as a
by-product of a chemical process. While the
ethylene/a- olefin interpolymers can be blended with
one or more polymers, the as-produced ethylene/a-
olefin interpolymers are substantially pure and often
comprise a major component of the reaction product of
a polymerization process. [0031] The ethylene/a-olefin
interpolymers comprise ethylene and one or more
copolymerizable a-olefin comonomers in polymerized
form, characterized by multiple blocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties. That is, the
ethylene/a-olefin interpolymers are block
interpolymers, preferably multi-block interpolymers or
copolymers. The terms "interpolymer" and "copolymer"
are used interchangeably herein. In some embodiments,
the multi-block copolymer can be represented by the
following formula: (AB)n where n is at least 1,
preferably an integer greater than I, such as 2, 3, 4,
5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, or
higher, A represents a hard block or segment and B
represents a soft block or segment. Preferably, As and
Bs are linked in a substantially linear fashion, as
opposed to a substantially branched or substantially
star-shaped fashion. In other embodiments, A blocks
and B blocks are randomly distributed along the
polymer chain. In other words, the block copolymers
usually do not have a structure as follows. AAA-
AA-BBB- BB [0032] In still other embodiments, the
block copolymers do not usually have a third type of
block, which comprises different comonomer(s). In yet
other embodiments, each of block A and block B has
monomers or comonomers substantially randomly
distributed within the block. In other words, neither
block A nor block B comprises two or more sub-segments
(or sub-blocks) of distinct composition, such as a tip
segment, which has a substantially different
composition than the rest of the block. [0033] The
multi-block polymers typically comprise various
amounts of "hard' *and "soft" segments. "Hard"
segments refer to blocks of polymerized units in which
ethylene is present in an amount greater than about 95
weight percent, and preferably greater than about98
weight percent based on the weight of the polymer. In
other words, the comonomer content (content of
monomers other than ethylene) in the hard segments is
less than about 5 weight percent, and preferably less
than about 2 weight percent based on the weight of the
polymer. In some embodiments, the hard segments
comprises all or substantially all ethylene. "Soft"
segments, on the other hand, refer to blocks of
polymerized units in which the comonomer content
(content of monomers other than ethylene) is greater
than about 5 weight percent, preferably greater than
about 8 weight percent, greater than about 10 weight
percent, or greater than about 15 weight percent based
on the weight of the polymer. In some embodiments, the
comonomer content in the soft segments can be greater
than about 20 weight percent, greater than about 25
weight percent, greater than about 30 weight percent,
greater than about 35 weight percent, greater than
about 40 weight percent, greater than about 45 weight
percent, greater than about 50 weight percent, or
greater than about 60 weight percent. [0034] The soft
segments can often be present in a block interpolymer
from about 1 weight percent to about 99 weight percent
of the total weight of the block interpolymer,
preferably from about 5 weight percent to about 95
weight percent, from about 10 weight percent to about
90 weight percent, from about 15 weight percent to
about 85 weight percent, from about 20 weight percent
to about 80 weight percent, from about 25 weight
percent to about 75 weight percent, from about 30
weight percent to about 70 weight percent, from about
35 weight percent to about 65 weight percent, from
about 40 weight percent to about 60 weight percent, or
from about 45 weight percent to about 55 weight
percent of the total weight of the block interpolymer.
Conversely, the hard segments can be present in
similar ranges. The soft segment weight percentage and
the hard segment weight percentage can be calculated
based on data obtained from DSC or NMR. Such methods
and calculations are disclosed in a concurrently filed
U.S. Patent Application Serial No. 11/376,835,
Attorney Docket No. 385063999558, entitled
"Ethylene/a-Olefms Block Interpolymers", filed on
March 15, 2006, in the name of Colin L.P. Shan, Lonnie
Hazlitt, et. al. and assigned to Dow Global
Technologies Inc., the disclosure of which is
incorporated by reference herein in its entirety.
[0035] The term "crystalline" if employed, refers to a
polymer that possesses a first order transition or
crystalline melting point (Tm) as determined by
differential scanning calorimetry (DSC) or equivalent
technique. The term may be used interchangeably with
the term "semicrystalline". The term "amorphous"
refers to a polymer lacking a crystallinemelting point
as determined by differential scanning calorimetry
(DSC) or equivalent technique. [0036] The term
"multi-block copolymer" or "segmented copolymer"
refers to a polymer comprising two or more chemically
distinct regions or segments (referred to as "blocks")
preferably joined in a linear manner, that is, a
polymer comprising chemically differentiated units
which are joined end-to-end with respect to
polymerized ethylenic functionality, rather than in
pendent or grafted fashion. In a preferred embodiment,
the blocks differ in the amount or type of comonomer
incorporated therein, the density, the amount of
crystallinity, the crystallite size attributable to a
polymer of such composition, the type or degree of
tacticity (isotactic or syndiotactic),
regio-regularity or regio-irregularity, the amount of
branching, including long chain branching or
hyper-branching, the homogeneity, or any other
chemical or physical property. The multi-block
copolymers are characterized by unique distributions
of both polydispersity index (PDI or Mw/Mn), block
length distribution, and/or 



block number distribution due to the unique process
making of the copolymers. More specifically, when
produced in a continuous process, the polymers
desirably possess PDI from 1.7 to 2.9, preferably from
1.8 to 2.5, more preferably from 1.8 to 2.2, and most
preferably from 1.8 to 2.1. When produced in a batch
or semi-batch process, the polymers possess PDI from
1.0 to 2.9, preferably from 1.3 to 2.5, more
preferably from 1.4 to 2.0, and most preferably from
1.4 to 1.8. [0037] In the following description, all
numbers disclosed herein are approximate values,
regardless whether the word '"about" or "approximate"
is used in connection therewith. They may vary by 1
percent, 2 percent, 5 percent, or, sometimes, 10 to 20
percent. Whenever a numerical range with a lower
limit, RL and an upper limit, Ru , is disclosed, any
number falling within the range is specifically
disclosed. In particular, the following numbers within
the range are specifically disclosed: R=RL+k*(Ru -RL),
wherein k is a variable ranging from I percent to 100
percent with a 1 percent increment, i.e., k is 1
percent, 2 percent, 3 percent, 4 percent, 5
percent,,.., 50 percent, 5 1 percent, 52 percent,...,
95 percent, 96 percent, 97 percent, 98 percent, 99
percent, or 100 percent. Moreover, any numerical range
defined by two R numbers as defined in the above is
also specifically disclosed. Ethylene/a-Olefm
Interpolymers [0038] The ethyiene/a-olefm
interpolymers used in embodiments of the invention
(also referred to as 'Inventive interpolymer" or
"inventive polymer") comprise ethylene and one or more
copolymerizable a-o!efm comonomers in polymerized
form, characterized by multipleblocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties (block interpolymer),
preferably a multi-block copolymer. The
ethylene/a-olefin interpolymers are characterized by
one or more of the aspects described as follows.
[0039] In one aspect, the ethylene/a-olefin
interpolymers used in embodiments of the invention
have a M /M from about 1.7 to about 3.5 and at least
one melting point, Tm, in degrees Celsius and density,
d, in grams/cubic centimeter, wherein the numerical
values of the variables correspond to the
relationship: Tn > -2002.9 + 4538.5(d) - 2422.2(d)2,
and preferably Tm > -6288.1 + 13141(d) - 6720.3(d)2,
and more preferably Tm > 858.91 - 1825.3(d) + 1 1
12.8(d)2. [0040] Such melting point/density
relationship is illustrated in Figure 1. Unlike the
traditional random copolymers of ethylene/a-olefins
whose melting points decrease with decreasing
densities, the inventive interpolymers (represented by
diamonds) exhibit melting points substantially
independent of the density, particularly when density
is between about 0.87 g/cc to about 0.95 g/cc. For
example, the melting point of such polymers are in the
range of about 110 C to about 130 C when density
ranges from 0.875 g/cc to about 0.945 g/cc. In some
embodiments, the melting point of such polymers are in
the range of about 115 C to about 125 C when density
ranges from 0.875 g/cc to about 0.945 g/cc. [0041] In
another aspect, the ethylene/a-olefin interpolymers
comprise, in polymerized form, ethylene and one or
more a-olefins and are characterized by a DT, in
degree Celsius, defined as the temperature for the
tallest Differential Scanning Calorimetry ("DSC") peak
minus the temperature for the tallest Crystallization
Analysis Fractionation ("CRYSTAF") peak and a heat of
fusion in J/g, DH, and DT and DH satisfy the following
relationships: DT > -0.1299(DH) + 62.81 , and
preferably DT > -0.1299(DH) + 64.38, and more
preferably DT  -0.1299(DH) + 65.95, for DH up to 130
J/g. Moreover, DT is equal to or greater than 48 C for
DH greater than 130 J/g. The CRYSTAF peak is
determined using at least 5 percent of the cumulative
polymer (that is, the peak must represent at least 5
percent of the cumulative polymer), and if less than5
percent of the polymer has an identifiable CRYSTAF
peak, then the CRYSTAF temperature is 30C, and DH is
the numerical value of the heat of fusion in J/g. More
preferably, the highest CRYSTAF peak contains at least
10 percent of the cumulative polymer. Figure 2 shows
plotted data for inventive polymers as well as
comparative examples. Integrated peak areas and peak
temperatures are calculated by the computerized
drawing program supplied by the instrument maker. The
diagonal line shown for the random ethylene octene
comparative polymers corresponds to the equation DT
-0.1299 (DH) + 62.81. [0042] In yet another aspect,
the ethylene/a-olefin interpolymers have a molecular
fraction which elutes between 40C and 130C when
fractionated using Temperature Rising Elution
Fractionation ("TREF"), characterized in that said
fraction has a molar comonomer content higher,
preferably at least 5 percent higher, more preferably
at least 10 percent higher, than that of a comparable
random ethylene interpolymer fraction eluting between
the same temperatures, wherein the comparable random
ethylene interpolymer contains the same comonomer(s),
and has a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent
of that of the block interpolymer. Preferably, the
Mw/Mn of the comparable interpolymer is also within 10
percent of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content
within 10 weight percent of that of the block
interpolymer. [0043] In still another aspect, the
ethylene/a-olefn interpolymers are characterized by an
elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured on a compressionmolded film of an
ethylene/a-olefin interpolymer, and has a density, d,
in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase: Re >1481-1629(d); and
preferably Re >1491-1629(d); and more preferably Re
>150 1-1629(d); and even more preferably Re >l51
1-1629(d). [0044] Figure 3 shows the effect of density
on elastic recovery for unoriented films made from
certain inventive interpolymers and traditional random
copolymers. For the same density, the inventive
interpolymers have substantially higher elastic
recoveries.[0045] In some embodiments, the
ethylene/a-olefin interpolymers have a tensile
strength above 10 MPa preferably a tensile strength >
11 MPa, more preferably a tensile strength > 13MPa
and/or an elongation at break of at least 600 percent,
more preferably at least 700 percent, highly
preferably at least 800 percent, and most highly
preferably at least 900 percent at a crosshead
separation rate of 11 cm/minute. [0046] In other
embodiments, the ethylene/a-olefin interpolymers have
(1) a storage modulus ratio, G'(25C)/G'(100C), of from
1 to 50, preferably from 1 to 20, more preferably from
1 to 10; and/or (2) a 70C compression set of less than
80 percent, preferably less than 70 percent,
especially less than 60 percent, less than 50 percent,
or less than 40 percent, down to a compression set of
0 percent. [0047] In still other embodiments, the
ethylene/a-olefin interpolymers have a 70C compression
set of less than 80 percent, less than 70 percent,
less than 60 percent, or less than 50 percent.
Preferably, the 70C compression set of the
interpolymers is less than 40 percent, less than 30
percent, less than 20 percent, and may go down to
about 0 percent. [0048] In some embodiments, the
ethylene/a-olefin interpolymers have a heat of fusion
of less than 85 J/g and/or a pellet blocking strength
of equal to or less than 100 pounds/foot 2 (4800 Pa),
preferably equal to or less than 50 lbs/ft2 (2400 Pa),
especially equal to or less than 5 lbs/ft2 (240 Pa),
and as low as 0 lbs/ft2 (0 Pa). [0049] In other
embodiments, the ethylene/a-olefin interpolymers
comprise, in polymerized form, at least 50 mole
percent ethylene and have a 70C compression set of
less than 80 percent, preferably less than 70 percent
or less than 60 percent, most preferably less than 40
to 50 percent and down to close to zero percent.
[0050] In some embodiments, the multi-block copolymers
possess a PDI fitting a Schultz-Flory distribution
rather than a Poisson distribution. The copolymers are
further characterized as having both a polydisperse
block distribution and a polydisperse distribution of
block sizes and possessing a most probable
distribution of block lengths. Preferred multiblock
copolymers are those containing 4 or more blocks or
segments including terminal blocks. More preferably,
the copolymers include at least 5, 10 or 20 blocks or
segments including terminal blocks, [0051] Comonomer
content may be measured using any suitable technique,
with techniques based on nuclear magnetic resonance
("NMR") spectroscopy preferred. Moreover, for polymers
or blends of polymers having relatively broad TREF
curves, the polymer desirably is first fractionated
using TREF into fractions each having an eluted
temperature range of 10C or less. That is, each eluted
fraction has a collection temperaturewindow of 10C or
less. Using this technique, said block interpolymers
have at least one such fraction having a higher molar
comonomer content than a corresponding fraction of the
comparable interpolymer. [0052] In another aspect, the
inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form,
characterized by multiple blocks (i.e., at least two
blocks) or segments of two or more polymerized monomer
units differing in chemical or physical properties
(blocked interpolymer), most preferably a multi-block
copolymer, said block interpolymer having a peak (but
not just a molecular fraction) which elutes between
40C and 130C (but without collecting and/or isolating
individual fractions), characterized in that said
peak, has a comonomer content estimated by infra-red
spectroscopy when expanded using a full width/half
maximum (FWHM) area calculation, has an average molar
comonomer content higher, preferably at least 5
percent higher, more preferably at least 10 percent
higher, than that of a comparable random ethylene
interpolymer peak at the same elution temperature and
expanded using a full width/half maximum (FWHM) area
calculation, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a melt
index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the
blocked interpolymer. Preferably, the Mw/Mn of the
comparable interpolymer is also within 10 percent of
that of the blocked interpolymer and/or the comparable
interpolymer has a total comonomer content within 10
weight percent of that of the blocked interpolymer.
The full width/half maximum (FWHM) calculation is
based on the ratio of methyl to methylene response
area [CH3/CH23from the ATREF infra-red detector,
wherein the tallest (highest) peak is identified from
the base line, and then the FWHM area is determined.
For a distribution measured using an ATREF peak, the
FWHM area is defined as the area under the curve
between Ti and T , where Ti and T2 are points
determined, to the left and right of the ATREF peak,
by dividing the peak height by two, and then drawing a
line horizontal to the base line, that intersects the
left and right portions of the ATREF curve. A
calibration curve for comonomer content is made using
random ethylene/a-olefin copolymers, plotting
comonomer content from NMR versus FWHM area ratio of
the TREF peak. For this infra-red method, the
calibration curve is generated for the same comonomer
type of interest. The comonomer content of TREF peak
of the inventive polymer can be determined by
referencing this calibration curve using its FWHM
methyl : methylene area ratio [CH3ZCH2] of the TREF
peak.[0053] Comonomer content may be measured using
any suitable technique, with techniques based on
nuclear magnetic resonance (NMR) spectroscopy
preferred. Using this technique, said blocked
interpolymer has higher molar comonomer content than a
corresponding comparable interpolymer. [0054]
Preferably, for interpolymers of ethylene and
1-octene, the block interpoiymer has a comonomer
content of the TREF fraction eluting between 40 and
130C greater than or 



equal to the quantity (- 0.2013) T + 20.07, more
preferably greater than or equal to the quantity
(-0.2013) T+ 21.07, where T is the numerical value of
the peak elution temperature of the TREF fraction
being compared, measured in C. [0055] Figure 4
graphically depicts an embodiment of the block
interpolymers of ethylene and 1-octene where a plot of
the comonomer content versus TREF elution temperature
for several comparable ethylene/ 1-octene
interpolymers (random copolymers) are fit to a line
representing (-0.201 3) T + 20.07 (solid line). The
line for the equation (- 0.2013) T + 2 1.07 is
depicted by a dotted line. Also depicted are the
comonomer contents for fractions of several block
ethylene/ 1-octene interpolymers of the invention
(multi-block copolymers). AUof the block interpolymer
fractions have significantly higher 1-octene content
than either line at equivalent elution temperatures.
This result is characteristic of the inventive
interpolymer and is believed to be due to the presence
of differentiated blocks within the polymer chains,
having both crystalline and amorphous nature. [0056]
Figure 5 graphically displays the TREF curve and
comonomer contents of polymer fractions for Example 5
and Comparative F discussed below. The peak eluting
from 40 to 130C, preferably from 60C to 95C for both
polymers is fractionated into three parts, each part
eluting over a temperature range of less than 10C.
Actual data for Example 5 is represented by triangles.
The skilled artisan can appreciate that an appropriate
calibration curve may be constructed for interpolymers
containing different comonomers and a line used as a
comparison fitted to the TREF values obtained from
comparative interpolymers of the same monomers,
preferably random copolymers made using a metallocene
or other homogeneous catalyst composition. Inventive
interpolymers are characterized by a molar comonomer
content greater than the value determined from the
calibration curve at the same TREF elution
temperature, preferably at least 5 percent greater,
more preferably at least 10 percent greater. [0057] In
addition to the above aspects and properties described
herein, the inventive polymers can be characterized by
one or more additional characteristics. In one aspect,
the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or
morecopolymerizable comonomers in polymerized form,
characterized by multiple blocks or segments of two or
more polymerized monomer units differing in chemical
or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block
interpolymer having a molecular fraction which elutes
between 40C and 130C, when fractionated using TREF
increments, characterized in that said fraction has a
molar comonomer content higher, preferably at least 5
percent higher, more preferably at least 10, 15, 20 or
25 percent higher, than that of a comparable random
ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random
ethylene interpolymer comprises the same comonomer(s),
preferably it is the same comonomer(s), and a melt
index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the
blocked interpolymer. Preferably, the Mw/Mn of the
comparable interpolymer is also within 10 percent of
that of the blocked interpolymer and/or the comparable
interpolymer has a total comonomer content within 10
weight percent of that of the blocked interpolymer.
[0058] Preferably, the above interpolymers are
interpolymers of ethylene and at least one a-olefin,
especially those interpolymers having a whole polymer
density from about 0.855 to about 0.935 g/cm3, and
more especially for polymers having more than about 1
mole percent comonomer, the blocked interpolymer has a
comonomer content of the TREF fraction eluting between
40 and 130C greater than or equal to the quantity
(-0.1356) T + 13.89, more preferably greater than or
equal to the quantity (-0. 1356) T 14.93, and most
preferably greater than or equal to the quantity
(-0.201 3)T + 2 1.07, where T is the numerical value
of the peak ATREF elution temperature of the TREF
fraction being compared, measured in C. [0059]
Preferably, for the above interpolymers of ethylene
and at least one alpha-olefin especially those
interpolymers having a whole polymer density from
about 0.855 to about 0.935 g/cm3, and more especially
for polymers having more than about 1 mole percent
comonomer, the blocked interpolymer has a comonomer
content of the TREF fraction eluting between 40 and
130C greater than or equal to the quantity (- 0.2013)
T + 20.07, more preferably greater than or equal to
the quantity (-0.2013) T+ 21,07, where T is the
numerical value of the peak elution temperature of the
TREF fraction being compared, measured in C. [0060] In
still another aspect, the inventive polymer is an
olefin interpolymer, preferably comprising ethylene
and one or more copolymerizable comonomers in
polymerized form, characterized by multiple blocks or
segments of two or more polymerized monomer units
differing in chemical or physical properties (blocked
interpolymer), most preferably a multiblock copolymer,
said block interpolymer having a molecular fraction
which elutes between40C and 130C, when fractionated
using TREF increments, characterized in that every
fraction having a comonomer content of at least about
6 mole percent, has a melting point greater than about
100C. For those fractions having a comonomer content
from about 3 mole percent to about 6 mole percent,
every fraction has a DSC melting point of about 110C
or higher. More preferably, said polymer fractions,
having at least 1 mole percent comonomer, has a DSC
melting point that corresponds to the equation: Tm>
(-5.5926)(mole percent comonomer in the fraction) +
135.90. [0061] In yet another aspect, the inventive
polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable
comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized
monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a
multiblock copolymer, said block interpolymer having a
molecular fraction which elutes between 40C and 130C,
when fractionated using TREF increments, characterized
in that every fraction that has an ATREF elution
temperature greater than or equal to about 76C, has a
melt enthalpy (heat of fusion) as measured by DSC,
corresponding to the equation: Heat of fusion (J/gm) <
(3.1718)(ATREF elution temperature in Celsius) -
136.58, [0062] The inventive block interpolymers have
a molecular fraction which elutes between 40C and
130C, when fractionated using TREF increments,
characterized in that every fraction that has an ATREF
elution temperature between 40C and less than about
76C, has a melt enthalpy (heat of fusion) as measured
by DSC, corresponding to the equation: Heat of fusion
(J/gm) < (1.1312)(ATREF elution temperature in
Celsius) + 22.97. ATREF Peak Comonomer Composition
Measurement by Infra-Red Detector [0063] The comonomer
composition of the TREF peak can be measured using an
IR4 infra-red detector available from Polymer Char,
Valencia, Spain (http://www.polymercharxom/) . [0064]
The "composition mode" of the detector is equipped
with a measurement sensor (CH2) and composition sensor
(CH3) that are fixed narrow band infra-red filters in
the region of 2800-3000 cm" 1. The measurement sensor
detects the methylene (CH2) carbons on the polymer
(which directly relates to the polymer concentration
in solution) while the composition sensor detects the
methyl (CHj) groups of the polymer. The mathematical
ratio of the composition signal (CH3) divided by the
measurement signal (CH ) is sensitive to thecomonomer
content of the measured polymer in solution and its
response is calibrated with known ethylene alpha-olef
n copolymer standards. [0065] The detector when used
with an ATREF instrument provides both a concentration
(CH2) and composition (CH3) signal response of the
eluted polymer during the TREF process. A polymer
specific calibration can be created by measuring the
area ratio of the CH3 to CH2 for polymers with known
comonomer content (preferably measured by NMR). The
comonomer content of an ATREF peak of a polymer can be
estimated by applying a the reference calibration of
the ratio of the areas for the individual CH3 and CHb
response (i.e. area ratio CH3/CH2 versus comonomer
content). [0066] The area of the peaks can be
calculated using a full width/half maximum (FWHM)
calculation after applying the appropriate baselines
to integrate the individual signal responses from the
TREF chromatogram. The full width/half maximum
calculation is based on the ratio of methyl to
methylene response area [CH3/CH2] from the ATREF infra
red detector, wherein the tallest (highest) peak is
identified from the base line, and then the FWHM area
is determined. For a distribution measured using an
ATREF peak, the FWHM area is defined as the area under
the curve between Tl and T2, where Tl and T2 are
points determined, to the left and right of the ATREF
peak, by dividing the peak height by two, and then
drawing a line horizontal to the base line, that
intersects the left and right portions of the ATREF
curve. [0067] The application of infra-red
spectroscopy to measure the comonomer content of
polymers in this ATREF-infra-red method is, in
principle, similar to that of GPC/FTIR systems as
described in the following references: Markovich,
Ronald P.; Hazlitt, Lonnie G.; Smith, Linley;
"Development of gel-permeation chromatography-Fourier
transform infrared spectroscopy for characterization
of ethylene-based polyolefin copolymers". Polymeric
Materials Science and Engineering (1991), 65, 98-100.;
and Deslauriers, P.J.; Rohlfing, D.C.; Shieh, E.T.;
"Quantifying short chain branching microstructures in
ethylene- 1-olefin copolymers using size exclusion
chromatography and Fourier transform infrared
spectroscopy (SEC-FTIR)", Polymer (2002), 43, 59-170.,
both of which are incorporated by reference herein in
their entirety. [0068] In other embodiments, the
inventive ethylene/a-olefn interpolymer is
characterized by an average block index, ABI. which is
greater than zero and up to about 1.0 and a molecular
weight distribution, Mw/Mn, greater than about L3. The
average block index, ABI, is the weight average of the
block index ("BI") for each of the polymer fractions
obtained in preparative TREF from 20C and 110C, with
an increment of 5C:where BI; is the block index for
the ith fraction of the inventive ethylene/a-olefin
interpolymer obtained in preparative TREF, and Wj is
the weight percentage of the ith fraction. [0069] For
each polymer fraction, BI is defined by one of the two
following equations (both of which give the same BI
value): where Tx is the preparative ATREF elution
temperature for the ith fraction (preferably expressed
in Kelvin), Px is the ethylene mole fraction for the
ith fraction, which can be measured by NMR or IR as
described above. PAB is the ethylene mole fraction of
the whole ethylene/a-olefin interpolymer (before
fractionation), which also can be measured by NMR or
IR. TA and PAare the ATREF elution temperature and the
ethylene mole fraction for pure "hard segments" (which
refer to the crystalline segments of the
interpolymer). As a first order approximation, the TA
and PA values are set to those for high density
polyethylene homopolymer, if the actual values for the
"hard segments" are not available. For calculations
performed herein, TA is 372K, PA is 1. [0070] TAB is
the ATREF temperature for a random copolymer of the
same composition and having an ethylene mole fraction
of PAB. TABcan be calculated from the following
equation: Ln PAB a/TAB+ b where aand b are two
constants which can be determined by calibration using
a number of known random ethylene copolymers. It
should be noted that aand b may vary from instrument
to instrument. Moreover, one would need to create
their own calibration curve with the polymer
composition of interest and also in a similar
molecular weight range as the fractions. There is a
slight molecular weight effect. If the calibration
curve is obtained from similar molecular weight
ranges, such effect would be essentially negligible.
In some embodiments, random ethylene copolymers
satisfy the following relationship: Ln P -237.83/T
ATREF + 0.639[0071] Tco is the ATREF temperature for a
random copolymer of the same composition 



and having an ethylene mole fraction of Px. Tco can be
calculated from LnPx - a/Tco + b- Conversely, Pco is
the ethylene mole fraction for a random copolymer of
the same composition and having an ATREF temperature
of Tx, which can be calculated from Ln Pco = a Tx + b.
[0072] Once the block index (BI) for each preparative
TREF fraction is obtained, the weight average block
index, ABI, for the whole polymer can be calculated.
In some embodiments, ABI is greater than zero but less
than about 0.3 or from about 0.1 to about 0.3. In
other embodiments, ABI is greater than about 0.3 and
up to about 1.0. Preferably, ABI should be in the
range of from about 0.4 to about 0.7, from about 0.5
to about 0.7, or from about 0.6 to about 0.9. In some
embodiments, ABI is in the range of from about 0.3 to
about 0.9, from about 0.3 to about 0.8, or from about
0.3 to about 0.7, from about 0.3 to about 0.6, from
about 0.3 to about 0.5, or from about 0,3 to about
0.4. In other embodiments, ABI is in the range of from
about 0.4 to about 1.0, from about 0.5 to about 1.0,
or from about 0.6 to about 1.0, from about 0.7 to
about 1.0, from about 0.8 to about 1.0, or from about
0.9 to about 1.0. [0073] Another characteristic of the
inventive ethylene/a-olefin interpolymer is that the
inventive ethylene/a-olefin interpolymer comprises at
least one polymer fraction which can be obtained by
preparative TREF, wherein the fraction has a block
index greater than about 0.1 and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than
about 1.3. In some embodiments, the polymer fraction
has a block index greater than about 0.6 and up to
about 1.0, greater than about 0.7 and up to about 1.0,
greater than about 0.8 and up to about 1.0, or greater
than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index
greater than about 0.1 and up to about 1.0, greater
than about 0.2 and up to about 1.0, greater than about
0.3 and up to about 1.0, greater than about 0.4 and up
to about 1.0, or greater than about 0.4 and up to
about 1.0. In still other embodiments, the polymer
fraction has a block index greater than about 0.1 and
up to about 0.5, greater than about 0.2 and up to
about 0.5, greater than about 0.3 and up to about 0.5,
or greater than about 0.4 and up to about 0.5. In yet
other embodiments, the polymer fraction has a block
index greater than about 0.2 and up to about 0.9,
greater than about 0.3 and up to about 0.8, greater
than about 0.4 and up to about 0.7, or greater than
about 0.5 and up to about 0.6. [0074] For copolymers
of ethylene and an a-olefin, the inventive polymers
preferably possess (I) a PDf of at least 1,3, more
preferably at least 1.5, at least 1,7, or at least
2.0. and most preferably at least 2.6, up to a maximum
value of 5.0, more preferably up to a maximumof 3.5,
and especially up to a maximum of 2.7; (2) a heat of
fusion of 80 J/g or less; (3) an ethylene content of
at least 50 weight percent; (4) a glass transition
temperature, T , of less than -25C, more preferably
less than -30C; and/or (5) one and only one Tm. [0075]
Further, the inventive polymers can have, alone or in
combination with any other properties disclosed
herein, a storage modulus, G', such that log (G*) is
greater than or equal to 400 kPa, preferably greater
than or equal to 1.0 MPa, at a temperature of 100C.
Moreover, the inventive polymers possess a relatively
flat storage modulus as a function of temperature in
the range from 0 to 100C (illustrated in Figure 6)
that is characteristic of block copolymers, and
heretofore unknown for an olefin copolymer, especially
a copolymer of ethylene and one or more C3.8 aliphatic
a-olefins, (By the term "relatively flat" in this
context is meant that log G' (in Pascals) decreases by
less than one order of magnitude between 50 and 100C,
preferably between 0 and 100C). [0076] The inventive
interpolymers may be further characterized by a
thermomechanical analysis penetration depth of 1mm at
a temperature of at least 90C as well as a flexural
modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa).
Alternatively, the inventive interpolymers can have a
thermomechanical analysis penetration depth of 1mm at
a temperature of at least 104C as well as a flexural
modulus of at least 3 kpsi (20 MPa). They may be
characterized as having an abrasion resistance (or
volume loss) of less than 90 mm3. Figure 7 shows the
TMA ( 1 mm) versus flex modulus for the inventive
polymers, as compared to other known polymers. The
inventive polymers have significantly better
flexibility-heat resistance balance than the other
polymers. [0077] Additionally, the ethylene/a-olefin
interpolymers can have a melt index, I , from 0.01 to
2000 g/10 minutes, preferably from 0.01 to 1000 g/10
minutes, more preferably from 0.01 to 500 g/10
minutes, and especially from 0.01 to 100 g/10 minutes.
In certain embodiments, the ethylene/a-olefin
interpolymers have a melt index, h , from 0.01 to 10
g/10 minutes, from 0.5 to 50 g/10 minutes, from 1 to
30 g/10 minutes, from 1 to 6 g/10 minutes or from 0.3
to 10 g/10 minutes. In certain embodiments, the melt
index for the ethylene/a-olefin polymers is lg/10
minutes, 3 g/10 minutes or 5 g/10 minutes. [0078] The
polymers can have molecular weights, Mw, from 1,000
g/mote to 5,000,000 g/mole, preferably from 1000
g/mole to 1,000,000, more preferably from 10,000
g/mole to 500,000 g/mole, and especially from 10,000
g/mole to 300,000 g/mole. The density of the inventive
polymers can be from 0.80 to 0.99 g/cm3 and preferably
for ethylene containing polymers from 0.85 g/cm3 to
0.97 g/cm3. In certain embodiments, the density of the
ethyiene/a-olefin polymers ranges from 0.860 to 0.925
g/cm3 or 0.867 to 0.910 g/cm3.[0079] The process of
making the polymers has been disclosed in the
following patent applications: U.S. Provisional
Application No. 60/553,906, filed March 17, 2004; U.S.
Provisional Application No. 60/662,937, filed March
17, 2005; U.S. Provisional Application No. 60/662,939,
filed March 17, 2005; U.S. Provisional Application No.
60/662,938, filed March 17, 2005; PCT Application No.
PCT/US2005/008916, filed March 17, 2005; PCT
Application No, PCT/US2005/008915, filed March 17,
2005; and PCT Application No. PCT/US2005/008917, filed
March 17, 2005, all of which are incorporated by
reference herein in their entirety. For example, one
such method comprises contacting ethylene and
optionally one or more addition polymerizable monomers
other than ethylene under addition polymerization
conditions with a catalyst composition comprising: the
admixture or reaction product resulting from
combining: (A) a first olefin polymerization catalyst
having a high comonomer incorporation index, (B) a
second olefin polymerization catalyst having a
comonomer incorporation index less than 90 percent,
preferably less than 50 percent, most preferably less
than 5 percent of the comonomer incorporation index of
catalyst (A), and (C) a chain shuttling agent. [0080]
Representative catalysts and chain shuttling agent are
as follows. [0081] Catalyst (A1) is
[N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphen
yl)(a-
naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium
dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. [0082] Catalyst (A2) is
[N-(2,6-di(1-methylethyl)phenyf)amido)(2-methylphenyic
1,2- phenylene-(6-pyridin-2-diyl)methane)]hafnium
dimethyl, prepared according to the teachingsof WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. [0083] Catalyst (A3) is
bis[N,N' "-(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hafnium
dibenzyl. [0084] Catalyst (A4) is
bis((2-oxoyl-3-(dibenzo-
1H-pyrrole-1-yl)-5-(methyl)phenyI)-2-
phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV)
dibenzyl, prepared substantially according to the
teachings of US-A-2004/0010103. [0085] Catalyst (Bl)
is
1,2-bis-(3,5-di-t-buty!phenylene)(l-(N-(Imethylethyl)
immino)methyl)(2-oxoyl) zirconium dibenzyl[0086]
Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(
I-(N-(2-methylcyclohexyl)- immino)methyl)(2-oxoyl)
zirconium dibenzyl [0087] Catalyst (C1) is
(t-butylamido)dimethyl(3-N-ryrrolyl-1,2,3
,3a,7a-h-inden-1- yl)silanetitanium dimethyl prepared
substantially according to the techniques of USP
6,268,444: [0088] Catalyst (C2) is
(t~butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3aja-
h-inden- 1-yl)silanetitanium dimethyl prepared
substantially according to the teachings of US-A-
2003/004286:[0089] Catalyst (C3) is
(t-butylamido)di(4-methylphenyl)(2-methyM
,2,3,3a,8a-h-sindacen- 1-yl)silanetitanium dimethyl
prepared substantially according to the teachings of
USA- 2003/004286: [0090] Catalyst (Dl ) is
bis(dimethyldisiloxane)(indene- 1-yl)zirconium
dichloride available from Sigma-Aldrich: [0091]
Shuttling Agents The shuttling agents employed include
diethylzinc, di(ibutyl) zinc, di(n-hexyl)zinc,
triethylaluminum, trioctylaluminum, triethylgallium,
ibutylaluminum bis(dimethyl(t-butyl)siloxane),
i-butylaluminum bis(di(trimethylsilyl)amide).
n-octylaluminum di(pyridine-2-methoxide),
bis(n-octadecyl)i-butylaluminum, ibutylaluminum
bis(di(n-pentyl)amide), n-octylaluminum
bis(2,6-di-t-butylphenoxide, noctylaluminum
di(ethyl(l-naphthyl)amide), ethylaluminum
bis(t-butyldimethylsiloxide), ethylaluminum
di(bis(trimethylsilyl)amide), ethylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide),
n-octylaluminum bis(2,3,6,7-dibenzo-l
-azacycloheptaneamide), noctylaluminum
bis(dimethyl(t-butyl)siloxide, ethylzinc
(2,6-diphenylphenoxide), and ethylzinc (t-butoxide).
[0092] Preferably, the foregoing process takes the
form of a continuous solution process for forming
block copolymers, especially multi-block copolymers,
preferably linear multiblock copolymers of two or more
monomers, more especially ethylene and a C3.20 olefin
or cycloolefin, and most especially ethylene and a
C4-20 a-olefin, using multiple catalysts that are
incapable of interconversion. That is, the catalysts
are chemically distinct. Under continuous solution
polymerization conditions, the process is ideally
suited for polymerization of mixtures of monomers at
high monomer conversions. Under these polymerization
conditions, shuttling from the chain shuttling agent
to the catalyst becomes advantaged compared to chain
growth, and multi-block copolymers, especially linear
multiblock copolymers are formed in high efficiency.
[0093] The inventive interpolymers may be
differentiated from conventional, random copolymers,
physical blends of polymers, and block copolymers
prepared via sequential monomer addition, fluxional
catalysts, anionic or cation ic living polymerization
techniques. In particular, compared to a random
copolymer of the same monomers and monomer content at
equivalent crystallinity or modulus, the inventive
interpolymers have better (higher) heat resistance as
measured by melting point, higher TMA penetration
temperature, higher hightemperature tensile strength,
and/or higher high-temperature torsion storage modulus
as determined by dynamic mechanical analysis. Compared
to a random copolymer containing the same monomers and
monomer content, the inventive interpolymers have
lower compression set, particularly at elevated
temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking
resistance, faster setup due to higher crystallization
(solidification) temperature, higher recovery
(particularly at elevated temperatures), better
abrasion resistance, higher retractive force, and
better oil and filler acceptance. [0094] The inventive
interpolymers also exhibit a unique crystallization
and branching distribution relationship. That is, the
inventive interpolymers have a relatively large
difference between the tallest peak temperature
measured using CRYSTAF and DSC as a function of heat
of fusion, especially as compared to random copolymers
containing the same monomers and monomer level or
physical blends of polymers, such as a blend of a high
density polymer and a lower density copolymer, at
equivalent overall density. It is believed that this
unique feature of the inventive interpolymers is due
to the unique distribution of thecomonomer in blocks
within the polymer backbone. In particular, the
inventive interpolymers may comprise alternating
blocks of differing comonomer content (including 



homopolymer blocks). The inventive interpolymers may
also comprise a distribution in number and/or block
size of polymer blocks of differing density or
comonomer content, which is a Schultz-Flory type of
distribution. In addition, the inventive interpolymers
also have a unique peak melting point and
crystallization temperature profile that is
substantially independent of polymer density, modulus,
and morphology. In a preferred embodiment, the
microcrystalUne order of the polymers demonstrates
characteristic spherulites and lamellae that are
distinguishable from random or block copolymers, even
at PDI values that are less than 1.7, or even less
than 1.5, down to less than 1.3. [0095] Moreover, the
inventive interpolymers may be prepared using
techniques to influence the degree or level of
blockiness. That is the amount of comonomer and length
of each polymer block or segment can be altered by
controlling the ratio and type of catalysts and
shuttling agent as well as the temperature of the
polymerization, and other polymerization variables. A
surprising benefit of this phenomenon is the discovery
that as the degree of blockiness is increased, the
optical properties, tear strength, and high
temperature recovery properties of the resulting
polymer are improved. In particular, haze decreases
while clarity, tear strength, and high temperature
recovery properties increase as the average number of
blocks in the polymer increases. By selecting
shuttling agents and catalyst combinations having the
desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other
forms of polymer termination are effectively
suppressed. Accordingly, little if any b-hydride
elimination is observed in the polymerization of
ethylene/a-olefin comonomer mixtures according to
embodiments of the invention, and the resulting
crystalline blocks are highly, or substantially
completely, linear, possessing little or no long chain
branching, [0100] Polymers with highly crystalline
chain ends can be selectively prepared in accordance
with embodiments of the invention. In elastomer
applications, reducing the relative quantity of
polymer that terminates with an amorphous block
reduces the intermolecular dilutive effect on
crystalline regions. This result can be obtained by
choosing chain shuttling agents and catalysts having
an appropriate response to hydrogen or other chain
terminating agents. Specifically, if the catalyst
which produces highly crystalline polymer is more
susceptible to chain termination (such as by use of
hydrogen) than the catalyst responsible for producing
the less crystalline polymer segment (such as through
higher comonomer incorporation, regio-error, or
atactic polymer formation), then the highlycrystalline
polymer segments will preferentially populate the
terminal portions of the polymer. Not only are the
resulting terminated groups crystalline, but upon
termination, the highly crystalline polymer forming
catalyst site is once again available for reinitiation
of polymer formation. The initially formed polymer is
therefore another highly crystalline polymer segment.
Accordingly, both ends of the resulting multi-block
copolymer are preferentially highly crystalline.
[0101] The ethylene a-olefin interpolymers used in the
embodiments of the invention are preferably
interpolymers of ethylene with at least one C3-C20
a-olefm. Copolymers of ethylene and a C3-C20 a-olefin
are especially preferred. The interpolymers may
further comprise C4-C18 diolefin and/or
alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example,
ethylenically unsaturated monomers, conjugated or
nonconjugated dienes, polyenes, alkenylbenzenes, etc.
Examples of such comonomers include C3-C20 a-olefins
such as propylene, isobutylene, 1-butene, 1-hexene,
1-pentene, 4-methyl-1-pentene, l-heptene, 1-octene,
1-nonene, 1-decene, and the like. 1- butene and
1-octene are especially preferred. Other suitable
monomers include styrene, haloor alkyl-substituted
styrenes, vinylbenzocyclobutane, 1,4-hexadiene,
1.,7-octadiene, and naphthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). [0102] While
ethylene/a-olefin interpolymers are preferred
polymers, other ethylene/olefin polymers may also be
used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least
one carbon-carbon double bond. Depending on the
selection of catalysts, any olefin may be used in
embodiments of the invention. Preferably, suitable
olefins are C3-C20 aliphatic and aromatic compounds
containing vinylic unsaturation, as well as cyclic
compounds, such as cyclobutene, cyclopentene,
dicyclopentadiene, and norbornene, including but not
limited to, norbornene substituted in the 5 and 6
position with C1-C20 hydrocarbyl or cyclohydrocarbyl
groups. Also included are mixtures of such olefins as
well as mixtures of such olefins with C4-C40 diolefin
compounds. [0103] Examples of olefin monomers include,
but are not limited to propylene, isobutylene,
t-butene, 1-pentene, 1-hexene, l-heptene, 1-octene,
1-nonene, 1-decene, and Idodecene, 1-tetradecene,
1-hexadecene, 1-octadeeene, 1-eicosene, 3-methyl-
1-butene, 3- methyl- 1-pentene, 4-methyH-pentene,
4,6-dimethyl- l-heptene, 4-vinyleyelohexene,
vinyleyclohexane. norbornadiene, ethylidene
norbornene, cyclopentene, cyclohexene,
dicyclopentadiene, cyclooctene, C4-C40 dienes,
including but not limited to
1,3-butadiene,1,3-pentadiene, 1,4-hexadlene,
1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other
C4-C40 a- olefins, and the like. In certain
embodiments, the a-olefin is propylene,l-butene, 1-
pentene,l-hexene, 1-octene or a combination thereof.
Although any hydrocarbon containing a vinyl group
potentially may be used in embodiments of the
invention, practical issues such as monomer
availability, cost, and the ability to conveniently
remove unreacted monomer from the resulting polymer
may become more problematic as the molecular weight of
the monomer becomes too high. [0104] The
polymerization processes described herein are well
suited for the production of olefin polymers
comprising monovinylidene aromatic monomers including
styrene, omethyl styrene, p-methyl styrene,
t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be
prepared by following the teachings herein.
Optionally, copolymers comprising ethylene, styrene
and a C3-C20 alpha olefin, optionally comprising a
C4-C20 diene, having improved properties can be
prepared. [0105] Suitable non-conjugated diene
monomers can be a straight chain, branched chain or
cyclic hydrocarbon diene having from 6 to 15 carbon
atoms. Examples of suitable nonconjugated dienes
include, but are not limited to, straight chain
acyclic dienes, such as 1,4- hexadiene, 1,6-octadiene,
1,7-octadiene, 1,9-decadiene, branched chain acyclic
dienes, such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-
1,6-octadiene; 3,7-dimethyl- 1,7-octadiene and mixed
isomers of dihydromyricene and dihydroocinene, single
ring alicyclic dienes, such as 1,3-cyclopentadiene;
1,4-cyclohexadiene; 1,5-cyclooctadiene and
1,5-cyclododecadiene, and multi-ring alicyclic fused
and bridged ring dienes, such as tetrahydroindene,
methyl tetrahydroindene, dicyclopentadiene,
bicyclo-(2,2,l)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as
5-methylene-2-norbornene (MNB); 5-
propenyl-2-norbomene, 5-isopropylidene-2-norbornene,
5-(4-cyclopentenyl)-2-norbornene,
S-cyclohexylidene^-norbomene, 5-vinyl-2-norbornene,
and norbornadiene. Of the dienes typically used to
prepare EPDMs, the particularly preferred dienes are
1,4-hexadiene (HD), 5-ethylidene-2-norbomene (ENB),
5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MNB), and dicyclopentadiene (DCPD). The
especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD).
[0106] One class of desirable polymers that can be
made in accordance with embodiments of the invention
are elastomeric interpolymers of ethylene, a C3-C20
a-olefin, especially propylene, and optionally one or
more diene monomers. Preferred a-olefins for use in
this embodiment of the present invention are
designated by the formula CH2-CHR*,where R* is a
linear or branched alkyl group of from 1 to 12 carbon
atoms. Examples of suitable a-olefins include, but are
not limited to, propylene, isobutylene, 1-butene,
1-pentene, 1-hexene, 4-methyl- 1-pentene, and
1-octene. A particularly preferred a-olefin is
propylene. The propylene based polymers are generally
referred to in the art as EP or EPDM polymers.
Suitable dienes for use in preparing such polymers,
especially multi-block EPDM type polymers include
conjugated or non-conjugated, straight or branched
chain-, cyclic- or polycyclic- dienes comprising from
4 to 20 carbons. Preferred dienes include
1,4-pentadiene, 1,4-hexadiene,
5-ethylidene-2-norbornene, dicyclopentadiene,
cyclohexadiene, and 5- butylidene-2-norbornene. A
particularly preferred diene is
5-ethylidene-2-norbornene. [0107] Because the diene
containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the
diene (including none) and a-olefin (including none),
the total quantity of diene and a-olefin may be
reduced without loss of subsequent polymer properties.
That is, because the diene and a-olefin monomers are
preferentially incorporated into one type of block of
the polymer rather than uniformly or randomly
throughout the polymer, they are more efficiently
utilized and subsequently the crosslink density of the
polymer can be better controlled. Such crosslinkable
elastomers and the cured products have advantaged
properties, including higher tensile strength and
better elastic recovery. [0108] In some embodiments,
the inventive interpolymers made with two catalysts
incorporating differing quantities of comonomer have a
weight ratio of blocks formed thereby from 95:5 to
5:95. The elastomeric polymers desirably have an
ethylene content of from 20 to 90 percent, a diene
content of from 0.1 to 10 percent, and an a-oiefin
content of from 10 to 80 percent, based on the total
weight of the polymer. Further preferably, the
multi-block elastomeric polymers have an ethylene
content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-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 20,000 to 500,000, more preferably from 20,000 to
350,000, and a polydispersity less than 3.5, more
preferably less than 3.0, and a Mooney viscosity (ML
(1+4) 125C.) from 1 to 250. More preferably, such
polymers have an ethylene content from 65 to 75
percent, a diene content from 0 to 6 percent, and an
a-olefin content from 20 to 35 percent. [0109] The
ethyiene/a-olefin interpolymers can be functionalized
by incorporating at least one functional group in its
polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono-
and di-functional carboxylic acidsethylenically
unsaturated mono- and di-functional carboxylic acid
anhydrides, salts thereof and esters thereof. Such
functional groups may be grafted to an ethylene/a
-olefin interpolymer, or it may be copolymerized with
ethylene and an optional additional comonomer to form
an interpolymer of ethylene, the functional comonomer
and optionally other comonomer(s). Means for grafting
functional groups onto polyethylene are described for
example in U.S. Patents Nos. 4,762,890, 4,927,888, and
4,950,541, the disclosures of these patents are
incorporated herein by reference in their entirety.
One particularly useful functional group is malic
anhydride. [0110] The amount of the functional group
present in the functional interpolymer can vary. The
functional group can typically be present in a
copolymer-type functionalized interpolymer in an
amount of at least about 1.0 weight percent,
preferably at least about 5 weight percent, and more
preferably at least about 7 weight percent. The
functional group will typically be present in a
copolymer-type functionalized interpolymer in an
amount less than about 40 weight percent, preferably
less than about 30 weight percent, and more preferably
less than about 25 weight percent. Testing Methods
[0111] In the examples that follow, the following
analytical techniques are employed: GPC Method for
Samples 1 4 and A-C [0112] An automated
liquid-handling robot equipped with a heated needle
set to 160C is used to add enough
1,2,4-trichlorobenzene stabilized with 300 ppm Ionol
to each dried polymer sample to give a final
concentration of 30 mg/mL. A small glass stir rod is
placed 



into each tube and the samples are heated to 160C for
2 hours on a heated, orbital-shaker rotating at 250
rpm. The concentrated polymer solution is then diluted
to 1 mg/ml using the automated liquid-handling robot
and the heated needle set to 160C. [0113] A Symyx
Rapid GPC system is used to determine the molecular
weight data for each sample. A Gilson 350 pump set at
2.0 ml/min flow rate is used to pump helium-purged
1,2-dichlorobenzene stabilized with 300 ppm Ionol as
the mobile phase through three Plgel 10 micrometer
(mm) Mixed B 300mm x 7.5mm columns placed in series
and heated to 160C. A Polymer Labs ELS 1000 Detector
is used with the Evaporator set to 250C. the Nebulizer
set to 165C, and the nitrogen flow rate set to 1.8 SLM
at a pressure of 60-80 psi (400-600 kPa) N . The
polymer samples are heated to 160C and each sample
injected into a 250 mi loop using the liquid-handling
robot and a heated needle. Serial analysis of
thepolymer samples using two switched loops and
overlapping injections are used. The sample data is
collected and analyzed using Symyx Epoch(tm) software.
Peaks are manually integrated and the molecular weight
information reported uncorrected against a polystyrene
standard calibration curve. Standard CRYSTAF Method
[0114] Branching distributions are determined by
crystallization analysis fractionation (CRYSTAF) using
a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are
dissolved in 1,2,4 trichlorobenzene at 160C (0.66
mg/mL) for 1 hour and stabilized at 95C for 45
minutes. The sampling temperatures range from 95 to
30C at a cooling rate of 0.2C/min. An infrared
detector is used to measure the polymer solution
concentrations. The cumulative soluble concentration
is measured as the polymer crystallizes while the
temperature is decreased. The analytical derivative of
the cumulative profile reflects the short chain
branching distribution of the polymer, [0115] The
CRYSTAF peak temperature and area are identified by
the peak analysis module included in the CRYSTAF
Software (Version 200 l.b, PolymerChar, Valencia,
Spain). The CRYSTAF peak finding routine identifies a
peak temperature as a maximum in the dW/dT curve and
the area between the largest positive inflections on
either side of the identified peak in the derivative
curve. To calculate the CRYSTAF curve, the preferred
processing parameters are with a temperature limit of
70C and with smoothing parameters above the
temperature limit of 0.1 , and below the temperature
limit of 0.3. DSC Standard Method (Excluding Samples
1-4 and A-C) [0116] Differential Scanning Calorimetry
results are determined using a TAl model QlOOO DSC
equipped with an RCS cooling accessory and an
autosampler. A nitrogen purge gas flow of 50 ml/min is
used. The sample is pressed into a thin film and
melted in the press at about 175C and then air-cooled
to room temperature (25C). 3-10 mg of material is then
cut into a 6 mm diameter disk, accurately weighed,
placed in a light aluminum pan (ca 50 mg), and then
crimped shut. The thermal behavior of the sample is
investigated with the following temperature profile.
The sample is rapidly heated to 180C and held
isothermal for 3 minutes in order to remove any
previous thermal history. The sample is then cooled to
- 40C at 10C/min cooling rate and held at -40C for 3
minutes. The sample is then heated to 150C at 10C/min.
heating rate. The cooling and second heating curves
are recorded.[0117] The DSC melting peak is measured
as the maximum in heat flow rate (W/g) with respect to
the linear baseline drawn between -30C and end of
melting. The heat of fusion is measured as the area
under the melting curve between -30C and the end of
melting using a linear baseline. GPC Method (Excluding
Samples 1-4 and A-C) [0118] The gel permeation
chromatographic system consists of either a Polymer
Laboratories Model PL-2 10 or a Polymer Laboratories
Model PL-220 instrument. The column and carousel
compartments are operated at 140C. Three Polymer
Laboratories 10- micron Mixed-B columns are used. The
solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concentration of 0.1 grams of polymer in
50 milliliters of solvent containing 200 ppm of
butylated hydroxytoluene (BHT). Samples are prepared
by agitating lightly for 2 hours at 160C. The
injection volume used is 100 microliters and the flow
rate is 1.0 ml/minute. [0119] Calibration of the GPC
column set is performed with 2 1 narrow molecular
weight distribution polystyrene standards with
molecular weights ranging from 580 to 8,400,000,
arranged in 6 "cocktail" mixtures with at least a
decade of separation between individual molecular
weights. The standards are purchased from Polymer
Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50
milliliters of solvent for molecular weights equal to
or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at
80C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of
decreasing highest molecular weight component to
minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene
molecular weights using the following equation (as
described in Williams and Ward, J. Polvm. ScL Polvm.
Let.. 6. 621 (1968)): Mpolyethylene
=0.431(Mpolystyrene). [0120] Polyethylene equivalent
molecular weight calculations are performed using
Viscotek TriSEC software Version 3.0. Compression Set
[0121] Compression set is measured according to ASTM D
395. The sample is prepared by stacking 25.4 mm
diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm
thickness until a total thickness of 12.7 mm is
reached. The discs are cut from 12.7 cm x 12.7 cm
compression molded plaques molded with a hot press
under the following conditions: zero pressure for
3minutes at 190C, followed by 86 MPa for 2 minutes at
190C, followed by cooling inside the press with cold
running water at 86 MPa. Density [0122] Samples for
density measurement are prepared according to ASTM D
1928. Measurements are made within one hour of sample
pressing using ASTM D792, Method B. Flexural/Secant
Modulus/ Storage Modulus [0123] Samples are
compression molded using ASTM D 1928. Flexural and 2
percent secant moduli are measured according to ASTM
D-790. Storage modulus is measured according to ASTM D
5026-01 or equivalent technique. Optica! properties
[0124] Films of 0.4 mm thickness are compression
molded using a hot press (Carver Model
#4095-4PR1001R). The pellets are placed between
polytetrafluoroethylene sheets, heated at 190 C at 55
psi (380 kPa) for 3 minutes, followed by 1.3 MPa for 3
minutes, and then 2.6 MPa for 3 minutes. The film is
then cooled in the press with running cold water at
1.3 MPa for 1 minute. The compression molded films are
used for optical measurements, tensile behavior,
recovery, and stress relaxation. [0125] Clarity is
measured using BYK Gardner Haze-gard as specified in
ASTM D 1746. [0126] 45 gloss is measured using BYK
Gardner Glossmeter Microgloss 45 as specified in ASTM
D-2457. [0127] Internal haze is measured using BYK
Gardner Haze-gard based on ASTM D 1003 Procedure A.
Mineral oil is applied to the film surface to remove
surface scratches. Mechanical Properties - Tensile,
Hysteresis, and Tear [0128] Stress-strain behavior in
uniaxial tension is measured using ASTM D 1708
microtensile specimens. Samples are stretched with an
Instron at 500% min" 1 at 21C. Tensile strength and
elongation at break are reported from an average of 5
specimens. [0129] 100% and 300% Hysteresis is
determined from cyclic loading to 100% and 300%
strains using ASTM D 1708 microtensile specimens with
an Instron(tm) instrument. The sample is loaded and
unloaded at 267 % min 1 for 3 cycles at 21C. Cyclic
experiments at 300% and 80C are conducted using an
environmental chamber. n the 80C experiment, the
sample is allowed to equilibrate for 45 minutes at the
test temperature before testing. In the21C, 300%
strain cyclic experiment, the retractive stress at
150% strain from the first unloading cycle is
recorded. Percent recovery for all experiments are
calculated from the first unloading cycle using the
strain at which the load returned to the base line.
The percent recovery is defined as: where ef is the
strain taken for cyclic loading and es is the strain
where the load returns to the baseline during the 1st
unloading cycle. [0130] Stress relaxation is measured
at 50 percent strain and 37C for 12 hours using an
Instron(tm) instrument equipped with an environmental
chamber. The gauge geometry was 76 mm x 25 mm x 0.4
mm. After equilibrating at 37C for 45 min in the
environmental chamber, the sample was stretched to 50%
strain at 333% min 1. Stress was recorded as a
function of time for 12 hours. The percent stress
relaxation after 12 hours was calculated using the
formula: where Lo is the load at 50% strain at 0 time
and L12 is the load at 50 percent strain after 12
hours. [0131] Tensile notched tear experiments are
carried out on samples having a density of 0.88 g/cc
or less using an Instron(tm) instrument. The geometry
consists of a gauge section of 76 mm x 13 mm x 0.4 mm
with a 2 mm notch cut into the sample at half the
specimen length. The sample is stretched at 508 mm
min- 1 at 2 1 C until it breaks. The tear energy is
calculated as the area under the stress-elongation
curve up to strain at maximum load. An average of at
least 3 specimens are reported. TMA [0132] Thermal
Mechanical Analysis (Penetration Temperature) is
conducted on 30mm diameter x 3.3 mm thick, compression
molded discs, formed at 180C and 10 MPa molding
pressure for 5 minutes and then air quenched. The
instrument used is a TMA 7, brand available from
Perkin-Elmer. In the test, a probe with  .5 mm radius
tip (P/N N5 19-04 16) is applied to the surface of the
sample disc with IN force. The temperature is raised
at 5C/minfrom 25C. The probe penetration distance is
measured as a function of temperature. The experiment
ends when the probe has penetrated 1mm into the
sample. DMA [0133] Dynamic Mechanical Analysis (DMA)
is measured on compression molded disks formed in a
hot press at 180C at 10 MPa pressure for 5 minutes and
then water cooled in the press at 90C / min. Testing
is conducted using an ARES controlled strain rheometer
(TA instruments) equipped with dual cantilever
fixtures for torsion testing. [0134] A 1.5mm plaque is
pressed and cut in a bar of dimensions 32x12mm. The
sample is clamped at both ends between fixtures
separated by 10mm (grip separation DL) and subjected
to successive temperature steps from -100C to 200C (5C
per step). At each temperature the torsion modulus G'
is measured at an angular frequency of 10 rad/s, the
strain amplitude being maintained between 0.1 percent
and 4 percent to ensure that the torque is sufficient
and that the measurement remains in the linear regime.
[0135] An initial static force of 10 g is maintained
(auto-tension mode) to prevent slack in the sample
when thermal expansion occurs. As a consequence, the
grip separation DL increases with the temperature,
particularly above the melting or softening point of
the polymer sample. The test stops at the maximum
temperature or when the gap between the fixtures
reaches 65 mm. Melt Index [0136] Meit index, or I2, is
measured in accordance with ASTM D 1238, Condition
190C/2.16 kg. Melt index, or ho is also measured in
accordance with ASTM D 1238, Condition 190X/10 kg.
ATREF 



[0137] Analytical temperature rising elution
fractionation (ATREF) analysis is conducted according
to the method described in U.S. Patent No. 4,798,081
and Wilde, L.; RyIe, T.R.; Knobeloch, D.C.; Peat,
I.R.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci.,
20, 441-455 (1982), which are incorporated by
reference herein in their entirety. The composition to
be analyzed is dissolved in trichlorobenzene and
allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the
temperature to 20C at a cooling rate of 0.1C/min. The
column is equipped with an infrared detector. An ATREF
chromatogram curve is thengenerated by eluting the
crystallized polymer sample from the column by slowly
increasing the temperature of the eluting solvent
(trichlorobenzene) from 20 to 120C at a rate of
l.5C/min. 13C NMR Analysis [0138] The samples are
prepared by adding approximately 3g of a 50/50 mixture
of tetrachloroethane-d2/orthodichlorobenzene to 0.4 g
sample in a 10 mm NMR tube. The samples are dissolved
and homogenized by heating the tube and its contents
to 150C. The data are collected using a JEOL
Eclipse(tm) 400MHz spectrometer or a Varian Unity
Plus(tm) 400MHz spectrometer, corresponding to a 13C
resonance frequency of 100.5 MHz. The data are
acquired using 4000 transients per data file with a 6
second pulse repetition delay. To achieve minimum
signal-to-noise for quantitative analysis, multiple
data files are added together. The spectral width is
25,000 Hz with a minimum file size of 32K data points.
The samples are analyzed at 130 C in a 10 mm broad
band probe. The comonomer incorporation is determined
using Randall's triad method (Randall, J.C.; JMS-Rev.
Macromol. Chem. Phys., C29, 201-317 (1989), which is
incorporated by reference herein in its entirety.
Polymer Fractionation by TREF [0139] Large-scale TREF
fractionation is carried by dissolving 15-20 g of
polymer in 2 liters of 1,2,4-trichlorobenzene (TCB)by
stirring for 4 hours at 160C. The polymer solution is
forced by 15 psig (100 kPa) nitrogen onto a 3 inch by
4 foot (7.6 cm x 12 cm) steel column packed with a
60:40 (v:v) mix of 30-40 mesh (600-425 mm) spherical,
technical quality glass beads (available from Potters
Industries, HC 30 Box 20, Brownwood, TX, 76801) and
stainless steel, 0.028" (0.7mm) diameter cut wire shot
(available from Pellets, Inc. 63 Industrial Drive,
North Tonawanda, NY, 14120). The column is immersed in
a thermally controlled oil jacket, set initially to
160C. The column is first cooled ballistically to
125C, then slow cooled to 20C at 0.04C per minute and
held for one hour. Fresh TCB is introduced at about 65
ml/min while the temperature is increased at 0.167C
per minute. [0140] Approximately 2000 ml portions of
eluant from the preparative TREF column are collected
in a 16 station, heated fraction collector. The
polymer is concentrated in each fraction using a
rotary evaporator until about 50 to 100 ml of the
polymer solution remains. The concentrated solutions
are allowed to stand overnight before adding excess
methanol, filtering, and rinsing (approx. 300-500 ml
of methanol including the final rinse). The filtration
step is performed on a 3 position vacuum assisted
filtering station using 5.0 mmpolytetrafluoroethylene
coated filter paper (available from Osmonics Inc.,
Cat# Z50WP04750). The filtrated fractions are dried
overnight in a vacuum oven at 60C and weighed on an
analytical balance before further testing. Melt
Strength [0141] Melt Strength (MS) is measured by
using a capillary rheometer fitted with a 2.1 mm
diameter, 20:1 die with an entrance angle of
approximately 45 degrees. After equilibrating the
samples at 190C for 10 minutes, the piston is run at a
speed of 1 inch/minute (2.54 cm/minute). The standard
test temperature is 190C. The sample is drawn
uniaxially to a set of accelerating nips located 100
mm below the die with an acceleration of 2.4 mm/sec2.
The required tensile force is recorded as a function
of the take-up speed of the nip rolls. The maximum
tensile force attained during the test is defined as
the melt strength. In the case of polymer melt
exhibiting draw resonance, the tensile force before
the onset of draw resonance was taken as melt
strength. The melt strength is recorded in
centiNewtons ("cN"). Catalysts [0142] The term
"overnight", if used, refers to a time of
approximately 16-18 hours, the term "room
temperature", refers to a temperature of 20-25 C, and
the term "mixed alkanes" refers to a commercially
obtained mixture of C aliphatic hydrocarbons available
under the trade designation Isopar E(r), from
ExxonMobil Chemical Company. In the event the name of
a compound herein does not conform to the structural
representation thereof, the structural representation
shall control. The synthesis of all metal complexes
and the preparation of all screening experiments were
carried out in a dry nitrogen atmosphere using dry box
techniques. AH solvents used were HPLC grade and were
dried before their use. [0143] MMAO refers to modified
methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commercially from Akzo-Noble
Corporation. [0144] The preparation of catalyst (B1)
is conducted as follows. a) Preparation of
(1-methylethyl)(2-hvdroxy-3,5-di(t-butyl)phenyl)methyl
imine 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added
to 10 mL of isopropylamine. The solution rapidly turns
bright yellow. After stirring at ambient temperature
for 3 hours, volatiles are removed under vacuum to
yield a bright yellow, crystalline solid (97 percent
yield).b) Preparation of
1.2-bis-(3,5-di-t-butylphenylene  1-(N-(1-
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
A solution of
(l-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine
(605 mg, 2.2 mmol) in 5 mL toluene is slowly added to
a solution OfZr(CH2Ph)4 (500 mg, 1.1 mmol) in 50 mL
toluene. The resulting dark yellow solution is stirred
for 30 minutes. Solvent is removed under reduced
pressure to yield the desired product as a
reddish-brown solid. [0145] The preparation of
catalyst (B2) is conducted as follows. a) Preparation
of (
1-(2-methylcvclohexyl)ethyl)(2-oxoyl-3.5-di(t-butyl)ph
enyl)imine 2-Methylcyclohexylamine (8.44 mL, 64.0
mmol) is dissolved in methanol (90 mL), and
di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is
added. The reaction mixture is stirred for three hours
and then cooled to -25C for 12 hours. The resulting
yellow solid precipitate is collected by filtration
and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of
a yellow solid. 1H NMR is consistent with the desired
product as a mixture of isomers. b) Preparation of
bis-(l-(2-methylcvclohexyl)ethyl)(2-oxoyl-3.5-di(t-but
yl)phenyl) imminoiziroonium dibenzyl A solution of (
1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)ph
enyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is
slowly added to a solution OfZr(CH Ph)4 (5.28 g, 11.6
mmol) in 600 mL toluene. The resulting dark yellow
solution is stirred for 1 hour at 25C. The solution is
diluted further with 680 mL toluene to give a solution
having a concentration of 0.00783 M. [0146] Cocatalyst
1 A mixture of methyldi(C 14-18 alkyl)ammonium salts
of tetrakis(pentafluorophenyl)borate (here-in-after
armeenium borate), prepared by reaction of a long
chain trialkylamine (Armeen(tm) M2HT, available from
Akzo-Nobel, Inc.), HCl and Li[B(C6F5)4], substantially
as disclosed in USP 5,919,9883, Ex. 2. [0147]
Cocatalyst 2 Mixed C14-18 alkyldimethylammonium salt
of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazol
ide, prepared according to USP 6,395,671, Ex. 16.
[0148] Shuttling Agents The shuttling agents employed
include diethylzinc (DEZ. SA1). di(i-butyl)zine (SA2),
di(n-hexyl)zinc (SA3), triethylaluminum (TEA,
SA4),trioctylaluminum (SA5), triethylgallium (SA6),
i-butylaluminum bis(dimethyl(tbutyl) siloxane) (SA7),
i-butylaiuminum bis(di(trimethylsilyl)amide) (SA8),
n-octylaluminum di(pyridine-2-methoxide) (SA9),
bis(n-octadecyl)i-butylaluminum (SAlO),
i-butylaluminum bis(di(n-pentyl)amide) (SAIl),
n-octylaluminum bis(2,6-di-t-butylphenoxide) (SAl 2),
noctylaluminum di(ethyl(l-naphthyl)amide) (SA13),
ethylaluminum bis(tbutyldimethylsiloxide) (SAl 4),
ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
ethylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA 16),
n-octylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SAl 7),
n-octylaluminum bis(dimethyl(tbutyl) siloxide(SAl 8),
ethylzinc (2,6-diphenylphenoxide) (SAl 9),
andethylzinc (t-butoxide) (SA20). Examples 1-4.
Comparative A-C General High Throughput Parallel
Polymerization Conditions [0149] Polymerizations are
conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx
Technologies, Inc. and operated substantially
according to US Patents No. 6,248,540, 6,030,917,
6,362,309, 6,306,658, and 6,3 16,663. Ethylene
copolymerizations are conducted at 130C and 200 psi
(1.4 MPa) with ethylene on demand using 1.2
equivalents of cocatalyst 1 based on total catalyst
used (1.1 equivalents when MMAO is present). A series
of polymerizations are conducted in a parallel
pressure reactor (PPR) contained of 48 individual
reactor cells in a 6 x 8 array that are fitted with a
preweighed glass tube. The working volume in each
reactor cell is 6000 mL. Each cell is temperature and
pressure controlled with stirring provided by
individual stirring paddles. The monomer gas and
quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are
robotically added to each reactor cell by syringes and
the reservoir solvent is mixed alkanes. The order of
addition is mixed alkanes solvent (4 ml), ethylene,
1-octene comonomer ( 1 ml), cocatalyst 1 or cocatalyst
1/MMAO mixture, shuttling agent, and catalyst or
catalyst mixture. When a mixture of cocatalyst 1 and
MMAO or a mixture of two catalysts is used, the
reagents are premixed in a small vial immediately
prior to addition to the reactor. When a reagent is
omitted in an experiment, the above order of addition
is otherwise maintained. Polymerizations are conducted
for approximately 1-2 minutes, until predetermined
ethylene consumptions are reached. After quenching
with CO, the reactors are cooled and the glass tubes
are unloaded. The tubes are transferred to a
centrifuge/vacuum drying unit, and dried for 12 hours
at 60C. The tubes containing driedpolymer are weighed
and the difference between this weight and the tare
weight gives the net yield of polymer. Results are
contained in Table 1. In Table and elsewhere in the
application, comparative compounds are indicated by an
asterisk (*). [0150] Examples 1-4 demonstrate the
synthesis of linear block copolymers by the present
invention as evidenced by the formation of a very
narrow MWD, essentially monomodal copolymer when DEZ
is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced
polymers) in the absence of DEZ. Due to the fact that
Catalyst (Al) is known to incorporate more octene than
Catalyst (Bl), the different blocks or segments of the
resulting copolymers of the invention are
distinguishable based on branching or density. Table 1
[0151] It may be seen the polymers produced according
to the invention have a relatively narrow
polydispersity (Mw/Mn) and larger block-copolymer
content (trimer, tetramer, or larger) than polymers
prepared in the absence of the shuttling agent. [0152]
Further characterizing data for the polymers of Table
1 are determined by reference to the figures. More
specifically DSC and ATREF results show the following:
[0153] The DSC curve for the polymer of example 1
shows a 115.7C melting point (Tm) with a heat of
fusion of 158, 1 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 34.5C with a peak area of
52.9 percent. The difference between the DSC Tm and
the Tcrystafis 81.2C. [0154] The DSC curve for the
polymer of example 2 shows a peak with a 109.7C 



melting point (Tm) with a heat of fusion of 214.0 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 46.2C with a peak area of 57.0 percent. The
difference between the DSC Tm and the Tcrystaf is
63.5C.[0155] The DSC curve for the polymer of example
3 shows a peak with a 120.7C melting point (Tm) with a
heat of fusion of 160.1 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 66.1 C with a peak
area of 7 1.8 percent. The difference between the DSC
Tm and the Tcrystaf is 54.6C. [0156] The DSC curve for
the polymer of example 4 shows a peak with a 104.5C
melting point (Tm) with a heat of fusion of 170.7 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 30 C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystaf is
74,5C. [0157] The DSC curve for comparative A shows a
90.0C melting point (Tm) with a heat of fusion of 86.7
J/g. The corresponding CRYSTAF curve shows the tallest
peak at 48.5C with a peak area of 29.4 percent. Both
of these values are consistent with a resin that is
low in density. The difference between the DSC Tm and
the Tcrystaf is 4 1.8C. [0158] The DSC curve for
comparative B shows a 129.8C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 82.4C with a peak area
of 83.7 percent. Both of these values are consistent
with a resin that is high in density. The difference
between the DSC Tm and the Tcrystaf is 47.4C. [0159]
The DSC curve for comparative C shows a 125.3C melting
point (Tm) with a heat of fusion of 143.0 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
81.8 C with a peak area of 34.7 percent as well as a
lower crystalline peak at 52.4 C. The separation
between the two peaks is consistent with the presence
of a high crystalline and a low crystalline polymer.
The difference between the DSC Tm and the Tcrystaf is
43.5X. Examples 5-19. Comparatives D-F, Continuous
Solution Polymerization. Catalyst A1/B2 + DEZ [0160]
Continuous solution polymerizations are carried out in
a computer controlled autoclave reactor equipped with
an internal stirrer. Purified mixed alkanes solvent
(Isopar(tm) E available from ExxonMobil Chemical
Company), ethylene at 2.70 lbs/hour ( 1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a
3.8 L reactor equipped with a jacket for temperature
control and an internal thermocouple. The solvent feed
to the reactor is measured by a mass-flow controller.
A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the
discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1
injection lines and the reactor agitator. These flows
are measured by Micro-Motion mass flow meters and
controlled by controlvalves or by the manual
adjustment of needle valves. The remaining solvent is
combined with 1-octene, ethylene, and hydrogen (where
used) and fed to the reactor. A mass flow controller
is used to deliver hydrogen to the reactor as needed.
The temperature of the solvent/monomer solution is
controlled by use of a heat exchanger before entering
the reactor. This stream enters the bottom of the
reactor. The catalyst component solutions are metered
using pumps and mass flow meters and are combined with
the catalyst flush solvent and introduced into the
bottom of the reactor. The reactor is run liquid-full
at 500 psig (3.45 MPa) with vigorous stirring. Product
is removed through exit lines at the top of the
reactor. All exit lines from the reactor are steam
traced and insulated. Polymerization is stopped by the
addition of a small amount of water into the exit line
along with any stabilizers or other additives and
passing the mixture through a static mixer. The
product stream is then heated by passing through a
heat exchanger before devolatilization. The polymer
product is recovered by extrusion using a
devolatilizing extruder and water cooled pelletizer.
Process details and results are contained in Table 2.
Selected polymer properties are provided in Table
3.ADVANCED PATTERN RECOGNITION SYSTEMS FOR SPECTRAL
ANALYSIS 1. Field of the Invention This invention
generally relates to systems and methods for detection
and identification of hazardous target materials
including chemical, biological, radiological, nuclear,
and explosive materials, and is more particularly
related to a system and method for detection and
identification of target materials by analyzing
complex spectra for chemical, biological,
radiological, nuclear and explosive materials, or any
other types of target search using spectra (e.g.,
signal-vs-energy, signal-vswavelength, etc.). 2.
Description of Related Art Current attempts at
analyzing complex spectra for chemical, biological,
radiological, nuclear and explosive materials or any
other types of target search using spectra
(signal-vs-energy, signal-vs-wavelength, etc.) do not
enable the rapid and highly accurate detection,
identification and/or quantification for trace amounts
required in a variety of applications such as homeland
security and biological testing. While many pattern
recognition systems can perform identification given
sufficient and refined data in a laboratory
environment, the ability to perform in a complex
environment with a wide variety of spectral
interferences is a challenge. Examples of the current
problems are the detection, identification and
verification of radiological materials present in
cargo and the ability to differentiate between the
normally occurring radiological materials (NORM) that
are present, including the cargo on the manifest and
hazardous or illegal radiological cargo. Another
example is the ability to detect and identify
biological threats such as where a minute trace amount
could be deadly. Therefore a need exists to overcome
the problems with the prior art as discussed above.
Summary of the Invention To achieve rapid and highly
accurate analysis of spectral data, both a linear
scanning (LINSCAN) method and an advanced peak
detection method for patternrecognition are provided
herein. One or both of the pattern recognition
processes are used in a system, according to
alternative embodiments of the invention, to support
the detection and identification of chemical,
biological, radiation, nuclear, and explosive
materials wherever possible. The spectra are very
different for these various targets (most commonly
infrared for chemical and biological) and gamma ray
for radiological targets. Alternative embodiments of
the invention apply one or more of these processes to
analyze any spectrum, whatever, e.g. ultrasound.
According to one embodiment of the invention, the two
spectral analysis methods are combined for dual
confirmation, greater accuracy and to reduce false
positives and false negatives, relative to what can be
accomplished by either method alone. The use of these
pattern recognition methods suggests also using
autocorrelation and cross-correlation of spectra. The
spectra used should represent the target materials and
the expected background (white and colored). In the
LINSCAN method, those spectra themselves (preferably
including the expected white and colored noise
spectra) are simply vectors of nonnegative numbers
(one for each spectral bin measured) - in some
hyperspace. Those vectors can be readily
orthonormalized. That is, a new pseudospectrum (with
real - positive or negative) values for each bin for
each material and both types of background can be
computed before hand whose cross correlations with the
expected spectra of all other gamma ray spectra are
zero. Correlating the measured spectrum with the
pseudospectrum will produce a number that should be
proportional to the amount of the target material
present. An Advanced Peak Detection method (APD)
provides a separate method for spectral analysis and
can be used to verify the results of LINSCAN. In
another embodiment, the first method deployed can be
focused on reducing the false negative results while
the second method deployed further reduces the false
positive results, thereby providing a greatly reduces
overall false positive an false negative response. In
certain applications, the spectra provided for the
detection, identification and or quantification of
chemical, biological, radiological, nuclear and
explosive materials are derived from a complex
combination of target materials (members of a list of
materials deemed interesting,) background noise of
unknown origin, and other materials not on a list of
interesting materials.Furthermore, in some cases such
as isotope (radiological) detection and
identification, physical objects such as crates or
trucks can absorb background radiation that would have
been detected had those objects not been present. As
an example of the use of the pattern recognition
methods of this invention is the detection and
identification of gamma ray spectrum to determine
which, if any of the target materials is present and
the approximate amounts of those materials based on a
zeroshielding assumption despite the presence of
unknown materials and the background problems just
noted. Of course, as the nature and amount of
shielding is usually unknown, there may be more
radiological material present than these methods (or
any other) might indicate. According to another
embodiment of this invention, the detection of the
presence or absence of secondary materials is used for
identification of target materials. Examples of
secondary identification are as follows. For infrared
search for anthrax, the identification of a species of
anthrax in the presence of trace amounts of chemicals
known to be used to weaponize anthrax could
differentiate a hazardous material. Another example is
the detection of alpha radiation and neutron radiation
to provide additional discrimination if and when the
identity of materials is not resolved by gamma ray
spectrum. Another embodiment of the invention
accomplishes the detection and identification of the
target material very rapidly and with affordable
computers, ASICs, DSPs, or the like. Another
embodiment of the invention provides a user control
over tradeoffs between false positive rate and false
negative rate. Brief Description of the Drawings FIG.
1 provides an illustration of a complex spectrum for
isotope detection and identification. FIG. 2 provides
a flow diagram describing a set of processes for use
with a LINSCAN method of pattern recognition that is
illustrated by analyzing isotope spectra as an
example. FIG. 3 provides a flow diagram illustrating
an example of a learning process for the LINSCAN
method of pattern recognition, using isotope spectra
in the example.-AFIG. 4 provides a flow diagram
illustrating an example of processes used for the
LINSCAN method of pattern recognition, using isotope
spectra in the example. FIG. 5 is a flow diagram
illustrating an example of processes used for an
Advanced Peak Detection method of pattern recognition,
using isotope spectra in the example. Detailed
Description While the specification concludes with
claims defining the features of the invention that are
regarded as novel, it is believed that the invention
will be better understood from a consideration of the
following description in conjunction with the drawing
figures, in which like reference numerals are carried
forward. It is to be 



understood that the disclosed embodiments are merely
exemplary of the invention, which can be embodied in
various forms. Therefore, specific functional details
disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as
a representative basis for teaching one of ordinary
skill in the art to variously employ the present
invention in virtually any appropriately detailed
structure. Further, the terms and phrases used herein
are not intended to be limiting; but rather, to
provide an understandable description of the
invention. Alternative embodiments of the invention
utilize various software methods for the analysis of
spectral data to detect and identify target materials.
A Linear Scanning (LINSCAN) method and an Advanced
Peak Detection (APD) method are used by an information
processing system. These multiple pattern recognition
methods can be used individually or as a combined
effort to enable rapid and accurate detection,
identification and quantification of chemical,
biological, radiation, nuclear and explosives
materials for a wide variety of applications. The use
of these pattern recognition methods also can include
methods for autocorrelation and cross-correlation of
spectra. The spectra used should represent the target
materials and the expected background (white and
colored). In the LINSCAN method, those spectra
themselves (preferably including the expected white
and colored noise spectra) are simply vectors of
nonnegative numbers (one for each spectral bin
measured) - in some hyperspace. Those vectors can be
readily orthonormalized. That is, a new pseudospectrum
(with real - positive or negative) values for each bin
for each material and both types of background can
becomputqd before hand whose cross correlations with
the expected spectra of all other gamma ray spectra
are zero. Correlating the measured spectrum with the
pseudospectrum will produce a number that should be
proportional to the amount of the target material
present. An Advanced Peak Detection method (APD)
provides a separate method for spectral analysis and
can be used to verify the results of LINSCAN. In
another embodiment, the first method deployed can be
focused on reducing the false negative results while
the second method deployed further reduces the false
positive results, thereby providing a greatly reduced
overall false positive and false negative response.
The examples discussed below will be mostly
illustrated with methods for the detection and
identification of radiological isotopes, to explain
various aspects of the invention. While the examples
below illustrate methods used for the detection,
identification, and quantification of radiological
materials, these same principles could also be applied
to chemical, biological, acoustic, nuclear and
explosives detection, and any other situation in which
targets are to be detected using spectra. Referring to
FIG. 1, a schematic representation of a field
environment for Isotope Identification is illustrated
as objects and actions. According to an embodiment of
the present invention, gamma radiation 101 is measured
by detectors or an array of detectors 105 who convert
the interaction of gamma rays and the detector into a
relative energy 102. The energies are then sorted into
a histogram 108 producing a representation as a
complex radiological spectrum record 104 for analysis
110 by energy-vs. -intensity probabilities. The
collected spectrum is a sum of physical processes
which need to be accounted for in order to deduce the
Target Isotopes 107 that may be present. These
physical processes include Background 103 Radiation
such gamma radiation that would occur in the absence
of targets. Gamma rays come from non-target material
(sometimes even of the same material as the target)
present somewhere. Most of the background comes from
nearby material but some can come from space. The
background is spatially and temporally variable. The
Target Isotopes 107 randomly decay at a rate governed
by a Poisson probability distribution and emit a
number of gamma ray photons at predictable energies
and probabilities. Also produced in the process are
gamma rays scattered by electrons into lower energies
- the Compton scattered radiation 109. We assumethere
is a known set of M isotopes I1, I2... IM- Each
produces a known gamma ray spectrum on the average.
These processes are predictable and can be modeled.
Indeed, we assume a computer simulation is available.
The detectors and electronics contribute to the
measurement (spectral histogram) errors by introducing
natural noise 106 that obscures the exact value of the
individual gamma ray photon's energy. For simplicity,
we have ignored variability among detector elements,
nonlinear detector response, and so forth. We assume
instead, that the noise is additive and comprised of
two parts - white and colored. All of these factors
contribute to the measured spectrum, but the task is
to find what target materials are present in what
abundance while ignoring, or at least overcoming, the
other contributions. Complicating factors : There are
several other complicating factors including these:
Unpredictability of the Compton scattering pattern.
Experimentally, the Compton scattering energy pattern
varies with the setup details, the physical
environment, etc. This is important, because it can
masquerade as signal from other isotopes.  Nonlinear
detector response. The easy and often-accurate
assumption is that the measured data result from a
simple sum of the contributions from all isotopes and
all of the other signal sources. If the count rate at
some detector is high enough, there can be two
detected photons in the integration time causing it to
register a photon of twice the energy. Less
frequently, it leads to three times the energy. The
shot noise is signal dependent. There may well be
other nonlinearities associated with the electronics.
The electronics converting signals to apparent gamma
ray energy are noisy - another effect that can produce
different results for the same input. One embodiment
of the present invention provides multiple software
analysis methods to use the information from the
complex spectra to detect, identify, and quantify
target chemical, biological, radiation, nuclear and
explosive materials, acoustic, and other spectra.
LINSCAN Method FIG. 3 describes a learning process
used for the pattern recognition system to acquire
spectra from a known source to establish a comparative
database forLINSCAN. A set of spectral images of
target isotopes or the materials the system is
designed to identify are collected from live samples
with the detector hardware or from computer
simulations to populate a training samples database
301 . The same noise Filter 302 that will be applied
in the analysis phase covered later is applied to each
training sample to produce a set of samples more
identifiable and less random as saved as the Feature
Set 305. Each of these samples in the feature set are
cross correlated 303 with all the other samples to
produce a relational matrix of correlation that
identifies similarities. Matrix inversion 304 on this
matrix minimizes the effects of those similarities and
quantifies the sum of all identifying features to be a
value of 1. This inverse matrix is then saved in the
LINSCAN database 308 as the feature filter 306.
Thresholds for each pattern are set in the originating
database to allow user control of the sensitivity of
identification. These thresholds are copied into the
LINSCAN database as Thresholds 307. We recognize that
in some cases it may be sufficient to leave out one or
more of these steps and that further analysis can be
performed on the outputs. This patent explicitly
includes and claims those variations. FIGs. 2 and 4
illustrate the overall process and components of
spectral analysis as performed by LINSCAN. After
collecting a spectrum 201 , such as that described in
FIG. 1 and related text, the data is preprocessed and
normalized by the following methods. If the
information is available, background subtraction
should be used to reduce background noise 204 in the
analysis. Background Subtraction 202 is essential to a
good estimation of the non-background content of the
signal. There are several ways to do this. You can
measure the spectrum in the absence of the target
under test at a time close to the analysis time and
scale the integration times of each sample, if need
be, and subtract. If there is a long time estimate of
the expected background it can be cross-correlated
with the measured spectrum to determine what weight to
assign to the background. Minimization of Compton
Scattering noise 205 is critical, because the noise
can be broad and high causing it to mask signals from
weak sources and may be misidentified as one or more
other isotopes. Our approach is to use some method
that emphasizes sharp peaks and deemphasizes broad
shapes. There are many ways to do this including
unsharp masking, differentiation, convolution based
edgeqnhancqment, and so forth. It may also be valuable
to smooth the spectrum slightly before doing this -
using rank order filtering, convolution, mathematical
morphology, Difference Of Gaussians (DOG), ,etc. to
reduce the effects of small random variations on the
filters calculation. If necessary, depending on
computational hardware costs and constraints, the data
is normalized and the scaling factor
saved._Normalization is the least important of the
preprocessing steps. It is only useful if fixed point
operations are used and unneeded if only floating
point operations are used. A simple way to normalize
is to set the highest value in the spectrum to one (or
some other standard value) and scale all the other
values by the same factor. When these things are done,
we have the first corrected spectrum 203 which will be
refered to as Si (E). We now seek to approximate the
formula Si(E) = Wi li(E) + W2I2(E) + ... + WWW(E) + wc
C(E). Here wk is the weight of isotope lk Ik(E) is the
energy spectrum of lk W(E) = 1 stands for the white
noise C(E) is the expected spectrum of the colored
noise. We can use Gram-Schmidt [e.g. Walter Hoffmann,
"Iterative Algorithmen fur die Gram-]
Schmidt-Orthogonalisierung," Computing 4 1 , 335=348
(2005)] or Caulfield- Maloney [H. J. Caulfield and W.
T. Maloney, "Improved Discrimination in Optical
Character Recognition " Appl. Opt. 8, 2354 ( 1969)]
orthonormalization. Either will produce a function f
E) such that the sum of fj(E) S1(E) over al E channels
is w In this way, we can obtain a first estimate of
the weights for each component and the two types of
noise. It is sometimes sufficient to stop at this
point, but there are other things that can be done. We
can use the expected spectra 214 and the calculated
weights 206 to create an indicated spectrum Si(E). We
can then calculate an error spectrum e(E) = Si(E) -
Si(E).ldeally e(E) should zero mean white noise. Any
substantial deviation indicates a significant error,
such as the appearance of an isotope not in our list.
We can also use the indicated weights to determine if
any isotope has enough strength to be liable to cause
mistakes due to nonlinear detection 207 and noise 



effects. If nonlinearity is indicated, we subtract the
spectra expected with the indicated weights in view of
the nonlinearity (data determine empirically and
preconfigured). The resulting signal is the second
corrected spectrum 208. That spectrum can then be
analyzed as before. The remaining task is to determine
when to report the presence of some isotope. Sample
noise will give at least some nonzero weight for every
isotope. If we set the reporting threshold at zero or
at some other very low value, we will have too many
false alarms. On the other hand, if we set the
threshold too high, then we will have too many false
negatives. The tradeoff between those two undesirable
results can be controlled in various well known ways
that are not themselves the subject of this patent.
Our preferred embodiment is as follows:  Collect a
spectrum and subtract an estimated background content
based on the background measured just before the
sample is inserted into the measurement apparatus or
over time with a dynamic average to produce a new
spectrum 401 of all physical processes introduced at
the time a target is acquired,  Apply a noise filter
402 to this spectrum to maximize the signal for
analysis such as the filter below o Smooth with a
three-wide window median filter o Differentiate by
multiplying the Fourier transform by E and inverse
Fourier transforming that product. Then take the
absolute value. This is what we call the spectrum
Si(E)  Compute the weights using Gram-Schmidt method o
Spectrum is cross-correlated 405 with the feature set
413. This identifies similarities between the measured
spectrum and the trained spectra. o Correlation vector
is multiplied 406 by the matrix Feature Filter 4 11
which removes overlapping similarities within the
training spectra andscales the sum of identifying
differences to a set of weights relative to actual
measured quantities of each.  Zero the quantity
measurements that are below a configured threshold 409
Re-apply the calculated quantities to the feature set
to build an estimated spectrum of identified materials
and subtract 407 the estimate from the Filtered
spectrum that is being analyzed.  The residual of the
previous calculation is auto-correlated or some other
method to estimate the likelihood that an additional
signal is present 408. Advanced Peak Detection Method
The Advanced Peak Detection (APD) method is used for a
variety of applications that have both complex and
distinct peaks for material detection, identification
and quantification. FIG. 5 describes the process flow
for the APD method. The description below utilizes
isotope spectral analysis as an example of how the APD
method works. There are two quite distinct reasons to
do peak detection in gamma ray spectrum analysis.
First, there is enough variability and drift in the
spectrum measurement equipment to require frequent
recalibration. We use a calibration source that
produces two points - one at low energy and one at
high energy. The low energy gamma rays are not
spectrally resolvable but are intense enough to allow
bias to be determined and maintained. The high energy
peak (not actually from gammas but from alphas
exciting the same detector that masquerade as gammas)
is ideal for gain adjustment of that peak can be fit
accurately. What we have are discrete signals in the
right vicinity at discrete putative energies. We do
not know what peak that corresponds to in terms of
indicated energy. That is, the scale of energies is
undetermined, and we do not have a definitive peak
(Instead we have sampled values near the peak). If we
did know the peak most likely to have led to those
sampled values, we would thereby know what scale
factor we need to be apply to make the indicated
energy the proper value. We then apply that scale
factor, fit the discrete data to a smooth curve (e.g.
by a spline or a DOG) and resample at predetermined
energies for subsequent analysis. Second, once the
afore mentioned calibration has been done, it is
important to ascertain the precise peak energy of any
signal for purposes of identification and
quantification.The task is made more difficult by the
fact that the system's energy point spread function
(the indicated response curve for a monoenergetic
gamma ray) varies with gamma ray energy. There is no
fixed curve to fit. Because the response curves have
multiple causes, we invoke the central limit theorem
to suggest that they may be Gaussian in shape.
Experimentally, that appears to be approximately
correct. For calibration, consistency is more
important than exact description in any case. So we
tend to use a Gaussian shape. A Gaussian curve then
has three parameters: A (a height adjusting factor), m
(the mean energy of the curve), and s (its standard
deviation). It is s that varies dramatically with
energy m is the peak value useful for the two purposes
just discussed. A measures the amount of radiation
present and is valuable in setting thresholds for
detection and indicating the minimum amount of
material present. The first step in our preferred
approach is to find some approximate fits. This can be
done by convolution or correlation (fully identical
operations for Gaussians) with Gaussians of different
s values, e.g. one each for low, medium, and high
energy ranges. These can be thresholded to give
possible starting fits - one for each real peak. Those
Gaussians will be less than optimal fits, but the fits
can be improved by iterative methods. Alternative
Pattern Recognition Method Here we describe one simple
iterative improvement algorithm - a variant of
gradient pursuit. We begin with a figure of merit to
be optimized. The least squares difference between the
sample values S(E1) for a set of some pre-agreed
number of points around the initially-indicated peak.
Call that the basis set B. We can evaluate a Gaussian
with parameters A, m, and s at all points in B as
well, whether that Gaussian be GA,ms or some later
improved estimate Gk A,m,s At energy E1, there is a
difference dlk = S(E1) - G1 (E1) . The sum of the
squares of those differences over B can be called S
and is the quantity we seek to minimize.
Alternatively, we could calculate the cross
correlation CC that is the product S(E,)Gk A,m,s (E1)
summed over B. Maximizing CC obtains theidentical
result as minimizing the sum of the squares of the
differences. For illustration, we discuss minimizing
the sum of squared differences - a quantity we will
call F (for figure of merit). Thus we seek changes in
the parameters A, m, and s that will drive F to the
lowest possible value. (Note that always F > 0.) If we
use cross correlation, we should subtract twice the
cross correlation from the sum of the autocorrelations
to give a figure of merit whose value is always
positive and would be 0 if the fit were perfect. The
initial fit gives an initial F we can call F0. We want
to change the parameters to drive F as close to 0 as
possible. Let us make two incorrect but convenient
assumptions: F varies linearly with all three
parameters. Each parameter should contribute a change
-F/3 to the new value. So how much should we change A,
say, to change F by -F/3? We want the change in A to
be DA such that (3F/3A) DA = -F/3 or DA =
-F/[3(3F/3A)]. Unfortunately, we do not know the
partial derivatives, so we make a small perturbation
such as dA = A/1 00 and see what change dF results. We
then use DA = -FdA/ 3dF or (DA) = -AF/[300( dF)].
Similar approaches to changing the other two
parameters are also made. Applying those three changes
in parameters simultaneously leads to a new Gaussian
with a new value of F. This can be improved in the
same manner. This process continues until some
stopping condition is met. For instance, we might quit
after four rounds. Or, we might stop when the
improvement effectively stops. In FIG. 8, a process
for peak detection is illustrated. In applications
such as radiological isotope identification the key
identifying feature in the collected data is apeak
located in the data whose centroid is directly related
to the original energy, wavelength, or other such
value emitted or absorbed by the material. Due to
noise or natural variations in the environment or
electronics, these peaks can have varying shapes and
resolution, and the exact value of the source is
obscured. Also as the collection method may be
frequency distributions or absorption values, there
are random deviations in the intensity values related
to collection time period or the random nature of the
material being observed. To assist identification of
these materials we apply a process to ignore noise as
much as possible and decompose the spectrum into known
peak functions (such as Gaussian) that best represent
the hardware capabilities of the detectors. First the
spectrum is smoothed to reduce localized random
deviations from affecting the calculations and
minimizing the number of tentative peaks that have to
be evaluated. The smoothed spectrum is scanned for
local maximums by using a discrete first derivative
and locating the points where the first derivative
function crosses the x-axis. These points are put into
a list of tentative peaks that need further evaluation
to be confirmed. After building the tentative list of
peaks, each peak is evaluated with a curvefitting
algorithm (such as our variation of gradient pursuit)
of the expected peak function type (such as Gaussian).
Peaks that do not converge during the fitting process
and peaks that fit to values beyond expected ranges
for the hardware or source are removed from the
tentative list. Each peak is then tested for
confidence by using the properties of the collection
method, such as Poisson statistics for gamma
radiation. It is calculated how prominent the peak is
above a baseline intensity, background intensity, and
overlapping peaks intensity compared to the random
deviations that can be expected from Poisson random
probability. A threshold governs how strict the system
is about confidence to balance false positives and
false negatives to a value acceptable to the user. 



Each verified peak is cross examined against a list of
known materials by proximity to source value and
confidence in measurement to identify possible
sources, and then each possible source computed a
confidence value that can be controlled by threshold
to balance the false positives and false negatives to
acceptable frequency. If anything results in a
confident but unidentifiable peak a generic material
is added tothe identified analysis results whose
strength is the total intensity of all unidentifiable
sources. It should be noted that the discussions of
the embodiments of the invention can be applicable to
any information processing system, for example, such
as a personal computer, a workstation, or the like. An
information processing system, for example, includes a
computer. The computer has a processor that is
communicatively connected to a main memory (e.g.,
volatile memory), a non-volatile storage interface, a
terminal interface, and a network adapter hardware. A
system bus interconnects these system components. The
nonvolatile storage interface is used to connect mass
storage devices, such as a data storage device to the
information processing system. A data storage device
can include, for example, a CD drive, which may be
used to store data and/or program to and read data
and/or program from a CD or DVD or floppy diskette
(all not shown). The main memory, in one embodiment,
optionally includes the computer program instructions
that implement the new methods as discussed above.
Although these computer program instructions can
reside in the main memory, alternatively these
computer program instructions can be implemented in
hardware and/or firmware within an information
processing system. An operating system, according to
an embodiment, can be included in the main memory and
can be a suitable multitasking operating system such
as the Linux, UNIX, Windows XP, and Windows Server
operating system. Various embodiments of the present
invention can use any other suitable operating system,
or kernel, or other suitable control software. Some
embodiments of the present invention utilize
architectures, such as an object oriented framework
mechanism, that allows instructions of the components
of operating system (not shown) to be executed on any
processor located within the information processing
system. The network adapter hardware is used to
provide an interface to any communication network. For
example, an Ethernet network can be used to
communicate via TCP/IP communications. As another
example, a wide area network, such as the internet,
can be coupled to the network adapter hardware to
allow communications via the internet. While various
embodiments of the present invention are described in
the context of a fully functional computer system,
those skilled in the art will appreciate that certain
embodiments are capable of being stored and/or
distributed as a programproduct via a computer
readable medium, such as any one or more of the
following: a floppy disk, a CD ROM, a DVD, a suitable
memory device, a non-volatile memory device, any form
of recordable media, or via any type of electronic
transmission mechanism. Although specific embodiments
of the invention have been disclosed, those having
ordinary skill in the art will understand that changes
can be made to the specific embodiments without
departing from the spirit and scope of the invention.
The scope of the invention is not to be restricted,
therefore, to the specific embodiments, and it is
intended that the appended claims cover any and all
such applications, modifications, and embodiments
within the scope of the present invention. What is
claimed is:CLAIMS 1. A process of smoothing,
resampling, and adaptive curve fitting to each peak
initially indicated by some simpler curve fitting
operation such as convolution of a spectrum with a
peaked function such as a Gaussian or Lorentzian. 2.
The process of Claim 1, wherein the smoothing is done
by convolution. 3. The process of Claim 1, wherein the
smoothing is done by curve fitting. 4. The process of
Claim 1, wherein a final curve fitting process for a
specific peak is done by gradient descent or ascent,
depending on whether a figure of merit is to be
maximized or minimized. 5. The process of Claim 1,
wherein a final curve fitting for a specific peak is
done by evolutionary methods. 6. The process of Claim
1, wherein a final curve fitting for a specific peak
is done by simulated annealing. 7. The process of
Claim 1, wherein a peak detection is used to identify
a reference signal position for calibration of a
detector used to provide the spectra for analysis. 8.
A computer readable medium including software
instructions for an information processing system, the
software instructions comprising: a sequence of
software operations designed to identify and quantify
the intensity of various isotopes contributing to an
observed energy spectrum, where the sequence includes:
a preprocessing step that removes noise and minimizes
the effects of Compton scattering; followed by a fit
of a resulting spectrum-derived signal as a linear sum
of contributions from a prescribed set of isotopes and
expected noise spectra; andfollowed by an analysis of
weights determined by a fit to determine whether an
isotope should be reported and whether there may be
need for one more stage in which effects from very
high radiation levels are reduced and mistakes that
nonlinearity can cause are mitigated. 9. The computer
readable medium of claim 8, wherein a background
subtraction normalizes a magnitude of subtracted
spectrum according to a time taken to make a
signal-plus-noise measurements. 10. The computer
readable medium of claim 8, wherein a background
subtraction normalizes a magnitude of subtracted
spectrum according to a cross-correlation between a
noise spectrum and a measured signal-plus-noise
spectrum. 11. The computer readable medium of claim 8,
wherein a Compton scattering mitigation process is
implemented by differentiation of the observed energy
spectrum. 12. The computer readable medium of claim 8,
wherein a Compton scattering mitigation is implemented
by differentiation of the observed energy spectrum
followed by taking at least one of an absolute value
of a differentiated signal and a function of an
absolute value of a differentiated signal. 13. The
computer readable medium of claim 8, wherein a Compton
scattering mitigation is implemented by applying
unsharp masking to the spectrum. 14. The computer
readable medium of claim 8, wherein a Compton
scattering mitigation is implemented by applying
unsharp masking to the observed energy spectrum. 15.
The computer readable medium of claim 8, wherein a
Compton scattering mitigation is implemented by
applying unsharp masking to the observed energy
spectrum and taking at least one of an absolute value
of an unsharp masking signal and the square of an
absolute value of an unsharp masking signal.16. The
computer readable medium of claim 8, wherein a Compton
scattering mitigation is implemented by applying
convolution with an edge enhancing kernel such as the
Sobel kernel to the observed energy spectrum. 17. The
computer readable medium of claim 8, wherein a Compton
scattering mitigation is implemented by applying
smoothing before enhancing sharp lines. 18. The
computer readable medium of claim 17, wherein the
smoothing is done by convolution. 19. The computer
readable medium of claim 17, wherein the smoothing is
done by at least one of rank order filtering and
median filtering. 20. The computer readable medium of
claim 17, wherein the smoothing is done by convolution
by mathematical morphology. 2 1. The computer readable
medium of claim 8, wherein a curve fitting to isotopes
and expected noise spectra occurs using Gram-Schmidt
orthonormalization. 22. The computer readable medium
of claim 8, wherein a curve fitting to isotopes and
expected noise spectra occurs using Caulfield-Maloney
orthonormalization. 23. The computer readable medium
of claim 8, wherein the weights determined by curve
fitting are thresholded at values designed to meet a
false-positive versus falsenegative decision
criterion. 24. The computer readable medium of claim
8, wherein the weights are examined to determine if
any are high enough to indicate a likely presence of a
nonlinearityinduced error. 25. The computer readable
medium of claim 24, wherein effects of any indicated
nonlinearity on the weights are computed and
subtracted to correct for the nonlinearity.26. The
computer readable medium of claim 24, wherein effects
of any indicated nonlinearity are linearized by
computing and subtracting corrections to the spectrum
before an analysis of concentrations is done. 27. The
computer readable medium of claim 8, wherein the
sequence of software operations are used by the
information processing system to detect, identify, and
quantify any one or more of chemical, biological,
radiation, nuclear, and explosive materials. 28. An
information processing system including computer
readable medium containing computer instructions
comprising instructions for: (a) a process of
smoothing, resampling, and adaptive curve fitting to
each peak initially indicated by some simpler curve
fitting operation such as convolution of a spectrum
with a peaked function such as a Gaussian or
Lorentzian; and (b) a sequence of software operations
designed to identify and quantify the intensity of
various isotopes contributing to an observed energy
spectrum, where the sequence includes: a preprocessing
step that removes noise and minimizes the effects of
Compton scattering; followed by a fit of a resulting
spectrum-derived signal as a linear sum of
contributions from a prescribed set of isotopes and
expected noise spectra; and followed by an analysis of
weights determined by a fit to determine whether an
isotope should be reported and whether there may be
need for one more stage in which effects from very
high radiation levels are reduced and mistakes that
nonlinearity can cause are mitigated, and wherein both
(a) and (b) are used as a dual confirmation method to
enable greater accuracy. 29. The information
processing system of claim 28, wherein both (a) and
(b) are used to create greater accuracy by using (a)
to optimize false negatives and (b) tofurther optimize
false positives for an overall effect of reducing both
false negatives and false positives. 


