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CONE DYED YARNS OF OLEFIN BLOCK COMPOSITIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

100011 For purposes of United States patent practice, the contents of U.S. Provisional 

Application No. 60/885,207, filed January 16, 2007, is herein incorporated by reference in its 

entirety.  

FIELD OF THE INVENTION 

[0002] This invention relates to cone dyed yarns of olefin block polymers.  

BACKGROUND AND SUMMARY OF THE INVENTION 

100031 Cone dyeing is a batch process used to dye yarn that is wound around a cone. The 

cone is placed in the cone dyeing machine wherein it is scoured, dyed, hot washed, and then 

cold washed. In the process the yam is often subjected to relatively high temperatures and 

pressures of flow. Cone dyed yarns of core elastic fibers wrapped by hard fibers have proven 

difficult to manufacture because the relatively high temperatures and pressures of flow cause 

the elastic fibers to break. Thus, the resulting cone dyed yarn has numerous weak or broken 

fibers.  

100041 Improved cone dyed yarns have now been discovered that have a balanced 

combination of desirable properties including less broken fibers and substantially uniform 

color. These cone dyed yarns comprise one or more elastic fibers and hard fibers, wherein 

the elastic fibers comprise the reaction product of at least one ethylene olefin block polymer 

and at least one crosslinking agent. wherein said ethylene olefin block polymer is an 

ethvlene/a-olefin interpolymer characterized by one or more of the following characteristics 

prior to crosslinking: 

(a) has a Mw/Mn from about 1.7 to about 3.5. at least one melting point, 

Tn, in degrees Celsius. and a density. d. in grans/cubic centimeter. wherein the 

numerical values of Tm and d correspond to the relationship: 

Tm > -2002.9 4538,5(d) -- 24222(d), or 

(b) has a M/ Mn from about 1.7 to about 3., and is characterized by a heat 

atfi fusion, AH ig and a dea qanty \T, in degres Csius d as the 

ternperature diferene betwen the tallst DSC peak and the Itlest CRYT~lAF peak, 

where:in the numerical valuesi of A! and AH have the followingtt relationships:
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AT > -0,1299(AH) - 62.81 for Al] greater than zero and up to 130 J/g, 

AT > 48'C for All greater than 130 J/g.  

herein 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 30CC; or 

(c) is characterized by an elastic recovery, Re, in percent at 300 percent 

strain and I 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 the ethylene/a-olefin 

interpolyner is substantially free of a cross-linked phase: 

Re >1481-1629(d); or 

(d) has a molecular fraction which elutes between 400C and 130"C 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 ethylene interpolymer has 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 ethylene/a-olefin interpolymer; or 

(e) is characterized by a storage modulus at 25CC, G'(25 C), and a storage 

modulus at 100'C, G'(100CC), wherein the ratio of G(250C) to G(1OO0 C) is from 

about 1:1 to about 10:1; or 

(f) at least one molecular fraction which elues between 40"C and I 30'C 

when fractionated using TREF, characterized in that the fraction has a block index of 

at least 0.5 and up to about I and a molecular weight distribution, Mw /Mn, greater 

than about 1.3 or 

(g) 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.  

[00051 The ethylene/a-olefin interpolymer characteristics (1) through (7) above are given 

with respect to the eth Lene/U-oleFin interpolymer before any significant crosslinking, i.e., 

before crosslinking. The ethylene/a-olefin interpolyniers useful in the present invention are 

usually crosslinked to a degree to obtain t desired properties. By using chracteristics () 

through (7) as measured before crosslinkin i not meant suget tat the ineroym is 

not requiired to be crosslinked -only that the characteristic s measured with respect to thc
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interpolvmer 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 

100061 Figure I 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).  

100071 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*.  

100081 Figure 3 shows the effect of density on elastic recovery for unoriented films made 

from inventive interpolymers(represented by the squares and circles) and traditional 

copolymers (represented by the triangles which are various AFFINITYTM polymers (available 

from The Dow Chemical Company)). The squares represent inventive ethylene/butene 

copolymers; and the circles represent inventive ethylene/octene copolymers.  

[00091 Figure 4 is a plot of octene content of TREF fractionated ethylene/ 1-octene 
copolym .er fractions versus 'REF 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.  

[00101 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.  

100111 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 ethvlene/1-octene block copolymers of the invention made with 
differing quantities of chain shuttling agent (curves 1).  

[00121 Figure 7 shows a plot of TMA (I mm.) versus flex modulus for some incentive 
polymers ( presreented by the diamonds), as compared to some known polymers. The 

rrage represent va rous )ow VERSiFY polym.eaailab efrom The )Dow Chemical 

CiIompany); thc.e rcle's represent varous r ando rethlene/styrecpolyrmers; and the
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squares represent various Dow AFFINITYTM polvmers(available from The Dow Chemical 

Company).  

100131 Figure 8 shows the residual fiber tenacity after cone dyeing for various CSY 
samples.  

[0014J Figure 9 shows a plot of e-beam radiation versus percent crosslinking for an olefin 

block polymer.  

[00151 Figure 10 shows the steaming conditions used in Example 31.  

100161 Figure 11 shows the results from the FST test of Example 31.  

100171 Figure 12 shows the values of AE averaged over all layers., and the AE between 

the outmost layer (surface layer) and the innermost layer (core layer) for Example 32.  

[0018] Figure 13 shows a plot of averaged values of At*, Aa* and Ab* used in 

calculating average AE for Example 32.  

DETAILED DESCRIPTION OF THE INVENTION 

General Definitions 

100191 "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 a 

diameter less than about 15 denier per filament.  

100201 "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).  

100211 "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 

ar as " eioers" and "elastomeric. Elastic material sometimess refered to as an elastic 
article) includes the copolymr itself as well as, but not limited o, the coplymer in the form 

of a riber, nim, strip, tape ribbon, sheet. coating, molding and thelke. The prefcred elastic
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material is fiber. The elastic material can be either cured or uncured., radiated or un-radiated.  

and/or crosslinked or uncrosslinked.  

[00221 "Nonelastic material" means a material, e.g.- a fiber, that is not elastic as defined 
above.  

100231 "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).  

100241 "Bicomponent fiber" means a fiber that has two or more distinct polymer regions 
or domains. Bicomponent fibers are also know 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, 5,381400, 5,336,552 and 
5,108,820.  

100251 "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.  
10026] '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." 

t00271 "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 tw;o 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.  

10028 The term "ethylene/a-olefin interpolymer" generally refers to polymers 

comprising hiy lene and an a -olefin having 3 or more carbon atoms. Pieferahl, ethy le 

comprise the majority mole fraction of the whole polymer, ieethyene comrisesa leas 

about 50 mole parent o the whole polymer. Morpfrably etyln comprise at least 

about o0 mle percent, at lastabout 70 moeeent, or a least abot 80 moe p t wth
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the 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 ethyleneac

olefin interpolymers are substantially pure and often comprise a major component of the 

reaction product of a polymerization process.  

100291 The ethylene/u-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), 

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-3BB-B313 

[0030] In still other embodiments, the block copoly mers do not usually have a third type 

of block, which comprises different comonomer(s). In yet other enibodiments, 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.  

[031 The mtiJ-blc polymer~s typicaly COmprise arious amounts of Ihrd an 

"sft segmnefls. "Hard" segmnts refe to blncks o olymeri/zed units in wh Iich eWathyen is 

present :n an amnoun graer than about 95 wxeuight perent anrefeabl greater than about 
-6
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98 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 

ethyvlene. "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.  

[0032] The soft segments can often be present in a block interpolymer from about I 
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 "Ethy lene/u-Olefins Block Interpolymers", filed on 

March 15, 2006, in the name of Colin LP. Shan., Lonnie lazlitt, et. al. and assigned to Dow 

Global Technologies Inc., the disclosure of which is incorporated by reference herein in its 

entirety.  

100331 The term "rystalline"' if employed, refers to a polymer that possesses a first order 

transition or crysalline melting point (Tm) as determined by diffrential scanning 

carimtry(DSC) or equivalent techniqu. The term may. b used interchaneably wit\vh the 

term "semicrystalihne'. T.he term "morphous" refrs to a polymer iacking" a cryxstalline
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melting point as determined by differential scanning calorimetry (DSC) or equivalent 

technique.  

100341 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.  

100351 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, R' and an upper limit, W, is disclosed, any number 

falling within the range is specifically disclosed. In particular, the following numbers within 

the range are specifically disclosed: R=R'+-k*(R -R), wherein k is a variable ranging from 1 

percent to 100 percent with a 1 percent increment, ie., 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.  

Ethytlene/-Olefin Lintrpolymers 

10036 The ethylene/-lef iterpoiymers used in embodimentsof the inve n(also 

referred to as imntidve interpoiymer"0 or' "inventiv polymner") compriset ethyene and one or 

more copolymerizable u-o'enn comtonomers irnpoly merze fom characterized by multiple
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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-olefin interpolymers are characterized by one or more of the aspects described as 

follows.  

[00371 In one aspect, the ethylene/a-olefin interpolymers used in embodiments of the 

invention have a Mw/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: 

Tm > -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) + 1112.8(d) 

[0038] Such melting point/density relationship is illustrated in Figure . 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 1 10 'C to about 1 30 '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/e.  

[0039] In another aspect, the ethylene/a-oIefin interpolymers comprise. in polymerized 

form, ethylene and one or more a-olefins and are characterized by a AT, 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, AH, and AT and Al I satisfy the following relationships: 

AT> -0.1299(A H) 62.81, and preferably 

AT> -0.1299(AHI) 64.38, and more preferably 

A T> -0.1299(AIH) + 65.95, 

frwAHi up to 1 30 i/g. Moreover, AT is equal to or greater than 48 AC for A H{ greater than 130 

ij/g The CRYSTAF peak is determinedi using a test 5 percent of the cu mulative polymer 

(that is, the peak must represent at least 5 percent of the cumulative~ polymer), and if less ta 

-9-
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5 percent of the polymer has an identifiable CRYSTAF peak. then the CRYSTAF 

temperature is 300C. and Al 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 AT = -0.1299 (AH) + 

62.81.  

10040] In yet another aspect, the ethylene/a-olefin interpolymers have a molecular 

fraction which elutes between 40"C and 1300 C when fractionated using Temperature Rising 

Elution Fractionation trefEF"), 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.  

[00411 In still another aspect, the ethylene/a-oletin interpolymers are characterized bx an 

elastic recovery, Re, in percent at 300 percent strain and I cycle measured on a compression

molded film of an ethvlene/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/u-oletin interpolymer is substantially free of a cross-linked phase: 

Re >1481-1629(d); and preferably 

Re >1491-1629(d): and more preferably 

Re .]501 -1629(d); and even more preferably 

Re >1511-1629(d).  

[0 -42- e 3 shows the eft f cdty Co latic rce or uorie fi lm-s made 

fr certain inventive interolymrs and tradtionai randlom copolymers. For he sme 

densOIty, the invniv i;~nterporxymers bave substantially hyiherm elstic ~t recveie.  

-10-L
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j00431 In some embodiments, the ethylene/a-olefin interpolymers have a tensile strength 

above 10 MPa, preferably a tensile strength 2 II MPa, more preferably a tensile strength 2 

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.  

100441 In other embodiments, the ethylene/a-olefin interpolymers have (1) a storage 
modulus ratio, G'(250 C)/G'(100"C). of from 1 to 50., preferably from 1 to 20, more preferably 

from I to 10; and/or (2) a 704C 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.  

[00451 In still other embodiments, the ethylene/a-olefin interpolymers have a 70'C 

compression set of less than 80 percent, less than 70 percent, less than 60 percent. or less than 

50 percent. Preferably, the 70'C 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.  

[00461 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 

(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).  

100471 In other embodiments, the ethylene/a-olefin interpolymers comprise, in 

polymerized form, at least 50 mole percent ethylene and have a 704C 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.  

100481 In some embodiments, the multi-block copolymers possess a PD] 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 bock lengths. Preferred multi

block 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.  

[0049] Comonomer content may be measured using any suitable technique, with 

technique a on nuclear magnetic resonance -NMR spectroscopy preferred.  

Moreove fo polymes or blends of polymer< having1 relatvlv broad TRE eurves, the 

poly mer desirable is first fractionated usin TRE int fr)actions each having< an cluted 

temperature range of 3 '0CS les %Ta is, each eluted frction has aco jection temperature 
- he
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window of 10"C 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.  

[0050 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 40"C 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 (FW HM) 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 (CH1 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 FWIHM area is defined 

as the area under the curve between T, and T2,. where T 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 A TREF curve. A 
calibration curve for cononomer content is made using random ethylene/u-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 

demn b refencing this calibrtion curve usmg its FWHM tmethy : 

raioi CH2]p of the TREF peak.
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100511 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.  

j0052J Preferably, for interpolymers of ethylene and 1 -octene, the block interpolymer has 

a comonomer content of the TREF fraction eluting between 40 and I 304C 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.  

[0053] Figure 4 graphically depicts an embodiment of the block interpolymers of 

ethylene and I -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 (-0.2013) T + 20.07 (solid line). The line for the equation (

0.2013) T+ 21.07 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). All of 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.  

100541 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 I 30C, preferably from 60"C to 95'C for both polymers is fractionated into three parts, 

each part eluting over a temperature range of less than 10"C. 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.  

[005 >n additi to the abov aspects and properies described herein the inventive 

polymers can be characterzed by one. or mre addittionai characteristics. in oneL aspesct, the 
inventive polyme1 r is an lefin interpoilymr, preferably conmrsingt ethlen L.ad one. or mnore
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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 multi-block copolymer, said block 

interpolymer having a molecular fraction which elutes between 40C and 130*C, 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.  

100561 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 I mole percent 

comonomer, the blocked interpolymer has a comonomer content of the 'REF fraction eluting 

between 40 and I 30"C greater than or equal to the quantity (-0.1356)T T+ 13.89. more 

preferably greater than or equal to the quantity (-0.1356) 'i- 14.93, and most preferably 

greater than or equal to the quantity (-0.2013)T+ 21.07, where T is the numerical value of the 

peak ATREF elution temperature of the TR-EF fraction being compared, measured in "C.  
[00571 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 

0.93 5 g/cm-. and more especially for polymers having more than about I mole percent 

comonomer, the blocked interpolymer has a comonomer content of the TREF fraction eluting 

between 40 and 1304C greater than or equal to the quantity (- 0,2013) T + 20.07, more 

preferably greater than or equal to the quantity (-02013) T1 21.07, where T is the numerical 

value of the peak elution temperature of the TREF fraction being compared. measured in "C.  

100581 In still another aspect. the inventive polymer is an oletin interpolymer, preferably 
composing ethlene and one or more copolymerizable comonomers in polymeized form 

characterized by multipe block SOr segmTents of two 0Or moreL n pymerize monomer umts 

di ffcring in chemical or physia prpis (biocked ite rpolymer), most prefrably a muti 

block copoymoer, said block interpolymer having. a moleular traction wh ich ulutes between 
-14-
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40*C and 13* C, 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 I OC, 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 I10 C 

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 > (-5.59 2 6)(mole percent comonomer in the fraction) + 135.90.  

100591 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 multi

block copolymer. said block interpolymer having a molecular fraction which elutes between 

40'C and 130*C, 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) < (3.17 1 8)(ATREF elution temperature in Celsius) - 136.58, 

100601 The inventive block interpolymers have a molecular fraction which elutes between 

40'C and 130'C, when fractionated using TREF increments, characterized in that every 

fraction that has an ATREF elution temperature between 40'C and less than about 760C, has 

a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the equation: 

Heat of fusion (J/gm) <(1.13 12)(ATREF elation temperature in Celsius) + 22.97.  

ATREF Peak Comonomer Composition Measurement by Infra-Red Detector 

[0061] The comonomer composition of the TREF peak can be measured using an IR4 

infra-red detector available from Polymer Char, Valencia. Spain 

[0062] The "composition mode" of the detector is equipped with a measurement sensor 

(CII) and composition sensor (CHI;) that are fixed narrow band infra-red filters in the region 

of 2800-3000 cm-. The measurement sensor detects the methylene (CH7 ) carbons on the 

polymer (which directly relates to the polymer concentrtion in solution)' xhile the 

compnositon sensor dthects the mthy. (CHI) groups of tbhe poly. TheK mathmtrica ratio 

of the composition signal (CH-4 ) divided by the measurement signal (CH2 ) issesitive to the
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comonomer content of the measured polymer in solution and its response is calibrated with 

known ethylene alpha-olefin copolymer standards.  

[00631 The detector when used with an ATREF instrument provides both a concentration 

(CI-) and composition (CU;) 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 2 response (i.e.  

area ratio CH3/CH 2 versus comonomer content).  

[00641 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/CHf] 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 T2, 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.  

[00651 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.; RohIfing, 
D.C.; Shieh. E.T.: "Quantifying short chain branching microstructures in ethylene-l-olefin 

copolymers using size exclusion chromatography and Fourier transform infrared 

spectroscopy (SEC-FTfR)", Polymer (2002), 43. 59-170.. both of which are incorporated by 
reference herein in their entirety.  

[00661 In other embodiments, the inventive ethylene/a-olefin interpolymer is 

characteized by an avera g block indexABI, which is greater than zeo and up to about 1.0 

ad a molecular weight distribution, I/Me, greater than ot 1. 3, Th lock 

,ndex, ABI is the1 weight average of the biock index ("I) o eac of theK polymedr fractions 

obtained in r prepaav TRFF frm C0*Cn i10IC, with an icen of 5 C
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ABI = (w B!) 

where B1i is the block index for the ith fraction of the inventive ethylene/a-olehn 

interpolymer obtained in preparative TREF, and wi is the weight percentage of the ith 

fraction.  

100671 For each polymer fraction, BI is defined by one of the two following equations 

(both of which give the same BI value): 

I F/T, -1II/Tm . LnP-, - LnPl,.  BI = or BI = 
1! TW -11TA LnP - LnP 

where Tx is the preparative ATREF elation temperature for the ith fraction (preferably 

expressed in Kelvin), Px is the ethylene mole fraction for the ith fraction, which can be 

measured by NIR or IR as described above. Pas 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 PA are 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 3720 K, PA is 1.  

100681 Ts is the ATREF temperature for a random copolymer of the same composition 

and having an ethylene mole fraction of PAi. TaH can be calculated from the following 

equation: 

Ln PA = a1 TAB + 

where ac and P are two constants which can be determined by calibration using a number of 

known random ethylene copolymers. It should be noted that a and p 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: 

-7
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100691 Tx\o is the ATREF temperature for a random copolymer of the same composition 

and having an ethylene mole fraction of Px. Txo can be calculated from LnPx = a/Txo + p.  
Conversely, Pxo 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 Pxo 

a/Tx + p.  
[00701 Once the block index (131) 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 tip 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.  

[0071] 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. MWMN, 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 tip 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 Vet 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.  

II r copolm of ethl and an -en th mvne p mes preferbly 

possess (1) D of atl , m preferably at least Lt leas1 7 or at east 20 an 

motpeeaby t least 26, up to a maximu INmvaue f 0, more. ptrral up to a maximuml 
-18-
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of 3.5, and especially up to a maximum of 2.7: (2) a heat of fusion of 80 J/g or less; () an 

ethylene content of at least 50 weight percent: (4) a glass transition temperature, T. of less 
than -25"C, more preferably less than -30"C; and/or (5) one and only one Tm.  

[0073] 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 kUa, preferably greater than or equal to 1.0 MPa, at a temperature of I 00C.  
Moreover, the inventive polymers possess a relatively flat storage modulus as a function of 
temperature in the range from 0 to 100"C (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 than one order of magnitude 
between 50 and 1 00"C, preferably between 0 and 1 00"C).  

10074 The inventive interpolymers may be further characterized by a thermomechanical 
analysis penetration depth of 1 mm at a temperature of at least 900C 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 1 mm at a 
temperature of at least 104'C 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 mm.  

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.  

[00751 Additionally, the ethylene/a-olefin interpolymers can have a melt index, 12, from 
0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from 
0,0 1 to 500 g/10 minutes, and especially from 0.01 to 100 g10 minutes. In certain 

embodiments, the ethylene/a-olefin interpolymers have a melt index, I, from 0.01 to 10 g/10 
minutes, from 0.5 to 50 g/10 minutes, from I to 30 g/10 minutes, from I to 6 g/10 minutes or 
from 0.3 to 10 g10 minutes. In certain embodiments, the melt index bor the ethylene/ -olefin 
polymers is 1g/ 10 minutes, 3 g/A0 minutes or 5 g/10 minutes.  

10076J The polymers can have molecular weights. M, 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 
50 0 L/mote and especially from 10 000 g/mole to 300,000 /mole. The density of he 

inveniv polmer can be fr 0.80o 099 g/cm andi prefe y fr e contain 

polymers fromv r.8 g/ em to 0.97 gcm uIn certain embodiments. the density of the 

ethylene/a-oe polymners riags from 0.860 to .925 g/cm or 0.6 to 0 90 g/em;
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10077] 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.  

PCI/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.  

10078] Representative catalysts and chain shuttling agent are as follows.  

[00791 Catalyst (Al) is [N-(2 ,6-di(I -methylethyl)phenyl)amido)(2-isopropylpheny l)(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.  

CH(CH3)2' 

020 

C1C He u 

[f000 Catalyst (A2) is [N-(,6-di-rnethylethyl )phenyl.amido)(2-nmhlhnl)12 

phenylene-6pyrnid-diimethane)]hafnium dimethyt. prepared according to the teacingfs 

-2-
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of WO 03/40195 2003USO204017. USSN 10/429,024, filed May 2. 2003. and WO 

04/24740.  

C H3 

(H3C) 2 HC CH 
N 

(HzC)HC CH3 

100811 Catalyst (A3) is bis[N,N"'-(2,4,6

tri(methylphenyl)amido)ethylenediamine]hafnium dibenzyl.  

N 
I C CH13 

HN -+ HfX. X- CH2C6Hq 
\ C14, 

H3C \' 
C 1-3 

10082] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo- l-pyrrole- I-yl)-5-methyl)phenyi)-2

phenoxymethyl)cvclohexane-1,2-diyl zirconium (IV) dibenzyl. prepared substantially 

according to the teachings of US-A-2004/0010103.  

H--1C6CH 2 CH C6H
H13C O ff, O CH3 

0 I-rN--0 

(CI '2)3 

100831 Catalyst (BI) is 12-bis-(3,5-di-t-butylphenylene)(1 -(N-( 1
methy lethiylimmino)miethy)(2-oxoyl zirconium dibenzyl 

-[--I
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C(CH; 
CH(CH3); _ 

ZrCH 
/ \ / / (H3 C)3 C Q N

CH(CH) X=ICHC6 H5 

(CH3), 

[0084 Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1 -(N-(2-mrethylcyclohexy)

immino)methyl)(2-oxoyl) zirconium dibenzyl 

C(CH3)3 

U;C 

_NO C(CH3F) 
ZrX, 

/ \ / \ 
(H3C) 3C ) N 

--CH3 X=CH2C6H

(CH 3)3 

[0085] Catalyst (Cl) is (t-butylamido)dimethvl(3-N-pyrrolyl-1,23,a,7a--inden- 1

yl)silanetitanium dimethyl prepared substantially according to the techniques of USP 

6,268.444: 

)2 Ti(C) 

C(CH 3); 

100861 Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-inden

1 -yi)silanetitanium dimethyl prepared substantially according to the teachings of US-A

2003/004286:
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CH3 
S Ti(CHt) 

N 

HC (CH) 

(0087) Catalyst (C3) is (t-butylamido)di(4-methvIphenyl)(-methvl-1,23,3a8a- 1 -s

indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US

A-2003/004286: 

CH3 

H-13C ('H 3 ) 

[0088J Catalyst (D1) is bis(dirnethyIdisiloxane)(indene- l-yl )zirconium dichIoride 

available from Sigma-Aldrich: 

o 

/ 

(H 3 C~SiZrcb, 

0 

100891 Shuttling Agents The shuttling agents ernployed include diethylzine. di(i
butyl)zinc, di(n-hexyl)zine, triethylaluminum. trioetyI aluminum. triethylgallium, i

butylaluminum bis(dimethy l(t-butyl)siloxane), i-butylaluminum bis(di(trimethvlsilyl)amide).  

n-octyialuminum di(py ridine-2-methoxide), bis n-octadcyli -buty'lalumninum,.1

butylaluminnumn bis~di~rn-pe ntyl.amide), n-tcviuinum bis(2,6-ditbuvylphenoxidn

ocivialumninum di~ethyIx-naptl a mde),uh ethaluminumn bis~-but;yldimetchylsiioxide), 

ethylatumihnm di4bis~trmethlsilyuamide), e~thiailminlum bis(2,3,6,7-dibenzo-l-



WO 2008/089224 PCT/US2008/051149 

azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo- I -azacycloheptaneamide), n

octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-diphenylphenoxide), and 
ethylzinc (t-butoxide).  

100901 Preferably, the foregoing process takes the form of a continuous solution process 
for forming block copolymers, especially multi-block copolymers, preferably linear multi

block copolymers of two or more monomers, more especially ethylene and a Cno 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 multi
block copolymers are formed in high efficiency.  

[00911 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 high
temperature 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 tiller 
acceptance.  

100921 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 moniomeSra eve \rcAhnso plmr.suha ~edo 

density polymer and a lower density copolymer. at equivalent overall densiy. It is helieve'd 
that this unique featu re of th inventive interpoilymers is due to the unique distributon of the 

-2.4-
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comonomer 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 

microcrystalline 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.  

[00931 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 fl-hydride elimination is observed in the polymerzation 

of ethylene/a-oletin 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.  

[00941 Polymers with highly crystalline chain ends can be selectively prepared in 

accordance with embodiments of the invention. In clastomer 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 termnaing agentSpecificll, if'l t atalst vhich produces highy crysalln 

polymer is m susclto ain t atin (such as by s oydrogen than th 

catalyst rspnsible for prodcing~ the less crystalline palymer segmnt (such as through 

higher comnomevir mcorpoaon regio-error, or atacic [alyme forAUmation) than the rhighly
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crystalline 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.  

[0095] The ethylene u-olefin interpolymers used in the embodiments of the invention are 

preferably interpolymers of ethylene with at least one C3-C20 a-olefin. Copolymers of 

ethylene and a C3-C20 a-olefin are especially preferred. The interpolymers may further 

comprise C4-C 18 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-C2 0 u-olefins such as propylene. isobutylene, I -butene, I -hexene, 

1-pentene, 4-methyl-I -pentene, 1-heptene. 1-octene, I -nonene, 1 -decene, and the like. 1
butene and 1 -octene are especially preferred. Other suitable monomers include styrene, halo
or alkyl-substituted styrenes, vinyibenzocyclobutane, I.4-hexadiene, 1,7-octadiene. and 
naphthenics (e.g., cyclopentene. cyclohexene and cyclooctene).  

100961 While ethyl ene/u-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 Cl -C20 hydrocarbyl or cyclohydrocarbyl groups.  

Also included are mixtures of such olefins as well as mixtures of such oletins with C4-C40 

diolefin compounds.  

[00971 examples of olefin monomers include, but are not limited to propylene 

isobutylene, 1-butene. 1-pentene, I-hexene, 1-heptene, 1-octene, 1-nonene, I-decene. and I
dodecene, 1 -tetradecene, I -hexadecene. I -ocradecene, 1-eicosene. 3-methyl I butene, 3

methyi- peonee 4-mlethyi-entene, 4,6-dkiiehl1-heptene, 4-vnylcloexene, 

vinyleyelohexane, norhomnaduin thldn nrornene,~n cycI Lpetene, cloheKxene, 

dicycltopentadiee cy clooetene C4-C4 dienes, ncluding hut not lmitedt E1
3 -butadiee 

-26



WO 2008/089224 PCT/US2008/051149 

1 ,3-pentadiene. 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C4 0 Q
olefins, and the like. In certain embodiments, the a-olefin is propylene, I -butene. 1
pentene, I -hexene, I -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.  

[0098] The polymerization processes described herein are well suited for the production 
of olefin polymers comprising monovinylidene aromatic monomers including styrene, o
methyl 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-C 2 0 alpha olefin, optionally 

comprising a C4-C20 diene, having improved properties can be prepared.  

100991 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-I .4-hexadiene; 3.7-dimethyl- I .6-octadiene: 3.7-dimethyl- 1,7-octadiene and 
mixed isomers of dihydromyricene and dihydroocinene. single ring alicyclic dienes, such as 
L ,3-cyclopentadiene; L.4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and 
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene. methyl 
tetrahvdroindene, dicyclopentadiene, bicyclo-(22, I)-hepta-2,5-diene: alkenvl, alkylidene.  
cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB); 5
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl )-2-norbornene, 
5-cyclohexy lidene- 2-norbornene., 5-vinyl- 2- norbornene, and norbornadiene. Of the dienes 
typically used to prepare EPDMs. the particularly preferred dienes are 1.4-hexadiene (ID), 
5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbornene (VNB1). 5-methvlene-2
norbornene (MNB), and dicyclopentadiene (DCPD). The especially preferred dienes are 5
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (ID).  

101001 One class of desirable polymers that can be made in accordance with 
embodimntsr of the mv.ention are elastomerie interoulymers of ethylene a C3-2 a-oefin, 

especially propysene and optionaliy one or more diene monomers. Preferred a-olefns for 
use in this emb odnimet o~f the present invention are desigared by the formoula Ci=CH IR*,



WO 2008/089224 PCT/US2008/051149 

where R* is a linear or branched alkyl group of from I to 12 carbon atoms. Examples of 

suitable a-olefins include, but are not limited to, propylene., isobutylene, I -butene, I -pentene.  

1-hexene, 4-methyl-1-pentene. and I-octene. A particularly preferred u-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.  

101011 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.  

[01021 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-ole/in 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 polvdispersity less than 

3.5. more preferably less than 3.0, and a Mooney viscosity (ML (1-4) 125"C.) from I to 250.  
More preferably, such polymers have an eth lene content from 65 to 75 percent, a diene 

content from 0 to 6 percent, and an aoin conent fr 20 to 35 percent.  

[3) The ethylene/-olefn interpolymers can be functonaliz by inc ooaing at 
least oneC nmtitonal grotup m its poPymar srcture. Exemlaryuntii\£donlai groups mtay 

include, for example, ethylenic'aly unsaturated mono- and di-functional carboxylic acids, 
-28



WO 2008/089224 PCT/US2008/051149 

ethylenicallv 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 ethy lene 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.  

101041 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 fbnetionalized 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 

101051 In the examples that follow, the following analytical techniques are employed: 

GPC Method for Samples 1-4 and A-C 

101061 An automated liquid-handling robot equipped with a heated needle set to 160*C is 
used to add enough I 2.4-irichlorobenzene stabilized with 300 ppm lonl 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 160'C 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 160'C.  
[01071 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 

I .2-dichlorobenzene stabilized with 300 ppm lonol as the mobile phase through three Pigel 
10 micrometer (pm) Mixed B 300mm x 7.5mm columns placed in series and heated to 

60 C. Polymer a ELS 1000 Detector is used with the Evaporator set to 25 C the 
Nebuizer set to (6 Ct an th 1irgn' wrte n se to .8 SLM at a~U prssr o08 si 

(40-600 ka) NH \ The polymier samlexs are hete~d to 16A and e samplte njcted into a 

250 plloo usina the hiquid-handling roo n a hete nede> Sra anaysi of the
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polymer samples using two switched loops and overlapping injections are used, The sample 

data is collected and analyzed using Synyx Epoch 1m software. Peaks are manually 

integrated and the molecular weight information reported uncorrected against a polystyrene 
standard calibration curve.  

Standard CRYSTAF Method 

101081 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 160*C (0.66 mg/mL) 
for 1 hour and stabilized at 950C for 45 minutes. The sampling temperatures range from 95 
to 304C at a cooling rate of 0.2"C/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.  

[01091 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 70*C 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) 

101101 Differential Scanning Calorimetry results are determined using a TAI model 

Q000 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 1 75-C and then air-cooled to room temperature (25'C). 3-10 mg of material is then 
cut into a 6 mn 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 wvith the 
following temperature profile. The sample is rapidly heated to 180'C and held isothermal for 

minutes in order to remove aiy previous thermal hstor. [he sample is then coold to 
40C at C mn ooling re and hld a for 3minues. Te sample is then hatd to 

S50$(C at 0*C/mn. heating rate. The eoowin and second hleating curves are recorded.
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[0111j The DSC melting peak is measured as the maximum in heat flow rate (W/g) with 

respect to the linear baseline drawn between -30"C and end of melting. The heat of fusion is 
measured as the area under the melting curve between -30"C and the end of melting using a 
linear baseline.  

GPC Method (Excluding Samples 1-4 and A-C) 

10112] 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 140"C. 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 (BH1IT). Samples are prepared by agitating lightly for 2 
hours at 160"C. The injection volume used is 100 microliters and the flow rate is 1.0 
mi/minute.  

101131 Calibration of the GPC column set is performed with 21 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 grains in 50 milliliters of solvent for 

molecular weights equal to or greater than 1,000,000, and 0.05 rams in 50 milliliters of 
solvent for molecular weights less than 1,000,000. The polystyrene standards are dissolved at 
80'C 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. Sci., 

Polym. Let, 6, 621 (1968)): Mponyelyienc = 0.43 1 (Mpo%).  

[01141 Polyethylene equivalent molecular weight calculations are performed using 
Viscotek TriSEC software Version 3.0.  

Compression Set 

[01515 Compression set is measured according to ASTM D 395. The sample is prepared 

by scking 254 mm dimetr round dc o 2 mm, 20 m, and 25 mm ickness until a 

ttal thlickkns of 12. mm i s reached. The dises~ ar cu t from 1 2 7 cm x 12.7 eicomrssion 

molded lauePs moldd wit a hot pretss under the flw condiions:Y ze pressure fo 3
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minutes at 190C, followed by 86 MPa for 2 minutes at 1901C, followed by cooling inside 

the press with cold running water at 86 MPa.  

Density 

10116} 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 

101171 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 

101181 Films of 0.4 mm thickness are compression molded using a hot press (Carver 
Model #4095-4PRlOOlR). 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.  

101191 Clarity is measured using BYK Gardner Haze-gard as specified in ASTM D 1746.  

101201 4 5' gloss is measured using BYK Gardner Glossmeter \licrogloss 45' as 

specified in AS'M D-2457.  

[0121] Internal haze is measured using BYK Gardner [laze-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 

[01221 Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 
microtensile specimens. Samples are stretched with an Instron at 500% min at 21 C.  

Tensile strength and elongation at break are reported from an average of 5 specimens.  

101231 100% and 300% Hysteresis is determined from cyclic loading to 100 and 300% 

stins u sig AST DE 1) 708 Iicrotensil specimen with an Instron 1 1 instrument. The 

sapeis loaded an unlod at 267 %m ifo3 cyclesat 21<C Cyc lc epriment at 
300% and 80 C( are conducted usin an envronmeatal cambe . In the 804C experant the 

sample is allowedi to equilibate for 4 minutesI a he tettmperature before testing In the 
Cv
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210 C. 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: 

% Re cov ery - I" x100 

where er is the strain taken for cyclic loading and ss is the strain where the load returns to the 

baseline during the I 'unloading cycle.  

[01241 Stress relaxation is measured at 50 percent strain and 370 C for 12 hours using an 
InstronT t instrument equipped with an environmental chamber. The gauge geometry was 76 
mm x 25 mm x 0.4 mm. After equilibrating at 37 C for 45 min in the environmental 

chamber, the sample was stretched to 50% strain at 333% miW Stress was recorded as a 

function of time for 12 hours. The percent stress relaxation after 12 hours was calculated 
using the formula: 

% Stress Relaxation 0 

where L( is the load at 50% strain at 0 time and L 12 is the load at 50 percent strain after 12 
hours.  

101251 Tensile notched tear experiments are carried out on samples having a density of 
0.88 g/cc or less using an InstronM 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- at 21 '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.  

IMA 

[01261 Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30mm 

diameter x 3.3 mm thick, compression molded discs. formed at 180*C and 10 MPa molding 

pressure .for m minutes and then air quened.iThe instrument used is a MA7 brand 

available from Perkin- n er. In the test, a probe with no m radius~ ip (P/N t N59046 is 

applied toP the surace of the samplte dise nit \N force. The temperature is raised at 5 C mint
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from 254C. 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 

[01271 Dynamic Mechanical Analysis (DMA) is measured on compression molded disks 

formed in a hot press at 180 0C at 10 MPa pressure for 5 minutes and then water cooled in the 

press at 90'C / min. Testing is conducted using an ARES controlled strain rheometer (TA 

instruments) equipped with dual cantilever fixtures for torsion testing.  

[01281 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 AL) and 

subjected to successive temperature steps from -100*C to 200'C (5'C 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.  

101291 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 AL 

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 

101301 Melt index, or 12, is measured in accordance w ith ASTM D 1238, Condition 

190'C/2.16 kg. Melt index, or li is also measured in accordance with ASTM D 1238, 

Condition 190'C/10 kg.  

ATREF 

101311 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.: Ryle. T.R.: 

Knobeloch, D.C.; Peat. I.R.: Detearminaion o/ Branching Distribuhtons in JoyetVlene and 

Ethy lcne C. Ocpolyners. J, Polyin. Sci., 20, 441-455 (1982) which are incorporated by 
refernce hrin ihe entirety. The composition It be a d is dissolved in 

ticlorbenz nd allowe .t crtzin a column conaing an' mer spo staless 

steel shot) by slowly redcing the temnerature to 2" a( a ooirngrae of (.'"C mn. The 

colimn is eqippeld wit n infrare tt ector. An A\TRE c.hnromatora turve i ten
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generated by eluting the crystallized polymer sample from the column by slowly increasing 

the temperature of the eluting solvent (trichlorobenzene) from 20 to I 20C at a rate of 
I .5 C/min.  

13C NMR Analysis 

[01321 The samples are prepared by adding approximately 3g of a 50/50 mixture of 
tetrachloroethane-d 2 /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 150'C. The 
data are collected using a JEOL EclipseTM 400MHz spectrometer or a Varian Unity PlusM 
400MHz spectrometer, corresponding to a 1C 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 detennined 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 

[01331 Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in 2 
liters of .2.4-trichlorobenzene (TCB)by stirring for 4 hours at 160'C. 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 gm) spherical, technical quality glass 
beads (available from Potters Industries. HC 30 Box 20. Brownwood, TX. 7680 1) and 
stainless steel, 0.028" (0.7mm) diameter cut wire shot (available from Pellets, Inc. 63 
Industrial Drive. North Tonawxanda, NY, 14120). The column is immersed in a thermally 
controlled oil jacket, set initially to 160CC. The column is first cooled ballistically to 1 25CC.  
then slow cooled to 20C at 0.040C per minute and held for one hour. Fresh TCB is 
introduced at about 65 ml/min while the temperature is increased at 0.167'C per minute.  
101341 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 
action using a rotary evaporatoi until about 50 to 100 ml of te polymer solution remains.  

The concentraed sotions are allowed to stand Ovemigt before adin excess meho, 

bitering, a rinsin (aprox 300} 0 ml ofc meta~wnt including' tfina rise 1The 

to ration step is performed on a 3 poson vcuumii 'sitsted til&ern satouing 5.0 pm i
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polvtetrafluoroethvlene coated filter paper (available from Osmonics Inc., Cat# 

Z50WPO4750). The filtrated fractions are dried overniidht in a vacuum oven at 60'C and 
weighed on an analytical balance before further testing.  

Melt Strength 

101351 Melt Strength (NS) 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 1900 C for 10 minutes, the piston is run at a speed of 1 

inch/minute (2.54 cm/minute). The standard test temperature is 190'C. The sample is drawn 
uniaxially to a set of accelerating nips located 100 mm below the die with an acceleration of 
2.4 mm/see 2. 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 

f0136] 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 C6 aliphatic hydrocarbons available under the 
trade designation Isopar E 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, All solvents used were HPLC grade and were dried before their use.  
[01371 MMAO refers to modified methylalumoxane, a triisobutylaluminum modified 
methylalumoxane available commercially from Akzo-Noble Corporation.  
10138] The preparation of catalyst (B11) is conducted as follows.  

a) Preparation of (I -mthylethvi )(2hydroxy-,5dit-butv I henv Imethy limine 

,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopnroplamin. The 

soLUiorapidiy turns bright eloz w Aer stirring a ambent tempcrature for 3 hou 
volaties are removed under vacuum to yil a bright yellow, cytal ne solid (97ecn 

X -36-
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b) Preparation of 1.2-bis-(3 .5-di-t-butvlphenvlene)( -(N-(I

methylethvlimmi no)methyl)(2-oxov zirconium dibenzyI 

A solution of (I -methylethyl)(2-hydroxv-3 5-di(t-butyl)phenyl)imine (605 mg, 2.2 
mmol) in 5 ml. toluene is slowly added to a solution of Zr(CHPh)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.  

[0139] The preparation of catalyst (B2) is conducted as follows.  

a) Preparation of ( -(2-methvlcvclohexvl)ethyl(2-oxovl-3,5-did-butylphenyillimine 

2-Methvleyclohexylamine (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 -250 C 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 I 1.17 g of a yellow solid, i1H NMR is consistent with the 
desired product as a mixture of isomers.  

b) Preparation of bis-(1-(2-mthylcyclohexyllethyl)(2-oxoyl-3.5-di(t-butvllphen\l) 

immino zirconium dibenzyl 

A solution of (1 -(2-methylcvclohexvl)ethyl)(2-oxoyl-3.5 -di(t-butyl)phenyl)imine 

(7.63 g, 23,2 mmol) in 200 mL. toluene is slowly added to a solution of Zr(CiIPh)4 (5.28 g, 
11.6 mnmol) in 600 nL toluene. The resulting dark yellow solution is stirred for 1 hour at 
25'"C. The solution is diluted further with 680 mL toluene to give a solution having a 
concentration of 0.00783 M.  

101401 Cocatalyst 1 A mixture of methyldi(C1 4-18 alkyl)arnmonium salts of 
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a 
long chain trialkylamine (Armeent M2HT, avail able from Akzo-Nobel. Inc,). HCl and 

Li(B(C 6FV)4], substantially as disclosed in U-'SP 5,919.9883, Ex. 2.  

101411 Cocatalyst 2 Mixed C14-! alkyldimethylammonium salt of 

bis(tris(penitafluorophenyI)-alumane)- undecy-limidazolide, prepared according to USP 
6395,7 Ex. II 

142j Shng~ Agents The shutlngP agns eMmoyed include diehvzie (DEZ, SA 1), 

di{ -buty1 zine (SA2), ditn-exyivzine (SA3) trmxieylamum T(_A, SA4)
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trioctylaluminum (SA5), triethylgallium (SA6), i-butylaluminum bis(dimethyl(t

butyl)siloxane) (SA7), i-butvlaluminum bis(di(trimethylsily I aided) (SAR). n-octylaluminum 

di(pvridine-2-methoxide) (SA9), bis(n-octadecvl)i-butylaluminum (SA10). i-butylaluminuin 

bis(di(n-pentyl)amide) (SA 11). n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA 12). n
octylaluminum di(ethyl(1 -naphthyl)amide) (SA 13). ethylaluminum bis(t

butyldimethylsiloxide) (SAl 4), ethlaluminum di(bis(trimethylsibyl)amide) (SA I 5), 
ethylaluminum bis(2.3,6,7-dibenzo- I -azacycloheptaneamide) (SA 16), n-octylaluminum 
bis(2,.3 ,6,7-dibenzo-1-azacycloheptaneamide) (SA 17), n-octylaluminum bis(dimethyl(t

butyl)siloxide(SA 18) ethylzine (2,6-diphenylphenoxide) (SA 19). and ethyizine (t-butoxide) 
(SA20).  

Examples 1-4, Comparative A-C 

General High Throughput Parallel Polymerization Conditions 

101431 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 130'C and 200 psi (1.4 MPa) with ethylene on demand 
using 1.2 equivalents of cocatalyst I 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 pre

veighed glass tube. The working volume in each reactor cell is 6000 pL. 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). cocataiyst 1 or cocatalyst I /MMAO mixture. shuttling 
agent. and catalyst or catalyst mixture. When a mixture ofcocatalyst I 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 predetermn ed ethylene consumptions are reached. After quenching with (CO 
dhe ra ctr are cooled and the glass tunes area unaed. Tnhebe are transferred to a 

eenltrifuge/vaeuumn drying unit, and dried for 12 hurs at 60C (The tubes containing dried
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polymer 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 ().  
[01441 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 (A1) is known to incorporate more octene than Catalyst (B 1), the different blocks or 

segments of the resulting copolymers of the invention are distinguishable based on branching 
or density.  

Table I 

Cat, (A I) Cat (B 1) Cocat MMAO shuttling 
L (jmo (umol) (pnol) (gpol agent (wmol} Yljd_(g) Mn Mw/Mn hexyls' 
A* 0.06 - 0.066 0.3 - 0.1363 300502 3.32 
B* - 0.1 0.110 0.5 - 0.1581 36957 1.22 2.5 
C* 0.06 0.1 0.176 0.8 - 0.2038 45526 5.307 5.5 
1 0.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.19 4.8 
2 0.06 0.1 0.192 - DEZ (80.0) 0.1468 2161 L12 14.4 
3 0.06 0.1 0.192 - T EA (8.0) 0.208 22675 1.71 4.6 
4 0.06 0.1 0.192 - TEA (80.0) 0,1879 3338 1.54 9.4 
C6 or higher chain content per 1000 carbons 

2 Bimodal molecular weight distribution 

101451 It may be seen the polymers produced according to the invention have a relatively 
narrow polydispersity (Mw/MNin) and larger block-copolymer content (trimer. tetramer, or 
larger) than polymers prepared in the absence of the shuttling agent.  

101461 Further characterizing data for the polymers of Table I are determined by 
reference to the figures. More specifically DSC and ATREF results show the following: 

101471 The DSC curve for the polymer of example 1 shows a I15.7C 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 Tcrystaf is 81.2"C.  

101481 The DSC curve for the polymer of example 2 shows a peak with a 109.7C 
melting point (Iim) with a heat of fusion of 214.0 J/g. The corresponding CRYSTAF curve 
shows the allest peak I 46.2*( with a peak area of 57. percent. The difference hetn the 

DSC Tm and the Tervstai 635C
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10149] The DSC curve for the polymer of example 3 shows a peak with a 120.71C 

melting point (Tm) with a heat of fusion of 160.1 J/g. The corresponding CR YSTAF curve 

shows the tallest peak at 66.1 'C with a peak area of 71 .8 percent. The difference between the 

DSC Tm and the Terystaf is 54.60 C.  

[01501 The DSC curve for the polymer of example 4 shows a peak with a 104.5 0 C 

melting point (Tm) with a heat of fusion of 170,7 Jig. 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 Tcrvstaf is 74.50 C.  

101511 The DSC curve for comparative A shows a 90.00 C melting point (Tm) with a heat 

of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at 48.50 C 

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 Terystaf is 41.8CC.  

101521 The DSC curve for comparative B shows a 129.8*C melting point (Tm) with a 

heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at 

82.4 0 C 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 1Tm and the Tcrystaf is 47.4*C.  

j0153J The DSC curve for comparative C shows a 125.3 C melting point (Tm) with a 

heat of fusion of 143.0 J/g. 'fhe 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 43.5 0 C.  

Examples 5-19, Comparatives D-F, Continuous Solution Polymerization, Catalyst 
AI/B2 + DEZ 

101541 Continuous solution polymerizations are carried out in a computer controlled 
autoclave reactor equipped w, ith an internal stirrer. Purified mixed alkanes solvent (Isopar"t 

E available from ExxonMobil Chemical Company), ethylene at 2.70 lbs/hour (1.22 kg/hour).  

I -octene, and hvdrogen (wx here used) are supplied to a 3.8 L reactor equipped with a jacket 

for temperature control and in internal thermocouple. The solvent feed to the reactor is 

masured by a mass-flow controller. A variable speed diaphragm pump controls the solvent 

o rt and pssure to h reactor A Jh dscharge of the pump, a side stream is taken to 

provide flush flows for the catalyst and cocatls P injection lines and the reactor aitator.  

These flows are measured by M'icro-Mion mas flhow meters tand controlled by control
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valves 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 hvdrogten 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.
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101551 The resulting polymers are tested by DSC and ATREF as with previous examples.  
Results are as follows: 

101561 The DSC curve for te polymer of example 5 shows a peak with a 119.6 C 
melting point (Tm) with a heat of fusion of 60.0 J/g. The corresponding CRYSTAL curve 
shows the tallest peak at 47.60 C with a peak area of 59.5 percent. The delta between the DSC 
Tm and the Tcrystaf is 72.00C.  

101571 The DSC curve for the polymer of example 6 shows a peak with a 115.2 'C 
melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve 
shows the tallest peak at 44.2*C with a peak area of 62.7 percent. The delta between the DSC 
Tm and the Tcrystaf is 71.0 C.  

10158] The DSC curve for the polymer of example 7 shows a peak with a 121.3 *C 
melting point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows 
the tallest peak at 49.2*C with a peak area of 29.4 percent. The delta between the DSC Tin 

and the Tcrystaf is 72.1 C.  

10159] The DSC curve for the polymer of example 8 shows a peak with a 123.5 'C 
melting point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF curve 
shows the tallest peak at 80.1'C with a peak area of 12.7 percent. The delta between the DSC 
Tm and the Terystaf is 43.40 C.  

[0160] The DSC curve for the polymer of example 9 shows a peak w\ ith a 124.6 *C 
nielting point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve 
shows the tallest peak at 80.80 C with a peak area of 16.0 percent. The delta between the DSC 
Tm and the Tcrvstaf is 43.84C.  

[0161] The DSC curve for the polymer of example 10 shows a peak with a 115.6 'C 
melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve 
shows the tallest peak at 40.9'C with a peak area of 52.4 percent. The delta between the DSC 
Tm and the Tcrystaf is 74.74C.  

10162} The DSC curve for the polymer of example I 1 shows a peak with a 113.6 C 
melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding CRYSTAF curve 
shows the tallest peak at 39.6'C with a peak area of 25.2 percent. The delta between the DSC 
Tm and the Tervstaf is 74. . 1 

0163 The DSC curve for thle polymer example 12 shows a peak with a 1342 C 
mieltine point (Tmr) with a heat of fusion of 48.9 a/. fThe cespnig RSAF uv 

4-



WO 2008/089224 PCT/US2008/051149 

shows no peak equal to or above 30 C. (Terystaf for purposes of further calculation is 

therefore set at 30"C). The delta between the DSC Tm and the Tcrystaf is 83.2 0 C.  

101641 The DSC curve for the polymer of example 13 shows a peak with a 114.4 'C 
melting point (Tm) with a heat of fusion of 49.4 Jig. The corresponding CRYSTAF curve 

shows the tallest peak at 33.8 'C with a peak area of 7.7 percent. The delta between the DSC 

Tm and the Tcrvstaf is 84.40 C.  

10165] The DSC for the polymer of example 14 shows a peak with a 120.8 'C melting 

point (Tm) with a heat of fusion of 127.9 J/g. The corresponding CRYSTAF curve shows the 

tallest peak at 72.9 'C with a peak area of 92.2 percent. The delta between the DSC Tm and 

the Terystaf is 47.90 C.  

[0166J The DSC curve for the polymer of example 15 shows a peak with a 114.3 'C 

melting point (Tm) with a heat of fusion of 36.2 J/g. The corresponding CRYSTAF curve 

shows the tallest peak at 32.3 'C with a peak area of 9.8 percent. The delta between the DSC 

Tm and the Terystaf is 82.00 C.  

[01671 The DSC curve for the polymer of example 16 shows a peak with a 116.6 'C 
melting point (Tm) with a heat of fusion of 44.9 J/g. The corresponding CRYSTAF curve 

shows the tallest peak at 48.0 'C with a peak area of 65.0 percent. The delta between the DSC 

Tm and the Torystaf is 68.60 C.  

101681 The DSC curve for the polymer of example 17 shows a peak with a 116.0 *C 
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve 

shows the tallest peak at 43.1 "C with a peak area of 56.8 percent. The delta between the 

DSC Tm and the Tcrvstaf is 72.90 C.  

101691 The DSC curve for the polymer of example 18 shows a peak with a 120.5 'C 

melting point (Tm) with a heat of fusion of 14 1,8 J/g. The corresponding CRYSTAF curve 

shows the tallest peak at 70.0 'C with a peak area of 94.0 percent. The delta between the 

DSC Tm and the Tcrystaf is 50.5 C 

[01701 The DSC curve for the polymer of example 19 shows a peak with a 1 24,8 C 
melting point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYS TAF curve 

shows the tallest peak at 79.9 C with a peak. area of 87.9 percent. The delta between the 

DSC Tm and the Tcrystaf is 45.0 C( 

[0171 Th)SC curve for the polymer of comparative D shows a peak wit a 7.  

melting point(Tmn) wi'th a heat of fusion of 31. 'J/ t. The corresponding CRYSTA ei urvea
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shows no peak equal to and above 30'C, Both of these values are consistent with a resin that 

is low in density. The delta between the DSC Tm and the Tervstaf is 7.3 C.  

[01721 The DSC curve for the polymer of comparative E shows a peak with a 124.0 C 
melting point (Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF curve 

shows the tallest peak at 79.3*C with a peak area of 94.6 percent. Both of these values are 
consistent with a resin that is high in density. The delta between the DSC Tm and the 

Terystaf is 44.6'C.  

[0173J The DSC curve for the polymer of comparative F shows a peak with a 124.8 *C 
melting point (Tm) with a heat of fusion of 90.4 Jig. The corresponding CRYSTAF curve 
shows the tallest peak at 77.60 C with a peak area of 19.5 percent. The separation between the 
two peaks is consistent with the presence of both a high crystalline and a low crystalline 

polymer. The delta between the DSC Tin and the Tcrystaf is 47.2'C.  

Physical Property Testing 

10174] Polymer samples are evaluated for physical properties such as high temperature 
resistance properties, as evidenced by [MA temperature testing, pellet blocking strength.  
high temperature recovery, high temperature compression set and storage modulus ratio, 
G'(254C)/'(1 00'C). Several commercially available polymers are included in the tests: 
Comparative G* is a substantially linear ethylene/l-octene copolymer (AFFINITY@, 
available from The Dow Chemical Company), Comparative Hf* is an elastomeric.  
substantially linear ethylene/ I -octene copolymer (AFFINlTY@EG8100, available from The 
Dow Chemical Company), Comparative I is a substantially linear ethylene/i -octene 
copolymer (AFFINITY@-'PLI 840, available from The Dow Chemical Company), 
Comparative J is a hydrogenated styrene/butadiene/styrene triblock copolymer (KRATONTM 

G1652, available from KRATON Polymers). Comparative K is a thermoplastic vulcanizate 
(TPV, a polvolefin blend containing dispersed therein a crosslinked elastomer). Results are 
presented in Table 4.  

4- 
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Table 4 High Temperature Mechanical Properties 

TMA-Inin Pellet Blocking 300 % Strain Conpression 
penetration Strength G (25 C) Recovery (800C) Set (7 0C) Ex. (C) lb/ft (kPa) G (00C) (percent) (Percnt) 

D* _____ 9 Failed 

E* 130 8 

Ll_ 7_0 14 1 ( 6 .8) 9 Failed 100 
5 104 0(0) 6 81 49 
I6LiO I-____ ______52 

7 13 4 84 43 

8 1 4 Failed 41 

11 100 - 8 68 
8- 8 7 

_T3 _95 - 6 84 71 
14 125 -7 

1 96 - - --- -
1613 - 4 42H 

17r 108 0(0) 4 182 47 
8S 125 10 -

19 133 9--- ---

3* 75 463 (22.2) 89 Failed 100 
H[* 70 213 (10.2) 29 Failed 100 

* 07 5 Failed 100 
K 152 3 40 

[0175] In Table 4, Comparative F (which is a physical blend of the two polymers 
resulting from simultaneous polymerizations using catalyst Al and B1) has a 1 mm 
penetration. temperature of about 70'C, while Examples 5-9 have a 1 mm penetration 
temperature of 100'C or greater. Further, examples 10-19 all have a 1 mm penetration 
temperature of greater than 85"C, with most having 1 mm TMA temperature of greater than 
90C or even greater than 100"C. This shows that the novel polymers have better 
dimensional stability at higher temperatures compared to a physical blend, Comparative J (a 
commercial SEBS) has a good 1 mm TMA temperature of about 1 07C, but it has very poor 
(high temperature 70'C) compression set of about 100 percent and it also failed to recover 
(sample broke) during a high temperature (80 0C) 300 percent strain recov ery Thus the 
exemplified polymers have a unique combination of properties unavailable even in some 
commreialiy available, high performance thermoplastic elastoniers.  

[0176) Smlry al hw o go)soaemdlsrto 

'25LCG'(100C)r the inventiv polymiers of 6 r less, whereasa physical rblend 
(Comnpartive F) ha a storage modulus rato of 9 and a random etyn ~e/oeene copolymer 

47-
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(Comparative G) of similar density has a storage modulus ratio an order of magnitude greater 
(89). It is desirable that the storage modulus ratio of a polymer be as close to I as possible.  
Such polymers will be relatively unaffected by temperature, and fabricated articles made 
from such polymers can be usefully employed over a broad temperature rang. This feature 
of low storage modulus ratio and temperature independence is particularly useful in elastomer 
applications such as in pressure sensitive adhesive formulations.  

[0177I The data in Table 4 also demonstrate that the polymers of the invention possess 
improved pellet blocking strength. In particular, Example 5 has a pellet blocking strength of 
0 MPa, meaning it is free flowing under the conditions tested. compared to Comparatives F 
and G which show considerable blocking. Blocking strength is important since bulk 
shipment of polymers having large blocking strengths can result in product clumping or 
sticking together upon storage or shipping, resulting in poor handling properties.  
10178J High temperature (70"C) compression set for the inventive polymers is generally 
good, meaning generally less than about 80 percent, preferably less than about 70 percent and 
especially less than about 60 percent. In contrast, Comparatives F, G, H and J all have a 70"C 
compression set of 100 percent (the maximum possible value, indicating no rccovery). Good 
high temperature compression set (low numerical values) is especially needed for 
applications such as gaskets, window profiles, o-rings, and the like.
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101791 Table 5 shows results for mechanical properties for the new polymers as well as 
for various comparison polymers at ambient temperatures. It may be seen that the inventive 
polymers have very good abrasion resistance when tested according to ISO 4649. generally 
showing a volume loss of less than about 90 mm3. preferably less than about 80 mm'. and 
especially less than about 50 mm3. In this test, higher numbers indicate higher volume loss 
and consequently lower abrasion resistance.  

[01801 Tear strength as measured by tensile notched tear strength of the inventive 
polymers is generally 1000 mJ or higher. as shown in Table 5. Tear strength for the 
inventive polymers can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative 
polymers generally have tear strengths no higher than 750 mJ.  
[01811 'able 5 also shows that the polymers of the invention have better retractive 
stress at 150 percent strain (demonstrated by higher retractive stress values) than some of 
the comparative samples. Comparative Examples F, G and H have retractive stress value at 
150 percent strain of 400 kPa or less, while the inventive polymers have retractive stress 
values at 150 percent strain of 500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17).  
Polymers having, higher than 150 percent retractive stress values would be quite useful for 
elastic applications, such as elastic fibers and fabrics, especially nonwoven fabrics. Other 
applications include diaper, hygiene, and medical garment waistband applications, such as 
tabs and elastic bands.  

10182J Table 5 also shows that stress relaxation (at 50 percent strain) is also improved 
(less) for the inventive polymers as compared to, for example. Comparative G. Lower 
stress relaxation means that the polymer retains its force better in applications such as 
diapers and other garments where retention of elastic properties over long time periods at 
body temperatures is desired.
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Table 6 Polymer Optical Properties 

1 x. Internal H aze (percent) Clarity (percent) 450 Gloss (Percent) 
F* 84 49 
G* 5735 

5 13726 
6 33 3 69 

20 165 j62 
9 638 9 

0 15_1 67 

I 1 13697 

Clait (pr nt) s 

13 773 6 
14~7 59156 

H1 -,9 
_ _73 66 

2 7s5 7261 2 60 

13 74 74 69 

t7 2 73 66 

' 2 01 05 9 

[0183j The optical properties reported in Table 6 are based on compression molded 
films substantially lacking in orientation. Optical properties of the polymers may be varied 

over wide ranges, due to variation in crystallite size, resulting from variation in the quantity 
of chain shuttling agent employed in the polymerization.  

Extractions of Multi-Block Copolymers 

[0184] Extraction studies of the polymers ofexamples 5, 7 and Comparative E are 
conducted. In the experiments, the polymer sample is weighed into a glass fitted extraction 
thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged 
with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethvi ether.  
The flask is then fitted to the extractor. The ether is heated while being stirred. Time is 
noted when the ether begins to condense into the thimble, and the extraction is allowed to 
proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is 
allowed to cool. Any ether remaining in the extractor is returned to the 1lask. The ether in 
the flask is ev~anorated under vacuum at ambien. temperature, and the~ resulnge solids are 
purged dry with nitrogen. Any residue s transferred to a weighed hbotleusmg successive 
washes of hexane The comined~ hexaine wahes are then evanorated c withanther nitrogen 

a , 1J; 'j J
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purge, and the residue dried under vacuum overnight at 40"C. Any remaining ether in the 
extractor is purged dry with nitrogen.  

[01851 A second clean round bottom flask charged with 350 mL of hexane is then 
connected to the extractor. The hexane is heated to retlux with stirring and maintained at 
reflux for 24 hours after hexane is first noticed condensing into the thimble. Heating is then 
stopped and the flask is allowed to cool. Any hexane remaining in the extractor is 
transferred back to the flask. The hexane is removed by evaporation under vacuum at 
ambient temperature. and any residue remaining in the flask is transferred to a weighed 
bottle using successive hexane washes. The hexane in the flask is evaporated by a nitrogen 
purge. and the residue is vacuum dried overnight at 400C.  

[01861 The polymer sample remaining in the thimble after the extractions is transferred 
from the thimble to a weighed bottle and vacuum dried overnight at 400C. Results are 

contained in Table 7, 

Table 7 

ether ether CS hexane hexane Cs residue 
wt. soluble | soluble mole soluble soluble mole Cg mole 

Sample ) (percent) percent (g) (percent) percent' percent' 
Comp. L097 0.063 5.69 12.2 0.245 22.35 13.6 65 
F* 

5 1.006 0.041 4.08 -0698 142 116 
E 7 1.092 j0017 1-59 13.3 0.012 1.10 11,7 9.9 

Determined by ''C NMI 

Additional Polymer Examples 19 A-J, Continuous Solution Polymerization, Catalyst 
AI/2 + DEZ 

For Examples 19A-1 

101871 Continuous solution polymerizations are carried out in a computer controlled 
well-mixed reactor. Purified mixed alkanes solvent (IsoparTM E available from Exxon 
Mobil. Inc.), ethylene. I -octene., and hydrogen (where used) are combined and fed to a 27 
gallon reactor. The feeds to the reactor are measured by mass-flow controllers. The 
temperature of the feed stream is controlled by usC of a glycol cooled heat exchanaer before 
entering the reactor. The catalyst component solutions are metered using pumps and mass 
flow meters. The reactor is run liquid-full at approximately 5.50 psig pressure. Upon 
exiting the reactor, waer and additive are njeced in the polymer solution. The water 

hydrolyzes the catalysis, and termi;nates tne poymnerization reactnons Th post reactor 
solution is then heated in preparation ;or a two stae devoltatiztion. TheM soet and
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unreacted monomers are removed during the devolatization process. The polymer melt is 
pumped to a die for underwater pellet cutting.  

For Example 19J 

[01881 Continuous solution polymerizations are carried out in a computer controlled 
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent 
(Isopar'rM 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 injection 
lines and the reactor agitator. These flows are measured by Micro-Motion mass flow meters 
and controlled by control valves or by the manual adjustment of needle valves. The 
remaining solvent is combined with I -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.  

101891 Process details and results are contained in Table 8. Selected polymer properties 
are provided in Tables 9A-C.  

101901 In Table 911, inventive examples 19F and 19G show low immediate set of 
around 65 70 % strain after 500% elongation.
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Examples 20 and 21 

101911 The ethylene/u-olefin interpolymer of Examples 20 and 21 were made in a 

substantially similar manner as Examples 19A-I above with the polymerization 

conditions shown in Table 1I below. The polymers exhibited the properties shown in 

Table 10. Table 10 also shows any additives to the polymer.  

Table 10 - Properties and Additives of Examples 20-21 

Example 20 Example 21 

Density (g/ce) 0.8800 0.8800 
MI 1.3 1.3 

DI Water 100 DI Water 75 
Irgafos 168 1000 Irgafos 168 1000 

Additives Irganox 1076 250 Irganox 1076 250 
Irganox 1010 200 Irganox 1010 200 
Chimmasorb Chimmasorb 
2020 100 2020 80 

Hard segment split 
(wt%) 35% 35% 

101921 Irganox 1010 is Tetrakismethvlene(3,5-di-t-butyl-4

hydroxyhydrocinnamate)methane. Irganox 1076 is Octadecyl-3-(3',5-di-t-btyl-4'

hydroxyphenyl)propionate. Irgafos 168 is Tris(2.4-di-t-butylphenyl)phosphite.  

Chimasorb 2020 is 1,6-Hexanediamine, NN'-bis(2,2,6,6-tetramethyl-4-piperidinyl)

polymer with 2,3,6-trichloro-1,3.5-triazine, reaction products with. N-butyl-1 

butanamine and N-butyl-2,2,6.6-tetramethyl-4-piperidinamine.
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Fibers Suitable for the Cone Dyed Yarn of the Present Invention 

101931 The fibers suitable for the cone dyed yarn of the present invention 

typically comprise one or more elastic fibers wherein the elastic fibers comprise the 

reaction product of at least one ethylene olefin block polymer and at least one suitable 

crosslinking agent. The fibers are preferably filament fibers. As used herein, 

".crosslinking agent" is any means which cross-links one or more, preferably a 

majority, of the fibers. Thus, crosslinking agents may be chemical compounds but are 

not necessarily so. Crosslinking agents as used herein also include electron-beam 

irradiation, beta irradiation, gamma irradiation, corona irradiation, silanes, peroxides, 

ally] compounds and UV radiation with or without crosslinking catalyst. U.S. Patents 

No. 6,803,014 and 6,667,351 disclose electron-beam irradiation methods that can be 

used in embodiments of the invention. Typically, enough fibers are crosslinked in an 

amount such that the fabric is capable of being dyed. This amount varies depending 

upon the specific polymer employed and the desired properties. However, in some 

embodiments, the percent of cross-linked polymer is at least about 5 percent.  

preferably at least about 10, more preferably at least about 15 weight percent to about 

at most 75, preferably at most 65, preferably at most about 50 percent, more 

preferably at most about 40 percent as measured by the weight percent of gels formed 

according to the method described in Example 30.  

[01941 The fibers typically have a filament elongation to break of greater than 

about 200%, preferably greater than about 210%. preferably greater than about 220%, 

preferably greater than about 230%., preferably greater than about 240%. preferably 

greater than about 250%, preferably greater than about 260%, preferably greater than 

about 270%, preferably greater than about 280%, and may be as high as 600% 

according to ASTM D2653-01 (elongation at first filament break test). The fibers of 

the present invention are further characterized by having (1) ratio of load at 200% 

elongation load at 100% elongation of greater than or equal to about 1 .5, preferably 

greater than or equal to about 1.6, preferably greater than or equal to about 1 .7, 

preferably greater than or equal to about 18, preferably greater than or equal to about 

1.9, preferably greater than or equal to about 2.0, preferably greater than or equal to 

about 2,1 preferably greter than or equal tabobout 2.2. preferably greater than or
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4 according to ASTM D2731-01 (under force at specified elongation in the finished 

fiber form).  

101951 The polyolefin may be selected from any suitable ethylene olefin block 

polymer. A particularly preferable olefin block polymer is an ethyleneiu-olefin 

interpolymer. wherein the ethylene/a-olefin interpolymer has one or more of the 

following characteristics before 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 elites between 40C and 

1 30*C 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) - 242212(d)2 or 

(4) an Mwx/Mn from about 1.7 to about 3.5, and is characterized by 

a heat of fusion, All in J/g, and a delta quantity. AT. in degrees Celsius defined as the 

temperature difference between the tallest DSC peak and the tallest CRYSTAF peak.  

wherein the numerical values of AT and All have the following relationships: 

AT > -0.1299(A H) ± 62.81 for All greater than zero and up to 130 J/g.  

AT > 48*C for All 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 I 

cycle measured with a compression-moided film of the ethylenela-oletin 

interpolymer ad hasadensity, d, n grams/cubic centmeter, whereithe numerical 

values of1 Re and d satisfy the flow}>ing' relationship when ethlcee/-olen 

ierpolymer is substatially lfree of a cross-lnkfed phase:
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Re >1481-1629(d); or 

(6) a molecular fraction which elutes between 40'C and 130"C 

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 eluding between the same temperatures, 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 ethylene/a-olefin interpolymer; or 

(7) a storage modulus at 25 OC, G'(25 C), and a storage modulus 

at 100 "C, G'(100 C), wherein the ratio of G'(25 'C) to G'(100 OC) is in the range of 

about 1:1 to about 9:1.  

[01961 The fibers may be made into any desirable size and cross-sectional shape 

depending upon the desired application. For many applications approximately round 

cross-section is desirable due to its reduced friction. However, other shapes such as a 

trilobal shape, or a flat (i.e., "ribbon' like) shape can also be employed. Denier is a 

textile term which is defined as the grams of the fiber per 9000 meters of that fiber's 

length. Preferred denier sizes depend upon the type of fabric and desired applications.  

Typically, the elastic fibers of the yarn comprise a majority of the fibers having a 

denier from at least about , preferably at least about 20, preferably at least about 50, 

to at most about 180, preferably at most about 150. preferably at most about 100 

denier, preferably at most about 80 denier.  

101971 Depending upon the application the fiber may take any suitable form 

including a staple fiber or binder fiber. Typical examples may include a homofil 

fiber, or a bicomponent fiber. In the case of a bicomponent fiber it may have a 

sheath-core structure: a sea-island structure: a sidc-by-side structure a matrix-fibril 

structure; or a segmented pie structure. Advantageously, conventional fiber forming 

processes may be employed to make the aforementioned fibers. Such processes 

include those described in, for example, U.S. Patents No. 4,340,563: 4,663,220; 

668,66 4, 0; and 4.413,210' 

[0198; X Deedn uonXt heir comoshXition, the fibers may be made to facilitate 

procesing~ and uninad th samneas or better fromt a spoio thn other Itbers. Ordinary 

fibes whe'n in round cross section otten fai! to pro}vide satsfactory unwindingr
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performance due to their base polymer excessive stress relaxation. This stress 

relaxation is proportional to the age of the spool and causes filaments located at the 

very surface of the spool to lose grip on the surface, becoming loose filament strands.  

Later, when such a spool containing conventional fibers is placed over the rolls of 

positive feeders, i.e. Memminger-IRO, and starts to rotate to industrial speeds, i.e. 100 

to 300 rotations/minute., the loose fibers are thrown to the sides of the spool surface 

and ultimately fall off the edge of the spool. This failure is known as derails which 

denotes the tendency of conventional fibers to slip off the shoulder or edge of the 

package which disrupts the unwinding process and ultimately causes machine stops, 

The above fibers may exhibit derailing to the same or a much less significant degree 

which possibly allows greater throughput, 

[01991 Another advantage of the fibers is that defects such as fabric faults and 

elastic filament or fiber breakage may be equivalent or reduced as compared to 

conventional fibers.  

Additives 

102001 Antioxidants. e.g., IRGAFOSt 168, IRGANOX@k 1010, IRGANOX@ 

3790. and CHIIMASSORB@, 944 made by Ciba Geigy Corp., may be added to the 

ethylene polymer to protect against undo degradation during shaping or fabrication 

operation and/or to better control the extent of grafting or crosslinking (i.e., inhibit 

excessive gelation). In-process additives, e.g. calcium stearate. water.  

fluoropolymers, etc., may also be used for purposes such. as for the deactivation of 

residual catalyst and/or improved processability. TNUVIN@ 770 (from Ciba-Geigy) 

can be used as a light stabilizer, 

[02011 The copolymer can be filled or unfilled. If filled, then the amount of tiller 

present should not exceed an amount that would adversely affect either heat

resistance or elasticity at an elevated temperature. If present, typically the amount of 

filler is between 0.0 1 and 80 wt % based on the total weight of the copolymer (or if a 

blend of a copolymer and one or more other polymers. then the total weight of the 

blend). Representative fillers include kaolin clay. magnesium hydroxide, zinc oxide, 

siica and eacium carbonate. in a preferred embodiment. in which a tiller is present, 

th ie is coated wit a mte~ ria that wVill prvent or retard any tendency that the 

filmer mlitht otherwise have to interfere with the erossl inking reactions, Stearie acid is 

tiutave of suc~iJh am ier coah.  
C
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[02021 To reduce the friction coefficient of the fibers, various spin finish 
formulations can be used, such as metallic soaps dispersed in textile oils (see for 
example U.S. Patent No. 3,039,895 or U.S. Patent No. 6,652,599), surfactants in a 
base oil (see for example US publication 2003/0024052) and polyalkylsiloxanes (see 
for example U.S. Patent No. 3,296,063 or U.S. Patent No. 4,999.120). U.S. Patent 
Application No. 101933,721 (published as US20050142360) discloses spin finish 
compositions that can also be used.  

Core Spun Yarns 

102031 In one embodiment., a core spun yarn (CSY) is prepared comprising the 
ethy lene/u-olefin interpolymer fibers described above as the core and hard fibers as 
the covering. The hard fibers may be natural or synthetic. The hard fibers may be 
staple or filament. Exemplary hard fibers include cottn si li bamboo, wLt 

Teneel viscose corn, reXgnerated corn, PLA, milk protein soybean seaweed PES 

PTT, PA, polypplene, polyest, aramid, pram d d b he . In one 
embodiment, the hard fiber is primarily pure cotton or pure silk.  

[02041 In addition to core spinning (staple), other yarn spinning processes can be 
used and include, but are not limited to Siro spinning (staple). Single covering (staple 
or continuous). Double covering (staple or continuous), or Air covering (continues 
filament). In one embodiment, yarns are core spun or siro spun. Both bistretch and 
one way stretch (weft stretch) are contemplated herein.  

102051 If a cone dyed yarn is desired to have limited fiber breakage then it is often 
useful to employ elastic fiber that have a residual tenacity of at least about 13.  
preferably at least about 15, more preferably at least about 18cN, In this manner, one 
can often manufacture a cone dyed yarn wherein less than about 5, preferably less 
than about 3, more preferably less than about 1% of the elastic fibers break as 
measured by the acid etching test of Example 28. In addition, the yarns of the present 
invention often exhibit a grow th to stretch ratio of less than 0.5, preferably less than 
0.4, preferably less than 0.35, preferably less than 0.3, preferably less than 0.25, 
preferably less than 0.2. preferably less than 0.15, preferably less than 0.1. preferably 
less than 0 05.  

[02061 The amount of polymer in the cone d e ar vaies depencidingx upon the 

polymer, the~ application and the desired properties, The dyed yarn s typ iall 
comp rise at least about I, preferably at least about 2, preferably at least about 5,
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preferably at least about 7 weight percent ethylene/a-oefin interpolymer. The dyed 
yarns typically comprise less than about 50, preferably less than about 40, preferably 
less than about 30, preferably less than about 20. more preferably less than about 10 
weight percent ethylene/i-olefin interpolymer. The ethylene/A-olefin interpolymuer 
may be in the form of a fiber and may be blended with another suitable polymer, e.g.  
polyolefins such as random ethylene copolymers, IIDPE, LLDPE., LDPE, ULDPE, 
polypropylene homopolymers. copolymers. plastomers and elastomers, lastol. a 
polyamide. etc.  

102071 The ethylene/a-olefin interpolymer of the fiber may have any density but 
is usually at least about 0.85 and preferably at least about 0.865 g/cm3 (ASTM D 
792). Correspondingly, the density is usually less than about 0.93. preferably less 

3 than about 0.92 g/cm (ASTM D 792). The ethylene/a-olefin interpolymer of the 
fiber is characterized by an uncrosslinked melt index of from about 0.1 to about 10 
g/l 0 minutes. If crosslinking is desired, then the percent of cross-linked polymer is 
often at least 10 percent, preferably at least about 20, more preferably at least about 
25 weight percent to about at most 90, preferably at most about 75, as measured by 
the weight percent of gels formed.  

102081 The hard fibers of the cone dyed yam often comprise the majority of the 
yarn. In such case it is preferred that the hard fibers comprise from at least about 50, 
preferably at least about 60, preferably at least about 70, preferably at least about 80.  
sometimes as much as 90-95. percent by weight of the fabric.  
102091 The ethylene/a-olefin interpolymer. the other material or both may be in 
the form of a fiber. Preferred sizes include a denier from at least about I. preferably 
at least about 20, preferably at least about 50. to at most about 180, pretrably at most 
about 150, preferably at most about 100, preferably at most about 80 denier.  
Dyeing 

[02101 Before cone dyeing, core spun yarns with olefin block polymer fibers 
being the core member and hard varns should be made. It is not critical how this is 
accomplished. One way is by, for example, spinning frame into cops about 100g
each. The yarn cops are then steamed at 80 to 120"C for about 15 to 30 minutes and 
may be repeated in multiple cy ces, A/flr rconditoning at room temperature, the 
steamed CSY cops may be~ rewound int soft cones. A asoft cone may ofteni be made 

frm cops having low cone density by using a relatively lowx pressure at the cradle and
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a relatively minimum amount of tension on the yarn in conjunction with a proper 

winding speed.  

102111 Cone size and density often vary depending upon many factors. Typically, 
the cone density is preferably 0.1-0.5 g/cmt. and more preferably 0.25-0.44 g/cm A 

density of greater than 0. 1 g/cm 3 will sometimes facilitate a more stable cone state 
during dyeing. A cone density of less than 0.5g/cm3 will sometimes prevent an 

excessive contraction during scouring and dyeing, thereby ensuring satisfactory 

passage of the dye solution, avoiding uneven dyeing across the cone, and keeping the 

boiling water shrinkage from becoming too high.  

102121 The cone size is preferably 0.6-1.5kg, and more preferably 0.7-1.2 kg. A 
cone less than 0.6kg will sometimes not be economical with too much handling work 

and under-utilization of the dyeing vessel capacity. A cone greater than 1.5kg will 

sometimes generate excessive cone shrinkage and could crush the tubing due to high 

shrinkage force of the elastic fibers.  

102131 The cone dyeing process generally consists of three steps, scouring, 
dyeing/washing (hot-wash followed by cold wash), and drying. The following process 

conditions were found to be useful for dyeing olefin block polymer/cotton CSY cones 

with reactive dye: The scouring process starts with heating the yarn in an alkaline 

bath at 90 C for 20 min followed by a hot-wash at 95 "C for 20 min. The process 

may be concluded with a hot wash at 50 'C for 20 min. The cones made from olefin 

block polymer/cotton CSY are dyed with reactive dye at 70 "C for 90 min with a 

heating ramp of 4TC / min starting from room temperature. After dyeing, the liquor is 

drained out from the machine. The cones are hot washed twice at 100 for 20 min 

each followed by cold wash for 20mmin. The cones are then dried in an oven at from 

about SO to 100C. The dried cones are rewound into cones suitable to be used in a 

weaving machine. Processing conditions can vary according to equipment and 

chemical products applied, and useful ranges are often as follows: Scouring alkaline 

treatment can be carried out between about 70 C and 1(05( Dyeng process can be 
carried out at temperatures between 60C and 105" Post dyeing treatment can take 

place between 50"C and 1(0(C and/or may involve addition of softeners, While not 

critical to the present mve~nin th aorementioned steps are representative 

proce~ssmgl condtions for cotonl conaini yarn for shirtinli woven application 

which are. usull accpte and applied mr mtutr pa cce
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102141 During the dyeing process, the overall water pressure is usually maintained 

from I bar to 15 bar. preferably from 1,7 to 3.2 Bar. The pressure differential 

measure across the cone should usually be maintained from 0.1 to 10 bar, preferably 

0.2 to 2.0 Bar, more preferably 0.5 to 1.2 Bar. Differential pressure ranges are 

relevant to the yarn quality being processed and desired., as it is know to the experts in 

the art.  

[02151 The resulting cone dyed yarn are often very uniform in color. For 

example, for a given dyed cone the average delta E of color uniformity (the color 

difference between sample and specified color standard) is often less than about 0.4.  

In addition, for a given dyed cone the delta E of color uniformity from the surface to 

the core is often less than about 1.0. preferably less than about 0.8, more preferably 

less than about 0.5., more preferably less than about 0.4, more preferably less than 

about 0.3 to almost as low as 0. For further general information on dyeing one may 

consult Fundamentals of Dyeing and Printing, by Garry Mock, North Carolina 

State University 2002, ISBN 9780000033871.  

EXAMPLES 

Example 22 - Fibers of elastic ethylene/a-olefin interpolymer with higher 
crosslinking 

102161 The elastic ethylene/oa-olefin interpolymer of Example 20 was used to 

make monofilament fibers of 40 denier having an approximately round cross-section.  

Before the fiber was made the following additives were added to the polymer: 7000 
ppm PDMSO (polydimethyl siloxane), 3000 ppm CYANOX 1790 (1,3,5-tris-(4-t

butyl-3-hvdroxy-2,6-dimethylbenzyl)- 1.3.5-triazine-2,4.6-( I H3H,5H)-trione. and 

3000 ppm CHIMASORB 944 Poly-[[6-(1 1,3,3 -tetramethylbutvl)amino]-s-triazine

2.4-diy l [2,2.6.6-tetramethy 1-4-piperidy )i mino jhexamethylene [(2,2,6,6-tetramethyl

4-piperidyl)iminoI] and 0.5% by weight TiC>. The fibers were produced using a die 

profile with circular 0.8 mm diameter. a spin temperature of 299*C, a winder speed of 

650n/minute. a spin finish of 2%, a cold draw of 6%. and a spool weight of 1 50g.  

The fibers were then crosslinked using a total of 176.4 kGv irradiation as the 

crosslinking agent.
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Example 23 - Fibers of elastic ethylene/a-olefin interpolymer with lower 
crosslinking 

102171 The elastic ethylene/a-olefin interpolymer of Example 20 was used to 
make monofilament fibers of 40 denier having an approximately round cross-section.  
Before the fiber was made the following additives were added to the polymer: 7000 
ppm PDMSO(polydimethyl siloxane), 3000 ppm CYANOX 1790 (1.3,5-tris-(4-t
butyl-3 -hydroxy-2.6-dimethylbenzyl )-1 35-triazine-2,4,6-(11 H3H,5 H)-trione. and 
3000 ppm CHIMASORB 944 Poly- [[6-(1,1 3,3-tetramethy lbutyl)amino]-s-triazine

2,4-diyl][2,2,6,6-tetramethyl-4-piperidyl)iminojhexamethylenef(2,2,6,6-tetramethyl

4-piperidyl)imino]] and 0.5% by weight TiO. The fibers were produced using a die 
profile with circular 0.8 mm diameter, a spin temperature of 299'C, a winder speed of 
1000m/minute, a spin finish of 2%, a cold draw of 2%, and a spool weight of 150g.  
The fibers were then crosslinked using a total of 70.4 kGy irradiation as the 
crosslinking agent.  

Comparative Example 24 - Fibers of random copolymers 

[0218] A random ethylene-octene (LO) copolymer was used to make 
monofilament fibers of 40 denier having an approximately round cross-section. The 
random EO is characterized by having a melt index of 3 g/I0min., a density of 0.875 
g/cm- and similar additives as Example 20. Before the fiber was made the following 
additives were added to the polymer: 7000 ppm PDMSO(polydimethyl siloxane), 
3000 ppm CYANOX 1790 (1,3,5-tris-(4-t-butyl-3-hydroxy-2 6-dimethylbenzyl)

.13,5-triazine-2,4.6-(lH,.3H-5H)-trione, and 3000 ppm CHIIMASORB 944 Poly-[[6
(1,1,3.3-tetramethylbutyl.)amino] -s-triazine-2,4-diyl][ 22,66-tetramethyl-4

piperidvl)imino]hexamethylene[(2.,?,66-tetramethyl-4-piperidy[)imino]], 0.5% by 
weight TiO2 . The fibers were produced using a die profile with circular 0,8 mm 
diameter, a spin temperature of 2990 C, a winder speed of 1000m/minute, a spin finish 
of 2%, a cold draw of 6%, and a spool weight of 150g. The fibers were then 

crosslinked using 176.4 kGv irradiation as the crosslinking agent.  

Example 25 - Core Spun Yarn Fabrication 

102191 Three cotton core spun yarn (CSYj samples were made. One \ws made 

with the fibers of Example 22 being the core memberanother with the tibers of 

Example 23bein the core member, anti another witoh the fibers of ; Comparati 

Example 24cein the' core member. The core membrsr' were each core spun to m
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yarn cops by using a Pinter spinning frame. The count of the cotton sliver was 400 
tex and the draft applied was 3.8 for each of the three CSY samples. The travelers 

used were from Braecker of the number 8 and the front roller hardness shore was 65.  
The settings of traveler and front roller harness were the same for both slivers. The 

final fineness of the yarn was 85 Nm. The yarn cops were steamed at 954C in 15 min 
and repeated in two cycles. After conditioning at room temperature, the steamed CSY 
cops were rewound into soft cones of around 1.1 Kg. Low pressure at the cradle, least 
tension setup of the yarn and a proper winding speed were used to make a soft cone 

from cops with low cone density. The cone density was 0.41 g/cc for the CSY made 
using Comparative Example 24 fibers, 0.39 g/cc for the CSY made using Example 22 
fibers, and 0.42 g/cc for the CSY made using Example 23 fibers.  

Example 26 - Cone Dyeing 

102201 Each of the three CSY samples made in Example 25 were cone dyed. The 
cone dyeing process was performed using a Mathis Lab cone dyeing machine which 
consisted of three steps, scouring, dyeing and hot-wash followed by cold wash. The 
scouring process starts with heating the yam in an alkaline bath at 90 'C for 20 min.  
followed by a hot-wash at 95 (C for 20 min. The process ended with a hot wash at 50 

*C for 20 min. The three cones made were then dyed with reactive dye at 70 *C for 90 
min. with a heating ramp of 4'C / min starting from room temperature. After dyeing, 
the liquor was drained out from the machine. The cones were hot washed twice at 
100 0C for 20 min. each. followed by cold wash for 20 min. The three cones were 

dried overnight in an oven at 90'C. The dried cones were rewound into cones suitable 
to be used in a weaving machine, 

Example 27 - Residual Fiber Tenacity After Cone Dyeing 

10221] The residual tenacity for each of the three different fibers (Examples 22
24) after cone dyeing was investigated. The three CSY samples of Example 26 were 
collected after cone dv eine. The fibers were hand-stripped with care from each of the 
three cotton CSY samples. The results of residual tenacity are displayed in Figure 8.  
It is clear that in comparison with Comparative Example 24 fibers. the fibers of 
Examples 22 and 2 ha significantly y improve ad fiber residual tenacity alter cone 

dyaeing, wi would have a positive lmpac on reducing fibe hrek fatr cone 

dy~eing. While not wishingto be haou nd hy any theory, it is haeved {t ac @no more 

of the foowing wer responsil for the axcelent residual reacaiy of1 Examples 22
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and 23: higher tensile strength at high temperatures. higher abrasion, and/or higher 

indentation resistance.  

Example 28 - Fiber Break in CSY 

102221 The three CSY samples of Example 26 were evaluated for fiber breaks 

using acid etching. Each of the three CSY samples were wrapped on a stainless 12" x 
12" 200 mesh wire screen with a backing screen of 6 mesh. Each CSY sample was 

wrapped around each wire (up and back was one wrap) until 60 loops were made.  

The total fiber on screen would be approximately 50 meters. The screen with 

wrapped yarns was immersed in a sulphuric acid bath for 24 hours. After the acid 
etching the screen with yarns was removed from the bath and rinsed twice with water.  

The number of breaks from exposed fibers was then counted. The results of fiber 

breaks in the three samples are shown in Table 12. Acid etching on the CSY made 

with the fibers of Examples 22 and 23 revealed no breaks. However, acid etching on 
the CSY made with the fibers of Comparative Example 24 was full of breaks.  

Table 12 

Dyed CSY Length, mi Number of breaks per 

Fibers of Example 22 evaluated 

Fibers of Example 23 100 0 

Fibers of Comparative 200 30 
Example 24 

Example 29 - Fiber Break in Woven Fabric 

[0223J The three CSY samples of Example 26 were used to make three grelge 
woven fabric samples for testing fiber breaks. The weaving density of the three CSY 
samples was 30 ends per cm in a welt direction only. Each of the three greige fabrics 

were fixed on a stainless steel (SS) meshed screen by using a SS frame. the open area 

(about 9" x 8") was spread with sulphuric acid drops. The three greige fabrics were 
etched for 24 hours. More acid drops were added as necessary. The fabrics were 
insetice wxV ith water Th iber brek wereV determined visually forI fabics in th 

water, just out of water, anter ben darie Nr o betrc reas were found in the 

water, just out of wter t or aft beine dried for the grifabrics made from' the
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fibers of Examples 22 and 23. No fiber breaks were found in the water or just out of 

water for the greige fabric made from the fibers of Comparative Example 24.  

However, after drying, the greige fabric made from the fibers of Comparative 

Example 24 exhibited substantial fiber breakage.  

Example 30 - Varying Amounts of Fiber Crosslinking 

102241 The elastic ethylene/a-olefin interpolymer of Example 20 was used to 
make monofilament fibers of 40 denier having an approximately round cross-section.  
Before the fiber was made the following additives were added to the polymer: 7000 
ppm PDMSO(polvdimethyl siloxane). 3000 ppm CYANOX 1790 (1,3,5-tris-(4-t

butyl-3-hydroxy-2,6-dimethylbenzyl)- 1,3,5-triazine-2,4,6-( I H,311,5H)-trione,. and 
3000 ppm CHIMASORB 944 Poly-[[6-(1,1, 3 ,3-tetramethylbutyl)amino]-s-triazine

24-diy 1] [2,2.6,6-tetramethyl-4-piperidvl)im inoJhexamethylene[(2,2 ,6,6-tetramethyl

4-piperidyl)imino]] and 0.5% by weight TiO 2. The fibers were produced using a die 
profile with circular 0.8 mm diameter, a spin temperature of 2990 C, a winder speed of 
650m/minute, a spin finish of 2%. a cold draw of 6%, and a spool weight of 150g.  
Fibers were then crosslinked using varying amounts of irradiation from an e-beam as 
the crosslinking agent.  

[0225] The gel content versus the amount of irradiation is shown in Figure 9. The 
yet content was determined by weighing out an approximately 25 mg fiber sample to 

4 significant figure accuracy. The sample is then combined with 7 ml xylene in a 
capped 2 -dram vial. The vial is heated 90 minutes at 125 0C to 135 0C, with inversion 

mixing (i.e. turning vial upside down) every 15 minutes, to extract essentially all the 

non-crosslinked polymer. Once the vial has cooled to approximately 25"C, the xylene 
is decanted from the gel. The gel is rinsed in the vial with a small portion of fresh 
xvlenes. The rinsed gel is transferred to a tared aluminum weighing pan. The tared 
dish with gel is vacuum dried at 125 C for 30 minutes to remove the xviene by 
evaporation. The pan with dried gel is weighed on an analytical balance. The ael 
content is calculated based on the extracted gel weight and original fiber weight.  
Figure 9 shows that as the e-beam dosage increases, the amount of crosslinking (gel 
content) increases. One skilled in the art will appreciate that the precise relationship 

bewe the anount of crosslinkina a Wndebea dosage may be affected by a given 

polymer's p.roperties, e.gn moleeula~r weghtt or melt +ndex.
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Example 31 - Delta P Measurement 

10226] Elastic CSY sometimes shrinks significantly during the cone dyeing 
process due to polymer relaxation at elevated temperatures. The shrinkage of elastic 
fibers CSY in the dyeing process may cause the cone to shrink. As a result, the 
density of cone during dyeing will increase, the permeability of the cone will 
decrease, and differential pressure (AP) across the cone will increase. The negative 
effects associated with high AP across the cones may be numerous: high AP can 
trigger alarm system in the dyeing vessel, can exert high stress on fibers thus causing 
surface damages and potential fibers breaks, and may generate non-uniform liquid 
flow in the cone, resulting in uneven color distribution across the cone. Thus 
controlling the differential pressure in cone dyeing at about I.Obar or less will often 
achieve the best dyeing quality (note that 1.4bar is often the level that alarm will be 
triggered in typical cone dyeing mills). Olefin block polymers have advantageous 
shrinkage force which can have a profound effect on operation parameters in cone 
dyeing such as cone density, differential pressure across the cone, and others.  
[02271 Shrinkage behavior was qualitatively detennined comparing the CSY 
comprising the fibers of Example 22 and the CSY comprising the fibers of Example 
23 by visually inspecting the yarn relaxation after steaming. The steaming conditions 
used in the cone dyeing trial are shown in Figure 10. Two steaming cycles at 95C' for 
9 minutes each were utilized in order to relax CSY on cops. After steaming. a piece 
of yarn was taken off from a cop of each sample and small loops were let to form in 
total relaxation. A relaxed CSY should look fairly straight with lack of curls and 
small loops. A partially relaxed CSY would display many curls and loops. This 
visual inspection may be used to qualitatively predict the performance of a CSY in 
cone dyeing process. Neither sample was fully relaxed and the CSY comprising the 
fibers of Example 22 was less relaxed than the other. The relaxation behavior of CSY 
comprising PET/cotton olefin block polymer fibers also was not fully relaxed.  
However, the CSY comprising the filbers of Example 23 seemed to have more 
relaxation than that of the CSY comprising the fibers of Exampl.e 22.  
10228] A second experiment was conducted to measure the shrinkage force for the 
CSYs in responding t emperaure rise to sim ulate~ the steamng process. The 
second experiment was to apply FST testc method to selectedo gtreigc cotton 4dn CiSY 

sapewhich i include the CSY comprising he fibers of Exanple 22 and the CS Y
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comprising the fibers of Example 23. The FST test method involves determining the 
amount of shrinkage and the force generated due to shrinkage of a CSY. The 

instrument consists of two horizontal ovens with adjustable heating rate. It has also a 
load cell to detect the shrinkage tension and an encoder to detect percent shrinkage of 
the sample, Selected greige CSY samples from this trial were tested by FST with a 
heating rate of 4 0C/min to simulate the steaming process.  

[02291 While the FST method may not precisely measure shrinkage force it will 
qualitatively compare different CSYs. The results from the FST test are plotted 
against time (up to 28 minutes) and temperature (up to t40C) in Figure 11. Several 
observations can be made from the FST data: 

102301 Steaming at 95"C of 18 minutes killed significant amount of the shrinkage 
force for both CSYs. In order to fully kill the CSY shrinkage during steaming, a 
shrinkage force should reach zero at a targeted temperature. It can be determined 
from the plot that for the CSYs this target temperature should be raised to 11 0"C.  
This observation was made on cotton CSY instead of on bare elastic fibers of olefin 
block polymer. This observation may assist in predicting the performance of steamed 
CSY of olefin block polymers in cone dyeing, since the interaction of hard cover yarn 
and elastic olefin block polymer fibers during steaming process was inherent from the 
FST test on CSY. The data suggests that successful cone dyeing could be possible by 
steaming 40denier cotton CSY of olefin block polymer fibers at 95 C, if other 

parameters such as cone density, cone size, etc., are controlled.  

[02311 The cone size used in Example 26 above was around 1. 1kg. A larger cone 
size generally causes AP to increase in the process, but may be more economic.  
During the cotton cone dyeing process, the cones experienced the highest AP in the 
dyeing step with temperature being at 70C. not in the scouring/hot washing step 
(90*C), or in the 2 "d hot washing (100"C) step. This suggests that most shrinkage of 
CSY or cone may have occurred in a cooling step rather than in heating step. For 
cotton dyeing, CSY of the 40denier fibers of Example 23 generated a AP of 1.2 bar.  
This suggests that 40denier olefin block polymer fibers having lower gel levels could 
perform as well in cone dyeing as random ethylene polymer fibers containing 60% or 

abovegel level, ~in terms of AP. For PET/cotton cone dyeing 40denier olefi block 
fibers generated a xim umr values of 1 .3 r in . P ,.j us be o th thre hoYd o l r 

level at I .4bar. 40denier 0lefinc lockxrn polr/plyropylene (PP) blend fibers
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generated the lowest value of AP among all prototypes CSYs in both cotton and 

PET/cotton dyeing processes, which was 1. bar for cotton cone dyeing and 1.2bar for 

PET/cotton cone dyeing, It is hypothesized that blending PP minor component in 

olefin block polymer fibers reduces the shrinkage of cones during cone dyeing, as the 

highly elongated PP phases do not shrink at that temperature. Thus blending olefin 

block polymer with a minor amount of PP may also help to improve CSY cone dyeing 

process from AlP point of view.  

[02321 During the PET /cotton cone dyeing the maximum AP was reached in the 
first process step of dyeing PET fibers. The high temperature (130"C) encountered in 
PET dyeing should relax the olefin block polymer fibers and kill most of shrinkage 

potential of olefin block polymer CSY. As a direct result, very low AP was reported 

in the second processing step of dyeing cotton fibers.  

[02331 40denier olefin block polymer based fibers, in combination with low cross 
link dosage (70KGy), gave advantageous NP level during cone dyeing. Low AP is 
most desired in cone dyeing. as it exerts low stress on the fibers and thus is likely yo 
result in less breaks. A low AP may also sometimes help generate uniform flow and 
color distribution across the cone.  

Example 32 - Color Uniformity Measurement 

[0234] To measure the color uniformity, a dyed cone with weight about 1. 1 kg 
was rewound into 6 small cones to see the depth of shade along the radius of the cone.  
Spectrophotometer (CIFLAB system) was used to detect a*, b* and L* values of the 
cone samples and compared to the 1" small cone (or surface layer) see any marked 

difference. For CIELAB system, AE, the permissible color difference between 

sample and specified color (standard), is generally used to check the color uniformity 
or color matching of consumer products. For the textile and clothing industries in 
particular, it is generally accepted that pass and fail tolerances for colored goods fall 
within about 1.0 to 1.5 of AE. For cotton fine yarns in making color woven fabrics 
the acceptability ranges can vary from DeltaE 0.3-0.5 for internal external color 
levelness, to AE 1.0-1.5 for lot to lot variations, depending on color shade, application 
(plain colors or color ovens) and other factors. AE is calculated as
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Where, 
L* Lightness.  
a* redness-greenness, 
b* =ellowness-blueness.  
AL* = L*sample - L*standard. Positive \L* means sample is lighter than standard, 
negative AL* means sample is darker than standard.  
Ia* = a*sampie - a*standar. Positive Aa* means sample is more red than standard, 
negative Aa* means sample is greener than standard. Ab b*sample - b*tndard.  
Positive Ab* means sample is more yellow than standard, negative Ab* means sample 
is bluer than standard.  
102351 Each large cone was rewound into 6 to 7 small cones before the color 
readings were taken. The color of 1" layer for each sample was taken as the reference 
point. The values of AE averaged over all layers. and the AE between the outmost 
layer (surface layer) and the innermost layer (core layer) for each sample are shown in 
Figure 12. It is observed that the CSY comprising fibers of Example 23 had both 
average AE and AE of surface to core layer less than 1.0. CSY comprising fibers of 
Example 22 had AE greater than 1. However, all these cones were dyed in blue, so 
that Ab* is the most important attribute in the color uniformity analysis. The 
averaged values of AL*, Aa* and Ab* used in calculating average AE are also plotted 
in Figure 13. It is believed that the main contributor of color non-uniformity is AL*, 
the difference in lightness to the reference layer. The differences in Ab* were usually 
fairly small. It is believed that by optimally adjusting the cone density and cone size, 
the color uniformity can be further improved.



WO 2008/089224 PCT/US2008/051149 

We claim: 

1. A cone dyed yarn comprising one or more elastic fibers and hard fibers, 

wherein the elastic fibers comprise the reaction product of at least one ethylene olefin 

block polymer and at least one crosslinking agent, wherein said ethylene olefin block 

polymer is an ethylene/a-olefin interpolymer characterized by one or more of the 

following characteristics prior to crosslinking: 

(a) has a Mw/Mn from about 1.7 to about 3.5, at least one melting 

point, 'Im, 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 

(b) has a Mw/Mn from about 1,7 to about 3.5, and is characterized 

by a heat of fusion, AH in J/g, and a delta quantity., AT, in degrees Celsius 

defined as the temperature difference between the tallest DSC peak and the 

tallest CRYSTAF peak, wherein the numerical values of AT and A4 have the 

following relationships: 

AT> -0.1299(A-l) + 62.81 for All greater than zero and up to 130 J/g, 

AT > 480C for AlI greater than 130 /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 30*C; or 

(c) is characterized by an elastic recovery, Re. in percent at 300 

percent strain and 1 cycle measured with a compression-molded film of the 

ethylene/ca-olefin interpolymer, and has a density, d. in grams/cubic centimeter, 
wherein the numerical values of Re and d satisfy the following relationship 

when the ethylene/u-olefin interpolymer is substantially free of a cross-linked 

phase: 

Re >1481-1629(d); or 

(d) has a molecular fraction which elutes between 40*( and 130"C 
when fractionated using TREE, characterized in that the fraction has a molar 

comonomer content of at least 5 percent higher than that of a comparable 
random ethviene interpolymer fraction elng betee the same tempexratues 

wherein said comparable random ethle iter~polymer nas thre same 

eomonomer s) and a melt index denity and i molan onomer content based
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on the whole polymer) within 10 percent of that of the ethvlene/a-olefin 

interpolymer; or 

(e) is characterized by a storage modulus at 25*C, G'(25 C), and a 
storage modulus at IOOT, G'(1004C), wherein the ratio of G'(25C) to 

G'(1000 C) is from about 1:I to about 10:1; or 

(f) at least one molecular fraction which clutes between 40"C and 

130"C when fractionated using TREF, characterized in that the fraction has a 

block index of at least 0.5 and up to about I and a molecular weight 

distribution, Mw/Mn, greater than about 1.3 or 

(g) 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.  
2. The cone dyed yarn of Claim I wherein the hard fibers are staple or filament.  

3. The cone dyed yarn of Claim I wherein the hard fibers are natural or 

synthetic.  

4. The cone dyed yarn of Claim I wherein the hard fibers are selected from the 
group consisting of cotton, silk. linen, bamboo, wool, Tencel. viscose, corn, 
regenerated corn, PLA, milk protein, soybean, seaweed, PES. PTT, PA, 
polypropylene. polyester, aramid. para-aramid, and blends thereof.  

5. The cone dyed yarn of Claim I wherein the yarn is a core spun yarn 

comprising elastic fibers as the core and hard fibers as the covering.  

6. The core spun yarn of Claim 5 wherein the yarn is a single covered yarn, a 
double covered yarn, or an air covered yarn.  

7. The cone dyed yarn of Claim I wherein the varn is a Siro spun yarn.  

8. The cone dyed yarn of Claim i wherein the residual tenacity of the elastic 

fibers is at least about 13 cN.  

9. The cone dyed yarn of Claim 1 wherein the residual tenacity of the elastic 

fibers is at least about 15 eN.  

10. The cone dyed yarn of Cl aim I wherein the residual tenacity of the elastic 

fibers is at least about 18 cN.  

11. The cone dyed yarn of Claim I wherein less than about 5% of the elastic fibers 
break as measure b cid etchig 

2. Th econe dyed yarn of Claim I whnl sstaabot3 heiaicfer 

break as measured by a cidecig
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13. The cone dyed yarn of Claim I wherein less than about 1% of the elastic fibers 

break as measured by acid etching.  

14. The cone dyed yarn of Claim 1 wherein for a given dyed cone the average 

delta E of color uniformity is greater than about 0.4.  
15. The cone dyed yarn of Claim I wherein for a given dyed cone the delta E of 

color uniformity from the surface to the core is greater than about 0.4, 

16. The cone dyed yarn of Claim I wherein said elastic fibers comprise from 

about 2 to about 30 weight percent of the yarn.  

17. The cone dyed yarn of Claim I wherein said yarn further comprises 

polyester, nylon, or mixtures thereof.  

18. The cone dyed yam of Claim I wherein the hard fibers comprise at least about 
80 percent by weight of the yarn.  

19. The cone dyed yarn of Claim I wherein the ethylene/a-olefin interpolymer is 
blended with another polymer.  

20. The cone dyed yarn of Claim. 1 wherein the ethylene/-ole fin interpolymer is 
characterized by a density of from about 0.865 to about 0.92 cm 3 (AS TM D 792) 
and an uncrosslinked melt index of from about 0.1 to about 10 g/10 minutes.  
21. The cone dyed yarn of Claim I wherein a majority of the elastic fibers have a 

denier of from about I denier to about 180 denier.  
22, The core spun yarn of Claim I wherein said dyed yarn exhibits a growth to 
stretch ratio of less than 0.25.  

23. In a process of cone dyeing a core spun yarn wherein the yarn comprises one 

or more elastic polymeric fibers, wherein said process comprises scouring, dying, 

and drying, wherein the improvement comprises employing the reaction product of at 
least one ethylene olefin block polymer and at least one crosslinking agent as the 
elastic polymeric fiber, wherein the ethylene olefin block polymer is 
an ethylene/a-olefin interpolymer characterized by one or more of the following 

characteristics prior to crosslinking: 

(a) has a 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 ad correspond to the reiationship: 

Tm<'-002 9 + 453,5d) - '2222(d) or
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(b) has a Mw/Mn from about 1.7 to about 3.5. and is characterized 

by a heat of fusion, AlH in J/g. and a delta quantity. AT. in degrees Celsius 

defined as the temperature difference between the tallest DSC peak and the 

tallest CRYSTAF peak, wherein the numerical values of AT and AHl have the 

following relationships: 

AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/ 

AT > 48'C for AH 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 30*C; or 

(c) is characterized by an elastic recovery, Re, in percent at 300 
percent strain and 1 cycle measured with a compression-molded film of the 

ethylene/ct-olefin interpolymer. and has a density, d. in grams/cubic centimeter, 

wherein the numerical values of Re and d satisfy the following relationship 

when the ethylene'a-olefin interpolymer is substantially free of a cross-linked 

phase: 

Re >1481-1629(d); or 

(d) has a molecular fraction which elutes between 40'C and 1 30*C 

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 ethylene interpolyner has 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 ethylene/a-olefin 

interpolvmer; or 

(e) is characterized by a storage modulus at 25C, G'(25CC), and a 

storage modulus at 100 0C, G'(1 000C), wherein the ratio of GU(25 0 C) to 

GC(IOWC) is from about 1:1 to about 10:1: or 

(f) at least one molecular fraction which elutes between 400C and 

130C when fractionated usina TREF. characterized in that the fraction has a 

bluck ndex of t least 0V5 and up to about I and a molecular weighr 
distribuion Mw<1~ Mn greater tha abu 1.3o
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(g) 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.  

.. "
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