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(57) ABSTRACT 

The invention provides a composition comprising the folloW 
ing: at least one ole?n multi-block interpolymer, at least one 
thermoplastic polyurethane, and at least one polydiene-based 
and/or polydiol-based polyurethane. These compositions are 
Well-suited for promoting the adhesion between polar (for 
example, polyester, polycarbonate and polylactic acid) and 
non-polar materials and for the manufacture of, among other 
things, ?lms, ?bers, sheets and tie layers, tubes, adhesives, 
dispersions, protective apparel, footwear, coatings, laminates 
and foams. 
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POLYURETHANE COMPOSITIONS AND 
ARTICLES PREPARED THEREFROM, AND 
METHODS FOR MAKING THE SAME 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/ 863,887, ?led on Nov. 1, 2006, and 
US. Provisional Application No. 60/ 894,353, ?led on Mar. 
12, 2007, and US. Provisional Application No. 60/952,254, 
?led on Jul. 27, 2007, and US. Provisional Application No. 
60/952,266, ?led on Jul. 27, 2007; each application is fully 
incorporated herein by reference. 

FIELD OF INVENTION 

[0002] The invention provides polyurethane compositions 
comprising the following: a) at least ole?n multi-block inter 
polymer; b) at least one thermoplastic polyurethane; and c) at 
least one polydiene- or polydiol-based polyurethane. 
[0003] Polyole?ns, as a class of materials, have relatively 
poor adhesion and compatibility With more polar polymeric 
materials. In most cases, a separate adhesive is required in 
order to adhere polyole?ns to polar substrates like polyesters, 
polyamides, polyurethanes, and the like. Similarly, a third 
component compatibiliZer typically has to be used to prepare 
satisfactory melt blends of polyole?ns With other more polar 
ther'moplastics. HoWever signi?cant amounts of compatibi 
liZers are usually required to maintain the intimate blend of 
the polyole?n and polyurethane. 
[0004] In North America, approximately 25 million lbs of 
?exible polyvinyl chloride (f-PVC) goes into thermoformed 
sheeting for automotive applications, such as instrument and 
door panels. Such sheeting is grained, and is color matched 
With other interior components. Sheeting for automotive 
applications has to meet several end-use requirements. Key 
end-use requirements include a loW gloss value, a high sur 
face scratch/mar resistance, high heat resistance and good 
cold temperature impact resistance. In addition, the sheeting 
must have good adhesion to any intermediate polyurethane 
(PU) foam layer, for example a foam layer used to provide a 
softening or cushioning effect to an automotive panel. 
[0005] The polymeric sheets or skins must be of loW gloss, 
or loW glare, especially, if the sheet is placed under a WindoW, 
such as, in the instrument panel (IP), under the front WindoW 
of an automobile. Moreover, the gloss of the material must 
remain loW over the vehicle life-time. The gloss of a material 
is typically determined by measuring re?ected light at speci 
?ed angles, and a typical test measurement is done at 60 
degrees. The re?ection measurements are converted into 
gloss values, and these values are typically less than, or equal 
to, 2, for automotive applications. Flexible or plasticiZed 
polyvinyl chloride typically has high gloss values. To reduce 
the gloss of ?exible polyvinylchloride, to acceptable levels 
for automotive applications, a liquid polyurethane top-coat 
ing is typically applied. 
[0006] Thermoplastic polyole?ns (TPOs) sheets can also 
be used in automotive applications. Thermoplastic polyole?n 
sheets or skins generally have loWer gloss values compared to 
?exible polyvinyl chloride, but are also polyurethane top 
coated to primarily enhance the surface scratch/mar charac 
teristics, and With the secondary bene?t of loWering the gloss 
value. NeW surface graining technologies (for example, 
micro-graining, imparted from a grained roller surface to the 
extruded sheet, during an extrusion) are emerging, hoWever, 
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Which Will alloW for consistent gloss control over a Wide 
variety of grain patterns. These neW technologies could fore 
seeably eliminate the need for PU top-coating of polyole?ns 
that have the right amount of scratch/mar resistance to meet 
the application requirements. Examples of such neW tech 
nologies are described in US. Pat. No. 5,902,854, Which is 
incorporated herein by reference. 
[0007] Another end-use requirement is that the sheeting 
(f-PVC or TPO) needs to Withstand the upper service tem 
peratures experienced in the auto interiors, especially in the 
heat of the summer. The current criterion is that the sheeting 
Withstand a temp. of 1200 C. oven aging over 500 hours, While 
maintaining 50 percent of the original elongation (ISO 188/ 
ASTM E 145, Type IIA, 500 hr at 1200 C.), Without melting, 
distorting, becoming tacky, or exhibiting other physical 
changes. Concurrent With this requirement, is the necessity 
that the sheeting provide good impact properties at loW tem 
peratures, such as at —400 C. This property is particular 
important When such sheeting is used to form seamless air 
bags (occupant safety during airbag deployment in Winter is 
of paramount importance; no ?ying debris is the criteria). The 
glass transition temperature (Tg) of plasticiZed polyvinyl 
chloride is typically —200 C. to —300 C., and thus, this polymer 
has impaired cold temperature impact properties at tempera 
tures loWer than its Tg. Thermoplastic polyole?ns, hoWever, 
typically have loWer glass transition temperatures, compared 
to that of polyvinyl chloride, and thus, have better cold tem 
perature impact properties. Thermoplastic polyole?ns are 
typically the material of choice for seamless airbags and other 
safety devices, Which deploy during a vehicular impact, par 
ticularly in cold climates. 
[0008] Thermoplastic polyole?ns also have better long 
terrn durability compared to ?exible polyvinyl chloride, as 
shoWn by little change in Theological and/or mechanical 
properties upon heat aging at 1200 C. At 1200 C., polyvinyl 
chloride typically loses plasticiZer, and therefore loses elon 
gation (elasticity), and becomes brittle and prone to cracking. 
[0009] Thermoplastic ole?n (TPO) sheeting is increasingly 
being used for soft covered instrument panels and door pan 
els. The typical assembly process requires joining together, in 
a molding process, a ther'moformed ?exible thermoplastic 
polyole?n skin and a hard surface substrate, by forming a 
polyurethane foam betWeen the tWo layers. The hard surface 
substrate is typically composed of a thermoplastic polyole?n, 
an acrylonitrile-butadiene-styrene (ABS) or an acrylonitrile 
butadiene-styrene/polycarbonate (ABS/PC) blend. In instru 
ment panel applications, the ABS and ABS/ PC substrates are 
being replaced by hard TPOs, Which are usually reinforced 
With a ?ller. A polyurethane precursor mixture (a liquid iso 
cyanate, a liquid polyol and catalyst) is injected betWeen the 
TPO skin and the hard surface, and then reacted to form a 
foamed, intermediate layer. 
[0010] Thermoplastic polyole?ns, due to their nonpolar 
nature, generally lack adhesion to polar materials, such as 
polyurethanes. Thus, a ?exible thermoplastic ole?n sheet is 
conventionally surface treated With a primer solution, con 
taining one or more polar compounds, to increase the adhe 
sion to a polyurethane surface. Typical primer solutions con 
tain a chlorinated maleated polyole?n. Such a surface 
treatment requires a large ventilation area, equipped to handle 
sheeting through a gravure application; a primer application 
mechanism, such as a dip tank; and a drying means to ?ash off 
the Water and other solvent carriers. In addition, the ?exible 
thermoplastic ole?n skin must adhere, Without voids and 
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other visible defects, to the polyurethane foam. The polyure 
thane foam should adhere to the thermoplastic polyole?n 
surface, Without delamination at the interface (or adhesive 
failure). A discontinuous application of a primer solution may 
lead to the formation of voids betWeen the thermoplastic 
ole?n skin and polyurethane foam in areas that lack the 
primer. Surface voids are a costly problem for automotive 
parts manufacturers, since parts that have surface voids can 
not be used in an automotive assembly, and are instead 
scraped. 
[0011] There is a need to develop polyole?n compositions 
containing a polyurethane component, and Which requires a 
minimal amount compatibiliZer or other type of stabilization 
agent to maintain the stability of the polymer phases of the 
composition, and Which have high surface energies and good 
adhesive properties. 
[0012] International Publication No. 2007/033117 relates 
to ethylene/ot-ole?n compositions containing at least one eth 
ylene/ot-ole?n random interpolymer and at least one polydi 
ene diol-based polyurethane, and Where the at least one eth 
ylene/ot-ole?n interpolymer has a PRR from —6 to 75, and a 
density less than, or equal to, 0.93 g/cc. 
[0013] US. Pat. No. 6,251,982 discloses a compounded 
rubber composition comprising: (a) a hydrogenated, polydi 
ene diol based polyurethane having a hard segment content of 
10% or greater; (b) a non-polar extender oil in an amount 
from 10 to 400 phr; and/or (c) one or more thermoplastic 
resin(s) in an amount from 5 to 100 phr. The invention further 
relates to molded articles prepared from the compounded 
rubber composition of the present invention. 
[0014] US. Pat. No. 6,054,533 discloses a compatibiliZed 
blend of a thermoplastic elastomer and a polyole?n. The 
compatibiliZer is a thermoplastic polyurethane formed by the 
reaction of a substantially hydrocarbon intermediate such as 
a polybutadiene polyol, a diisocyanate such as MDI, and an 
amine or diol chain extender, such as neopentyl glycol. The 
compatibiliZer has high amounts of soft segments therein, and 
imparts improved properties to blends of a thermoplastic 
elastomer and polyole?n, such as good impact resistance, 
good tensile strength, good tear resistance, and good delami 
nation resistance. 
[0015] US. Pat. No. 6,469,099 discloses a blend ofa poly 
meric hydrocarbon and a thermoplastic polyurethane Which 
is compatibiliZed With a polymeric hydrocarbon that contains 
loW concentrations of isocyanate reactive group. The com 
patibiliZer can be prepared by reacting a modi?ed polymer 
having pendant, or incorporated, amine-reactive groups, With 
a hydroxylamine, a diamine, or a polyethermonoamine. The 
compatibiliZed blend may further include a non-TPU engi 
neering thermoplastic to form compatible blends of the poly 
meric hydrocarbon and the non-TPU engineering thermo 
plastic. 
[0016] International Publication No. WO 00/63293 dis 
closes a thermoplastic polyurethane/ole?n-graft polymer 
blend With an optional compatibiliZing polymer. The com 
patibiliZing polymer is a modi?ed polyole?n selected from 
ionomers, and block and graft ole?n polymers that have an 
unsaturated organic compound in the main or side chain. 
[0017] European Application No. 0347794Al discloses a 
thermoplastic compatible blended composition comprising: 
(A) from 15 to 60 Weight percent of a polyole?n, (B) from 30 
to 70 Weight percent of a thermoplastic polyurethane, and (C) 
from 10 to 35 Weight percent of at least one modi?ed poly 
ole?n, de?ned as a random, block or graft ole?n copolymer, 
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having in a main or side chain thereof a functional group 
selected from carboxylic acid, carboxylate ester, carboxylic 
acid anhydride, carboxylate salts, amide, epoxy, hydroxy, or 
acyloxy. 
[0018] Additional compositions are disclosed in Intema 
tional Publication No. WO 96/27622; US. Pat. Nos. 4,883, 
837; 5,623,019; and US. Publication No. 2004/0106744. 
[0019] There remains a need for improved, loW cost poly 
ole?n/polyurethane compositions containing loW levels, 
preferably less than 10 Weight percent (based on total Weight 
of composition), compatibiliZers, and that can be used to for, 
articles, such as sheets and ?lms, and Which have high surface 
energies, preferably greater than 30 dyne/cm, and good adhe 
sion properties. There is an additional need for loW cost 
compatibliZed compositions that have improved heat aging 
performance, and are particularly suited for automotive inte 
rior applications that experience elevated temperatures (as 
high as 1200 C.). There is a further need for such composi 
tions that can be used in automotive interior applications 
(thermoformed skins), and Which provide one or more of the 
folloWing properties: a luxurious feel, loWer gloss, and 
improved grain replication required for negative pressure 
thermoforming processes. 
[0020] There are additional needs for suitable thermoplas 
tic polyole?n compositions, Which can be used to form sheets 
that do not require a polyurethane top-coating for gloss or 
scratch control, and Which have good adhesion to polyure 
thane foams. There is also a need to develop a Weatherable, 
loW gloss and/or good scratch mar resistance sheet that has 
good adhesion to PU foams, PU adhesives and coatings. 
Some of these needs and others have been met by the folloW 
ing invention. 

SUMMARY OF THE INVENTION 

[0021] In one embodiment, the invention provides a com 
position comprising the folloWing: 
[0022] A) at least one ole?n multi-block interpolymer; 
[0023] B) at least one thermoplastic polyurethane; and 
[0024] C) at least one polydiene-based polyurethane. 
[0025] In another embodiment, the invention provides a 
composition comprising the folloWing: 
[0026] D) at least one ole?n multi-block interpolymer; 
[0027] E) at least one thermoplastic polyurethane; and 
[0028] F) at least one polydiol-based polyurethane. 

BRIEF DESCRIPTION OF THE FIGURES 

[0029] FIG. 1 depicts melting point as a function of density 
for several ethylene/ot-ole?n multi-block interpolymers (in 
ventive polymers) and comparative polymers (traditional ran 
dom and Ziegler-Natta). 
[0030] FIG. 2 depicts “DSC Tm-Crystaf Tc” as a function 
of Heat of Fusion for several polymers. 
[0031] FIG. 3 depicts the effect of density on elastic recov 
ery for unoriented ?lms made from certain ole?n multi-block 
interpolymers and some traditional random copolymers. 
[0032] FIG. 4 depicts comonomer content versus TREF 
elution temperature for several random ethylene/l -octene 
copolymers and a multi-block ethylene/l -octene copolymer. 
[0033] FIG. 5 depicts TREF pro?les and comonomer con 
tent for multi-block copolymer (Example 5) and a compara 
tive copolymer (Example F*). 
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[0034] FIG. 6 depicts storage modulus as a function of 
temperature for several multi-block copolymers (inventive 
polymers) and comparative random copolymers. 
[0035] FIG. 7 depicts TMA (Thermomechanical Analysis) 
data versus ?ex modulus data for a multi-block copolymer 
(inventive polymer) and some comparative examples (Ver 
sifyTM, Ethylene/ Styrene, Af?nityTM). 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] As described above, the invention provides a com 
position comprising the following: 
A) at least one ole?n multi-block interpolymer; 
B) at least one thermoplastic polyurethane; and 
C) at least one polydiene-based or polydiol-based polyure 
thane. 
[0037] In one embodiment, component C) is a polydiene 
based polyurethane. In a preferred embodiment, the polydi 
ene-based polyurethane is a polydiene diol-based polyure 
thane. In a further embodiment, the polydiene diol-based 
polyurethane is a polybutadiene diol or polyisoprene diol or a 
combination thereof, and preferably a polybutadiene diol. 
[0038] In another embodiment, component C) is a poly 
diol-based polyurethane. In a further embodiment, the poly 
diol-based polyurethane comprises at least one diol made 
from one or more seed oil triglycerides selected from the 
group consisting of palmitic, stearic, oleic, linoleic and lino 
lenic acid or ester. 

[0039] Examples of the polydiol-based polyurethanes 
include, but are not limited to, polyurethanes formed from 
polyester polyols and seed oil-based polyols. 
[0040] In one embodiment, the polydiene-based polyure 
thane and, preferably, a polydiene diol-based polyurethane, is 
formed from at least one aliphatic or cyclo-aliphatic diisocy 
anate. In a further embodiment, both the polydiene-based 
polyurethane, and preferably a polydiene diol-based polyure 
thane, and the thermoplastic polyurethane are each, indepen 
dently, formed from at least one aliphatic diisocyanate. 
[0041] In another embodiment, the polydiol-based poly 
urethane is formed from at least one aliphatic or cyclo-ali 
phatic diisocyanate. In a further embodiment, both the poly 
diol-based polyurethane and the thermoplastic polyurethane 
are each, independently, formed from at least one aliphatic 
diisocyanate. In yet a further embodiment, the polydiol-based 
polyurethane comprises at least one diol made from one or 
more seed oil triglycerides selected from the group consisting 
of palmitic, stearic, oleic, linoleic and linolenic acid or ester. 
[0042] In some embodiments of this invention, the ole?n 
multi-block interpolymer is an ethylene/ot-ole?n multi-block 
interpolymer, Which has one or more of the folloWing char 
acteristics: 
[0043] (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; 
[0044] (2) at least one molecular fraction Which elutes 
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 1; 
[0045] (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: 
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[0046] (4) an 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, de?ned as the temperature 
difference betWeen the tallest DSC peak and the tallest CRY 
STAF peak, Wherein the numerical values of AT and AH have 
the folloWing relationships: 

AT>—0.1299(AH)+62.81 for AHgreater than zero and 
up to 130 J/g, 

ATZ48° C. forAHgreater 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 identi?able CRYSTAF peak, then the 
CRYSTAF temperature is 300 C.; 
[0047] (5) an elastic recovery, Re, in percent at 300 percent 
strain and 1 cycle measured With a compression-molded ?lm 
of the ethylene/ot-ole?n interpolymer, and has a density, d, in 
grams/ cubic centimeter, Wherein the numerical values of Re 
and d satisfy the folloWing relationship When ethylene/0t 
ole?n interpolymer is substantially free of a cross-linked 
phase: Re>1481-1629(d); 
[0048] (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 eluting 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/ot-ole?n interpoly 
mer; or 

[0049] (7) a storage modulus at 25° C., G'(25° C.), and a 
storage modulus at 100° C., G'(100° C.), Wherein the ratio of 
G'(25° C.) to G'(100° C.) is in the range ofabout1:1 to about 
9: 1. 

[0050] In some embodiments of this invention, the at least 
one polydiene- or polydiol-based polyurethane is present in 
an amount less than, or equal to, 20 Weight percent, based on 
the total Weight of the composition. In other embodiments, 
the at least one polydiene- or polydiol-based polyurethane is 
present in an amount less than, or equal to, 10 Weight percent, 
based on the total Weight of the composition. 
[0051] In some embodiments of this invention, the at least 
one polydiene- or polydiol-based polyurethane has a density 
from 0.90 g/cc to 1.3 g/cc, and/or a melt index (12) from 1 
g/10 min to 300 g/10 min, and/ or a number average molecular 
Weight from 500 g/mole to 1,000,000 g/mole. 
[0052] In some embodiments of this invention, the at least 
one polydiene- or polydiol-based polyurethane is formed 
from a composition that comprises from 15 to 40 Weight 
percent of a diisocyanate, based on the total Weight of the 
composition. In other embodiments, the diisocyanate is an 
aromatic diisocyanate. 
[0053] In some embodiments of this invention, the at least 
one polydiene- or polydiol-based polyurethane is formed 
from a composition that comprises (i) from 50 to 75 Weight 
percent of a polydiene diol, based on the total Weight of the 
composition, and/ or (ii) from 5 to 15 Weight percent of a chain 
extender, based on the total Weight of the composition. 
[0054] In some embodiments of this invention, the at least 
one thermoplastic polyurethane comprises chemical units 
derived from a polyester, and at least one aromatic diisocy 
anate or at least one aliphatic diisocyanate. 
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[0055] In some embodiments of this invention, the at least 
one thermoplastic polyurethane comprises chemical units 
derived from a polyester, and at least one aromatic diisocy 
anate. 

[0056] In some embodiments of this invention, the at least 
one thermoplastic polyurethane comprises chemical units 
derived from a polyester, and at least one aliphatic diisocy 
anate. 

[0057] In some embodiments of this invention, the at least 
one thermoplastic polyurethane comprises chemical units 
derived from a polyester and a mixture of l,3-bis(isocy 
anatomethyl)-cyclohexane and l,4-bis(isocyanatomethyl) 
cyclohexane. In a further embodiment, the Weight ratio of the 
l,3-bis(isocyanatomethyl)cyclohexane to the l,4-bis(isocy 
anatomethyl)cyclohexane is about 1 to l. 
[0058] In some embodiments of this invention, the polyes 
ter is formed from caprolactone. 
[0059] In some embodiments of this invention, the thermo 
plastic polyurethane comprises a monomeric unit derived 
from caprolactone. In one embodiment, the thermoplastic 
polyurethane comprises a monomeric unit derived from diol 
derivative, derived from N-octyl pyrrolidone. In one embodi 
ment, the thermoplastic polyurethane comprises a mono 
meric unit derived from polytetramethylene ether glycol. In 
one embodiment, the thermoplastic polyurethane comprises a 
monomeric unit derived from a polyether. 

[0060] In some embodiments of this invention, the thermo 
plastic polyurethane is a PELLETHANETM polyurethane. 
[0061] In some embodiments of this invention, the at least 
one thermoplastic polyurethane has a density from 0.90 g/cc 
to 1.3 g/cc and/oramelt index (12) from 1 g/lO minto l0 g/lO 
min. 
[0062] In some embodiments of this invention, an inventive 
composition comprises one or more additives. 

[0063] In some embodiments of this invention, an inventive 
composition further comprises a polar polymer selected from 
the group consisting of polyesters, polyamides, polyethers, 
polyetherimides, polyvinyl alcohols, polycarbonates, poly 
urethanes, polylactic acids, and polyamide esters. 
[0064] The invention also provides an article comprising at 
least one component formed from the composition of any of 
the preceding claims. 
[0065] In one embodiment, the article is an sheet, a carpet, 
an adhesive, a Wire sheath, a cable, a protective apparel, an 
automotive part, a footWear component, a coating, or a foam 
laminate, an automotive skin, an aWning, a tarp, a roo?ng 
construction article, a steering Wheel, a poWder coating, a 
poWder slush molding, a consumer durable, a grip, a handle, 
a computer component, a belt, an applique, a footWear com 
ponent, a conveyor or timing belt, or a fabric. 

[0066] In another embodiment, the article is a tie layer 
betWeen extruded sheets, a tie layer betWeen extruded ?lms, 
a tie layer betWeen extruded pro?les, a tie layer betWeen cast 
sheets, tie layer betWeen cast ?lms, or tie layer betWeen cast 
pro?les. 
[0067] The invention also provides an extruded sheet 
formed from an inventive composition. In a further embodi 
ment, the sheet has a surface energy greater than, or equal to, 
30 dyne/ cm, preferably greater than, or equal to, 33 dyne/ cm, 
more preferably greater than, or equal to 35 dyne/cm. in 
another embodiment, the sheet has a thickness from 10 mils to 
1000 mils, preferably from 15 mils to 500 mils, and more 
preferably from 20 mils to 100 mils. 
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[0068] The invention also provides a painted substrate, 
Wherein the substrate is formed from an inventive composi 
tion. In one embodiment, the paint comprises at least one 
additive of selected from the group consisting of an acrylic 
polymer, an alkyd resin, a cellulose-based material, a 
melamine resin, a urethane resin, a carbamate resin, a poly 
ester resin, a vinyl acetate resin, a polyol and an alcohol. In 
another embodiment, the paint is a Water-based paint. In 
another embodiment, the paint is an organic solvent based. 
[0069] The invention also provides an over-molded article 
comprising the folloWing: (a) a substrate formed from a com 
position comprising a polar polymer, and (b) a molded over 
lay forrned from an inventive composition. In one embodi 
ment, the polar polymer is a polycarbonate. 
[0070] The invention also provides an over-molded article 
comprising the folloWing: (a) a substrate formed from an 
inventive composition, and (b) a molded overlay formed from 
a composition comprising a polar polymer. In one embodi 
ment, the article is in the form of a grip, handle or belt. 
[0071] The invention also provides a laminated structure 
comprising a ?rst layer and a second layer, and Wherein the 
?rst layer is formed from an inventive composition, and 
Wherein the second layer is formed from a composition com 
prising a polar polymer. In one embodiment, one of the layers 
is in the form of a foam. In another embodiment, one of the 
layers is in the form of a fabric. In another embodiment, the 
laminated structure is in the form of an aWning, tarp or auto 
mobile skin or steering Wheel. In another embodiment, the 
second layer is formed from a composition comprising a 
polycarbonate. 
[0072] The invention also provides a molded article com 
prising a ?rst component and a second component, and 
Wherein the ?rst component is formed from a composition 
comprising a polar polymer, and Wherein the second compo 
nent is formed from an inventive composition. In one embodi 
ment, the article is in the form of an automobile skin, an 
applique, a footWear component, a conveyor belt, a timing 
belt or a consumer durable. 

[0073] The invention also provides a dispersion comprising 
an inventive composition. In one embodiment, the dispersion 
further comprises at least one additive selected from the 
group consisting of an acrylic polymer, an alkyd resin, a 
cellulose-based material, a melamine resin, a urethane resin, 
a carbamate resin, a polyester resin, a vinyl acetate resin, an 
epoxy a polyol, an alcohol, and combinations thereof. In 
another embodiment, the dispersion is a Water-based disper 
sion. In another embodiment, the dispersion is an organic 
solvent-based dispersion. 
[0074] The invention also provides an injection molded 
article comprising at least one component formed from an 
inventive composition. 
[0075] The invention also provides an RF Welded article 
comprising at least one component formed from an inventive 
composition. 
[0076] The invention also provides a molded article com 
prising a ?rst component and a second component, and 
Wherein the ?rst component is formed from a composition 
comprising a polar polymer, and Wherein the second compo 
nent is formed from an inventive composition. In one embodi 
ment, the article is in the form of an automobile skin, an 
applique, a footWear component, a conveyor belt, a timing 
belt, arti?cial leather, or a consumer durable. 

[0077] The invention also provides a footWear article com 
prising at least one component formed from an inventive 
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composition. In one embodiment, the article is selected from 
the group consisting of shoe outsole, shoe midsole, shoe 
unit-sole, an over-molded article, a natural leather article, a 
synthetic leather article, an upper, a laminated article, a 
coated article, a boot, a sandal, galoshes, a plastic shoe, and 
combinations thereof. 
[0078] The invention also provides a thermoformed sheet 
comprising at least one layer formed from an inventive com 
position. 
[0079] The invention also provides an automotive part 
comprising at least one layer formed from an inventive com 
position. In one embodiment, the part is an instrument panel 
or a door panel. 

[0080] The invention also provides arti?cial leather com 
prising at least one component formed from an inventive 
composition. 
[0081] The invention also provides arti?cial turf compris 
ing at least one component formed from an inventive compo 
sition. 
[0082] The invention also provides an adhesive comprising 
at least one component formed from an inventive composi 
tion. The invention also provides a coated substrate compris 
ing an inventive adhesive, and at least one component formed 
from Kevlar. 
[0083] The invention also provides a method of making an 
inventive composition, said method comprising melt mixing 
Components A, B and C. In one embodiment, Components A, 
B and C are mixed simultaneously. In another embodiment, 
Components A, B and C are mixed sequentially, in any order. 
In another embodiment, the melt mixing takes place in an 
extruder. In another embodiment, the melt mixing takes place 
in an “in-line” compounding process. “In-line compounding 
process” and like terms mean a process, typically continuous, 
in Which the components of the composition are continuously 
fed to and mixed Within an extruder or like piece of equipment 
from Which a composition comprising the mixed components 
is discharged and, optionally, is further processed into an 
article of manufacture, e.g., a ?lm, sheet, ?ber, etc. 
[0084] An inventive composition may comprise a combi 
nation of tWo or more embodiments as described herein. 

[0085] A polymer component of an inventive composition 
may comprise a combination of tWo or more embodiments as 
described herein. 
[0086] An inventive article may comprise a combination of 
tWo or more embodiments as described herein. 

[0087] An inventive method may comprise a combination 
of tWo or more embodiments as described herein. 

Polydiene-Based and Polydiol-Based Polyurethanes 

[0088] Suitable polydiene-based polyurethanes for use in 
the inventive compositions are described in International 
Publication No. WO 2007/0331 17 and International Applica 
tion No. PCT/US2006/ 035384, each fully incorporated 
herein by reference. “Polydiene-based thermoplastic poly 
urethane”, “polydiene-based polyurethane”, “pd-TPU” and 
like terms mean a polyurethane polymer formed, in part, from 
a polydiene containing at least one isocyanate-reactive group, 
e.g., hydroxyl and/ or amine, preferably a hydroxyl group. 
“Polydiene diol-based thermoplastic polyurethane”, “polydi 
ene diol-based polyurethane” and like terms mean a polyure 
thane polymer formed, in part, from a polydiene diol contain 
ing at least tWo hydroxyl groups. “Diol-based thermoplastic 
polyurethane”, “d-TPU” and like terms mean a polyurethane 
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polymer formed, in part, from a diol. The diol can be either a 
natural-sourced diol or a pd-TPU. 

[0089] In one embodiment, component C) is a polydiene 
based polyurethane. In a preferred embodiment, the polydi 
ene-based polyurethane is a polydiene diol-based polyure 
thane. In a further embodiment, the polydiene diol-based 
polyurethane is a polybutadiene diol or polyisoprene diol or a 
combination thereof, and preferably a polybutadiene diol. 
[0090] In another embodiment, component C) is a poly 
diol-based polyurethane. In a further embodiment, the poly 
diol-based polyurethane comprises at least one diol made 
from one or more seed oil triglycerides selected from the 
group consisting of palmitic, stearic, oleic, linoleic and lino 
lenic acid or ester. 

[0091] In one embodiment, the polydiene- or polydiol 
based polyurethane has a density less than, or equal to, 1.00 
g/cc, preferably less than, or equal to, 0.99 g/cc, and more 
preferably less than, or equal to, 0.98 g/ cc. In another embodi 
ment, the polydiene- or polydiol-based polyurethane has a 
density greater than, or equal to, 0.94 g/cc, preferably greater 
than, or equal to, 0.95 g/ cc, and more preferably greater than, 
or equal to, 0.96 g/cc. In another embodiment, the polydiene 
or polydiol-based polyurethane has a density from 0.94 g/ cc 
to 1.00 g/cc, preferably from 0.96 g/cc to 0.99 g/cc, and more 
preferably from 0.96 g/cc to 0.98 g/cc. 
[0092] In one embodiment, the polydiene- or polydiol 
based polyurethane has a melt index (I2) less than, or equal to, 
20 g/ 10 min, preferably less than, or equal to, 15 g/ 10 min, 
and more preferably less than, or equal to, 10 g/ 10 min. In 
another embodiment, the polydiene- or polydiol-based poly 
urethane has a melt index (12) greater than, or equal to, 0.5 
g/10 min, preferably greater than, or equal to, 1 g/10 min, and 
more preferably greater than, or equal to, 2 g/ 10 min. In 
another embodiment, the polydiene- or polydiol based poly 
urethane has a melt index (I2) from 0.5 g/ 10 min to 20 g/ 10 
min, preferably from 1 g/ cc to 15 g/ 10 min, and more prefer 
ably from 2 g/cc to 10 g/10 min. 
[0093] In one embodiment, the polydiene- or polydiol 
based polyurethane contains a hard segment formed from a 
polydiisocyanate, in an amount from 20 to 40 Weight percent, 
and preferably from 25 to 35 Weight percent, based on the 
total Weight of the polyurethane. 
[0094] In one embodiment, the polydiene- or polydiol 
based polyurethane is a polydiene diol based polyurethane 
that is formed from conjugated dienes having 4 to 24 carbons, 
and preferably having 4 to 8 carbons. Typical dienes include 
butadiene and isoprene, and typical polydienes include 
polybutadiene and polyisoprene, and hydrogenated polybuta 
diene and hydrogenated polyisoprene. In a preferred embodi 
ment, these polydienes have at least one, and more preferably 
at least tWo, hydroxyl groups in the molecule, and typically 
have a Mn from 500 to 10,000, more preferably from 1,000 to 
5,000, and even more preferably from 1,500 to 3,000 g/mol. 
Preferably, the polydiene diol is a polybutadiene diol or a 
polyisoprene diol, and more preferably a polybutadiene diol. 
[0095] In another embodiment, the polydiene-based poly 
urethane is a polydiene diol-based polyurethane, and it is 
formed from a composition comprising 15 to 40 Weight per 
cent of di-isocyanate, 50 to 75 Weight percent of a polydiene 
diol, and 5 to 15 Weight percent of a chain extender, each 
Weight percent (Wt %) based on the total Weight of the com 
position. In a further embodiment, the polydiene diol is a 
polybutadiene diol or a polyisoprene diol, and preferably is a 
polybutadiene diol. In a further embodiment, the di-isocyan 
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ate is an aliphatic or aromatic di-isocyanate, preferably an 
aromatic di-isocyanate, and more preferably 4,4'-diphenyl 
methane di-isocyanate. In yet a further embodiment, the 
chain extender is an aliphatic diol. In another embodiment, 
the polydiene diol has a Mn from 500 to 10,000, more pref 
erably from 1,000 to 5,000 and even more preferably from 
1,500 to 3,000, g/mol. In another embodiment, the polydiene 
diol is non-hydrogenated. In another embodiment, the poly 
diene diol is hydrogenated. In another embodiment, the poly 
diene diol is partially hydrogenated. 
[0096] In another embodiment, the polydiol-based poly 
urethane is formed from a natural-sourced diol. As here used, 
“natural-sourced diol”, “natural oil polyols” and like terms 
mean a diol derived from an agricultural product, e.g., seed 
oils such soy, sun?ower, corn and canola. Such a diol may or 
may not contain dienic unsaturation. The composition of seed 
oil triglycerides is Well understood. Triglycerides are fatty 
acid esters of glycerin, and the composition depends on the 
source of the oil. The nomenclature used is standard in the fats 
and oils industry, With the number of carbons in the fatty acid 
indicated ?rst, folloWed by the number of sites of unsatura 
tion in parentheses. Representative fatty acids or esters 
derived from these oils include palmitic, stearic, oleic, 
linoleic and linolenic acid or ester. For the purpose of making 
polyols from these triglycerides, oils Which contain a high 
level of unsaturation are desirable. Oils such as soy, canola 
and sun?ower are acceptable due to the relatively loW levels 
of saturated fatty acids that they contain, While feedstocks 
such as palm oil are considered unusable Without further 
puri?cation or re?nement due to high levels of saturated fatty 
acids. 

[0097] The polydiene- orpolydiol-based polyurethane may 
contain a combination of tWo or more embodiments as 

described above. 

[0098] The polyurethanes of the present invention are each 
independently prepared from a polydiol or a functional poly 
diene containing at least one (preferably about tWo) “isocy 
anate-reactive group(s)” attached at the ends of the molecule 
or attached pendantly Within the molecule. This functionality 
may be any of the groups that react With isocyanates to form 
covalent bonds. This functionality preferably contains “active 
hydrogen atoms,” With typical examples being hydroxyl, pri 
mary amine, secondary amine, sulfhydryl, and mixtures 
thereof. The term “active hydrogen atoms” refers to hydrogen 
atoms that, because of their placement in a molecule, display 
activity according to the ZereWitinoff test, as described by 
Kohler in J. Am. Chemical Soc., 49, 31-81 (1927), incorpo 
rated herein by reference. The content of the unsaturated 
segment in the polydiene-based polyurethane is from 1 to 95 
Wt %, and preferably from 10 to 50 Weight percent, based on 
the total Weight of the polyurethane. In a preferred embodi 
ment, the polyurethane component is prepared from a poly 
diene diol. In another embodiment, the polyurethane is pre 
pared from a functionaliZed polydiene, Which contains 
“isocyanate reactive groups” other than hydroxyl. 
[0099] One method for preparing such functional poly 
dienes is a tWo-step process in Which a conjugated diene is 
groWn by anionic polymeriZation from both ends of a difunc 
tional initiator. The molecular Weight of the polydiene is 
controlled by the molar ratio of the conjugated diene to the 
initiator. In the second step, the ends are then capped With 
alkylene oxide (such as ethylene or propylene oxide) to pro 
duce an unsaturated diol. This particular process is described 
in US. Pat. No. 4,039,593, incorporated herein by reference. 
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In such processes, it is possible to add excess alkylene oxide 
and form short poly(alkylene oxide) chains at the ends of the 
polydiene. Such materials are Within the scope of this inven 
tion. 
[0100] The conjugated dienes used to prepare the func 
tional polydiene typically contains from 4 to 24 carbons, and 
preferably from 4 to 8 carbons. Typical dienes include buta 
diene and isoprene, and typical functional polydienes are 
polybutadiene and polyisoprene, each capped at each end 
With ethylene oxide. These polydienes have at least one func 
tional group per molecule, and typically have a number aver 
age molecular Weight (Mn) from 500 to 10,000 grams per 
mole (g/mol), and preferably from 500 to 5,000 g/mol. The 
functional group is preferably a hydroxyl group. TWo pre 
ferred polydiene diols are polybutadiene diol and polyiso 
prene diol, and more preferably polybutadiene diol. 
[0101] In one embodiment, the at least one polydiene diol 
based polyurethane is formed from a non-hydrogenated poly 
diene diol. In another embodiment, the at least one polydiene 
diol-based polyurethane is formed from a hydrogenated poly 
diene diol. In another embodiment, the at least one polydiene 
diol-based polyurethane is formed from a partially hydroge 
nated polydiene diol. 
[0102] The term “hydrogenation” is knoWn in the art, and is 
used in reference to the hydrogenation (reaction of hydrogen 
With alkene groups) of double bonds Within the polydiene 
diol, and is in reference to the ?nal (hydrogenated) product. 
The term “hydrogenation” refers to the complete hydro gena 
tion of all the double bonds, or the near complete hydrogena 
tion (approximately greater than 95 mole percent) of the 
double bonds, Within the polydiene diol. The term “partial 
hydrogenation,” is used in reference to a hydrogenation reac 
tion, and the ?nal product, both in Which a signi?cant amount 
(approximately greater than 5 mole percent) of the double 
bonds, Within the polydiene diol, are not hydrogenated. 
[0103] The polyurethane used in the practice of the present 
invention is prepared by reacting the polydiol and/ or func 
tional polydiene With an isocyanate and optionally a chain 
extender. In the ‘prepolymer’ method, typically one or more 
polydiols and/or functional polydienes are reacted With one 
or more isocyanates to form a prepolymer. The prepolymer is 
further reacted With one or more chain extenders. Altema 
tively, the polyurethanes may be prepared by a one-shot reac 
tion of all of the reactants. Typical polyurethanes have a 
number average molecular Weight from 5,000 to 1,000,000 
g/mol, preferably from 10,000 to 500,000 g/mol, and more 
preferably from 20,000 to 100,000 g/mol. 
[0104] Some examples of polydiene diols, and correspond 
ing polyurethanes, are described in Pytela et al, “Novel 
Polybutadiene Diols for Thermoplastic Polyurethanes,” 
International Polyurethane Conference, PU Lat. Am. 2001; 
and in Pytela et al, “Novel Thermoplastic Polyurethanes for 
Adhesives and Sealants,” Adhesives & Sealant Industry, June 
2003, pp. 45-51 ; each fully incorporated herein by reference. 
Some examples of some hydrogenated polydiene diols, and 
corresponding polyurethanes, are described in WO 99/02603, 
and corresponding European Patent EP 0 994 919 B1; each 
fully incorporated herein by reference. As discussed in these 
references, the hydrogenation may be carried out by a variety 
of established processes, including hydrogenation in the pres 
ence of catalysts as Raney Nickel, noble metals, such as 
platinum, soluble transition metal catalysts and titanium cata 
lysts, as in US. Pat. No. 5,039,755, fully incorporated herein 
by reference. Also, the polymers may have different diene 
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blocks and these diene blocks may be selectively hydroge 
nated as described in Us. Pat. No. 5,229,464, fully incorpo 
rated herein by reference. 
[0105] Di-isocyanates suitable for use in preparing the hard 
segment of the polyurethanes according to this invention 
include aromatic, aliphatic, and cycloaliphatic di-isocyan 
ates, and combinations of tWo or more of these compounds. 
An example of a structural unit derived from di-isocyanate 
(OCNiRiNCO) is represented by formula (I) beloW: 

(I) 
o o 

in Which R is an alkylene, cycloalkylene, or arylene group. 
Representative examples of these di-isocyanates can be found 
in Us. Pat. Nos. 4,385,133, 4,522,975 and 5,167,899, each 
fully incorporated herein by reference. 
[0106] Preferred di-isocyanates include, but are not limited 
to, 4,4'-di-isocyanato-diphenylmethane, p-phenylene di-iso 
cyanate, 1,3-bis(isocyanatomethyl)-cyclohexane, 1,4-di-iso 
cyanato-cyclohexane, hexamethylene di-isocyanate, 1,5 
naphthalene di-isocyanate, 3,3'-dimethyl-4,4'-biphenyl 
di-isocyanate, 4,4'-di-isocyanato-dicyclohexylmethane, and 
2,4-toluene di-isocyanate. More preferred are 4,4'-di-isocy 
anato-dicyclohexylmethane and 4,4'-di-isocyanato-diphe 
nylmethane. In one embodiment, the di-isocyanate is 4,4'-di 
isocyanatodiphenylmethane. 
[0107] In one embodiment, the polydiene-based polyure 
thane and, preferably, a polydiene diol-based polyurethane, is 
formed from at least one aliphatic or cyclo-aliphatic diisocy 
anate. In a further embodiment, both the polydiene-based 
polyurethane, and preferably a polydiene diol-based polyure 
thane, and the thermoplastic polyurethane are each, indepen 
dently, formed from at least one aliphatic diisocyanate. 
[0108] In another embodiment, the polydiol-based poly 
urethane is formed from at least one aliphatic or cyclo-ali 
phatic diisocyanate. In a further embodiment, both the poly 
diol-based polyurethane and the thermoplastic polyurethane 
are each, independently, formed from at least one aliphatic 
diisocyanate. In yet a further embodiment, the polydiol-based 
polyurethane comprises at least one diol made from one or 
more seed oil triglycerides selected from the group consisting 
of palmitic, stearic, oleic, linoleic and linolenic acid or ester. 
[0109] Di-isocyanates also include aliphatic and 
cycloaliphatic isocyanate compounds, such as 1,6-hexameth 
ylene-di-isocyanate; ethylene di-isocyanate; 1-isocyanato-3, 
5,5-trimethyl-1-3-isocyanatomethylcyclohexane; 2,4- and 
2,6-hexahydrotoluenedi-isocyanate, as Well as the corre 
sponding isomeric mixtures; 4,4'-, 2,2'- and 2,4'-dicyclo 
hexyl-methanedi-isocyanate, as Well as the corresponding 
isomeric mixtures. Also, 1,3-tetramethylene xylene di-isocy 
anate can be used With the present invention. The isocyanate 
may be selected from organic isocyanates, modi?ed isocyan 
ates, isocyanate-based pre-polymers, and mixtures of tWo or 
more of these isocyanates. 
[0110] As discussed above, the polyurethanes can be pre 
pared by mixing all ingredients, at essentially the same time, 
in a “one-shot” process, or can be prepared by step-Wise 
addition of the ingredients, in a “prepolymer process,” With 
the processes being carried out in the presence of, or Without 
the addition of, optional additives. The polyurethane forming 
reaction can take place in bulk, or in solution, With, or With 
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out, the addition of a suitable catalyst that Would promote the 
reaction of isocyanates With hydroxyl or other functionality. 
Examples of a typical preparation of these polyurethanes are 
described in Us. Pat. No. 5,864,001, fully incorporated 
herein by reference. 
[0111] The other main component of the hard segment of 
the polyurethanes of the present invention is at least one chain 
extender, Which are Well knoW in this technology ?eld. As is 
knoWn, When the chain extender is a diol, the resulting prod 
uct is a thermoplastic polyurethane (TPU). When the chain 
extender is a diamine or an amino alcohol, the resulting prod 
uct is technically a thermoplastic polyurea (TPUU). 
[0112] The chain extenders that may be used in the inven 
tion are characterized by tWo or more, preferably tWo, func 
tional groups, each of Which contains “active hydrogen 
atoms.” These functional groups are preferably in the form of 
hydroxyl, primary amino, secondary amino, or mixtures of 
tWo or more of these groups. The term “active hydrogen 
atoms” refers to hydrogen atoms that, because of their place 
ment in a molecule, display activity according to the Zere 
Witinoff test as described by Kohler in J. Am. Chemical Soc., 
49, 31-81 (1927). 
[0113] The chain extenders may be aliphatic, 
cycloaliphatic, or aromatic, and are exempli?ed by diols, 
diamines, and amino alcohols. Illustrative of the difunctional 
chain extenders are ethylene glycol, diethylene glycol, pro 
pylene glycol, dipropylene glycol, 1,3-propanediol, 1,3-bu 
tanediol, 1,4-butanediol, 1,5-pentanediol and other pentane 
diols, 2-ethyl-1,3-hexanediol, 2-ethyl-1,6-hexanediol, other 
2-ethyl-hexanediols, 1,6-hexanediol and other hexanediols, 
2,2,4-trimethylpentane-1,3 -diol, decanediols, dode 
canediols, bisphenol A, hydrogenated bisphenol A, 1,4-cy 
clohexanediol, 1,4-bis(2-hydroxyethoxy)-cyclohexane, 1,3 
cyclohexanedimethanol, 1,4-cyclohexanediol, 1,4-bis(2 
hydroxyethoxy)benZene, Esterdiol 204 (propanoic acid, 
3-hydroxy-2,2-dimethyl-, 3-hydroxy-2,2-dimethylpropyl 
ester available from TCI America), N-methylethanolamine, 
N-methyl iso-propylamine, 4-aminocyclohexanol, 1,2-di 
aminoethane, 1,3-diaminopropane, diethylenetriamine, tolu 
ene-2,4-diamine, and toluene-1,6-diamine. Aliphatic com 
pounds containing from 2 to 8 carbon atoms are preferred. If 
thermoplastic or soluble polyurethanes are to be made, the 
chain extenders Will be difunctional in nature. Amine chain 
extenders include, but are not limited to, ethylenediamine, 
monomethanolamine, and propylenediamine. 
[0114] Commonly used linear chain extenders are gener 
ally diol, diamine or amino alcohol compounds characterized 
by having a molecular Weight of not more than 400 g/mol (or 
Dalton). In this context, by “linear,” it is meant that no branch 
ing from tertiary carbon is included. Examples of suitable 
chain extenders are represented by the folloWing formulae: 
HOi(CH2)niOH, H2Ni(CH2)niNH2, and H2Ni(CH2) 
niOH, Where “n’ is typically a number from 1 to 50. 
[0115] One common chain extender is 1,4-butane diol 
(“butane diol” or “BDO”), and is represented by the folloWing 
formula: HO4CH2CH2CH2CH2iOH. Other suitable chain 
extenders include ethylene glycol; diethylene glycol; 1,3 
propanediol; 1,6-hexanediol; 1,5-heptanediol; triethyleneg 
lycol; and combinations of tWo or more of these extenders. 

[0116] Also suitable, are cyclic chain extenders, Which are 
generally diol, diamine or amino alcohol compounds, char 
acteriZed by having a molecular Weight of not more than 400 
g/mol. In this context, by “cyclic” it is meant a ring structure, 
and typical ring structures include, but are not limited to, the 
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5 to 8 member ring structures With hydroxyl-alkyl branches. 
Examples of cyclic chain extender are represented by the 
following formulae: HOiR-(ring)-R'4OH and HOiRi 
O-(ring)-OiR'iOH, Where R and R' are one to ?ve carbon 
alkyl chains, and each ring has 5 to 8 members, preferably all 
carbons. In these examples, one or both of the terminal ‘OH 
can be replaced With iNH2. Suitable cyclic chain extenders 
include cyclohexane dimethanol (“CHDM”) and hydro 
quinone bis-2-hydroxyethyl ether (HQEE). A structural unit 
of CHDM, a preferred cyclic chain extender, is represented by 
the following formula: HOiCHzi (cyclohexane ring) 
CH2ADH. 
[0117] The chain extender is incorporated into the polyure 
thane in amounts determined by the selection of the speci?c 
reactant components, the desired amounts of the hard and soft 
segments, and the index su?icient to provide good mechani 
cal properties, such as modulus and tear strength. The poly 
urethane compositions used in the practice of this invention 
may contain from 2 to 25, preferably from 3 to 20 and more 
preferably from 4 to 18, Weight percent of the chain extender 
component, based on the Weight of the composition. 
[0118] If desired, optionally, small amounts of monohy 
droxylfunctional or monoaminofunctional compounds, often 
termed “chain stoppers,” may be used to control molecular 
Weight. Illustrative of such chain stoppers are the propanols, 
butanols, pentanols, and hexanols. When used, chain stoppers 
are typically present in minor amounts from 0.1 to 2 Weight 
percent of the entire reaction mixture leading to the polyure 
thane composition. 
[0119] As is Well knoWn to those skilled in the art, the ratio 
of isocyanate to total functional groups determines the Mn of 
the polymer. In some cases it is desirable to use a very slight 
excess of isocyanate. 
[0120] For linear, high Mn polymers, starting materials 
With tWo functional groups per chain are desirable. HoWever, 
it is possible to accommodate starting materials With a range 
of functionality. For example, a polydiene With one functional 
end could be used to cap both ends of a polyurethane With a 
middle portion consisting of repeating isocyanate-chain 
extender moieties. Polydienes With more than tWo functional 
groups Will form branched polymers. Although crosslinking 
and gels can be a problem, if the degree of functionality is too 
high, this can usually be controlled by process conditions. 
Such branched polymers Will exhibit some rheological char 
acteristics that are desirable in some cases, such as high melt 
strength. 
[0121] Optionally, catalysts that Will promote or facilitate 
the formation of urethane groups may be used in the formu 
lation. Illustrative of useful catalysts are stannous octanoate, 
dibutyltin dilaurate, stannous oleate, tetrabutyltin titanate, 
tributyltin chloride, cobalt naphthenate, dibutyltin oxide, 
potassium oxide, stannic chloride, N,N,N,N'-tetramethyl-1, 
3 -butanediamine, bis [2 -(N,N-dimethylamino)ethyl] ether, 
1,4-diaZabicyclo[2.2.2]octane; Zirconium chelates, alumi 
num chelates and bismuth carbonates. The catalysts, When 
used, are typically employed in catalytic amounts that may 
range from 0.001 Wt %, and loWer, to 2 Wt %, and higher, 
based on the total amount of polyurethane-forming ingredi 
ents. 

[0122] Additives may optionally be used to modify the 
properties of the polyurethane used in the practice of this 
invention. Additives may be included in the conventional 
amounts, as already knoWn in the art and literature. Usually 
additives are used to provide speci?c desired properties to the 
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polyurethanes, such as various antioxidants, ultraviolet 
inhibitors, Waxes, thickening agents and ?llers. When ?llers 
are used, they may be either organic or inorganic, but are 
generally inorganic, such as clay, talc, calcium carbonate, 
silica and the like. Also, ?brous additives, such as glass or 
carbon ?ber, may be added to impart certain properties. 
[0123] In a preferred embodiment of the invention, the 
polyurethane is formed from a polydiene diol, an isocyanate 
and a chain extender, and preferably an aliphatic chain 
extender. In another embodiment, the polydiene diol-based 
polyurethane is hydrogenated. 
[0124] In a further embodiment, the polydiene diol is 
formed from conjugated dienes having 4 to 24 carbons, and 
preferably having 4 to 8 carbons. As discussed above, typical 
dienes include butadiene and isoprene, and typical polydienes 
include polybutadiene and polyisoprene, and hydrogenated 
polybutadiene and hydrogenated polyisoprene. In a preferred 
embodiment, these polydienes have at least one, and more 
preferably at least tWo, hydroxyl groups in the molecule, and 
typically have a Mn from 500 to 10,000, more preferably 
from 1,000 to 5,000 and even more preferably from 1,500 to 
3,000 g/mol. Preferably, the polydiene diol is a polybutadiene 
diol or a polyisoprene diol, and more preferably a polybuta 
diene diol. 
[0125] In another embodiment, the polydiene diol-based 
polyurethane is formed from a composition comprising 15 to 
40 Weight percent of di-isocyanate, 50 to 75 Weight percent of 
a polydiene diol, and 5 to 15 Weight percent of a chain 
extender, based on the Weight of the composition. In a further 
embodiment, the polydiene diol is a polybutadiene diol or a 
polyisoprene diol, and preferably is a polybutadiene diol. In a 
further embodiment, the di-isocyanate is an aliphatic or aro 
matic di-isocyanate, and more preferably 4,4'-diphenyl 
methane di-isocyanate. In yet a further embodiment, the 
chain extender is an aliphatic diol. In another embodiment, 
the polydiene diol has a Mn from 500 to 10,000, more pref 
erably from 1,000 to 5,000, and even more preferably from 
1,500 to 3,000, g/mol. In another embodiment, the polydiene 
diol is non-hydrogenated. In another embodiment, the poly 
diene diol is hydrogenated. In another embodiment, the poly 
diene diol is partially hydrogenated. 
[0126] The polydiene- or polydiol-based polyurethane 
used in the practice of the invention may comprise a combi 
nation of tWo or more embodiments as described above. 

Ole?n Multi-Block Interpolymers 

[0127] The ole?n multi-block interpolymers are described 
in International Application No. PCT/U 805/ 008917, U.S. 
Publication No. 2006/0199914, U.S. Provisional Application 
No. 60/876,287, and Us. Provisional Applications No. 
60/ 876,287, each fully incorporated herein by reference. 
[0128] The term “crystalline,” if employed, refers to a poly 
mer that possesses a ?rst order transition or crystalline melt 
ing point (Tm) as determined by differential scanning calo 
rimetry (DSC) or equivalent technique. The term may be used 
interchangeably With the term “semicrystalline.” The term 
“amorphous” refers to a polymer lacking a crystalline melting 
point as determined by differential scanning calorimetry 
(DSC) or equivalent technique. 
[0129] “Ole?n multi-block interpolymer”, “multi-block 
interpolymer”, “multi-block copolymer”, “segmented 
copolymer” and like terms 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 
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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. Compared to block copolymers of the prior 
art, including copolymers produced by sequential monomer 
addition, ?uxional catalysts, or anionic polymerization tech 
niques, the multi-block copolymers used in the practice of 
this invention are characterized by unique distributions of 
both polydispersity index (PDI or MW/Mn or MWD), block 
length distribution, and/ or block number distribution due, in a 
preferred embodiment, to the effect of the shuttling agent(s) 
in combination With multiple catalysts used in their prepara 
tion. Representative ole?n multi-block interpolymers include 
the ole?n multi-block interpolymers manufactured and sold 
by The DoW Chemical Company under the trademark 
INFUSETM. 

[0130] In a further embodiment, the ole?n multi-block 
interpolymers are characterized, When produced in a continu 
ous process, as possessing a PDI from 1.7 to 3.5, preferably 
from 1.8 to 3, more preferably from 1.8 to 2.5, even 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 a PDI from 1.0 to 3.5, preferably from 1.3 
to 3, more preferably from 1.3 to 2.5, even more preferably 
from 1.4 to 2.0, and most preferably from 1.4 to 1.8. 

[0131] “Ethylene multi-block copolymer” and like terms 
mean a multi-block copolymer comprising units derived from 
ethylene and one or more copolymerizable comonomers in 
Which the ethylene-derived units comprise a plurality of the 
polymerized monomer units of at least one block or segment 
in the polymer, preferably at least 90, more preferably at least 
95 and most preferably at least 98, mole percent of the block. 
Based on total polymer Weight, the ethylene multi-block 
copolymers used in the practice of the present invention pref 
erably have an ethylene content from 25 to 97, more prefer 
ably from 40 to 96, even more preferably from 55 to 95 and 
most preferably from 65 to 85, percent. When produced in a 
continuous process, the polymers desirably possess a PDI 
from 1.7 to 3.5, preferably from 1.8 to 3, more preferably 
from 1.8 to 2.5, and most preferably from 1.8 to 2.2. When 
produced in a batch or semi-batch process, the polymers 
possess a PDI from 1.0 to 3.5, preferably from 1.3 to 3, more 
preferably from 1.3 to 2.5, even more preferably from 1.4 to 
2.0, and most preferably from 1.4 to 1.8. 

[0132] In a preferred embodiment, the ole?n multi-block 
interpolymer is an ethylene/ot-ole?n multi-block interpoly 
mer. In a further embodiment, the ethylene/ot-ole?n multi 
block interpolymer comprises greater than 50 mole percent 
ethylene (based on total moles polymerizable monomers). 
[0133] The ethylene/ot-ole?n multi-block interpolymer has 
one or more of the folloWing characteristics: 

[0134] (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 
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[0135] (2) at least one molecular fraction Which elutes 
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 1; or 
[0136] (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: 

[0137] (4) an 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, de?ned as the temperature 
difference betWeen the tallest DSC peak and the tallest CRY 
STAF peak, Wherein the numerical values of AT and AH have 
the folloWing relationships: 

AT>—0.1299(AH)+62.81 for AHgreater than zero and 
up to 130 J/g, 

ATZ48° C. forAHgreater 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 identi?able CRYSTAF peak, then the 
CRYSTAF temperature is 300 C.; or 
[0138] (5) an elastic recovery, Re, in percent at 300 percent 
strain and 1 cycle measured With a compression-molded ?lm 
of the ethylene/ot-ole?n interpolymer, and has a density, d, in 
grams/ cubic centimeter, Wherein the numerical values of Re 
and d satisfy the folloWing relationship When ethylene/0t 
ole?n interpolymer is substantially free of a cross-linked 
phase: Re>1481-1629(d); or 
[0139] (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 eluting 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/ot-ole?n interpoly 
mer; or 

[0140] (7) a storage modulus at 25° C., G'(25° C.), and a 
storage modulus at 100° C., G'(100° C.), Wherein the ratio of 
G'(25° C.) to G'(100° C.) is in the range ofabout1:1 to about 
91 
[0141] In one embodiment, the ethylene/ot-ole?n multi 
block interpolymer has one of the properties (1) to (7) as 
discussed above. In another embodiment, the ethylene/0t 
ole?n multi-block interpolymer has at least property (1) as 
discussed above. 
[0142] In another embodiment, the ethylene/ot-ole?n 
multi-block interpolymer has a combination of tWo or more 
properties (1) to (7) as discussed above. In another embodi 
ment, the ethylene/ot-ole?n multi-block interpolymer has at 
least property (1), as discussed above, in combination With 
tWo or more addition properties (2) to (7), as discussed above. 
[0143] In another embodiment, the ethylene/ot-ole?n 
multi-block interpolymer characterized by one or more of the 
folloWing characteristics: 
[0144] (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 Tm 
and d correspond to the relationship: 

Tm>—2002.9+4538.5(d)—2422.2(d)2, or 
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[0145] (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 de?ned as the temperature 
difference betWeen the tallest DSC peak and the tallest CRY 
STAF peak, Wherein the numerical values of AT and AH have 
the following relationships: 

AT>—0.1299(AH)+62.81 for AHgreater than zero and 
up to 130 J/g, 

ATZ48° C. forAHgreater than 130 J/g, 

[0146] 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 identi?able CRYSTAF peak, 
then the CRYSTAF temperature is 30° C.; or 
[0147] (c) is characterized by an elastic recovery, Re, in 
percent at 300 percent strain and 1 cycle measured With a 
compression-molded ?lm of the ethylene/ot-ole?n interpoly 
mer, and has a density, d, in grams/cubic centimeter, Wherein 
the numerical values of Re and d satisfy the folloWing rela 
tionship When the ethylene/ot-ole?n interpolymer is substan 
tially free of a cross-linked phase: 

Re>1481—1629(d); or 

[0148] (d) has a molecular fraction Which elutes betWeen 
40° C. and 130° C. When fractionated using TREF, character 
ized 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 tem 
peratures, Wherein said comparable random ethylene inter 
polymer has the same comonomer(s) and a melt index, den 
sity, and molar comonomer content (based on the Whole 
polymer) Within 10 percent of that of the ethylene/ot-ole?n 
interpolymer; or 
[0149] (e) is characterized by a storage modulus at 25° C., 
G'(25° C.), and a storage modulus at 100° C., G'(100° C.), 
Wherein the ratio of G'(25° C.) to G'(100° C.) is from about 
1:1 to about 10:1; or 
[0150] (f) at least one molecular fraction Which elutes 
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 1 and a molecular Weight distribution, 
MW/ Mn, greater than about 1.3 or 
[0151] (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. 
[0152] In one embodiment, the ethylene/ot-ole?n multi 
block interpolymer has one of the properties (a) to (g) as 
discussed above. In another embodiment, the ethylene/0t 
ole?n multi-block interpolymer has at least property (g) as 
discussed above. 
[0153] In another embodiment, the ethylene/ot-ole?n 
multi-block interpolymer has a combination of tWo or more 
properties (a) to (g) as discussed above. In another embodi 
ment, the ethylene/ot-ole?n multi-block interpolymer has at 
least property (g), as discussed above, in combination With 
tWo or more addition properties (a) to (f), as discussed above. 
[0154] The ethylene/ot-ole?n multi-block interpolymers 
typically comprise ethylene and one or more copolymeriz 
able ot-ole?n comonomers in polymerized form, character 
ized by multiple blocks or segments of tWo or more polymer 
ized monomer units differing in chemical or physical 
properties. That is, the ethylene/ot-ole?n interpolymers are 
block interpolymers, preferably multi-block interpolymers or 
copolymers. The terms “interpolymer” and copolymer” are 
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used interchangeably herein. In some embodiments, the 
multi-block copolymer can be represented by the folloWing 
formula: 

(AB)H, 

Where n is at least 1, preferably an integer greater than 1, 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, the 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. 

[0155] In still other embodiments, the block copolymers do 
not usually have a third type of block, Which comprises dif 
ferent comonomer(s). In yet other embodiments, each of 
blockA and block B has monomers or comonomers substan 
tially 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. 
[0156] The multi-block polymers typically comprise vari 
ous amounts of “hard” and “soft” segments. “Hard” segments 
refer to blocks of polymerized units in Which ethylene is 
present in an amount greater than about 95 Weight percent, 
and preferably greater than about 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 ethylene. “Soft” segments, on the other 
hand, refer to blocks of polymerized units in Which the 
comonomer content (content of monomers other than ethyl 
ene) 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 comono 
mer 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 per 
cent, or greater than about 60 Weight percent. 
[0157] The soft segments can often be present in a block 
interpolymer from about 1 Weight percent to about 99 Weight 
percent of the total Weight of the block interpolymer, prefer 
ably 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 per 
centage can be calculated based on data obtained from DSC 
or NMR. Such methods and calculations are disclosed in a 
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concurrently ?led U.S. patent application Ser. No. 11/376, 
835 (insert When known), Attorney Docket No. 385063 
999558, entitled “Ethylene/ot-Ole?n Block Interpolymers”, 
?led on Mar. 15, 2006, in the name of Colin L. P. Shan, Lonnie 
Hazlitt, et. al. and assigned to DoW Global Technologies Inc., 
the disclosure of Which is incorporated by reference herein in 
its entirety. 
[0158] In one aspect, the ethylene/ot-ole?n interpolymers 
used in embodiments of the invention have a MW/Mn 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 

TmZ—6288.1+13141(d)—6720.3(d)2, and more prefer 
ably 

TmZ858.91-1825.3(d)+1112.8(d)2. 
[0159] Such melting point/density relationship is illus 
trated in FIG. 1. Unlike the traditional random copolymers of 
ethylene/ot-ole?ns, Whose melting points decrease With 
decreasing densities, the inventive interpolymers (repre 
sented 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 130° C., When density ranges from 0.875 g/cc to 
about 0.945 g/cc. In some embodiments, the melting point of 
such polymers are in the range of about 115° C. to about 125° 
C., When density ranges from 0.875 g/cc to about 0.945 g/cc. 
[0160] In another aspect, the ethylene/ot-ole?n interpoly 
mers comprise, in polymerized form, ethylene and one or 
more ot-ole?ns, and are characterized by a AT, in degree 
Celsius, de?ned as the temperature for the tallest Differential 
Scanning Calorimetry (“DSC”) peak minus the temperature 
for the tallest Crystallization Analysis Fractionation (“CRY 
STAF”) peak and a heat of fusion in J/ g, AH, and AT and AH 
satisfy the folloWing relationships: 

AT>—0.1299(AH)+62.81, and preferably 

ATZ—0.1299(AH)+64.38, and more preferably 

for AH up to 130 J/ g. Moreover, AT is equal to, or greater than, 
48° C. for AH greater than 130 J/g. The CRYSTAF peak is 
determined using at least 5 percent of the cumulative polymer 
(that is, the peak must represent at least 5 percent of the 
cumulative polymer), and if less than 5 percent of the polymer 
has an identi?able CRYSTAF peak, then the CRYSTAF tem 
perature is 30° C., and AH 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. FIG. 2 
shoWs plotted data for inventive polymers as Well as compara 
tive examples. Integrated peak areas and peak temperatures 
are calculated by the computerized draWing program sup 
plied by the instrument maker. The diagonal line shoWn for 
the random ethylene octene comparative polymers corre 
sponds to the equation AT:—0.1299 (AH)+62.81. 
[0161] In yet another aspect, the ethylene/ot-ole?n inter 
polymers have a molecular fraction Which elutes betWeen 40° 
C. and 130° C., When fractionated using Temperature Rising 
Elution Fractionation (“TREF”), characterized in that said 
fraction has a molar comonomer content higher, preferably at 
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least 5 percent higher, more preferably at least 10 percent 
higher, than that of a comparable random ethylene interpoly 
mer 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 compa 
rable interpolymer has a total comonomer content Within 10 
Weight percent of that of the block interpolymer. 
[0162] In still another aspect, the ethylene/ot-ole?n multi 
block interpolymers are characterized by an elastic recovery, 
Re, in percent at 300 percent strain and 1 cycle, measured on 
a compression-molded ?lm of an ethylene/ot-ole?n interpoly 
mer, and has a density, d, in grams/ cubic centimeter, and 
Wherein the numerical values of Re and d satisfy the folloW 
ing relationship When ethylene/ot-ole?n interpolymer is sub 
stantially free of a cross-linked phase: 

Re>1481—1629(d); and preferably 

ReZ1491-1629(d); and more preferably 

ReZ1501-1629(d); and even more preferably 

ReZ1511-1629(d). 

[0163] FIG. 3 shoWs the effect of density on elastic recov 
ery for unoriented ?lms made from certain inventive inter 
polymers and traditional random copolymers. For the same 
density, the inventive interpolymers have substantially higher 
elastic recoveries. 

[0164] In some embodiments, the ethylene/ot-ole?n multi 
block interpolymers have a tensile strength above 10 MPa, 
preferably a tensile strength 211 MPa, more preferably a 
tensile strength 2 13 MPa, 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. 

[0165] In other embodiments, the ethylene/ot-ole?n multi 
block interpolymers have (1) a storage modulus ratio, G'(25° 
C.)/G'(100° C.), of from 1 to 50, preferably from 1 to 20, more 
preferably from 1 to 10; and/or (2) a 70° C. compression set 
of less than 80 percent, preferably less than 70 percent, espe 
cially less than 60 percent, less than 50 percent, or less than 40 
percent, doWn to a compression set of 0 percent. 

[0166] In still other embodiments, the ethylene/ot-ole?n 
multi-block 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. 
[0167] In some embodiments, the ethylene/ot-ole?n multi 
block 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/foot2 (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). 
[0168] In other embodiments, the ethylene/ot-ole?n inter 
polymers comprise, in polymerized form, at least 50 mole 
percent ethylene, and have a 70° C. compression set of less 
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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 zero percent. 

[0169] In some embodiments, the multi-block copolymers 
possess a PDI ?tting a Schultz-Flory distribution rather than 
a Poisson distribution. The copolymers are further character 
ized as having both a polydisperse block distribution and a 
polydisperse distribution of block sizes, and possessing a 
most probable distribution of block 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. 
[0170] Comonomer content may be measured using any 
suitable technique, With techniques based on nuclear mag 
netic resonance (“NMR”) spectroscopy preferred. Moreover, 
for polymers or blends of polymers having relatively broad 
TREF curves, the polymer desirably is ?rst fractionated using 
TREF into fractions, each having an eluted temperature range 
of 10° C. or less. That is, each eluted fraction has a collection 
temperature WindoW of 10° C. or less. Using this technique, 
said block interpolymers have at least one such fraction hav 
ing a higher molar comonomer content than a corresponding 
fraction of the comparable interpolymer. 
[0171] In another aspect, the multi-block interpolymer is an 
ole?n 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 differ 
ing in chemical or physical properties (blocked interpoly 
mer), most preferably a multi-block copolymer. Preferably 
said block interpolymer has a peak (but not just a molecular 
fraction) Which elutes betWeen 40° C. and 130° C. (but With 
out collecting and/or isolating individual fractions), charac 
terized 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 per 
cent higher, more preferably at least 10 percent higher, than 
that of a comparable random ethylene interpolymer peak at 
the same elution temperature and expanded using a full Width/ 
half maximum (FWHM) area calculation, and 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 com 
parable interpolymer has a total comonomer content Within 
10 Weight percent of that of the blocked interpolymer. The full 
Width/half maximum (FWHM) calculation is based on the 
ratio of methyl to methylene response area [CH3/CH2] from 
the ATREF infra-red detector, Wherein the tallest (highest) 
peak is identi?ed from the base line, and then the FWHM area 
is determined. For a distribution measured using an ATREF 
peak, the FWHM area is de?ned as the area under the curve 
betWeen T 1 and T2, Where T 1 and T2 are points determined, to 
the left and right of the ATREF peak, by dividing the peak 
height by tWo, and then draWing a line horizontal to the base 
line, that intersects the left and right portions of the ATREF 
curve. A calibration curve for comonomer content is made 

using random ethylene/ot-ole?n copolymers, plotting 
comonomer content from NMR versus FWHM area ratio of 

the TREF peak. For this infra-red method, the calibration 
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curve is generated for the same comonomer type of interest. 
The comonomer content of TREF peak of the inventive poly 
mer can be determined by referencing this calibration curve 
using its FWHM methyl methylene area ratio [CH3/CH2] of 
the TREF peak. 
[0172] Comonomer content may be measured using any 
suitable technique, With techniques based on nuclear mag 
netic resonance (NMR) spectroscopy preferred. Using this 
technique, said blocked interpolymers has higher molar 
comonomer content than a corresponding comparable inter 
polymer. 
[0173] Preferably, for interpolymers of ethylene and 
1-octene, the block interpolymer has a comonomer content of 
the TREF fraction, eluting betWeen 40 and 130° C., greater 
than, or equal to, the quantity (—0.2013) T+20.07, more pref 
erably greater than or equal to the quantity (—0.2013) T+21. 
07, Where T is the numerical value of the peak elution tem 
perature of the TREF fraction being compared, measured in ° 
C. 

[0174] FIG. 4 graphically depicts an embodiment of the 
block interpolymers of ethylene and 1-octene, Where a plot of 
the comonomer content versus TREF elution temperature for 
several comparable ethylene/1-octene interpolymers (ran 
dom copolymers) are ?t 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 copoly 
mers). All of the block interpolymer fractions have signi? 
cantly higher 1-octene content than either line at equivalent 
elution temperatures. This result is characteristic of the inven 
tive interpolymer, and is believed to be due to the presence of 
differentiated blocks Within the polymer chains, having both 
crystalline and amorphous nature. 
[0175] FIG. 5 graphically displays the TREF curve and 
comonomer contents of polymer fractions for an Example 5 
(a multi-block copolymer) and a comparative F polymer 
(physical blend of tWo polymers from simultaneous polymer 
ization using tWo catalysts). The peak eluting from 40° C. to 
130° C., preferably from 60° C. to 95° C. for both polymers is 
fractionated into three parts, each part eluting over a tempera 
ture 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 ?tted to the TREF values obtained from 
comparative interpolymers of the same monomers, prefer 
ably 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. 
[0176] In addition to the above aspects and properties 
described herein, the inventive polymers can be characterized 
by one or more additional characteristics. In one aspect, the 
inventive polymer is an ole?n interpolymer, preferably com 
prising ethylene and one or more copolymerizable comono 
mers in polymerized form, characterized by multiple blocks 
or segments of tWo or more polymerized monomer units 

differing in chemical or physical properties (blocked inter 
polymer), 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 
























































