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(57) ABSTRACT 

A reinforced composite article and method for making the 
same. The article and method employ at least one elongated 
member as a reinforcement phase. Speci?c elongated mem 
bers are multiple layer structures Wherein the layers are each 
polyole?nic (e.g., at least one of the layers may be a propy 
lene-based polymer, such as a propylene-ethylene copoly 
mer, an isotactic polypropylene homopolymer, or a combina 
tion thereof). Optionally, at least one of the layers may 
include a non-migratory process aid or surface modi?er 
agent. An intermediate form including the elongated member 
may made and processed (for example, With a step of con 
solidation) to form a composite article. 
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POLYOLEFINIC MATERIALS FOR PLASTIC 
COMPOSITES 

CLAIM OF PRIORITY 

[0001] The present application claims priority to, and the 
bene?t of the ?ling date of, US. Provisional Application Nos. 
60/621,463 ?led on Oct. 22, 2004 (Attorney Docket No. 
63863; 1062-041P1); 60/717,965 ?led on Sep. 16,2005 (At 
torney Docket No. 63863B; 1062-041P2); 60/718,025 ?led 
on Sep. 16, 2005 (Attorney Docket No. 64371; 1062-051P1); 
and 60/725,399 ?led on Oct. 11, 2005 (Attorney Docket No. 
63863C; 1062-041P3), (Express Mail No. 
EV789808245US), all of Which are incorporated by refer 
ence. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] The present application is related to concurrently 
?led, commonly oWned, copending application entitled 
Apparatus and Process for Manufacturing Shaped Plastic 
Reinforced Composite Articles (Attorney Docket No. 
64371A; 1062-051WO); Plastic Composite Articles and 
Methods of Making Same (Attorney Docket No. 63863E; 
1062-41WO2); Improved Microlayer Structures and Meth 
ods (Attorney Docket No. 63863F; 1062-41WO3); and 
Improved Composite Pipes and Method of Making Same 
(Attorney Docket No. 63863G; 1062-41WO4); all of Which 
are incorporated by reference. 

TECHNICAL FIELD 

[0003] The present invention pertains generally to compos 
ite materials With a polyole?nic reinforcement phase, and 
more particularly to composite materials that include mul 
tiple layer elongated member structures, Wherein the layers 
are each polyole?nic (e. g., at least one of the layers may be a 
propylene-based polymer, such as a propylene-ethylene 
copolymer, an isotactic polypropylene homopolymer, or a 
combination thereof). 

BACKGROUND OF INVENTION 

[0004] The past several decades have seen considerable 
advancement in engineering materials through the develop 
ment of improved composite materials. Composites alloW 
designers to combine advantageous features of multiple com 
ponent materials to arrive at a material that typically has one 
or more different properties than the component materials 
individually. 
[0005] One area that has seen particularly rapid advance 
ment is the area of reinforced plastics. For example, it is 
popular to improve properties of a plastic by incorporating an 
inorganic reinforcement phase, such as the employment of a 
?ber that is made of glass, carbon, metal or another inorganic 
material. In a number of instances, a form is provided that 
incorporates the inorganic reinforcement material, and is 
impregnated or otherWise intermixed With a thermoplastic or 
thermoset plastic matrix. One particular example that has 
seen increased popularity in recent years is a Glass Mat Ther 
moplastic (GMT) composite, Which ordinarily employs a 
glass mat reinforcement phase that is impregnated With a 
thermoplastic such as polypropylene. The difference of mate 
rial types betWeen the glass and the thermoplastic matrix 
tends to complicate any reclamation or recycling efforts With 
these GMT materials. 
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[0006] In recent years, the plastics industry also has seen 
experimentation in the development of thermoplastic “fab 
rics” that employ a Weave of one or more thermoplastic ?bers, 
With or Without a glass ?ber as Well. Typically, these materials 
are offered in a Woven and consolidated form, namely, upon 
Weaving the ?bres, they are heated to melt at least a portion of 
their outer surface. Upon solidi?cation, adjoining ?bers are 
solidi?ed together. 
[0007] To date, efforts to provide a suitable thermoplastic 
reinforcement form that can readily be processed to form a 
resulting article, particularly an article that is shaped by mold 
ing or forming under elevated temperature, have been limited. 
It has been observed, for example, that the step of consolida 
tion (Wherein the units of the reinforcement form are heated to 
fuse together), requires at least a ?rst heat history, and the step 
of forming the resulting shaped article requires at least a 
second heat history. With each additional heat history, the 
opportunity for morphology change is increased, With the 
attendant loss of mechanical properties, such as impact 
strength. As a result, this places practical restrictions upon the 
processing steps and conditions for making composites. It 
Would be attractive to employ plastic reinforcement materials 
in composites that have good properties and broad processing 
WindoWs. 
[0008] A revieW of various polypropylene composite tech 
nologies is provided in the thesis of Cabrera, “Recycleable 
All-Polypropylene Composites: Concept, Properties and 
Manufacturing”, Technische Universiteit Eindhoven (2004) 
(ISBN 90-386-2676-2), incorporated by reference herein. 
Examples of materials that have been proposed for plastic 
reinforced composites as a reinforcement material are dis 
closed throughout the literature, and include WO 03/008190 
A1, WO2004028803, EP 1397236A1, and EP 0776762B1, 
and US. Pat. No. 5,578,370, all incorporated by reference. 

SUMMARY OF THE INVENTION 

[0009] Various aspects of the present invention are predi 
cated upon the discovery of unique combinations of materi 
als, processing steps, or both, that result in a relatively high 
degree of retained morphology in the elongated member 
materials (as compared With its initial morphology upon its 
initial stretch and prior to processing to form a composite 
article). In this manner, the teachings herein advantageously 
alloW for the bene?cial preservation of properties such as 
impact properties in the resulting composite articles. 
[0010] As Will be seen, the teachings herein Will address 
novel combinations of materials that ?nd utility in the ?eld of 
composites, particularly as respecting elongated members 
that can be consolidated and optionally shaped and processed 
(e.g., Without limitation, over'molded) for forming a compos 
ite article. 
[0011] As Will be observed from the teachings herein, vari 
ous of the aspects are illustrated in the context of polyole?nic 
materials, though the teachings are not to be so limited. 
Among the speci?c advancements offered by the present 
invention is the recognition of speci?c polyole?nic material 
combinations that have unique applicability in the compos 
ites ?eld. In particular, one aspect of the present invention is 
premised upon the recognition for use as multiple layer elon 
gated member of a propylene-based (e.g., a propylene-ethyl 
ene copolymer, a propylene-ot-ole?n copolymer, mixtures 
thereof or otherWise) copolymer that has a melting point that 
is beloW an adjoining polypropylene layer, and speci?cally an 
oriented polypropylene layer. Upon processing to form 
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articles as taught herein, the resulting materials (especially 
the oriented polypropylene layer) exhibits a degree of 
retained morphology from its initial draWn state heretofore 
not attainable using conventional materials. Accordingly, 
aspects of the present invention are premised upon the use of 
a propylene-ethylene copolymer that has an ethylene content 
ofabout 3 to 25 Wt. % (e.g., 5 to 15 Wt. %), a melting range of 
about 50 to 135° C., and a ?exural modulus of about 8 to about 
325 Mpa or higher (e.g., at least about 375 MPa), and a second 
thermoplastic material that includes a polyole?n, such as a 
propylene-based polymer. Such propylene-ethylene copoly 
mer may have a Shore A Hardness of from about 40 to 90 (or 
higher), a molecular Weight distribution of about 1.5 to about 
4, and a melt ?oW rate of at least about 0.3 g/ 10 min, or any 
combination thereof. One example of a propylene-based 
polymer that may be employed generally Will be isotactic and 
relatively stiff. For example, it may be a polypropylene 
homopolymer that has a 1% secant ?exural modulus of 
greater than about 1000 MPA, (and more speci?cally greater 
than about 2000 Mpa (e.g., about 2500 Mpa or higher)), an 
isotactic pentad/triad ratio of greater than about 70% (e.g., 
greater than about 85%) or both. Moreover, such a polypro 
pylene typically Will have a peak melting temperature of 
greater than about 160° C. (e.g., greater than about 165° C.), 
a crystallinity of at least about 30% (more speci?cally at least 
about 50% or even 70%) or both. 

[0012] The teachings herein are also premised upon the 
recognition that, for use With the above polymers, or With 
other polymers taught herein, advantageous results are pos 
sible by the use of an optional non-migratory process aid or 
surface modi?er agent in an amount less than about 10% by 
Weight of the material of the elongated member. By Way of 
example, the non-migratory process aid or surface modi?er 
agent may include an agent selected from silicones (e.g., a 
high molecular Weight silicone, such as an alkyl siloxane like 
dimethylsiloxane), polyole?ns, halogenatedpolymers, or any 
combination thereof. 

DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A and FIG. 1B illustrate examples of cross 
sections of possible elongated members of the present teach 
1ngs. 
[0014] FIG. 2A and FIG. 2B illustrate respectively an 
example of an unconsolidated and consolidated intermediate 
form in accordance With the present teachings. 
[0015] FIG. 3 is a perspective vieW of an illustrative shaped 
intermediate form in accordance With the present teachings. 
[0016] FIGS. 4A-4G illustrate pipe structures in accor 
dance With the present teachings. 
[0017] FIGS. 5A and 5B illustrate exemplary comparative 
data obtainable With the present teachings. 
[0018] FIGS. 6A and 6B illustrate exemplary data obtain 
able With the present teachings. 

DETAILED DESCRIPTION 

[0019] In one particular aspect, the processes of the present 
invention are directed toWard making an intermediate form 
and include steps of a) providing at least one elongated mem 
ber of a ?rst thermoplastic material and having a surface 
portion capable of melting prior to the melting of an adjoining 
or internal portion (such as an internal oriented portion); and 
b) processing the elongated member into an intermediate 
form that may include a plurality of repeating structural units 
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that are generally free to move relative to each other, Wherein 
the form is capable of being processed to form a substantially 
smooth, ruck-free shaped ?nished article. In general, though 
not required in every instance (such as With the microlayer 
teachings herein) elongated members Will comprise an ori 
ented polyole?n, and particularly one that can be processed 
according to the present teachings With substantial retention 
of its initial morphology. 
[0020] In another particular aspect, the processes of the 
present invention are directed to making an article With the 
intermediate form. Accordingly, under that aspect, process 
steps include steps of consolidating and shaping a three 
dimensional intermediate form (e.g., simultaneously in a 
single operation or consecutively in a plurality of operations) 
that includes at least one elongated member and a plurality of 
repeating structural units of a ?rst thermoplastic material 
having a surface portion capable of melting prior to an adjoin 
ing portion (such as an adjoining oriented portion); placing 
the consolidated and shaped intermediate form into a cavity 
of a tool; introducing a second thermoplastic material into the 
tool cavity; and ejecting from the tool cavity a reinforced 
composite article that includes the consolidated intermediate 
form and the second thermoplastic material. It is also possible 
that partial consolidation is performed during the step of 
introducing the second thermoplastic material into the tool 
cavity. This illustrative aspect, of course, may be practiced in 
combination With, or separate from the above ?rst illustrative 
aspect. Thus, it is possible that a single manufacturer can 
make the intermediate form and the resulting article, or dif 
ferent manufacturers may make each (e.g., a materials sup 
plier Would supply the intermediate form to an article manu 
facturer). Further, it is possible that the above steps may be 
practiced in the absence of consolidation of the form prior to 
introduction of the second thermoplastic material into the tool 
cavity. Typical articles prepared according to the teachings 
herein advantageously Will exhibit excellent impact and 
related characteristics (particularly due to the ability, through 
the use of unique selections or combinations of materials, 
and/or processing conditions), as a result of a high degree of 
retained morphology in the elongated member portion of the 
article. 

[0021] In regard to novel combinations of materials, the 
teachings herein identify an unexpected approach to the fab 
rication of composites by the use therein of a geophysical 
textile material (e.g., a polyole?n geophysical textile). For 
example, one such method envisions steps of providing an 
intermediate form that includes a geophysical textile, and 
overrnolding the intermediate form With a thermoplastic. 
Optionally, the above non-migratory process aid or surface 
modi?er agent may be employed. 
[0022] The teachings herein also illustrate that the present 
invention is directed to embodiments that feature at least 4 
stacked layers that each include a polymer, each layer having 
a thickness less than about 50 microns (an more typically 
considerably thinner, e. g., possibly even thinner than about 5 
microns), and each layer differing relative to its adjoining 
layer in at least one characteristic selected from composition, 
degree of crystallization, molecular orientation, molecular 
Weight, melt rate, peak melting temperature, glass transition 
peak, temperature of crystallization, seal initiation tempera 
ture, softening point, molecular Weight distribution or any 
combination thereof. 

[0023] In one approach, the polymer of at least one or 
possibly each layer of the elongated member Will be a propy 
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lene-based polymer (e.g., a polypropylene homopolymer, 
such as an isotactic polypropylene homoploymer). For 
example, one or more (or even all) of the layers may employ 
polypropylene. It is also possible that the polymer of at least 
one layer includes ethylene. The polymers of at least tWo 
adjoining layers may include ethylene (e.g., selected from a 
propylene-ethylene copolymer, a linear loW density polyeth 
ylene, a high density polyethylene or any mixture thereof). 
The polymer of each adjoining layer may include polyethyl 
ene. Typically, the polymers of at least tWo adjoining layers 
each have a peak melting temperature that differ by at least 
about 5° C. 

[0024] An additive or other functional material may be 
employed, such as a tie-in layer or an intermediate bonding 
agent layer (the use of Which is not limited solely to micro 
layers taught herein, but may be used in any of the multiple 
layer structures disclosed) betWeen at least tWo of the stacked 
layers. The materials may also include the above-mentioned 
non-migratory processing or surface modi?cation agent dis 
posed on an exposed surface of at least one of the layers. 

[0025] Generally, the microlayer articles herein Will be 
made by coextruding a lamellar polymeric body, using suit 
able equipment such as a microlayer melt splitter or a hemi 
spherical microlayer coextrusion feedblock, having at least 4 
layers including at least a ?rst layer that includes a ?rst 
polymeric material selected from a thermoplastic polymer, a 
thermoplastic co-polymer, or a combination thereof, and hav 
ing a thickness less than about 50 microns, and an adjoining 
second layer that includes a second polymeric material 
selected from a thermoplastic polymer, a thermoplastic co 
polymer, or a combination thereof, and having a thickness 
less than about 50 microns; and draWing the lamellar poly 
meric body (in one or a plurality of stages, at one or a plurality 
of temperatures) to a draW ratio of greater than about 5, more 
speci?cally great than about 10, and still more speci?cally 
greater than about 18. The materials and processing condi 
tions may be selected so that the viscosities of the individual 
polymer layers during the step of co-extruding Will vary by 
less than a factor of about 3. 

[0026] Though illustrated herein by reference to the use of 
materials disclosed throughout the present speci?cation, e.g., 
the discussed propylene-ethylene copolymers, the isotactic 
polypropylene homopolymer, or a combination thereof, the 
microlayers advances herein are not limited solely to such 
materials. Various other material combinations are possible, 
such as a ?rst polymeric material that includes a polyole?n 
and a second polymeric material includes a polyamide; a ?rst 
polymeric material that includes a polyole?n and a second 
polymeric material includes a polyester; a ?rst polymeric 
material that includes a polyamide and a second polymeric 
material that includes a polyester; or even a ?rst polymeric 
material that includes one polyester and a second polymeric 
material that includes another polyester. 
[0027] The microlayer materials herein may be processed 
as taught elseWhere herein. For example, they may be con 
solidated, shaped, formed. In one approach, an intermediate 
form that includes a microlayer is subjected to a deforming 
operation, by Which it is optionally heated and is clamped in 
a manner such that While a force is applied for deforming the 
intermediate form, the intermediate form is free to move 
Within a predetermined limit. In addition, an intermediate 
form that includes a microlayer (or other taught multiple 
layer structure) elongated member may be processed by plac 
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ing it a tool cavity of a tool, and introducing another thermo 
plastic material into the tool cavity With it (e.g., for 
overmolding). 
[0028] As Will be seen, the present invention has utility in 
many different applications. One preferred application con 
templates applying the teachings herein to the manufacture of 
a composite pipe. By Way of summary, the teachings contem 
plate a method for making a composite pipe that includes the 
steps of providing a core pipe; covering the core pipe (e.g., 
made of a polymer) With an intermediate form that includes at 
least one Winding of a thermoplastic elongated member, 
Wherein the elongated member comprises a ?rst thermoplas 
tic material and a second thermoplastic material; consolidat 
ing the intermediate form; and optionally applying a jacket 
over at least a portion of the intermediate form and the core 
pipe for protecting the core pipe With the intermediate form. 
[0029] The intermediate form typically includes a plurality 
of elongated member layers, With at least one of the layers 
including an elongated member stretched to at least about 5x 
(and possibly as high as l5>< or higher). The elongated mem 
bers may comprise a multilayer coextruded tape and the con 
solidating step, particularly Where a propylene-based poly 
ole?n is employed in an elongated member, includes 
maintaining the intermediate form at a temperature of at least 
about 150° C. for at least about one minute, after the core pipe 
is covered With the intermediate form. A plurality of layers of 
Windings may be employed. 
[0030] If employed, the protective jacket typically includes 
a polymer and the jacket has a pressure rating (per ISO 9080) 
of greater than about PE 80. Resulting pipes Will have a hoop 
stress performance for Withstanding a pressure of 7 MPa at 
80° C. for up to 250 hours. Any jacket applied, at least one of 
the thermoplastic materials of the intermediate form, or both 
may include a non-migratory process aid or surface modi?er 
agent as taught herein. In one approach, at least one of the ?rst 
thermoplastic material and the second thermoplastic material 
includes ethylene. In a speci?c aspect, the elongated member 
is made from (i) a ?rst thermoplastic material that comprises 
a propylene-ethylene copolymer, (ii) a second thermoplastic 
material that comprises an isotactic polypropylene 
homopolymer (e. g., having a crystallinity of at least about 
30%, and an isotactic pentad/triad ratio of greater than about 
70%); or a combination of (i) and (ii). A plurality of micro 
layers may be employed for the elongated member. 
[0031] In one approach, the step of consolidating the inter 
mediate forrn occurs prior to application of the jacket over at 
least a portion of the intermediate form and the core pipe. In 
another approach, the step of consolidating occurs from heat 
realiZed during the step of applying the jacket. 
[0032] As Will be seen, Without limitation, aspects of the 
present invention also pertain to articles produced With the 
materials described herein, further speci?c methods of mak 
ing such articles, methods of using such articles, in addition to 
characteristics of the materials themselves and their pro 
cessed forms. 

Elongated Members and Intermediate Forms 

[0033] Turning ?rst to the intermediate forms of the present 
invention, in general, these forms Will include at least one 
elongated member With a composition that includes at least 
one thermoplastic material. By “elongated member”, it is 
generally meant a member that has one of its dimensions 
(e.g., length) that is longer than at least one other dimension 
(e.g., Width, height, thickness, or diameter), particularly, the 
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length of an elongated member here in substantially greater 
(e. g., by a factor of at least about 10 or higher) than the Width 
or height. Accordingly, elongated members herein could 
include, but are not necessarily limited to a member selected 
from ?bres, rods, cords, yarns, tapes, ?laments, straps or any 
combination thereof. As can be appreciated from the above, in 
a number of aspects, ?lms may also be contemplated as 
Within the meaning of “elongated members”. Small scale 
members may also be possible, such as Whiskers or platelets. 
Though “elongated member” is regarded broadly herein, it 
should be recogniZed that particularly preferred forms of the 
elongated member speci?cally Will include one or more of 
yarns, tapes, ?bres and ?laments. A highly preferred elon 
gated member is in the form of a tape. 
[0034] In addition, it should be appreciated that elongated 
members of the present invention typically Will have been 
processed for achieving an initial morphology, and speci? 
cally an initial orientation state (e.g., it is monoaxially 
stretched, biaxially stretched, or otherWise stretched, such as 
in accordance With the proportions speci?ed herein). Among 
the many unique advantages obtainable using the subject 
matter disclosed herein is the ability upon conclusion of pro 
cessing, and especially in ?nished articles, to realiZe a sub 
stantial preservation of the initial morphology Within the 
elongated member. Accordingly, for example, upon process 
ing, molecular orientation of the elongated member is sub 
stantially preserved from its initial state (e.g., at least about 
50% and more preferably 75% of the initial orientation of the 
elongated member remains). 
[0035] The dimensions of the elongated member typically 
could be such that it enables the member to be handled manu 
ally. More particularly, hoWever, the elongated member Will 
be dimensioned so that it is capable of being machine 
handled for processing it into the intermediate form. For 
example, one speci?c illustration of the present invention 
envisions an elongated member, such as a yarn, tape, ?ber or 
?lament, that has a thickness, Width or diameter no larger than 
about 5 cm, more speci?cally no larger than about 1 cm, still 
more speci?cally no larger than about 0.5 cm, and even more 
speci?cally no larger than about 1 mm. For example, one 
approach is to employ an elongated member such as a yarn, 
tape, ?ber or ?lament that has a Width of less than 5 mm, and 
a thickness of less than 1 mm and more speci?cally less than 
0.5 mm (e.g., about 0.01 to 0.25 mm). Ofcourse, it is possible 
that an intermediate form may include a plurality of elongated 
members, each being of different thickness, Width or both. 
For example, the Warp and Weft elongated members of a 
Woven form may respectively vary in thickness, Width or 
both. Further, Where ?lms are employed as an elongated 
member herein, they may be substantially larger (e.g., possi 
bly as Wide as at least about 5 meters, and at least about 10, 20, 
or even 40 meters long). 
[0036] Typical elongated members Will be continuous in 
pro?le. HoWever, it is possible that at least partially along the 
length of the elongated members, the members could be fully 
densi?ed, partially densi?ed (e.g., foamed), perforated, cor 
rugated, tWisted, or any combination thereof. The elongated 
member may have properties or other characteristics that 
differ along a dimension of the member. 
[0037] As Will be appreciated, the teachings herein are 
Widespread and need not necessarily be con?ned to the 
embodiments featured. For example, the present invention 
teaches a variety of different materials having utility as elon 
gated members, Without regard to the particular application of 
such elongated members. HoWever, especially in the context 
of teachings of polymeric reinforced composites, one or more 
of the elongated members herein are commonly assembled 

Oct. 23, 2008 

into an intermediate form, such as Without limitation a Woven, 
knit or other form in Which there are a plurality of repeating 
structural units (e.g., the Warps and Wefts employ a plurality 
of elongated members). HoWever, the repeating units may be 
as simple as the individual Windings of a Wound structure 
(such structure being possible through the use of a single 
elongated member. 
[0038] Accordingly, after the formation of the elongated 
member, it is processed to make an intermediate form, such as 
one selected from a Woven form, a Winding form, a knit form, 
a braided form, a randomly dispersed form or any combina 
tion thereof. The form may also be Wrapped or otherWise 
coated or covered. As referenced herein the intermediate form 
Will typically include the plurality of repeating structural 
units. Examples of these structural units are illustrated in FIG. 
2A. For example, an intermediate form 10 might include a 
plurality of repeating structural units 12 arranged to de?ne a 
pattern 14, such as a basketWeave of FIG. 2A, another plain 
Weave, a tWill Weave (such as a herringbone, a tWeed, a 
houndstooth, a plaid or other tWill), a lace, a satin, or any 
combination thereof. Examples of particular Weaves include 
Weaves that having a pattern Warp elongated member running 
over and then under a Weft elongated member in a Warp/Weft 
proportion ranging from 1/1 to 14/2 (e.g., 2/1, 2/2, 3/1, or 
otherWise). Still more particular examples of Weaves include, 
Without limitation, a 2/1 tWill, a 2/2 tWill, a croWfoot satin, a 
2/2 basketWeave, a 5H satin, a 8-H satin, or otherWise. Thus, 
as can be seen, individual structural units of the form may be 
disposed in any of a number of possible con?gurations rela 
tive to each other. For example, as in FIGS. 2A and 2B, 
overlapping units may be generally perpendicular to each 
other. HoWever, other angles of Weave may also be employed 
as desired. In general, the Weight ratio of Warp to Weft elon 
gated members Will range from about 90: 10 to about 40:60, 
and more preferably about 70:30 to about 45:55 (e.g., about 
50:50). 
[0039] Though illustrative Warp and Weft ranges are dis 
closed in the above, it is possible that others may also provide 
satisfactory results. For example, the average number of Warp 
elongated members per unit area may be the same as the 
number of Weft elongated members in the same area. It is 
possible that the numbers of each may vary relative to each 
other. For example, the average number of Warp and Weft 
elongated members per unit area may vary by 10% or less 
(e.g. Within a 4 cm2 there may be 18 Warp members and 20 
Weft members). They may vary in larger proportions as Well, 
such as by at least 20%, or even by at least 50% (e. g. Within a 
4 cm2 area there may be 10 Warp members and 20 Weft 
members). 
[0040] It is also possible that as betWeen the Warp and Weft 
elongated members, the thickness, Width, or both of the elon 
gated members may be substantially the same, such that they 
vary by no more than about 10%. It is possible, hoWever, that 
as betWeen the Warp and Weft elongated members, the thick 
ness, Width, or both of the elongated members may vary by 
20% or more. As Will be discussed in further detail momen 
tarily, it should also be appreciated from the above that the 
intermediate form may include a plurality of layers, With at 
least tWo of the layers having a different Weave characteristic 
relative to the other layers. 

Monolithic Elongated Members and Geophysical Textiles 

[0041] As the folloWing discussion illustrates, elongated 
members useful in accordance With the present teachings may 
be of a substantially homogenous construction, i.e., a mono 
lithic structure Where the composition is the same throughout. 
They may also have a variation in the composition across the 
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Width, thickness or diameter, such as is achievable through a 
multiple-layer construction. As to the former, though Wind 
ings of a monolithic elongated member structure are possible, 
more commonly, monolithic elongated members Will be in a 
Woven form, as a material knoWn generally as a geophysical 
textile. 

[0042] Indeed, among the many unique features of the 
present invention is the ability to make effective use of the 
above-referenced monolithic materials, such as the men 
tioned geophysical textiles. These materials currently com 
monly ?nd many civil engineering applications (although the 
present teachings are not so continued), such as one or more 
of erosion control/ soil retention, silt fence, landscaping, rein 
forcement, separation (e.g., for paving), drainage and other 
applications. Quite often, geophysical textiles exhibit a rela 
tively high bi-directional strength and stiffness and comprise 
Woven ?bers that may not be consolidated and may thus 
exhibit some amount of permeability, permittivity or both. 
Properties of geophysical textiles can vary over a Wide range. 
By Way of example, it may be possible that the geophysical 
textiles Will exhibit a grab tensile strength (perASTM D4632) 
of at least about 0.3 kN, and more speci?cally ranging from 
about 0.5 to about 3 kN, and a grab tensile strength elongation 
(per ASTM D4632) of at least 10%, e.g., about 15%, With 
levels of 50% or higher also possible. The geophysical tex 
tiles Will exhibit a Mullen burst strength (per ASTM D3786) 
of at least about 1000 kPa, and more speci?cally from about 
2000 to 10,000 kPa (e.g., about 3000 to 7000 kPa), and a 
puncture strength (perASTM D4833) of at least 0.20 kN, and 
more speci?cally ranging from about 0.25 kN to about 0.80 
kN. Examples of commercially available geophysical textiles 
include polypropylene fabrics, such as those offered under 
the name Propex® (from Propex Fabrics (Georgia)), as Well 
as geophysical textiles offered by Don & LoW under the 
designation LOTREK, by Mira? (Ten Cate Nicolon) under 
the designation GEOLON, and other vendors such as US 
Fabrics, Inc. and LINQ Industrial Fabrics, Inc. 
[0043] It Will be appreciated that geophysical textiles use 
ful in accordance With the present invention may be fabricated 
from one or more thermoplastic (e.g., a polyester, a polyole 
?n, or a combination thereof). Of course, the various indi 
vidual thermoplastic materials disclosed herein can be 
formed into a geophysical textile. Geophysical textiles com 
monly (but need not necessarily) include an oriented portion, 
and typically articles made herein using a Woven geophysical 
textile Will include elongated members that have been pro 
cessed (e.g., stretched) to include an oriented portion, espe 
cially a portion that exhibits substantially preservation of its 
initial morphology. Though one preferred approach contem 
plates the use of Woven geophysical textiles, it is also possible 
that the geophysical textiles Will be nonWoven (e.g., prepared 
from staple ?bers, continuous ?laments or both that are typi 
cally needle-punched and heat-bonded). Geophysical textiles 
typically Will be prepared from slit ?lms or extruded 
mono?laments or the like, and thus, commonly Will been 
processed to include an oriented portion. But it is possible that 
the textile may incorporate one or more multi-?laments. In 
yet another aspect of the invention, the geophysical textile 
may include one or more naturally occurring ?ber, such as 
jute, hemp, or the like. 
[0044] As Will be appreciated from the discussions herein, 
a geophysical textile material may be employed in various of 
the embodiments disclosed herein. By Way of example, With 
out limitation, a geophysical textile may be over'molded in 
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accordance With the teachings herein; combined in a multiple 
layer intermediate form With one or more other geophysical 
textiles, multiple layer Woven or Wound intermediate form or 
both; may employ one or a combination of the homo-poly 
mers or copolymers herein; or any combination thereof. 

Multiple Layer Elongated Members 

[0045] Turning noW to a more detailed, discussion of other 
aspects of elongated members, one common approach to the 
technology disclosed herein is the employment of multi-layer 
elongated member. In particular, a multi-layer elongated 
member commonly Will employ at least a ?rst surface portion 
and a second portion that adjoins the ?rst portion, Wherein the 
?rst portion and the second portion differ in composition, 
polydispersity, morphology, melt rate, or any combination 
thereof. For example, one speci?c approach envisions at least 
one elongated member of a ?rst thermoplastic material and 
having a surface portion capable of melting prior to an adjoin 
ing portion, such as oriented adjoining portion. 
[0046] The present teachings advantageously afford the 
ability to make elongated members such as a tape using a 
single polymer (e.g., a polymer A or B, by itself, such as 
described previously in the context of geophysical textiles) or 
a plurality of adjoining polymers (e.g., polymerA and poly 
mer Bireferred to herein as an A-B component structure, 

such as A-B, A-B-A, A-B-C, A-B-C-D, etc. or any combina 
tion thereof, such as A-B-D, A-B-C-B-D, A-C-B, or other 
Wise, Where the C and D designations denote Without limita 
tion yet additional potential polymers, for example, as may be 
encountered With the microlayer teachings presented herein). 
When different polymers are employed Within an elongated 
member they may each be of the same composition or a 
different composition. They may be from the same general 
family of polymers (e. g., polyole?ns), or different. They may 
be from the same speci?c type of polymer Within a family 
(e.g., polypropylene), but vary relative to each other With 
respect to some characteristic such as Weight average molecu 
lar Weight, polydispersity, morphology, melt rate or other 
melt characteristic, or any combination thereof. It should be 
appreciated that one or more of the components (e.g., A, B, C, 
D or some other component) need not necessarily be a poly 
mer, but may be an additive, or other functional material. 
[0047] Turning ?rst to multiple layer embodiments, such as 
may be encountered in a material that includes components A 
and B (e.g., anA-B-A elongated member) typically, theA and 
B components Will be arranged in layered relation relative to 
each other (e.g., FIG. 1A, side-by-side (such as a bi-compo 
nent material)) or in a core/ sheath relation (e.g., FIG. 1B). The 
B component may be covered only partially, such as by 
exposing at least one side (see, e.g., FIG. 1A shoWing tWo 
exposed sides), or completely about its periphery by the A 
component (as in FIG. 1B). The layered embodiment of FIG. 
1A, it Will be appreciated, can also include rounded edges or 
surfaces. Ordinarily the component B Will be located Within 
an interior portion of the elongated member, and Will be a 
higher melting point material than the component A. Thus, 
the structure and material of the elongated member Will per 
mit the component A to melt before the component B, and 
Will enable the substantial retention of morphology in at least 
the component B. As Will be appreciated, the relative amounts 
of component A to component B may vary. In some applica 
tions, for example, it is possible that a relatively small outer 
layer (e.g., an A layer of an A-B-A multiple layer combina 
tion) is applied to a relatively large interior layer (the B layer). 
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Other applications may employ a larger outer layer. For 
example, for an A-B-A combination the relative volumes of 
each may range from about 1:1:1 to 1:35: 1, more speci?cally 
about 1:10:1 to 1:25:1, and still more speci?cally about 
1:15:1 to 1:20:1 (e.g., 1:17:1).AnA-B core-sheath structure 
may use similar proportions, but omitting one of the corre 
sponding amounts for one of the outer layers. For example, 
instead of 1:1:1, the proportion Would become 1:1. 
[0048] As introduced in the above, an elongated member 
(e. g. a coextruded tape) made With these components (e.g., an 
A-B-A multiple layer elongated member) preferably com 
prises about 1 to 20 Wt % of component A and about 80 to 99 
Wt % of component B. Though such relative proportions Will 
be typical of a large number of various elongated members in 
accordance With the present teachings, it should not be con 
sidered limiting. For example, for some applications, the 
employment of larger proportions of component A relative to 
the component B in an elongated member is also possible and 
good results are obtainable in accordance With the teachings 
herein. For example, it is contemplated that the amount of the 
component B (e.g., a polymer including polypropylene, such 
as a homopolymer of polypropylene) may be loWer than 
about 50% by Weight of the overall Weight (e.g., less than 
about 45% by Weight of the overall Weight, or possibly about 
10 to about 45% by Weight of the overall Weight, or even more 
speci?cally about 20 to about 40% by Weight of the overall 
Weight). 
[0049] In general, Where an elongated member includes at 
least a component A and component B, typically, the melting 
points (Which may occur over a range of temperatures) of the 
components A and B Will differ, With the melting point 
(namely, the peak melting temperature for materials that have 
a melting range) of the component A being beloW the melting 
point of component B. In addition, the higher melting point 
material typically Will be at least partially oriented (e.g., 
mono-axially or bi-axially). The relative melting points may 
differ by as small as about 5° C., but Will more typically vary 
by at least about 10° C., more preferably at least about 20° C., 
and in one speci?c example may vary by as much as at least 
about 25° C. (e.g., about 30° C.) or higher. For example, 
Without limitation, componentA may have a melting point of 
about 130° C. and component B may have a melting point of 
above about 160° C. As a result of the spread of the tempera 
tures for the melting point, What results is that a processing 
WindoW is realiZed Within Which the component A is able to 
How and fuse With adjoining material, for achieving consoli 
dation upon cooling. In the meantime, by maintaining the 
processing temperature of the component B at beloW its melt 
ing point, the risk can be reduced that the component B Will 
suffer signi?cant degradation to its initial morphology, and 
compromise to its properties, such as the overall high ?exural 
modulus of the elongated member. In turn, additional bene?ts 
can be realiZed by the ability upon conclusion of processing, 
and especially in ?nished articles, to realiZe a substantial 
preservation of the initial morphology Within the elongated 
member. In addition to the ability to retain morphology, con 
solidating near the loWer end of the temperature range has the 
additional bene?t that the elongated component Will be gen 
erally less prone to relax or shrink. 

[0050] As discussed above, it is seen that the reference melt 
characteristic temperatures selected for discussion are the 
melting points (such as obtainable by differential scanning 
calorimetry according to ISO 1 1357-3). It should be realiZed 
that for some materials, the melting point may not be sharply 
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de?ned (for example, because it occurs over a range of tem 
peratures) . Accordingly, for such materials, the skilled artisan 
With appreciate that reference to a melting point generally 
refers to the peak melting temperature. Moreover, in some 
instances, it may be more convenient to employ an alternative 
similar approach by the substitution of another related mea 
sure of the melt characteristic of the material, glass transition 
temperature or the polymeric softening temperature, the peak 
temperature of crystalliZation (e.g., as described in WO2004/ 
033509 (incorporated by reference)), or even the seal initia 
tion temperature (e.g., as described in Isothermal Crystalli 
Zalion Kinetics and Morphology of Polypropylenes and 
Propylene/Ethylene (P/E) Copolymers; by C. H. Stephens, B. 
C. Poon, A. R. Kamdar, S. Chum, P. Ansems, K. SWogger, A. 
Hiltner and E. Baer. (Presented at the SPE ANTEC Confer 
ence in Chicago, H1, in May 2004), incorporated by refer 
ence), for the respective components. 
[0051] Effectively, therefore, the desired spread in relevant 
melt characteristic temperature of the respective components 
A and B (e.g., a difference ofabout 5, 10, 20, 25, or 30° C. or 
more in such melt characteristic temperature of the polymer) 
is selected generally so that fusion of the component A can 
occur Without reduction to the enhanced mechanical proper 
ties that component B possesses relative to component A in 
their initial solid states. 

[0052] One potential bene?t of a multiple layer structure is 
the ability to prepare the elongated member to provide differ 
ences in characteristics Within respective portions of the elon 
gated member, so that the elongated member can be precisely 
tailored for a particular application, for a particular set of 
processing conditions, or a combination thereof. As Will be 
seen from a revieW of the discussion herein, the manner of 
achieving an advantageous multiple layer structure may vary 
depending upon the attendant results sought, and a variety of 
techniques may be employed for realiZing a multiple layer 
structure. For example, one or more of the portions may be 
coated, laminated, adhered, surface treated (e.g., atmospheri 
cally treated (e.g., oxidiZed or the like), a corona discharge, or 
other plasma treatment), ?ame sprayed, ioniZed, irradiated, 
poWder coated, hot melt applied, or otherWise joined onto 
another portion. In another approach, the different portions 
may be subjected to different heat treatments, different strain 
treatments or other processing conditions. In still another, 
different portions are coextruded together. Combinations of 
the above approaches may also be employed. 
[0053] In more detail, typically the elongated members of 
the present invention Will be derived from a ?lm (Which ?lm 
may be un-oriented, but more typically Will be monoaxially 
oriented, biaxially oriented or otherWise). For example, it is 
quite typical that the elongated members (and particularly 
elongated members selected from at least one of the yarns, 
tapes, ?bres or ?laments) could be made by subjecting a 
molten polymer (e.g., at a melt temperature of the polymer, 
such as about 200 to 240° C. for various polyole?ns or other 
thermoplastics) to a bloWn ?lm process (e. g., an air quenched 
bloWn ?lm process, such as discussed in WO2005035598, 
incorporated by reference), by a cast ?lm or sheet (e.g., 
quenching an extruded moltenpolymer using a chilled roller), 
or by ?lm or sheet extrusion (e.g., such as through a Water 
bath). Combinations of these approaches may also be 
employed. The ?lm or sheet can then be slit into predeter 
mined Widths, using a suitable cutting operation such as sonic 
slitting, hot knife slitting, a combination thereof or otherWise. 
Slit ?lms can then be processed into the desired denier (e. g., 
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from about 1000 to about 20,000, e.g., possibly greater than 
about 13,500) and Weight (e.g., a Weight of at least about 7 
g/denier and possibly at least as high as about 9 g/denier or 
higher, and even more speci?cally higher than about 10 g/de 
nier) through a heating phase (such as by use of a hot table) or 
a stretching operation (optionally employing a stretching 
oven for elevated temperature stretching). For some embodi 
ments, slit ?lms may have a tex characteristic (the Weight of 
length of about 10 km tape) of from about 60 to 300. Slit ?lms 
can also be ?brillated and Wound onto bobbins for later use in 
?nal products. The entire process as described typically Will 
be a continuous process, but need not be. 

[0054] By Way of further particular example, one other 
possible approach for forming an elongated member (and 
particularly an elongated member selected from yarn, tape, 
?bre or ?lament) may be to subject a molten polymer (e. g., at 
a melt temperature of 90 to 230° C.) to a step of extrusion (e.g. 
folloWing Which it passed through a Water bath at a tempera 
ture of 20 to 40° C.) With a suitable die (optionally With a 
tapered opening) such as a sheet die (eg a Collin Teachline 
extruder) to form a cast sheet of up to about 10 mm thickness 
(more typically it is about 1 mm thick). The sheet is slit into 
Widths of about 1 to 20 mm, more particularly about 2 to 10 
m (e. g., about 5 mm) and stretched betWeen goddets in one 
or more heated ovens to a draW ratio of about 2 to 10 (e.g., 
about 5) or higher at about 50 to 70° C. (e.g., 60° C.). The 
resulting yarn, tape, ?bre or ?lament may then be further 
stretched at one or more elevated temperatures (e.g., greater 
than about 12° C., such as at a temperature of about 140 to 
200° C. (e.g., about 170° C.)) at one or more additional draW 
ratios of at least about 2 to 8 (e.g., about 3.5), Which results in 
a desired thickness (e.g., about 0.3 to 2 mm, more speci?cally 
about 0.05 to 0.3 mm (particularly When the cast sheet is 
about 1 mm thick) or possibly larger or smaller). It may also 
be possible to include one or more stretching steps at a tem 
perature beloW the melting point of the stretched polymer. 
One possible stretching operation involves stretching a mate 
rial that includes a polypropylene homopolymer at a tempera 
ture of about 17° C. to a draW ratio of at least 5, more 
speci?cally at least 10, and still more speci?cally at least 15. 
[0055] In another approach, such as one for monoaxially 
oriented processing, a ?at or round pro?le is extruded and 
then oriented according to techniques for forming a mono 
axially-oriented elongated member to obtain the desired 
tenacity and denier. Then, the elongated member may be 
Wound onto a bobbin. It Will be appreciated that the above 
processes are suitable for adaptation for forming an elongated 
member that includes tWo polymers, such as by coextrusion 
of the tWo polymers to form a tape or ?lament. 

[0056] In the course of manufacture of a multiple-layer 
elongated member, it also is desirable to substantially 
approximate the rheology of the respective layers to help 
avoid build-up of undesirable shear stresses or other conse 
quences as the material is passed through any feedblock and 
die assembly. 
[0057] As can be gleaned from the above, as the present 
teachings relate to stretching, the skilled artisan Will appreci 
ate that many altemative approaches to stretching are pos 
sible. It is common in many such instances that a ?lm or sheet 
is subjected to one or more stretching (e.g., uniaxial, biaxial 
or otherWise) steps, such as for forming a yarn, tape, ?bre or 
?lament. Stretching can be performed in a single-stage opera 
tion or a plural stage operation (e.g., a dual-stage process). 
Stretching typically Will be done at an elevated temperature 
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(e.g., particularly for polyole?ns, greater than about 60° C., 
and even more typically greater than about 10° C., such as 
betWeen about 100 to about 200° C., more speci?cally up to 
about 190° C. (e.g., about 120 to 180° C., and even more 
speci?cally for polypropylenes about 140 to about 190° C., 
such as about 150° C. to 170°), it being recogniZed that 
temperature conditions for other materials such as polyesters 
may be other than as set forth). Considered another Way, for a 
system that includes higher and loWer melting point compo 
nents (such as an A-B-A type structure), the stretching typi 
cally Will occur at a temperature that is above the melting 
temperature of the loWer melting point component, and 
Within about 10° C. of the peak melting temperature of the 
higher melting point component. The amount of ?lm stretch 
per stage (as compared With its isotropic melt state) can be 
selected as desired, ranging for example from about 2x to 
about 20>< or higher (e.g., about 4x to 10x, about 8x to 15x or 
possibly about 15>< to 18x, or even about 25>< to 40x). Further, 
the stretching can be accomplished by a single stage (so that 
one stretch accomplishes the entirety of the stretching), or 
plural stage operation (e.g., a plurality of consecutive 
stretches). Higher or loWer stretch amounts may be possible. 
Further, though disclosed particularly for single stage 
stretches, a plurality of sequential steps may also be 
employed for accomplishing the desired stretch amount. Dur 
ing each stage the temperature of the ?lm can be kept constant 
or varied over a range of temperatures. Stretching amounts 
herein are disclosed With reference to a comparison of the 
resulting elongated member With the ?lm formed from an 
isotropic melt. Additional aspects of elongated member for 
mation Will be addressed more speci?cally in the discussion 
herein. 
[0058] Desirably, hoWever, upon completion of stretching, 
the elongated member (especially elongated members that 
are selected from a yarn, tape, ?bre or ?lament) Will exhibit an 
initial morphology, including an orientation (typically a 
monoaxial orientation, but potentially also having biaxial or 
other orientation components). Attendant thereWith typically 
Will be an increase in the strength and rigidity of the material 
as compared With its unstretched or relaxed state. For 
example, upon stretching, elongated members (especially 
those that include higher and loWer melting point components 
(such as an A-B-A type structure), in accordance With the 
present invention frequently Will exhibit a modulus of elas 
ticity of at least about 13 GPa, and more speci?cally at least 
about 18 GPa, as measured by ASTM D-638 and a tensile 
strength of at least about 150 MPa, and more typically at least 
about 300 MPa, as measured by the folloWing ASTM test 
method D-638. As Will be appreciated, the substantial pres 
ervation of morphology (and the attendant attractive proper 
ties) is among the bene?ts obtainable from the present teach 
ings. Of course, as Will also be gleaned from the discussions 
herein, the above properties are not mandatory. It is also 
common for many of the materials taught herein (e.g., the 
geophysical textiles and others) to have a modulus of about 5 
to 12 GPa. 

Materials for Elongated Members 

[0059] In the discussion that folloWs, it Will be seen that 
particular advances in the present technology can be achieved 
through one or a combination of the selection of the particular 
polymer constituents for the respective layers, the siZe of the 
respective layers, the manner of making individual layers, or 
the manner of assembling the respective layers. In one par 
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ticular aspect, it Will be shown herein a recognition that recent 
technological advances in the ?eld of polymers have signi? 
cant applications in the ?eld of polymer composites. For 
example, from the discussions herein, it Will be seen that the 
present invention makes advantageous and unexpected use of 
thermal and mechanical properties of various conventional 
polymers as Well as recently discovered polymers. 

[0060] Examples of speci?c polymers that can be 
employed in accordance With the present teachings (Whether 
for monolithic elongated members or multiple-layer elon 
gated members) the present invention include one or more 
polyole?ns such as thermoplastic ole?ns, poly(0t)ole?ns, eth 
ylene-based polymers, propylene-based polymers, or any 
combination thereof (Whether in the form of one or more of a 
copolymer, a blend or an alloy). In general, for multiple-layer 
structures, a combination of materials Will be employed 
Wherein a loWer melting point polymer is coextruded With a 
higher melting point polymer to form the layers. Though 
either layer may be amorphous or at least partially crystalline, 
speci?c examples taught herein have the higher melting point 
polymer layers being of a relatively high degree of crystallin 
ity (e.g., at least 30%, and more typically at least 50%, or even 
70%). As discussed throughout, one of the advantages that are 
possible folloWing the teachings herein is that, even subse 
quent to processing of the materials for fabricating a compos 
ite article, the material of at least the higher melting point 
layer exhibits a substantial preservation of its morphology, 
such as by retaining a relatively high degree of crystallinity 
(e.g., at least 30%, and more typically at least 50%, or even 
70%) even after a step of consolidation. 

[0061] Ethylene-based polymers include but are not limited 
to ethylene homopolymer or interpolymers of ethylene With 
at least one C3-C2O ot-ole?ns, and may be referred to as ultra 
high density polyethylene (UHDPE), ultra high molecular 
Weight polyethylene (U HMWPE), high density polyethylene 
(HDPE), medium density polyethylene (MDPE), loW density 
polyethylene (LDPE), linear loW density polyethylene (LL 
DPE), very loW density polyethylene (V LDPE), ultra-loW 
density polyethylene (U LDPE), or substantially linear ethyl 
ene polymer (SLEP). Ethylene-based polymers may be made 
via one or more various processes, including but not limited to 
high pressure, solution, slurry, or gas phase reactions, using 
one or more various catalyst systems such as chromium (Cr), 
Ziegler-Natta (Z-N), metallocene, constrained geometry 
(CG), or other advanced, non-metallocene, complexes. For 
use as a loWer melting point componentA in anA-B structure, 
it is desirable to employ a copolymer of a polypropylene 
having one of the above ethylene-basedpolymers, or possibly 
another ot-ole?n (e.g., butene, or the like). Other possible 
materials include blends of polypropylene copolymers With 
(co)polyethylene (e.g., heterophasic polypropylenes). 
[0062] Propylene-based polymers include but are not lim 
ited to propylene homopolymer or interpolymers of propy 
lene With at least one of C2 or C4-C2O ot-ole?ns, and may be 
referred to as homopolymer polypropylene (hPP), random 
copolymer polypropylene (RCP), high crystalline polypropy 
lene (HCPP), rubber-modi?ed polypropylene (generally a 
hPP or RCP matrix With a disperse “rubber” phase), also 
referred to as impact or block copolymers (ICP), or propy 
lene-ethylene copolymers. Propylene-based polymers may 
be made via various processes, including but not limited to 
solution, slurry, or gas phase, using various catalyst systems 
such as Ziegler-Natta (Z-N), metallocene, or other advanced, 
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non-metallocene complexes. Propylene-based polymers may 
be isotactic, syndiotactic or atactic, but preferably are isotac 
tic. 

[0063] Examples, of particularly preferred polyole?ns for 
the loWer melting component (e. g., component A in anA-B-A 
elongated member) include propylene-ethylene copolymers 
(Which may be rubber-modi?ed); more preferably With nar 
roW molecular Weight distribution such as those available 
from DoW Chemical under the designation VERSIFY, or 
ExxonMobil under the designation VISTAMAXX, or a com 
bination thereof. Even more speci?c examples of polymers 
that may be employed in accordance With the present teach 
ings (especially for use as a loWer melting point component, 
e.g., component A of an A-B-A combination, or as one or 
more layers of microlayer materials described herein) include 
those disclosed in WO 03/040201 A1, published US Appli 
cation No. 2003-0204017, and Us. Pat. No. 6,525,157, all of 
Which are incorporated by reference. For example, the mate 
rial may be a propylene-ethylene copolymer in the substantial 
absence of dienes. Another potential candidate for the com 
ponent A of an A-B-A combination, or as one or more layers 
of microlayer materials described herein, is a polypropylene 
homopolymer made With a metallocene catalyst such that it 
exhibits a relatively loW melting point. Commercial examples 
of such materials include ACHIEVE (available from Exxon 
Mobil), and METOCENE (available from Basell); see also 
KunZer and Wieners, Kunstoffe Plast Europe 86 (May 1996) 
5, pp. 666-670, incorporated by reference. An example of one 
commercially available polyethylene material that may be 
used herein is that available under the trade designation 
AFFINITY, from The DoW Chemical Company. 
[0064] In one approach, the copolymers may be made in a 
metallocene catalyst process that employs a single reactor, in 
steady state. In another approach the copolymer may be made 
using a nonmetallocene metal-ligand complex (e.g., metal 
centered, heteroaryl ligand catalyst in the presence of an 
activating co-catalyst such as alumoxane). Of course other 
catalyst approaches may be employed, such as discussed 
previously. In one embodiment, the copolymer includes from 
about 5% to 25% by Weight ethylene-derived units, and from 
about 75% to 95% by Weight propylene-derived units, the 
percentages by Weight based on the total Wei ght of propylene 
and ethylene-derived units.As little as about 3% by Weight (or 
less) of ethylene-derived units is also possible. 
[0065] A preferred propylene-ethylene copolymer for use 
herein (Whether alone or in combination With another poly 
mer, such as a polypropylene homopolymer or random 
polypropylene, and Whether used in an outer layer (e.g., a 
loWer melting point layer) or an inner layer (e.g., a higher 
melting point layer)) preferably is a specialty propylene 
ethylene copolymer and thus has a combination of tWo, three 
or more (e.g., a combination of all) of the folloWing charac 
teristics: a) a Molecular Weight Distribution (MWD) of about 
1.5 to about 4 (e.g., 2 to 3), b) a Melt FloW Rate (at 230° C.) 
(MFR) (per ASTM D1238) of at least about 0.3 (e.g., about 
0.5 g/ 10 min), and more speci?cally about 0.3 to about 50 
g/10 min (e.g., 2 to 25 g/10 min), c) a density (per ASTM 
D792) of about 0.80 to about 0.95 g/cc, and more particularly 
about 0.85 to 0.91 (e.g. 0.858 to 0.888 g/cc); d) a comonomer 
content of about 3 to 25 Wt % (e.g., 5 to 15 Wt %); e) a Glass 
Transition Temperature (Tg) of about 0 to about —50° C. (e. g., 
—15 to —35° C.); f) a Melting Range from about 40 to about 
160° C. (e.g., 50 to 135° C.); g) a Shore A Hardness from 
about 25 to about 100, and more particularly about 40 to about 
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90 (e.g., 50 to 75); and h) a ?exural modulus (per ISO 178) of 
about 5 to 1000 MPa, or more particularly from 8 to 325 MPa 
(e.g., 10 to 280 MPa), or higher (e.g., in excess of2000 MPa). 
By Way of example, Without limitation, such material may 
have a ?exural modulus of about 8 to about 325 MPa (e.g., 
about 10 to 280 MPa), an ethylene content of about 3 to 25 Wt 
%, and optionally a peak melting peak beloW about 135° C., 
a Shore A Hardness from about 25 to about 100, and more 
particularly about 40 to about 90 (e.g., 50 to 75); or a combi 
nation of both. A commercially available example of one such 
copolymer is available from the DoW Chemical Company 
under the name VERSIFY. In one particular example, the 
above characteristics are observed in the elongated member 
and thereafter in a resulting composite article prepared 
according to the teachings herein. 
[0066] The material preferably commonly may be one or 
more of a random copolymer, a hetero -phasic copolymer With 
a random matrix, a clari?ed copolymer (e.g., clari?ed using a 
nucleator/clari?er taught herein) or an isotactic copolymer. 
[0067] In general, particularly for elongated members that 
have an A-B component structure (e.g., an A-B-A material) 
not only Will component B include a polymer that has a higher 
melting point than that in component A, typically the com 
ponent B material Will be an oriented material that exhibits 
substantially retained morphology after processing greater 
stiffness, toughness, and possibly even tensile strength than 
the material of component A. Thus, it is common that the 
component B Will be a major contributor to the overall 
mechanical properties of the elongated member. 
[0068] In one particular illustrative embodiment, the com 
ponent B Will include as a major portion, a relatively high 
stiffness material, and particularly a polyole?nic polymer. In 
one aspect, it is particularly desired that the component B Will 
include or even consist essentially of an oriented polypropy 
lene. Typically the molecular Weight distribution of the com 
ponent B may be narroW, medium or broad. For various 
applications, the component B that is employed may be char 
acterized also as a multi-modal nucleated material. One par 
ticularly preferred class of polymers for the higher melting 
point material (e. g., the component B) Will have a ?exural 
modulus per ASTM D 790, ISO 178 of greater than about 
1000 MPa (e.g., greater than about 1200 MPa such as about 
1500 MPa) or higher. Speci?c examples include a homopoly 
mer polypropylene (hPP), a random copolymer polypropy 
lene (RCPP) or a combination thereof. Examples of commer 
cially available materials include those available from The 
DoW Chemical Company (e. g., offered under the designation 
INSPIRE), ExxonMobil (e. g., offered under the designations 
PP9122, PP9852E1, PP2252, PP4712E1, PP4772, 
PP4792E1 or the like), Basell (e.g., offered under the desig 
nation ADSTIF, METOCENE, or MOPLEN), or Borealis 
(BORMOD). Another material that may ?nd suitability in the 
A or B components of the present teachings is ADFLEX (e.g., 
Z104), available from Basell. 
[0069] One particular example of an attractive polypropy 
lene for use in the present includes or more speci?cally con 
sists essentially of an isotactic polypropylene homopolymer 
(e. g., as prepared and analyzed in accordance With the teach 
ings of WO 2004/033509 and US 20040122196, hereby 
incorporated by reference; see Appendix herein for additional 
teachings of materials characterizations analyses). Accord 
ingly, for use in the component B, one example of a speci?c 
polypropylene is characterized by a combination of tWo, 
three, four, ?ve, six or more (e.g., a combination of all) of the 
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folloWing characteristics: a) a molecular Weight distribution 
(MW/Mn) of less than about 5.5, as measured by gel-perme 
ation chromatography according to the teachings published in 
WO 2004/033509 and US Patent Application No. 
20040122196 (see Appendix), b) a melt ?oW rate (at 230° C.) 
(per ASTM D1238) of less than about 25 g/10 min, more 
preferably less than about 10 g/ 10 min, and more preferably 
less than about 7 g/10 min (e.g., less than about 5 g/10 min), 
c) a 1% secant ?exural modulus (per ASTM D790-00) of 
greater than about 2000 MPa (e. g., greater than about 300,000 
psi), d) less than about 2% (e.g., less than about 1%) xylene 
solubles, as measured according to the teachings published in 
WO 2004/033509 and US Patent Application No. 
20040122196 (see also, Appendix herein), e) a haze (per 
ASTM D1003) ofless than about 25%, f) a crystallinity ofat 
least about 30%, more speci?cally at least about 50%, and 
still more particularly greater than about 70%, as measured by 
differential scanning calorimetry according to the teachings 
published in WO 2004/033509 and US Patent Application 
No. 20040122196 (see also, Appendix herein), g) an isotactic 
pentad/triad ratio of greater than about 70%, more preferably 
greater than about 85% and still more preferably greater than 
about 95%, and even still more preferably greater than about 
99%, using nuclear magnetic resonance (NMR) according to 
the teachings published in WO 2004/033509 and US Patent 
Application No. 20040122196 (see also, Appendix herein); 
and h) a crystallization temperature (e.g., as measured 
according to the teachings of WO2004/033509 and US Patent 
Application No. 20040122196 (see also, Appendix herein)) 
of greater than 133° C. In one illustrative example, it is 
possible that the pentad isotacticity is at least 96%, more 
preferably at least 97%, and most preferably at least 98%. 
Typically, the polypropylene homopolymer Will exhibit a 
peak melting point ofat least 160° C. (e.g., at least 165° C. or 
even 170° C.). By Way of example, the polypropylene 
homopolymer Will exhibit a peak melting point of at least 
160° C. (e.g., at least 165° C. or even 170° C.), and a crystal 
linity of at least about 30%, more speci?cally at least about 
50%, and still more particularly greater than about 70%, an 
isotactic pentad/triad ratio of greater than about 70%, more 
preferably greater than about 85% and still more preferably 
greater than about 95%, and even still more preferably greater 
than about 99%, or both such isotacticity and crystallinity. In 
a particular example, the polypropylene homopolymer fur 
ther Will exhibit a 1% secant ?exural modulus (per ASTM 
D790-00) of greater than about 2000 MPa In one particular 
example, the above characteristics are observed in the elon 
gated member and thereafter in a resulting composite article 
prepared according to the teachings herein. For example, it is 
possible that the material of the component B actually exhib 
its an increase in peak melting point in a resulting consoli 
dated composite article (e.g., by as much as 3, 5 or even 8° C.) 
as compared With its peak melting point prior to consolida 
tion. 

[0070] For example, one speci?c polypropylene is charac 
terized by an MW/Mn of less than about 7, a melt ?oW rate of 
less than about 7 g/ 10 min, a 1% secant ?exural modulus of 
greater than about 2000 MPa and less than 2% by Weight 
xylene solubles. An example of such polypropylene is dis 
cussed in US2004/0122196 entitled “Highly crystalline 
polypropylene With loW xylene solubles” and WO2004/ 
033509 entitled “Highly crystalline polypropylene With loW 
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xylene solubles”, both incorporated by reference. Where tech 
niques for determination of the above characteristics are also 
taught. 
[0071] It is also recognized herein that additional advanta 
geous results may be obtained (e.g., to aid in stretching) by 
including Within the higher melting point layer such as com 
ponent B (e.g., as a blend, a copolymer, or a combination 
thereof), an optional minor amount (relative to the component 
B) of a loWer melting point polyole?nic copolymer, such as a 
propylene-ethylene copolymer (e. g., of the type described 
above, such as VERSIFYTM copolymer available from The 
DoW Chemical Company). Such co-polymer preferably has a 
combination of tWo, three or more (e. g., a combination of all) 
of the above-discussed characteristics for a specialty propy 
lene-ethylene copolymer. Without intending to be bound by 
theory, it is believed that the inclusion Within the component 
B of a loWer melting point polyole?nic material functions to 
help bond the component B layer to the component A layer; it 
also is believed that the presence of the loWer melting point 
polyole?nic material helps to bond individual ?brils Within 
the component B layer to each other. Likewise it may be 
possible to vary the characteristics of component A, by 
including in the component A minor amounts of a material 
disclosed herein for the component B. 
[0072] More speci?cally, as used in the component B of the 
elongated member, one preferred approach is to employ a 
polypropylene homopolymer (e.g., one prepared in accor 
dance With the teachings of WO 2004/ 033509 and US 
20041221 96, hereby incorporated by reference) in an amount 
of at least about 70 parts (e.g., 80 to 100 parts) by Weight of 
the component B. If the optional minor amount of the poly 
ole?nic copolymer (e.g., the above discussed propylene-eth 
ylene copolymer) is used, it Will be present in an amount of up 
to about 30 parts (e.g., from about 0 to 10 parts) by Weight of 
the component B. 
[0073] As mentioned, the higher melting point polymer 
(e. g., the component B in the illustrative embodiment includ 
ing an A-B structure) is typically a major contributor to the 
overall mechanical properties of the elongated member. 
Though not required in every instance, it is frequently desired 
that the component B exhibit good stretching characteristics, 
particularly under elevated temperature (e.g., about 170° C.). 
Accordingly, it may be possible that the component B exhibit 
a draW ratio (i.e., the ratio of the initial to ?nal thickness of the 
body) of at least about 8, more preferably at least about 12, 
and still more preferably at least about 16 or higher, Without 
rupture or signi?cant compromise to its overall performance. 
It is also recogniZed herein that by incorporating an amount of 
propylene-ethylene copolymer (such as the specialty copoly 
mer as described above) in the component B, such relatively 
high stretch is possible. From this, it Will also be appreciated 
that, even though the presence of the copolymer initially Will 
reduce the stiffness of the component B, substantial gains in 
the stiffness of the ?nal stretched material Will be realiZed, 
because the enhanced stretch capabilities of the material Will 
afford greater opportunity for stiffening to occur during the 
stretch. 

[0074] As for examples of particular preferred materials for 
the higher melting point material (e.g., the material B in the 
illustrative A-B structure combination), use of a high stiff 
ness, (and in one preferred approach, a highly isotactic) pro 
pylene homopolymer. Examples of such homopolymers are 
described above and in US2004/ 01221 96 entitled “Highly 
crystalline polypropylene With loW xylene solubles” and 
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WO2004/033509 entitled “Highly crystalline polypropylene 
With loW xylene solubles”, both incorporated by reference, 
Will permit even higher stretch capabilities (e.g., at least about 
l0><, more preferably at least about 15x, and still more pref 
erably at least about 20x) in a single step stretching process, 
thus reducing or even eliminating the need for additional 
stretching steps, annealing steps that may be employed herein 
or both. Of course, it Will be appreciated that the employment 
of a highly crystalline polypropylene is desired, it is not 
mandatory, and good results are also obtainable using 
polypropylenes that are not highly crystalline (e.g., various 
conventional polypropylenes derived by Ziegler-Natta cata 
lyst, mini-random polypropylene copolymer, as Well as oth 
ers discussed herein). 
[0075] The material selected for individual layers of the 
elongated members herein need not necessarily contain only 
a copolymer (e.g., a propylene-ethylene copolymer) or a 
homopolymer (e.g., a polypropylene homopolymer). Rather, 
it is possible, that copolymers, blends, alloys or other combi 
nations of copolymer and homopolymer may be employed. In 
this manner, it may be possible to further tailor the character 
istics Within each individual layer. For example, for a situa 
tion in Which tWo components (eg component A and com 
ponent B) are utiliZed, component A may comprise 
polypropylene homoploymer and a propylene-ethylene 
copolymer. For example the polypropylene copolymer may 
comprise about 0 to 100 parts by Weight of component A, 
While the propylene-ethylene copolymer may comprise from 
about 5 to 100 parts by Weight of the component A. Likewise, 
an amount of another relatively elastic material (e. g., a 
polypropylene plastomer or elastomer, a propylene-ethylene 
copolymer or a combination) might be added to the compo 
nent B for helping to increase its draW ratio (e. g., in an amount 
up to about 10 Wt. %). 
[0076] The use of a mini-random (i.e., <2 Wt. % C2) pro 
pylene-ethylene copolymer in either or both of the A or B 
components is also contemplated as Within the scope of the 
present teachings. It is also contemplated that the material in 
either or both of the A or B components Will be free of a 
styrene polymer. 
Additives for Use in or With Elongated Member Materials 

[0077] In one embodiment, the material used for the elon 
gated members, Whether as a monolithic material or as a 
component of multiple-layer elongated member (e.g., com 
ponent A, B or otherWise) may also include a non-migratory 
process aid or surface modi?er agent selected to modify (in 
crease or reduce) the surface friction characteristics, the 
scratch and abrasion resistance characteristics, or both of the 
material. Preferably, such surface property agent is present in 
a relatively small amount, e.g., in an amount less than about 
10% by Weight of the material (e.g., up to about 4%). Quite 
typically, the surface property agent selected Will be such that 
it reduces surface friction of the material, increases scratch 
and abrasion resistance of the component, improves handling 
of the elongated member during formation of the intermedi 
ate form (e.g., improved Weaving characteristics) or more 
preferably a combination of each. Though use of such surface 
property agent is more likely for an exposed outer layer (e. g., 
a componentA of an A-B structure), it may also be employed 
elseWhere in the elongated member, such as in a higher melt 
ing point material of component B. 
[0078] Particular examples of classes of materials suitable 
for use as the non-migratory process aid or surface modi?er 
agent include silicones, polyole?ns, halogenated polymers 
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(e.g., ?uorinated thermopolymers), or any combination 
thereof. One particularly preferred agent comprises a high 
molecular Weight silicone, and particularly an ultra-high 
molecular Weight siloxane (e.g., a functionaliZed or non 
functionaliZed alkyl siloxane, such as a poly(diethyl siloxane) 
a poly(dimethylsiloxane), or a combination thereof, such as 
are available commercially as masterbatches from DoW 
Corning, under the trade designation DoW Corning MB 
50-313, MB 50-001, MB50-321 or MB50-021). Other alter 
natives may be gleaned by reference to WO 01/ 12715, WO 
02/08332, WO 98/ 1341 9, all incorporated by reference. 
[0079] The polyole?ns herein optionally may contain a 
relatively small amount 500 ppm to 2500 ppm (e.g., 750 ppm 
to 1500 ppm) of a nucleator/clari?er additive. Though the 
nucleator/clari?er additive advantageously may be employed 
in the propylene-ethylene copolymers taught herein (and 
used for example in the component A of an A-B-A multiple 
layer elongated member), it is particularly desired for use 
With polypropylene homopolymers, especially those used as 
component B of an A-B-A multiple layer elongated member. 
It is further particularly desired for use in draWing processes 
that involve a single stage draW (it being optional for most 
applications in Which multiple stage draWs are employed). In 
general, the nucleator/clari?er additive is used to increase the 
stiffness of the ?lms made from the resin and also to increase 
the crystallization rate of certain of the polymers (e.g., the 
high crystalline propylene-based polymer) during the manu 
facture of the air quenched bloWn ?lm. This nucleator/clari 
?er additive Will also improve the stiffness/ clarity balance of 
the resulting ?lm. Any additive, Which simultaneously clari 
?es and nucleates can be used. Nucleator/clari?er additives 
such 2 as ADK NA-11 (Methylene-bis(4,6-di-ter-butylphe 
nyl) phosphate sodium salt) and ADK NA-21 (Aluminum 
hydroxybis[2,4,8,10-tetrakis(1 , 1 -dimethylethyl)-6-hydroxy 
12H-dibenZo[d,g][1,3,2]dioxaphoshocin 6-oxidato]) are 
commercially available from Asahi Denka Kokai and prefer 
ably are added to the high crystalline propylene-based poly 
mer of the invention. Millad 3988 (3,4-DimethylbenZylidine 
Sorbitol) available from Milliken & Company is another 
example of a nucleator/clari?er additive that can be utiliZed in 
the invention. Sodium benZoate or even sorbitol-based nucle 
ation systems may also be employed in accordance With the 
present teachings. 
[0080] Whether employed in a monolithic material, or a 
multiple layer material for an elongated member, the material 
may also include one or a combination of tWo or more other 

ingredients such as other polymers (e.g., a polypropylene, a 
polyethylene, a ?uoroelastomer, any combination thereof, or 
the like), a ?ller (e.g., glass, talc, calcium carbonate, or the 
like), an anti-?brillation agent (e.g., PE) a nucleation agent, a 
mold release agent, a ?ame retardant, an electrically conduc 
tive agent, an anti-static agent, a pigment, carbon black, an 
antioxidant, an impact modi?er, a stabiliZer (e.g., a UV 
absorber), or any combination. For example, When these 
additives are employed they typically Will be employed in an 
amount up to about 15% by Weight of the overall component 
(e. g., about 0 to 10 Wt % of the component A, component B or 
both, and more speci?cally about 2 to 8 Wt %, With individual 
additives typically used in an amount less than about 1 Wt. % 
ofthe material, e.g., less than 0.6 Wt. %, less than 0.5 Wt. %, 
and even as loW as about 0.2 Wt. % or loWer). The component 
(e.g., Component A or B) may also include recycled scrap 
material (e.g., from the manufacture of component A, com 
ponent B or even from the manufacture of the elongated 
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members of the present invention). Examples of possible 
additives are taught, Without limitation, in EP 0829529A1, 
incorporated by reference). Examples of commercially avail 
able additives include, Without limitation, ERUCAMIDE, 
IRGANOX B215, IRGANOX B225, MISTRON talc, IRGA 
NOX 1010 (or a thioester), CHIMASORB 944, CHIMA 
SORB 119, HOSTASTAT FE2, IRGASTAT and TINUVIN 
770. The present teachings contemplate not only the above 
commercial products, but corresponding product offerings 
from other manufacturers. 

[0081] It is also possible to include in the component B (the 
higher melting point component) of the elongated member 
material one or more other polymeric components for 
enhancing its properties. For example, in addition to a 
polypropylene homopolymer, the high stiffness material may 
comprise other thermoplastic materials such as polyethylene 
terephthalate (PET), polyamide, polycarbonate, any of the 
other thermoplastics described herein, or a mixture thereof. 
Likewise, an amount of relatively elastic material (e.g., a 
polypropylene plastomer or elastomer, a propylene-ethylene 
copolymer or a combination) might be added to the compo 
nent B for helping to increase its draW capacity. 

[0082] By Way of illustration, one approach to the manu 
facture of an elongated member involves the formation of a 
?lm that is coextruded so that it results in an A-B-A combi 
nation, Wherein the component A is a random copolymer of 
propylene and about 3 to 15 Wt. % ethylene (e.g., about 5 to 15 
Wt. %) (With a density of about 0.9 g/cm3), and has a melting 
point ofabout 50 to about 135° C. (e.g., 100 to 140° C.), and 
the component B is a polypropylene homopolymer With a 
peak melting point of about 150 to 170° C. (it being recog 
niZed that for some embodiments a melting point in excess of 
about 170° C. may be possible (e.g., from about 150 to 180° 
C. or higher). Accordingly, it is possible that the difference in 
melting point betWeen component A and B may be as little as 
about 5 to 9° C., or higher than about 75° C. The relative 
amounts of theA and B components range from about 1 :2: 1 to 
1:25: 1, and still more speci?cally about 1:15:1 to 1:20:1 (e.g., 
about 1:17: 1)). The componentA or B may have any suitable 
Weight average molecular Weight, such as about 50 to about 
400 kg/mol, and more typically about 200 to about 300 
kg/mol. 
[0083] The above is not intended to limit the present teach 
ings. Other examples of extruded tapes or yarns are disclosed, 
Without limitation, in WO 03/008190A1 and WO 
2004028803 (both incorporated by reference) (addressing a 
skin layer (e. g., a component A) that includes a random 
copolymer including propylene With ethylene or another 
alpha-ole?n; the employment of a metallocene-based statis 
tical polymer is also addressed). EP 0776762B1, incorpo 
rated by reference, discloses another example of a possible 
material for use as an elongated member, pursuant to Which a 
skin layer (e.g., a component A) includes a blend of ethylene 
copolymer With an amount of high density polyethylene (e. g., 
about 5 to 45 Wt. %). U.S. Pat. Nos. 5,993,711 and 6,045,923 
(assigned to Lankhorst lndutech B.V.), both incorporated by 
reference, also illustrate viable alternatives. According to the 
former, the pro?le of the elongated member may include one 
or more longitudinal ribs and/or longitudinal grooves on one 
or more surfaces. According to the latter, it is possible that an 
elongated member may include a central layer (e.g., compo 
nent B) prepared from a blend of high density polyethylene 
and one or more other polyole?ns, Whereby the amount of 
high density polyethylene is predominant, i.e. more than 
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about 50% by Weight. More in particular, the central layer is 
prepared from a blend of about 50 to 90 Wt. % of high density 
polyethylene (>940 kg/m3) and about 10 to 50 Wt. % of 
(linear) loW density polyethylene (<925 kg/m3), very loW 
density polyethylene (<910 kg/m3), or combinations of these 
products. Additionally an amount of polypropylene may be 
present to improve the strength of the material. Another pos 
sible approach in accordance With the present invention is to 
form a conductive composite material, Wherein the composite 
includes at least one conductive portion, such as from the 
presence of a conductive elongated member. The conductive 
elongated member, for example, may be a coated or uncoated 
metal Wire (e. g., a copper Wire). Additional variations can be 
gleaned from Us. Pat. No. 6,710,253 (assigned to Lankhorst 
lndutech B.V.), hereby incorporated by reference. 
[0084] By Way of summary, it is contemplated that in accor 
dance With the present teachings a multiple layer structure 
may be employed that includes at least tWo layer, Which differ 
by their melting point. Thus a higher melting point material 
(Which typically Will be oriented) is used in combination With 
a loWer melting point material. The loWer melting point mate 
rial typically Will reside on an external surface of the elon 
gated member, so that melting can occur. It is disclosed that 
the materials employed may be selected from a variety of 
alternative materials, With one particularly preferred combi 
nation including a propylene-ethylene copolymer as a loWer 
melting point material layer, and a higher melting point 
polypropylene homopolymer layer (speci?cally one that is 
oriented). The layers may incorporate other additives as dis 
closed herein (e.g., polydimethylsiloxane or another suitable 
non-migratory process aid or surface property agent). It may 
be possible that amounts (e.g., minor amounts) of the higher 
melting point polypropylene homopolymer material (e.g., is 
incorporated into the propylene-ethylene copolymer as 
taught. Alternatively, or in addition thereto, it is also possible 
that the amounts (e.g., minor amounts) of the loWer melting 
point propylene-ethylene copolymer material is incorporated 
into the polypropylene homopolymer as taught. Examples of 
highly preferred combinations of materials include a loWer 
melting point propylene-ethylene copolymer of a type having 
characteristics similar to VERSIFYTM, available from The 
DoW Chemical Company, in combination With a highly iso 
tactic polypropylene homopolymer, such as is taught above 
and in US2004/0122196 and WO2004/033509, both incor 
porated by reference. 
[0085] More particularly, as seen from the above the num 
ber of combinations of materials for forming a multiple layer 
structure including an A-B structure (including for microlay 
ers as taught herein) is large. Without intending to be limited 
by the folloWing, but for sake of summary, the teachings 
herein contemplate that the loWer melting point layer (com 
ponent A) is selected from ethylene propylene copolymer 
(Without polydimethylsiloxane), ethylene propylene copoly 
mer (With polydimethylsiloxane), heterophasic polypropy 
lene (e.g., ADFLEX), ethylene propylene copolymer (With 
out polydimethylsiloxane) With polypropylene 
homopolymer, ethylene propylene copolymer (Without poly 
dimethylsiloxane) With random copolymer polypropylene 
(e. g., available from The DoW Chemical Company under the 
designation R771), or any combination thereof. For the 
above, an example of a preferred ethylene propylene copoly 
mer is available from The DoW Chemical Company under the 
designation VERSIFY. Further, Without intending to be lim 
ited by the folloWing, but for sake of summary, the teachings 
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herein contemplate that the higher melting point layer (com 
ponent B) is selected from isotactic polypropylene 
homoploymer, isotactic polypropylene homoploymer With 
up to about 20 Wt % propylene ethylene copolymer (e.g., 
available from The DoW Chemical Company under the des 
ignationVERSlFY), random copolymer polypropylene (e. g., 
available from The DoW Chemical Company under the des 
ignation R771) or any combination thereof. The present 
teachings contemplate any combination of the component A 
examples With the component B examples of the present 
teachings. The materials discussed above, and especially the 
ones identi?ed in the above summary ?nd particularly attrac 
tive in the applications taught later herein, including their use 
for forming an elongated member for a Winding or other 
intermediate form for use in the reinforcement of pipes. 

Microlayers 

[0086] Another approach that may be employed alone or in 
combination With the above teachings of the formation of 
elongated members that include at least components A and B, 
is the formation of elongated members that include one or a 
plurality of microlayers. By “microlayer” it is meant a layer 
of relatively ?ne thickness, e.g., smaller than about 50 
microns, more preferably smaller than about 20 microns, 
more preferably less than about 10 microns in thickness, still 
more preferably less than about 7 microns in thickness, and 
even still more preferably less than about 5 microns in thick 
ness. Typically, When employed, microlayers Will be fabri 
cated as an assembly of a plurality of stacked, preferably 
coextruded layers that each include a polymer, co-polymer or 
mixture thereof. For example, each microlayer may include 
one or both of the above materials described previously for 
the layers of components A and B in the illustrative A-B 
combination, or yet still another component. The number of 
individual microlayers in a typical elongated member typi 
cally Will vary from one to four. More commonly, hoWever, 
the microlayers Will comprise at least four or more, and more 
speci?cally at least ?ve or more layers of materials, With each 
layer preferably differing relative to its adjoining layer. 
[0087] More speci?cally, by Way of example, one approach 
for the manufacture of microlayered polymeric body (e.g., an 
elongated member) contemplates that at least one ?rst stream 
of a ?rst molten or softened polymeric material and at least 
one second stream of a second molten or softened polymeric 
material are fed into a suitable apparatus (e.g., through a die 
of the apparatus), Where they are brought together by coex 
truding, such as by using a microlayer melt splitter or a 
hemispherical microlayer coextrusion feedblock, for encap 
sulating discrete portions of the ?rst polymeric material With 
the second polymeric material to form a plurality of ribbon 
like layers of the ?rst polymeric material Within a matrix of 
the second polymeric material, thereby forming a lamellar 
polymeric body. In general, the materials Will be selected and 
processed so that as they are subjected to shearing When 
passing through a feed tool the viscosities of the different 
materials Will vary by less than a factor of about 3 (e.g., the 
viscosity of the individual polymer layers under feed condi 
tions Will be less than a factor ofabout 1.5, eg about 1.25 or 
even about 1). As a result, the ribbon-like layers may be 
substantially continuous in a ?rst plane generally parallel to 
one of the major surfaces of the body and discontinuous in a 
second plane transverse to the ?rst plane. In addition, it is 
possible that the layers of the ?rst polymeric material have 
























