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Description

BACKGROUND OF THE INVENTION

[0001] Coextrusion of two or more different polymers or polymer compositions enables forming composite sheet or
film products that have components defined by distinct layers or zones corresponding to each material extruded. De-
pending on how the compositions are extruded, each material may be laminated one on top of another across the film
and/or be disposed across the film side-by-side to one another. Some coextrusion techniques include independent
temperature control associated with the different polymers in order to accommodate layers having thermally distinct
processing requirements or equalize layer thickness when each material is laminated one on top of another across the
film. Another issue that arises in particular with respect to side-by-side interfacing of the polymers in the film involves
mechanical stability where the different polymers connect. When the different polymers are side-by-side, edge seams
provide relatively less surface area to establish lamination than if the polymers are laminated one on top of another
across the film.
[0002] The films in which the different polymers are edge laminated require selection of the different polymers to
ensure compatibility during processing. If the different polymers lack compatibility, the components separate upon ex-
trusion and fail to form a unified film inclusive of each region of the different polymers across the film. This requirement
places an undesirable limitation on what polymers may be chosen. Compatibility needs thus dictate the different polymers
that can be effectively used, thereby limiting or preventing selection of the different polymers based on other criteria
such as costs, physical characteristics or other properties of actual commercial interest.
[0003] Therefore, there exists a need for improved cross directional zoned multiple component films, laminates utilizing
the films, and systems and methods of coextruding the films.
[0004] US4521359 discloses a method of coextruding plastics to form a composite sheet.

SUMMARY OF THE INVENTION

[0005] A first aspect of the present invention is, a method of coextruding polymers into an edge laminated film as
claimed in claim 1.
[0006] According to one embodiment, an edge laminated film includes a first polymer shaped in a planar form. The
planar form is continuously extended by a second polymer laminated along an edge of the first polymer as defined by
a thickness of the planar form. The first polymer has a viscosity versus temperature curve, as measured at shear rates
of 500 1/s, 1000 1/s and 1500 1/s, at least 10 percent different than the second polymer throughout a melt temperature
range of each of the polymers, wherein the viscosity is determined by a capillary rheometer equipped with a 1 mm die
utilizing a 10:1 length to diameter ratio and a 60° entrance angle. The melt temperature ranges are defined as a minimum
initial softening temperature for a respective one of the polymers to a maximum of 25-50°C less than a decomposition
peak, as determined by a differential scanning calorimetry (DSC) curve obtained for a 5.5 mg sample of the respective
one of the polymers heated at 20° C/minute and cooled at 10° C/minute in the presence of either nitrogen or oxygen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the embodiments can be understood in detail, a more
particular description of the embodiments, briefly summarized above, may be had by reference to embodiments, some
of which are illustrated in the appended drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

Figure 1 is a top view of a system for coextruding different polymers into an edge laminated film, according to an
embodiment.

Figure 2 is a side view of the system taken across line 2-2 in Figure 1 and illustrating separate feeds into a coextruder
of the system, according to an embodiment.

Figure 3 is a view of a die body first section of the coextruder, according to an embodiment.

Figure 4 is a front view of the coextruder outputting the edge laminated film, according to an embodiment.

Figure 5 is a side view of the coextruder outputting the edge laminated film that is subsequently laminated between
two additional material layers, according to an embodiment.
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Figure 6 is a partial front view of the coextruder outputting separate films with each film being mono-component
based on respective first and second polymers processed without viscosity manipulation.

Figure 7 is a partial front view of the coextruder outputting the edge laminated film, as identified in Figure 4, made
with the first polymer and the second polymer shown in Figure 6 but processed with viscosity manipulation.

DETAILED DESCRIPTION

[0008] Embodiments relate to coextrusion of two or more materials that have disparate viscosities at one common
melt temperature but are processed at different temperatures during the coextrusion. The materials may include two
different polymers extruded side-by-side such that lamination occurs along an edge seam bisecting a thickness of the
film and extending in a "machine direction." As used herein, the term "machine direction" or "MD" refers to length of the
film in the direction in which the film is produced. The term "cross machine direction" or "CD" means the width of film,
i.e., a longest dimension of the film in a direction generally perpendicular to the MD. For example, a first polymer may
be maintained in a first portion of the width of the film and a second polymer may be maintained distinct from the first
portion in a second portion of the width of the film. In some embodiments, multiple edge laminations between polymers
may form CD zones that provide multiple stripes of the polymers across the film at any interval in the CD. The edge
lamination may occur within a central region of the film and not necessarily at or toward CD sides of the film.
[0009] Figure 1 illustrates a system 100 for coextruding different polymers into an edge laminated film, according to
one embodiment. The system 100 includes a coextruder 102 supplied with first and second polymers 104, 106 (repre-
sented by arrows) distributed via, respectively, first and second conduits 105, 107. The second conduit 107 contains
the second polymer 106 melted and flowing out from an extruder 108 prior to branching of the second conduit 107 to
enable coupling to first and second inputs 112, 114 into the coextruder 102. The first and second inputs 112, 114 at
spaced apart locations along the coextruder 102 may coincide with approximate locations where the second polymer
106 is output when making the film. This arrangement may serve to limit dwell time of the second polymer 106 in the
coextruder 102, for reasons explained further herein. To this end, position and number of separate streams of the second
polymer 106 entering the coextruder 102 though individual inputs, e.g., the first and second inputs 112, 114, may vary
for particular applications and may depend on quantity and location of stripes in the film formed by the second polymer
107. While some embodiments may utilize a common melt pump for two or more inputs, a first melt pump 113 in
communication with the first input 112 along with a second melt pump 115 in communication with the second input 112
independently control urging of the second polymer 106 into the coextruder 102. Corresponding motors 116 couple
through respective gear boxes 118 to power the first and second pumps 113, 115. Second conduit heaters 110 maintain
the second polymer 106 at an identified second temperature upon exiting the extruder 108.
[0010] A similar arrangement as described with respect to the second polymer 106 may provide extrusion and pumping
of the first polymer 104 into the coextruder 102. The first conduit 105 couples, for example, to a single central input 120
of the coextruder 102, but may couple to a plurality of additional inputs or at another location depending on, for example,
placement of the first polymer 104 across the film that is produced. Desirably, first conduit heaters 122 maintain the first
polymer 104 at an identified first temperature, which is different than the second temperature, prior to entry into the
coextruder 102. For some embodiments, heating of the coextruder 102 to about the first temperature establishes a first
thermal zone A of the system 100 isolated and different than a second thermal zone B of the system 100. Thus, the
second thermal zone B corresponds to supply of the second polymer 106 to the coextruder 102 while temperature of
the first polymer 104 is associated with the first thermal zone A.
[0011] A controller 124 regulates heating of the system 100 to achieve a given thermal differentiation between the
zones A, B. To this end, the controller 124 is programmed with, or programmable with, one or more temperature set
points for various components of the system 100. The controller 124 may be a general-purpose computer (e.g., a
workstation functioning under the control of an operating system) or a special-purpose programmable device such as
a programmable logic controller (PLC). In operation, the controller 124 sends appropriate control signals along trans-
mission lines or pathways 126 to, for example, the extruder 108, the first and second conduit heaters 122, 110, and the
coextruder 102 to adjust heating thereof in order to obtain the temperature set points as predetermined. For some
embodiments, the controller 124 provides the first thermal zone A with melt temperature at least 25° C, or at least 50°
C, or at least 100° C, different than the second thermal zone B.
[0012] Since polymers are generally poor conductors, the second polymer 106 passes through the coextruder 102
without a substantial temperature change toward the first temperature of the coextruder 102 from the second temperature
of the second polymer 106 when introduced into the coextruder 102. Further, limiting path length and hence dwell time
of the second polymer 106 within the coextruder aids in decreasing thermal influence of the coextruder 102 on temperature
of the second polymer 106. The first polymer 104 thus conjoins with the second polymer 106 while a temperature
differential is retained between the first and second polymers 104, 106. This temperature differential, which may be
about 50° C, is selected to substantially match viscosities of the first and second polymers 104, 106 at the point where
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the first and second polymers are conjoined. For some embodiments, zoned heating and/or insulating within the coex-
truder 102 may at least facilitate establishing the temperature difference between the first and second polymers 104,
106. Since temperature differentials as defined herein are based on melt temperatures, the melt temperature of the first
and second polymers 104, 106 refers to bulk temp of the respective polymer stream, at the corresponding inputs 112,
114, 120 to the coextruder 102, as taken by a typical melt probe thermocouple.
[0013] Criteria for selecting the temperature set points include achieving identified temperatures that are within cor-
responding processing melt temperature ranges for each of the first and second polymers 104, 106 and that reduce a
difference between viscosities of the first and second polymers 104, 106. Reducing the difference between the viscosities
of the first and second polymers 104, 106 makes the viscosity of the first polymer 104 close enough to the viscosity of
the second polymer 106 to avoid separation (see, Figure 6 described in more detail below) upon coextrusion. For some
embodiments, establishing close proximity in viscosities between the first and second polymers 104, 106 refers to
obtaining less than a 50 pascal-second difference between the viscosities that may otherwise differ by at least 50 pascal-
second throughout a common (i.e., no independent and different temperature control of the first and second polymers
104, 106) melt temperature range of the first and second polymers 104, 106. In one embodiment, matching of viscosities
is achieved at the shear rate of the processing orifice, which as shown is a slot of the coextruder 102 through which the
polymers 104, 106 exit. In some embodiments, matched viscosities between the first and second polymers 104, 106
constitute viscosities within about 5 percent, about 10 percent, about 15 percent, or about 20 percent of one another
while unmatched viscosities (i.e., without melt temperature control described herein) are not within about 5 percent,
about 10 percent, about 15 percent, or about 20 percent of one another. For example, if one viscosity is 100 pascal-
second then that viscosity and another viscosity are within 10 percent of one another if the other viscosity is anywhere
between 90 pascal-second and 110 pascal-second.
[0014] As used herein, shear rate is calculated as 6*Q/(W*H2) where Q is flow rate (cubic centimeters per second;
cc/sec), W is die wet width (centimeter; cm) that corresponds to the CD dimension of the film 400 at the extruder 102
(see, Figure 4), and H is die gap (cm) that corresponds to thickness of the film 400 at the extruder 102 (see, Figure 5).
The flow rate may be calculated from the pump rate(s) and densities of the first and second polymers 104, 106 at
respective temperatures in the die gap. By way of example for one processing criteria, the shear rate is 1062 1/s given
a die wet width of 226 cm, a die gap of 0.0813 cm, an approximated melt density of 0.95 g/cc, and a pump rate of 251
g/s. Based on the foregoing, a different shear rate may exist for each polymer, such as occurs if the throughput and/or
density of the first and second polymers 104, 106 are different, and may necessitate appropriate temperature process
control. Since shear rate changes with throughput, and some polymers may be more sensitive to the change in throughput
than others, a compensatory temperature change to one or both of the first and second polymers 104, 106 may be
associated with the throughput change.
[0015] Figure 2 shows a side view of the coextruder 102 having die body first and second sections 200, 202 mated
together. An exemplary heating cartridge 204 along with others embedded into the first and second sections 200, 202
enable manipulating the temperature of the coextruder 102 to, for example, the first temperature. The die body first
section 200 may include a die bolt assembly 206 across the CD of the coextruder 102 to provide lip adjustments for
controlling thickness of the film produced.
[0016] Matching recesses formed on the die body first and second sections 200, 202 may define along an interface
between the sections 200, 202 a first polymer melt stream pathway 208, a CD spreading manifold 210, a preland 212
and a land 214. The first polymer melt stream pathway 208 fluidly connects the central input 120 for the first polymer
104 with the CD spreading manifold 210. Porting through the die body second section 202 defines a second polymer
melt stream pathway 216 that converges with the first polymer melt stream pathway 208 after the first polymer 104
spreads out in the CD spreading manifold 210. The second polymer melt stream pathway 216 fluidly connects the second
input 114 (and the first input 112 that is not visible) for the second polymer 106 to where the second polymer 106
converges with the first polymer 104 in the coextruder 102. Once converged, the first and second polymers 104, 106
pass through the land 214 and thereafter exit from the coextruder 102 to produce the film.
[0017] Figure 3 illustrates the die body first section 202 of the coextruder 102. For some embodiments, the second
polymer melt stream pathway 216 traverses through channeling 300 of a deckle rod 302 prior to passing through an
output 304 from the deckle rod 302 subsequent to convergence of the first and second polymers 104, 106. However,
other embodiments contemplate different arrangements for the second polymer melt stream pathway 216, which may
not include utilizing a ported and channeled deckle rod.
[0018] Figure 4 shows the coextruder 102 outputting an edge laminated film 400. In one embodiment, outputting the
polymers may comprise extruding, and more specifically, coextruding, the polymers. The film 400 includes a first section
701 formed by the first polymer 104 bounded on each side by second sections 702 formed of the second polymer 106,
as shown in Figure 7. Necking-in occurs at each side 402 of the film 400 causing contraction in the CD dimensions, for
example, from about 2.5 meters to about 2.3 meters. Overall thickness of the film 400 may range from about 25 microm-
eters to about 1.5 millimeters or be less than 2 millimeters. Due to non-Newtonian flow, the sides 402 end up thicker
than a central region of the film 400 and are therefore unusable. Waste areas 404 of the film 400 result from the necking-
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in at the sides 402 that accordingly requires cutting away of the waste areas 404. Discarding the waste areas 404 without
reuse of the waste areas 404 creates additional costs, which can be avoided or reduced if all or parts of the waste areas
are recycled (e.g., used as part or all of the second polymer 106) in the manufacture of additional film. Furthermore,
material initially forming the waste areas 404 (i.e., the second polymer 106) advantageously includes compositions less
expensive than compositions (i.e., the first polymer 104) found in the film 400 between the waste areas 404.
[0019] For some embodiments, the first polymer 104 may include an elastomeric polymer that is relatively more elastic
than the second polymer 106, which may not be elastomeric. As used herein, the terms "elastic" and "elastomeric" when
referring to a fiber, sheet, film or fabric mean a material which upon application of a biasing force, is stretchable to a
stretched, biased length which is at least about 160 percent of its relaxed, unstretched length, and which will recover at
least 55 percent of its elongation upon release of the stretching, biasing force within about one minute. The first polymer
104 may include, for example, elastomeric polymers that may be elastic polyesters, elastic polyurethanes, elastic polya-
mides, elastic polyolefins, metallocenes and elastic AB--A’ block copolymers, where A and A’ are the same or different
thermoplastic polymers, and where B is an elastomeric polymer block, such as styrenic block copolymers.
[0020] Suitable elastomeric copolymers include ethylene vinyl acetate (EVA), ethylene-octene copolymers, and eth-
ylene-propylene copolymers. Examples of elastomeric polyolefins include ultra-low density elastomeric polypropylenes
and polyethylenes, such as those produced by "single-site" or "metallocene" catalysis methods.
[0021] In one embodiment, the first polymer 104 is KRATON G2755™, which is a blend of poly(styrene/ethylene-
butylene/styrene), a polyolefin, and a tackifying resin. Any tackifier resin can be used which is compatible with the
poly(styrene/ethylene-butylene/styrene) and can withstand the high processing (e.g., extrusion) temperatures. If blending
materials such as, for example, polyolefins or extending oils are used, the tackifier resin should also be compatible with
those blending materials. Hydrogenated hydrocarbon resins represent examples of tackifying resins. The first polymer
104 may include, for example, from about 20 to about 99 percent by weight elastomeric polymer, from about 5 to about
40 percent polyolefin and from about 5 to about 40 percent resin tackifier. For example, the first polymer 104 may include
block copolymers having the general formula A--B--A’ where A and A’ are each a thermoplastic polymer endblock which
contains a styrenic moiety such as a poly (vinyl arene) and where B is an elastomeric polymer midblock such as a
conjugated diene or a lower alkene polymer. In some embodiments, the first polymer 104 is a blend of polyethylene
(e.g., 5 melt index, MI) with the KRATON G2755™ (e.g., 70 percent 5MI polyethylene with 30 percent KRATON G2755™).
[0022] Any of a variety of thermoplastic elastomers may generally be employed, such as elastomeric polyesters,
elastomeric polyurethanes, elastomeric polyamides, elastomeric copolymers, and so forth. For example, the thermo-
plastic elastomer may be a block copolymer having blocks of a monoalkenyl arene polymer separated by a block of a
conjugated diene polymer. Particularly suitable thermoplastic elastomers are available from Kraton Polymers LLC of
Houston, Texas under the trade name KRATON®. KRATON® polymers include styrene-diene block copolymers, such
as styrene-butadiene, styrene-isoprene, styrene-butadiene-styrene, and styrene-isoprene-styrene. KRATON® polymers
also include styrene-olefin block copolymers formed by selective hydrogenation of styrene-diene block copolymers.
Examples of such styrene-olefin block copolymers include styrene-(ethylene-butylene), styrene-(ethylene-propylene),
styrene-(ethylene-butylene)-styrene, styrene-(ethylene-propylene)-styrene, styrene-(ethylene-butylene)-styrene-(ethyl-
ene-butylene), styrene-(ethylene-propylene)-styrene-(ethylene-propylene), and styrene-ethylene-(ethylene-propyl-
ene)-styrene. Specific KRATON® block copolymers include those sold under the brand names G 1652, G 1657, G 1730,
MD6673, and MD6973. Various suitable styrenic block copolymers are described in U.S. Patent Nos. 4,663,220,
4,323,534, 4,834,738, 5,093,422 and 5,304,599. Other commercially available block copolymers include the S-EP-S
elastomeric copolymers available from Kuraray Company, Ltd. of Okayama, Japan, under the trade designation SEP-
TON®. Still other suitable copolymers include the S-I-S and S-B-S elastomeric copolymers available from Dexco Poly-
mers, LP of Houston, Texas under the trade designation VECTOR™. Also suitable are polymers composed of an A-B-
A-B tetrablock copolymer, such as discussed in U.S. Patent No. 5,332,613 to Taylor, et al.. An example of such a
tetrablock copolymer is a styrene-poly(ethylene-propylene)-styrene-poly(ethylene-propylene) ("S-EP-S-EP") block co-
polymer.
[0023] Other exemplary thermoplastic elastomers that may be used include polyurethane elastomeric materials such
as, for example, those available under the trademark ESTANE from Noveon, polyamide elastomeric materials such as,
for example, those available under the trademark PEBAX (polyether amide) from Atofina Chemicals Inc., of Philadelphia,
Pennsylvania, and polyester elastomeric materials such as, for example, those available under the trade designation
HYTREL from E.I. DuPont De Nemours & Company.
[0024] Furthermore, the elastic material may also contain a polyolefin, such as polyethylene, polypropylene, blends
and copolymers thereof. In one particular embodiment, a polyethylene is employed that is a copolymer of ethylene or
propylene and an α-olefin, such as a C3-C20 α-olefin or C3-C12 α-olefin. Suitable α-olefins may be linear or branched
(e.g., one or more C1-C3 alkyl branches, or an aryl group). Specific examples include 1-butene; 3-methyl-1-butene; 3,3-
dimethyl-1-butene; 1-pentene; 1-pentene with one or more methyl, ethyl or propyl substituents; 1-hexene with one or
more methyl, ethyl or propyl substituents; 1-heptene with one or more methyl, ethyl or propyl substituents; 1-octene with
one or more methyl, ethyl or propyl substituents; 1-nonene with one or more methyl, ethyl or propyl substituents; ethyl,
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methyl or dimethyl-substituted 1-decene; 1-dodecene; and styrene. Particularly desired α-olefin comonomers are 1-
butene, 1-hexene and 1-octene. The ethylene or propylene content of such copolymers may be from about 60 mole%
to about 99 mole%, in some embodiments from about 80 mole% to about 98.5 mole%, and in some embodiments, from
about 87 mole% to about 97.5 mole%. The α-olefin content may likewise range from about 1 mole% to about 40 mole%,
in some embodiments from about 1.5 mole% to about 15 mole%, and in some embodiments, from about 2.5 mole% to
about 13 mole%.
[0025] The density of a linear olefin copolymer is a function of both the length and amount of the α-olefin. That is, the
greater the length of the α-olefin and the greater the amount of α-olefin present, the lower the density of the copolymer.
Although not necessarily required, linear "plastomers" are particularly desirable in that the content of α-olefin short chain
branching content is such that the copolymer exhibits both plastic and elastomeric characteristics - i.e., a "plastomer."
Because polymerization with α-olefin comonomers decreases crystallinity and density, the resulting plastomer normally
has a density lower than that of thermoplastic polymers (e.g., LLDPE), but approaching and/or overlapping that of an
elastomer. For example, the density of the plastomer may be about 0.91 grams per cubic centimeter (g/cm3) or less, in
some embodiments from about 0.85 to about 0.89 g/cm3, and in some embodiments, from about 0.85 g/cm3 to about
0.88 g/cm3. Despite having a density similar to elastomers, plastomers generally exhibit a higher degree of crystallinity,
are relatively non-tacky, and may be formed into pellets that are non-adhesive and relatively free flowing.
[0026] Any of a variety of known techniques may generally be employed to form such polyolefins. For instance, olefin
polymers may be formed using a free radical or a coordination catalyst (e.g., Ziegler-Natta). Preferably, the olefin polymer
is formed from a single-site coordination catalyst, such as a metallocene catalyst. Such a catalyst system produces
ethylene copolymers in which the comonomer is randomly distributed within a molecular chain and uniformly distributed
across the different molecular weight fractions. Metallocene-catalyzed polyolefins are described, for instance, in U.S.
Patent. Nos. 5,571,619 to McAlpin et al.; 5,322,728 to Davis et al.; 5,472,775 to Obiieski et al.; 5,272,236 to Lai et al.;
and 6,090,325 to Wheat, et al.
[0027] Particularly suitable plastomers may include ethylene-based copolymer plastomers available under the EX-
ACT™ from ExxonMobil Chemical Company of Houston, Texas. Other suitable polyethylene plastomers are available
under the designation ENGAGE™ and AFFINITY™ from Dow Chemical Company of Midland, Michigan. Still other
suitable ethylene polymers are available from The Dow Chemical Company under the designations DOWLEX™ (LLDPE)
and ATTANE™ (ULDPE). Other suitable ethylene polymers are described in U.S. Patent Nos. 4,937,299 to Ewen et al.;
5,218,071 to Tsutsui et al.; 5,272,236 to Lai, et al.; and 5,278,272 to Lai, et al. Suitable propylene-based plastomers are
likewise commercially available under the designations VISTAMAXX™ from ExxonMobil Chemical Co. of Houston,
Texas; FINA™ (e.g., 8573) from Atofina Chemicals of Feluy, Belgium; TAFMER™ available from Mitsui Petrochemical
Industries; and VERSIFY™ available from Dow Chemical Co. of Midland,
[0028] Michigan. Other examples of suitable propylene polymers are described in U.S. Patent No. 6,500,563 to Datta,
et al.; 5,539,056 to Yang, et al.; and 5,596,052 to Resconi, et al.
[0029] The second polymer 106 includes polypropylene, polyethylene and poly(styrene/ethylene-butylene/styrene),
and may include other polyolefins, such as one or more of polypropylene, polyethylene, ethylene copolymers, propylene
copolymers, and butene copolymers polypropylene. The second polymer 106 may include a blend of polypropylene and
the first polymer 104 (e.g., 50 percent polypropylene and 50 percent the first polymer 104). In some embodiments, the
second polymer 106 includes recycled material due to waste areas post lamination (shown in Figure 5 and described
further herein) due to necking-in of an elastomeric film that is laminated between two sheets of nonwoven materials,
such as, for example, spunbonded web, meltblown web or bonded carded web. The recycled material may include about
50 percent of the nonwoven material (e.g., polypropylene) and about 50 of the first polymer 104.
[0030] Multiple zones of the first and second polymers can be used to provide alternating regions having different
functionality. For example, multiple zones of elastomeric polymer and polypropylene regions across films in some em-
bodiments enable providing CD zones at the polypropylene regions favorable to bonding with non-elastomeric material
and that do not create inefficiency caused by bonding to the more expensive elastomeric polymer that may thereby be
rendered inelastic. For some embodiments, the term "polymer" as used herein may mean a composition that includes
more than one polymer and/or other additives that may not be polymeric but are included with a polymeric material to
improve properties of the composition. As an example, the first polymer 104 (e.g., an elastomer impregnated with calcium
carbonate) includes a relatively breathable polymer compared to the second polymer 106 (e.g., an elastomer without
calcium carbonate) once extruded into a film and activated. For some applications, the first polymer 104 may include a
wettable polymer relative to a non-wettable polymer selected for the second polymer 106. Regardless of the purpose
or subsequent use of the first and second polymers 104, 106 selected, the viscosity disparity between the first and
second polymers 104, 106 at any given single temperature would prevent edge lamination if both the first and second
polymers 104, 106 were processed at that temperature.
[0031] Figure 5 illustrates the coextruder outputting the edge laminated film 400 that is subsequently laminated between
first and second additional material layers 501, 502. For example, a spunbond material or fabric such as a polypropylene
nonwoven may form the additional material layers 501, 502 that can thereby be nonwoven fibrous layers. In operation,



EP 2 178 688 B1

7

5

10

15

20

25

30

35

40

45

50

55

the film 400 hangs freely while being fabricated from the coextruder 102 prior to introduction of the film 400 between the
additional material layers 501, 502 and into a pair of nip or chilled rollers 504. The film 400 therefore adheres in bonding
contact with the additional material layers 501, 502. Other bonding methods can be used to adhere the film 400 to the
additional material layers 501, 502, such as, adhesive, thermal, hydroentangling, ultrasonic, and other methods of
laminating.
[0032] In one embodiment, the additional material layers 501, 502 may be a nonwoven material such as, for example,
spunbonded web, meltblown web or bonded carded web. The nonwoven material refers to a structure of individual fibers
or threads which are interlaid but not in an identifiable pattern as in a woven fabric. Spunbond material or spunbonded
web as used herein refers to facing made of small diameter fibers which are formed by extruding molten thermoplastic
material as filaments from a plurality of fine, usually circular capillaries of a spinneret with the diameter of the extruded
filaments then being rapidly reduced. Spunbond fibers are generally continuous and have average diameter larger than
about 7 microns, more particularly, between about 5 and 40 microns. If the layers 501, 502 are each a web of meltblown
fibers, each of the layers 501, 502 may include meltblown microfibers. The layers 501, 502 may be made of fiber forming
polymers such as, for example, polyolefins. Exemplary polyolefins include one or more of polypropylene, polyethylene,
ethylene copolymers, propylene copolymers, and butene copolymers.
[0033] For one embodiment, one or both of the material layers 501, 502 may include a multilayer material having, for
example, at least one layer of spunbonded web joined to at least one layer of meltblown web, bonded carded web or
other suitable material. A single layer of material such as, for example, a spunbonded web having a basis weight of from
about 0.2 to about 10 ounces of material per square yard (osy) or a meltblown web having a basis weight of from about
0.2 to about 8 osy, may form each of the material layers 501, 502. In some embodiments, a composite material made
of a mixture of two or more different fibers or a mixture of fibers and particulates may form each of the material layers
501, 502. Such mixtures may be formed by adding fibers and/or particulates to the gas stream in which meltblown fibers
are carried so that an intimate entangled commingling of meltblown fibers and other materials, e.g., wood pulp, staple
fibers and particulates such as, for example, hydrocolloid (hydrogel), occurs prior to collection of the meltblown fibers
upon a collecting device to form a coherent web of randomly dispersed meltblown fibers and other materials.
[0034] When the material layers 501, 502 are each a nonwoven web of fibers, the fibers may be joined by interfiber
bonding to form a coherent web structure. Entanglement between individual meltblown fibers may produce this interfiber
bonding. While fiber entangling is inherent in the meltblown process, the entangling may further be generated or increased
by processes such as, for example, hydraulic entangling or needlepunching. For some embodiments, a bonding agent
may increase the desired bonding.
[0035] Figures 6 and 7 show a film exiting the coextruder 102 under two different processing regimes but using the
same two different polymers for the first polymer 104 and the second polymer 106 in both regimes. In Figure 6, separate
first and second films 601, 602 extrude from the coextruder 102 with each film being mono-component based on re-
spectively the first and second polymers 104, 106, which are processed without viscosity manipulation. Figure 7 illustrates
the coextruder outputting the edge laminated film 400 made with the first polymer 104 and the second polymer 106 but
processed with viscosity manipulation. The first polymer 104 forms the first section 701 of the film 400 and is unitary in
structure with the second section 702 formed of the second polymer 106 and side-by-side to the first section 701.
[0036] The first section 701 defines a planar form that is continuously extended by the second section 702 laminated
along an edge seam 703 of the first polymer 104 as defined by a thickness of the planar form. The first polymer 104 has
viscosity versus temperature curves constructed from at least three temperature values, as measured at shear rates of
500 1/s, 1000 1/s or 1500 1/s, at least 10 percent, at least 15 percent, or at least 20 percent, different than the second
polymer 106 as calculated relative to the higher viscosity value of each of the polymers throughout a melt temperature
range of each of the polymers 104, 106. Exemplary procedures for making such determinations are described below as
suitable test methods.

Test Methods:

Melt Temperature Range:

[0037] The Melt Temperature Range of a polymer is determined based on the differential scanning calorimetry (DSC)
curve obtained using a standard DSC for a 5.5 mg sample of each of the polymer heated at 20° C/minute in the presence
of ambient air. The first end point of the Melt Temperature Range is the temperature at the softening peak of the DSC
curve. The second end point of the Melt Temperature Range is 25° C less than the temperature at the degradation peak
of the DSC curve.

Melt Temperature Mid-point:

[0038] The Melt Temperature Mid-point is the average of the melt temperature range end points defined above.
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Viscosity (at a particular temperature and shear rate):

[0039] The viscosity is determined using a capillary rheometer (e.g., a Dynisco Dual Bore Capillary Rheometer Model
#LCR7000) equipped with a 1 mm die utilizing a 10:1 length to diameter ratio and a 60° entrance angle for a user selected
temperature and shear rate.

Generation of viscosity versus temperature curves at given shear rates:

[0040] For each polymer, measure the viscosity at each of the end points of the Melt Temperature Range and the
Melt Temperature Mid-point at shear rates of 1/500, 1/1000, and 1/1500 1/s. For each shear rate, plot the viscosity (y
axis) versus temperature (x axis) graph using linear interpolation between the adjacent points. Include both polymers
on the graph for a given shear rate. Make a separate graph for each shear rate. Curves may also be generated for film
making process shear rates.

Comparison of viscosity versus temperature curves:

[0041] Using the viscosity versus temperature charts defined above, it can be readily determined whether there is any
single temperature at which the viscosities of the two polymers are within any given percent (e.g., 10%) of one another
with respect to the higher viscosity. Further, it can be readily determined whether the viscosities of the two polymers
can be matched at disparate temperatures.

Example:

[0042] In one embodiment, a film was prepared as described in relation to Figures 1-4. A formulation of 70 percent
5MI polyethylene and 30 percent KRATON G2755™ was introduced as a first melt stream into a coextruder. Recycled
laminate with 50 percent composition equivalent to the first melt stream and a remaining 50 percent being a spunbond
grade polypropylene provided a second melt stream into the coextruder for extrusion along each side or edge of the first
melt stream. The second melt stream viscosity to melt temperature relationship differs from the first melt stream due to
the spunbond grade polypropylene content of the second melt stream. Table 1 as follows illustrates these differences.
Viscosities (pascal-second) depicted in Table 1 were determined with a Dynisco Dual Bore Capillary Rheometer Model
#LCR7000 viscometer equipped with a 1 mm die utilizing a 10:1 length to diameter ratio and a 60° entrance angle.

[0043] The first melt stream was introduced into the coextruder at 240° C while the second melt stream entered the
coextruder at 190° C. The coextruder temperature was also at 240° C. The shear rate of the streams at output from the
coextruder was calculated to be close to the 1000 1/s shown in Table 1 based on the exemplary calculation described
heretofore. A unitary edge laminated film was produced with the first and second melt streams substantially maintaining
their initial temperature upon extrusion, as shown in Figure 7.
[0044] For comparison, the first and second melt streams were both introduced into the coextruder at 240° C during
another experiment. The coextruder temperature was also at 240° C. The first melt stream separated from the second
melt stream upon extrusion, as shown in Figure 6.

Claims

1. A method of coextruding polymers into an edge laminated film, comprising:

supplying a first polymer melt stream (104) including polyethylene and poly (styrene/ethylene-butylene/styrene)

Table 1

Shear Rate
Temperature 500 (1/s) 750 (1/s) 1000 (1/s)

1st melt stream 240° C 162 140 121

1st melt stream 190° C 300 246 207

Polypropylene 190° C 196 150 123

2nd melt stream 190° C 189 152 128
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at a first temperature to a first inlet (120) of a coextruder body (102);
supplying a second polymer melt stream (106) at a second temperature different from the first temperature to
a second inlet (112, 114) of the coextruder body (102) the second melt stream including polypropylene, poly-
ethylene and poly(styrene/ethylenebutylene/styrene);
flowing the first and second melt streams through first and second flow passageways passing through the body
to a converged output of the streams, wherein the first flow passageway includes a transverse diverging chamber
(210) laterally oriented relative to the second flow passageway at the converged output; and
outputting the converged output from the body to form the edge laminated film (400) continuous across a full
width of the film, wherein at the converged output the first and second melt streams have a temperature differential
relative to one another, wherein the temperature differential is at least 25 °C and is selected such that the
viscosities of the first and second melt streams are within 10 percent of one another where outputting the
converged output from the body occurs.

2. The method of claim 1, wherein the coextruder body (102) is maintained at about the first temperature.

3. The method of claim 1, wherein the first melt stream (104) is maintained in a first portion (701) of the width of the
film and the second melt stream (106) is maintained distinct from the first portion in a second portion (702) of the
width of the film.

4. The method of claim 1, further comprising selecting melt temperatures of the first and second polymer melt streams
so as to unify both melt streams in the film.

5. The method of claim 1, further comprising:

determining shear rate where the first and second polymers exit the coextruder body;
obtaining viscosity versus temperature curves for each of the first and second polymer melt streams at the shear
rate;
selecting the first and second temperatures wherein viscosities of the first and second melt streams are within
20 percent of one another where the first and second polymers exit the coextruder body.

6. The method of any preceding claim, wherein the first melt stream includes a poly(styrene/ethylene-butylene/styrene)
and about 70 percent polyethylene and the second melt stream includes a combination of polyethylene and po-
ly(styrene/ethylene-butylene/styrene) and about 50 percent polypropylene.

7. The method of claim 8, wherein the first temperature is about 240° C and the second temperature is about 190° C.

8. The method of any of claims 1 to 9 wherein said transverse diverging chamber comprises a cross machine direction
(CD) spreading manifold (210), and wherein a second polymer melt stream pathway (216) converges with a first
polymer melt stream pathway (208) after the first polymer spreads out in the cross machine direction (CD) spreading
manifold (210).

9. The method of any of claims 1 to 9, wherein the first polymer has a viscosity versus temperature curve, as measured
at shear rates of 500 1/s, 1000 1/s or 1500 1/s, at least 10 percent different in viscosity than the second polymer at
every common temperature throughout a melt temperature range of each as calculated relative to the higher viscosity
value of each of the polymers, the viscosity determined by a capillary rheometer equipped with a 1 mm die utilizing
a 10:1 length to diameter ratio and a 60° entrance angle,
wherein the melt temperature range for a respective one of the polymers is defined as a temperature at a softening
peak of a differential scanning calorimetry (DSC) curve to a maximum of 25° C less than a degradation peak of the
DSC curve, as determined by the DSC curve obtained for a 5.5 mg sample of the respective one of the polymers
heated at 20° C/minute; and
preferably wherein the polymers have at least one matched viscosity value at disparate temperatures throughout
the melt temperature range of each of the polymers.

Patentansprüche

1. Verfahren zum Koextrudieren von Polymeren in eine randlaminierte Folie, aufweisend:
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Zuführen eines ersten Polymerschmelzestroms (104) enthaltend Polyethylen und Poly(Styren/Ethylen-Buty-
len/Styren) bei einer ersten Temperatur an einen ersten Einlass (120) eines Koextruderkörpers (102);
Zuführen eines zweiten Polymerschmelzestroms (106) bei einer zweiten Temperatur, die sich von der ersten
Temperatur unterscheidet, an einen zweiten Einlass (112, 114) des Koextruderkörpers (102), wobei der zweite
Schmelzestrom Polypropylen, Polyethylen und Poly(Styren/Ethylen-Butylen/Styren) enthält;
Strömen der ersten und zweiten Schmelzeströme durch erste und zweite Strömungsdurchgänge, die durch
den Körper zu einem zusammengeführten Auslass der Ströme verlaufen, wobei der erste Strömungsdurchgang
eine quer auseinanderführende Kammer (210) enthält, die relativ zu dem zweiten Strömungsdurchgang an dem
zusammengeführten Auslass lateral angeordnet ist; und
Auslassen des zusammengeführten Auslasses aus dem Körper, um die randlaminierte Folie (400) entlang einer
vollständigen Breite der Folie kontinuierlich zu bilden, wobei bei dem zusammengeführten Auslass die ersten
und zweiten Schmelzeströme relativ zueinander ein Temperaturdifferential aufweisen, wobei das Temperatur-
differential zumindest 25 °C beträgt und so ausgewählt ist, dass die Viskositäten der ersten und zweiten Schmel-
zeströme innerhalb 10 Prozent voneinander sind, wo das Auslassen des zusammengeführten Auslasses aus
dem Körper stattfindet.

2. Verfahren nach Anspruch 1, wobei der Koextruderkörper (102) bei etwa der ersten Temperatur aufrechterhalten wird.

3. Verfahren nach Anspruch 1, wobei der erste Schmelzestrom (104) in einem ersten Abschnitt (701) der Breite des
Films aufrechterhalten wird und der zweite Schmelzestrom (106) unterschiedlich zu dem ersten Abschnitt in einem
zweiten Abschnitt (702) der Breite des Films aufrechterhalten wird.

4. Verfahren nach Anspruch 1, ferner aufweisend derartiges Auswählen von Schmelztemperaturen der ersten und
zweiten Polymerschmelzeströme, dass beide Schmelzeströme in der Folie vereinigt werden.

5. Verfahren nach Anspruch 1, ferner aufweisend:

Bestimmen einer Scherrate, wo das erste und zweite Polymer den Extruderkörper verlassen;
Erhalten von Viskosität über Temperatur-Kurven für jeden der ersten und zweiten Polymerschmelzeströme bei
der Scherrate;
Auswählen der ersten und zweiten Temperaturen, wobei Viskositäten der ersten und zweiten Schmelzeströme
innerhalb 20 Prozent voneinander liegen, wo die ersten und zweiten Polymere den Extruderkörper verlassen.

6. Verfahren nach einem der vorherigen Ansprüche, wobei der erste Schmelzestrom ein Poly(Styren/Ethlyen-Buty-
len/Styren) und etwa 70 Prozent Polyethylen enthält und der zweite Schmelzestrom eine Kombination aus Polye-
thylen und Poly(Styren/Ethylen-Butylen/Styren) und etwa 50 Prozent Polypropylen enthält.

7. Verfahren nach Anspruch 8, wobei die erste Temperatur etwa 240 °C beträgt und die zweite Temperatur etwa 190
°C beträgt.

8. Verfahren nach einem der Ansprüche 1 bis 9, wobei die quer auseinanderführende Kammer ein über die Cross-
Maschinen-Richtung (CD) übergreifendes Sammelrohr (210) aufweist, und wobei ein zweiter Polymerschmelze-
stromdurchgang (216) mit einem ersten Polymerschmelzestromdurchgang (208) zusammenläuft, nachdem das
erste Polymer sich in das die Cross-Maschinen-Richtung (CD) übergreifende Sammelrohr (210) ausbreitet.

9. Verfahren nach einem der Ansprüche 1 bis 9, wobei das erste Polymer eine Viskosität über Temperatur-Kurve
aufweist, die sich wie gemessen bei Scherraten von 500 1/s, 1000 1/s oder 1500 1/s, zumindest um 10 Prozent zu
dem zweiten Polymer bei jeder gemeinsamen Temperatur durchgehend über einen Temperaturbereich von jedem
in der Viskosität unterscheidet, wie relativ zu dem höheren Viskositätswert von jedem der Polymere berechnet,
wobei die Viskosität durch ein Kapillar-Rheometer bestimmt wird, das mit einer 1 mm Düse ausgestattet ist unter
Verwendung eines 10:1 Längen zu Durchmesserverhältnisses und eines 60° Eintrittswinkels,
wobei der Schmelztemperaturbereich für ein entsprechendes eines der Polymere definiert ist als eine Temperatur
bei einer Erweichungsspitze einer Differential-Scanning-Kalorimetrie (DSC) Kurve bis zu einem Maximum von 25
°C geringer als eine Degenerierungsspitze der DSC Kurve, wie bestimmt durch die DSC Kurve, die für eine 5,5 mg
Probe des entsprechenden einen der Polymere, die bei 20 °C/Minute aufgeheizt werden, erhalten wird; und
wobei vorzugsweise die Polymere zumindest einen übereinstimmenden Viskositätswert bei ungleichartigen Tem-
peraturen durchgehend über den Schmelztemperaturbereich von jedem der Polymere aufweisen.
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Revendications

1. Procédé de coextrusion de polymères pour obtenir un film stratifié au bord, comprenant le fait de :

alimenter un premier courant de polymère en fusion (104) englobant du polyéthylène et du poly(styrène/éthylène-
butylène/styrène) à une première température à une première entrée (120) d’un corps de coextrudeuse (102) ;
alimenter un second courant de polymère en fusion (106) à une seconde température différente de la première
température à une seconde entrée (112, 114) du corps de coextrudeuse (102), le second courant en fusion
englobant du polypropylène, du polyéthylène et du poly(styrène/éthylène-butylène/styrène) ;
faire circuler le premier et le second courant en fusion à travers un premier et un second passage d’écoulement
qui traversent le corps pour obtenir une sortie convergente des courants, le premier passage d’écoulement
englobant une chambre de déviation transversale (210) orientée en direction latérale par rapport au second
passage d’écoulement à la sortie convergente ; et
évacuer la sortie convergente du corps pour former le film stratifié au bord (400) en continu sur une largeur
totale du film, dans lequel, à la sortie convergente, le premier et le second courant en fusion possèdent un
différentiel de température l’un par rapport à l’autre, le différentiel de température s’élevant à au moins 25 °C
et étant sélectionné d’une manière telle que les viscosités du premier et du second courant en fusion se situent
en deçà de 10 % l’une par rapport à l’autre, là où a lieu l’évacuation de la sortie convergente à partir du corps.

2. Procédé selon la revendication 1, dans lequel le corps de coextrudeuse (102) est maintenu à environ la première
température.

3. Procédé selon la revendication 1, dans lequel le premier courant en fusion (104) est maintenu dans une première
portion (701) de la largeur du film et le second courant en fusion (106) est maintenu dans une seconde portion (702)
de la largeur du film, distincte de la première portion.

4. Procédé selon la revendication 1, comprenant en outre le fait de sélectionner des températures de fusion du premier
et du second courant de polymère en fusion de façon à unifier les deux courants en fusion dans le film.

5. Procédé selon la revendication 1, comprenant en outre le fait de :

déterminer le taux de cisaillement à l’endroit où le premier et le second polymère quittent le corps de
coextrudeuse ;
obtenir des courbes de viscosité par rapport à la température pour chacun desdits premier et second courants
de polymères en fusion au taux de cisaillement ;
sélectionner la première et la seconde température à laquelle les viscosités du premier et du second courant
en fusion se situent en deçà de 20 % l’une par rapport à l’autre à l’endroit où le premier et le second polymère
quittent le corps de coextrudeuse.

6. Procédé selon l’une quelconque des revendications précédentes, dans lequel le premier courant en fusion englobe
du poly(styrène/éthylène-butylène/styrène) et environ 70 % de polyéthylène et le second courant en fusion englobe
une combinaison de polyéthylène et de poly(styrène/éthylène-butylène/styrène) et environ 50 % de polypropylène.

7. Procédé selon la revendication 8, dans lequel la première température s’élève à 240 °C et la seconde température
s’élève à environ 190 °C.

8. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel ladite chambre de déviation transversale
comprend un distributeur d’étalement (210) dans la direction transversale (CD) et dans lequel une seconde voie
(216) de courant de polymère en fusion converge avec une première voie (208) de courant de polymère en fusion
après l’étalement du premier polymère dans le distributeur d’étalement (210) dans la direction transversale (CD).

9. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel le premier polymère possède une courbe
de viscosité par rapport à la température, telle que mesurée à des taux de cisaillement de 500 1/s, de 1.000 1/s ou
de 1.500 1/s, différente à concurrence d’au moins 10 % en viscosité par rapport au second polymère à chaque
température commune dans toute une plage de températures de fusion de chacun, comme calculée par rapport à
la valeur de viscosité supérieure de chacun des polymères, la viscosité étant déterminée par un rhéomètre capillaire
équipé d’un poinçon de 1 mm utilisant un rapport de la longueur au diamètre égal à 10:1 est un angle d’entrée de 60° ;
dans lequel la plage de températures de fusion pour un des polymères respectifs est définie comme étant une
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température à un ramollissement maximal d’une courbe d’analyse calorimétrique à compensation de puissance
(DSC) jusqu’à un maximum de 25 °C inférieure à une dégradation maximale de la courbe DSC, comme déterminé
par la courbe DSC que l’on obtient pour un échantillon de 5,5 mg d’un des polymères respectifs chauffé à 20
°C/minute ; et
de préférence dans lequel les polymères possèdent au moins une valeur de viscosité appariée à des températures
divergentes dans toute la plage de températures de fusion de chacun des polymères.
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