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Hook Engageable Loops

BACKGROUND

This invention relates generally to touch fasteners and engageable loop members for
such fasteners, and more particularly to their application in products such as closure strips for
bags and flexible packaging, and to methods and apparatus for their manufacture.

For many disposable packaging applications, low-cost flexible closures are needed.
Some reclosable commercial closures used for bags and the like feature interengaged profile
zipper seal technology. Other closures, both single-use and reclosable, can feature various
adhesives, twist ties, clip strips or drawstrings. Hook-and-loop closure technology has also
been suggested for closures for packaging, such as flexible bags, but to date has not been
widely employed.

Some of the ideal qualities of many high volume, disposable packaging closures
include low stiffness, low weight, low bulk and low cost. In many cases, repeated opening
and closing is required, but for many disposable applications the anticipated number of

repetitive openings and closings of each product is only on the order of two to ten.

SUMMARY

We have realized that for many packaging applications for which hook-and-loop
closure technology has generally been considered too bulky or too expensive for practical
use, the closure can be arranged such that the hook-and-loop fastening itself is predominantly
loaded in shear. Examples include envelope-type and rolled top bag closures, wrap ties, and
inner bag face closures incorporating peel-avoiding features. Furthermore, we have realized
that for many of these applications, minimal closure strength is required to maintain the
opening of the bag or packaging adequately closed against anticipated loads.

Examples of some of the closure configurations and packaging applications to which
this invention is directed and is particularly useful are found in our co-pending U.S. patent
applications 09/187,389, 09/187,936, 09/133,991, provisional U.S. patent application
60/159,489, and PCT application US99/26261, filed designating the United States. All of the

disclosure of these applications is hereby incorporated by reference.

—1=



10

15

20

25

WO 01/91593 PCT/US01/17220

With improvements that have occurred over the years in the processes for
inexpensively producing very small, molded male fastener elements, such as by the
continuous molding methods taught by Fisher (in U.S. patent 4,794,028, hereby incorporated
by reference as if fully set forth), the cost of the loop component of such touch closures has,
for many applications, been the limiting factor for the applicability of touch fastener |
technology.

We have now found that some commercially available, mass-produced yarns sold for
use in, for example, home crafts such as knitting or embroidery, or for use in the production
of carpets, can, in conjunction with certain parameters and features, form the basis for
inexpensive, effective loop components for hook and loop closure systems. In particular
such a loop closure employed in packaging configurations of types constructed to apply
loading to the fastener mostly in shear, with low peel loading, is found to provide a low-cost
solution for rany disposable packaging needs.

In particular, according to one aspect of the invention, it is discovered that a high bulk
yarn, for instance a yarn comprised of multiple, twisted-together plies each formed of fibers
or filaments that have been either individually crimped or otherwise textured, can serve
admirably to provide a low-cost, hook-engageable component for a hook and loop fastener
for flexible disposable packaging such as bags and envelopes. By “bulk” as applied to yarn,
we refer to the ratio of area within a cross-section of the yarn occupied by the fibers. In other
words, we define a “bulk ratio” as the cross-sectional area of the twisted fiber, determined by
the diameter as measured across the twisted plies but ignoring extraneous, loose fiber ends,
divided by the fiber area. For yarns consisting of fairly uniform fibers, the fiber area is the
cross-sectional area of a single representative fiber, as determined by its nominal diameter,
times the total number of fibers in the yarn. We prefer a yarn with a bulk ratio, at rest before
lamination, of between about 15 to 50, more preferably between about 18 and 40, and most
preferably between about 20 and 25.

It is generally preferred that the area of the surface of the carrier to which the yarn is
applied be substantially planar. By “substantially planar”, we mean that, while the surface

may not be completely flat, the surface does not include any continuous raised structures,
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such as ribs. Other areas of the carrier, spaced from the area to which the yarn is applied,
may include hooks or other raised features. Including continuous raised structures will tend
to make the fastener material stiffer, and may increase the thickness of the fastener material,
which may be undesirable in some applications. It is generally preferred that the carrier sheet
be relatively thin, e.g., less than about 0.010 inch, more preferably from about 0.005 to 0.007
inch. Moreover, raised structures may make it impractical to apply the fastener material as a
bag closure, due to difficulties in forming a bag side seal around a relatively thick closure
strip. In some applications, e.g., when a very thin fastener material is required, it may be
desirable for the surface to which the yarn is applied to be free of any raised structures,
including discontinuous structures such as posts.

for some closures, the yarn is partially encapsulated in the surface resin of a closure
strip on which an array of molded male fastener elements are integrally formed, such that
when the closure is closed the male fastener elements engage and retain unencapsulated, lofty
segments of individual fibers or filaments of the yarn. In such closures the yarn is preferably
permanently encapsulated in the closure strip continuously along the length of the yarn to
anchor the yarn firmly against being pulled from the encapsulating resin during loading or
opening. The yarn may be laid longitudinally straight along the closure in the machine
direction of manufacture, or in a reciprocating pattern to form a broad loop region of the
closure. In some cases, the yarn extends across the loop region of the closure, transverse to
the machine direction and length of the closure strip and the molded array of fastener
elements.

The encapsulated fibers of the yarn preferably are of a material having a higher
melting point than that of the encapsulating resin, such that the fibers may be encapsulated in
the resin without losing their integrity as fibers or being melted into the base resin. Preferred
base resin materials will be compatible with the resin of the packaging to which they are to
be applied and include polyethylene, polypropylene, nylon, PVC and other thermoplastics.
Preferred yarn materials include acrylic and nylon (such as those of, for example, knitting
yarns for sweaters and such), polyester, polypropylene, natural fibers such as cotton or wool,

and bulk continuous fiber yarns used for carpets and such.
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We have found that such yarns can be effectively and inexpensively encapsulated in a
resin base under conditions selected to cause only fiber segments on a near side of the yarn to
become encapsulated by the resin, leaving the fiber segments on a far side of the yarn in a
lofty condition, exposed for engagement by male fastener elements. We have found that,
without any post-processing of the yarn fibers or base resin (i.e., as encapsulated), the yarns
of such loop products can provide sufficient engagement with suitable male fastener elements
to function as reclosable closures for many disposable packaging applications. The
encapsulation may be accomplished, for instance, by employing a cooled roll, preferably in a
calendar stack, which receives the yarn and the resin with at least one molten surface.

It has also been found that inexpensive, high loft yams may be suitably encapsulatéd
in base resin of a closure strip by introducing the yarn directly into the fastener element
forming nip of the device taught by Fisher, under nip pressures high enough to force the resin
into fastener element cavities, while leaving a sufficient number of fibers of the yarn
unencapsulated, exposed and of sufficient loft to define hook-engageable loops. As the yarn
is not to provide any structural strength or stiffness to the base of the closure, only enough
fibers of the yarn need be encapsulated to resist anticipated pull-out forces at every point
along its length. It is found, for example, that with polyethylene as a base resin, extruded
into the forming station at temperature above 400 degrees F ahrenheit, a high bulk, twisted,
multi-ply, acrylic knitting yarn survives the process conditions, only yarns at one side being
matted and encapsulated by the base-forming resin, while the fibers at the opposite side, held
adjacent a cold roll during the process, survive intact and spring back after processing to a
high bulk condition. Because of the twisting of the plies about each other, a significant
number of the exposed fiber segments are at most only as long as a partial revolution of one
ply twist, secured at each end in the base resin and thus effectively defining hook-engageable
fibers anchored to the base. In other words, the high effective twist of the filaments can
create hook-engageable loop segments of less than about % inch in length.

By appropriately controlling the forming speed and resin temperature and pressure
(the optimal values of which are interdependent and will depend on the type of resin

employed and the geometry of the product, as will be understood by those of normal skill in
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the art), the resulting penetration of substrate resin into the loop material may be controlled
so as to not completely flood the exposed surface of loops with resin. In many applications,
the use of appropriately contoured staking rings to force the yarn into the molten resin can
help to form a pattern of lofted regions of yarn that are less penetrated by resin than other
areas. Such lofted regions can extend even more loops for ready engagement by fastener
elements.

It is also found that such partially-encapsulated, twisted multi-ply fibers can provide
good fiber density for accepting very small male fastener elements, such as hooks of height
0f 0.015 inch or less, arranged in arrays with a density of between about 500 and 3000
fastener elements per square inch. It has been found that sufficient open space is created
“between filaments of the exposed segments of each ply, as well as interstices between the
twistad plies, to allow for effective penetration by the fastener elements to achieve effective
rsclosable hook and loop engagement for disposable packaging applications.

As used in this specification, the general term “hook-engageable” as applied to loops
means lonps that can be engaged by hooks of one of the various available types, such as J-
hooks, palm trees and mushrooms.

The details of one or more embodiments of the invention are set forth in the accompa-
nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

Fig. 11is a perspective view of a composite touch fastener in the form of a closure
strip.

Fig. 1A is an enlarged view of area 1A in Fig. 1, showing the structure of thé loop
component of the closure strip.

Fig. 1B is a microphotograph of a cross-sectioned loop component.

Fig. 1C is a microphotograph of a four-ply yarn loop component, partially untwisted.

Fig. 1D is a microphotograph of one of the plies of the yarn strand of Fig. 1C,

removed from the strand.
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Fig. 1E is a microphotograph of many of the individual filaments making up one ply
of the yarn loop component.

Figs. 2 and 2A illustrate several methods for forming the closure strip of Fig. 1.

Figs. 3A and 3B are enlarged transverse views of alternate embodiments of the
forming nip of the apparatus of Fig. 2, showing the yarn loop component being partially
embedded in resin of the closure strip.

Figs. 4A-4C show undulating yarn loop component patterns.

Fig. S illustrates a method and apparatus for forming the closure strip with a yarn loop
component having an undulating pattern and encapsulated in the closure substrate as the
closure substrate is formed.

Fig. 5A shows a variation of the nip arrangement of the machine of Fig, 5.

Fig. 6 is a cross-sectional view taken along line 6-6 in Fig. 5.

Fig. 7 shows a method and apparatus for applying a yarn loop strip in an undulating
pattern to a closure strip after the closure strip fastener elements and base are formed.

Fig. 8 is a cross-sectional view taken along line 8-8 in Fig. 7.

Fig. 9 shows two yarn strands laid in a staggered sinusoidal pattern across a bead of
molten resin on a closure strip to form a loop component.

Fig. 10 shows a disposable, flexible bag incorporating the closure strip of Fig. 1.

Figs. 11A and 11B are cross-sectional views taken along line 11A-11A of Fig. 10
with the bag as originally sealed, and as reclosed, respectively.

Fig. 12 illustrates a method of opening the bag of Fig. 10.

Fig. 13 illustrates a wrap tie closure incorporating a yarn loop component.

Fig. 13Ais a cross-sectional view taken along line 13A-13A in Fig. 13.

Fig. 14 shows a disposable bag being secured with the wrap tie closure of Fig. 13.

Fig. 15 illustrates a process for making wrap tie closures in a continuous process.

Figs. 15A-15D show the product being processed at respective points along Fig. 15.

Figs. 16 and 16A are illustrative plan and side views, respectively, of the function and
basic structure of the combiner of Fig. 15.

Fig. 17 shows a closure strip being attached to an edge of a bag.

—6—
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Fig. 18 shows a twin closure strip configuration.

Fig. 19 shows a side view of a fastener product having yarns on one side and hooks
on the opposite side. Fig. 19A is a cross-sectional view of the product of Fig. 19, taken along -
line A-A.

Fig. 20 is a perspective view of a fastener product including an alternating
arrangement of yarns and rows of hooks.

Fig. 21 is a perspective view of a fastener product including a plurality of
substantially parallel yarns. Fig. 21A is a highly enlarged perspective view of detail A in
Fig. 21.

Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

Referring to Fig. 1, a lengthwise-continuous closure strip 100, such as for sealing a
bag, consists of a thin, sheet-form resin substrate 102 with lengthwise-continuous, parallel
bands 103 and 106 of loops and fastener elements, respectively, on its front face 108. Bands
103 and 106 are equally spaced from the center "C" of the closure strip, such that when the
strip is folded longitudinally at "C" to cover front face 108, the fastener elements of band 106
engage and retain the loops of band 103 to form a releasable fastening. The fastener
elements 110 of band 106 are integrally molded with and extend from front face 108. In this
embodiment, these fastener elements are in the form of J-hooks that extend, in rows, along
the length of the closure strip. Some of the J-hooks face in opposite directions along the
strip. Other fastener element shapes may also be employed, including other types of hooks,
and fastener elements that overhang the substrate 102 in a widthwise direction. A suitable
fastener element shape is the CFM29 hook shape (of about 0.015 inch in height), available in
various products sold by Velcro USA, Manchester, New Hampshire.

Band 103 of loops consists of a single strand of yarn 104 having four plies twisted
about each other in helical form, such that fibers of each of the four plies extend both into the
resin of the base and away from the resin to form engageable loops. Alternatively, band 103

may consist of two parallel strands of yarn (not shown) extending along the closure strip and
—7—
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separated by a small distance. Other arrangements are discussed more fully below. In one
present example the band 106 of hooks is about 0.375 inch wide, and the band 103 of loops is
about 0.125 inch wide and consists of two parallel strands of yarn laid against one another.

As illustrated in Fig. 1A and shown in Fig. 1B, fibers of yarn 104 are, along the
underside of the yarn, encapsulated directly in resin of the substrate as the substrate is formed
in a continuous molding process (described below). In other cases, the yarn is continuously
bonded to the formed substrate, either by ultrasonic bonding, welding, or adhesives. As can
be seen in Fig. 1B, the strand of yarn is quite thick as compared to the thin base, and the resin
of the base penetrates only the near portion of the yarn.

Fig. 1C shows the four-ply strand of yarn used in the closure of Fig. 1, with the four
incividual plies urraveled in the left half of the photograph. As may be seen in the
photograph, each ply consists of many individual fibers or filaments that, rather than being
perfectly straight and smooth, are locally bent and kinked so as to provide high loft in the
yarn strand. In this sense the yarn fibers are ‘texturized’ by crimping or other methods
known in the yarn art. In the example shown, individual acrylic fibers or filaments have a
diameter of about 0.00088 inch and are of a denier of about 2, and there are about 200
filaments in each of the four plies. The twisting of the plies about one another is evident in
the right half of the photograph. Within each ply there is also some twist of the fibers, and
the twisting of the plies together creates a ‘set’ in each ply corresponding to the pattern of the
twist, as visible in the photograph in Fig. 1D of a single ply untwisted from the yarn. One of
the reasons this twisted yarn structure has been found to work well as a hook-engageable
loop is because individual fibers typically rotate from front to back (i.e., about the yarn
strand) over a very short distance, and the axial pitch or distance between adjacent plies,
along the outer surface of the yarn, is only about 0.040 inch. By securing one side of the
yarn continuously along its length to a base carrier, both ends of the exposed, free partial
turns of the yarn are anchored to the carrier. This gives very good anchoring, allowing hooks
to snag these fibers but providing good retention against pulling the fibers away from the
carrier. An effective pitch in the twist of a fiber of about 0.040 inch in this illustrated

example means that at about every '/;¢ inch along the fiber, a ply of the fiber is anchored at
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both sides, thereby creating loops exposed to be engaged by hooks at fairly repetitive /¢
inch intervals.

The bulkiness or loft of the yarn resulting from the mechanical interference of the
kinks and bends of the crimped filaments is particularly related to the ability of the yarn to
successfully encounter and engage mating hooks of a given size and shape. The crimped or
textured nature of the individual fibers is visible in Figs. 1D and 1E, for example. We
believe that, although the overall engagement performance of an array of male fastener
elements with a field of fibrous loops is a statistical consideration, the basic mechanics of the
engagement can be described with respect to a single hook-type fastener element. When a
hook of re-entrant shape (e.g., a J-type hook with a tip that curves back toward the base)
enters a loop field, the head of the hook will likely encounter and push aside one or more
loops or fibers as the hook mass penetrates the loop material. In some cases, a fiber will
spring back into the crook of the hook when the hook has sufficiently penetrated the bulk of
fibers, such that pulling the hook straight back out of the loop material will engage the fiber.
In other cases, slight lateral movement of the hook with respect to the fibers places one or
more fibers within the crook of the hook. We can say that at the point when a loop or fiber
extends under the overhanging portion of the hook, the hook and loop are ‘committed’
although not yet ‘engaged.” Given that engageable fibers are rarely taut, as a committed
hook is pulled away from the loop material it is unable to carry any appreciable load when
the surface of the hook first comes into contact with the committed loop in its relaxed state.
It is only after the free length of the loop or fiber is pulled taut that the individual loop and
hook can resist separation load. Much of the technique of enhancing the performance of
hook-and-loop type closures is improving the likelihood of commitment, which can be
affected by the entrance footprint and shape of the head of the hook (which can affect the
ability of the hook to successfully penetrate the loop material to a level below the level of
some nearby fibers), the resiliency of the fibers, the structure of the tip of the hook (which
can affect its ability to burrow between fibers), and the tendency toward lateral, commitment-
enhancing motion. The latter is believed to be associated with the observation that hook-and-

loop type fastenings perform much beter in shear than under peel or normal loads, as shear
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causes a degree of lateral motion that develops new commitments and subsequent
engagements even as other engagements are yielding. With respect to selecting the best
twisted, multi-ply yarn as a loop component, hook penetration into the yarn mass is as much
a function of the nature of the field of loop fibers as it is of the structure of the hook. As has
been understood for some time, the best loop material is not necessarily the one with the
densest population of loops. Without sufficient free space within the loop mat for the heads
of the hooks to penetrate the fiber mass and laterally deflect loops, there is only weak
fastening at best. We believe that this is why some bulk or loft of the loop mass is required
for a yarn to be a successful candidate for a loop material. Some commercially available
multi-ply yarns, even some with crimped or texturized fibers, are twisted quite tightly and
thus are too dense to enable adequate hook-loop commitment. A twisted yarn that is too
dense but otherwise has desirable properties as a loop component may be slightly untwisted
as it is attached to the closure resin. We have found that, as well as decreasing the internal
fiber density of the yarn to provide additional air volume for hook penetration and increasing
the cross-sectional area of the yarn to spread the loop fibers over a wider width in the
finished closure, untwisting a multi-ply yarn can also create a useful helical gap between
adjaceat plies that can increase the effective surface area of the yarn presenting loops for
engagement.

We believe that acrylic knitting yarn fibers survive the pressure and temperature
preferably employed to secure the yarn to the base, in part because of the bulk of the yarn, its
thermal insulating effect, and the flow barrier effect such yarns create. We prefer to actively
cool the surface of the tool (in preferred cases, a roll of the molding nip) that directly engages
the yarn and forces it against the molten resin, to help inhibit complete encapsulation.

In the preferred case of using a calendaring process to join bases and yarns of
dissimilar resins, the molten plastic is squeezed to a very thin cross section as it goes through
the nip, and therefore has little thermal mass and cools as it contacts adjacent portions of the
cooled forming roll, causing the viscosity of the base resin to rise. This, in combination with
the fact that the chemical incompatibility does not permit wetting of the yarn fibers by the

base resin, enables the fibers themselves to form such a flow barrier that the more remote
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fibers are not submerged in the resin and thus retain their loft and hook-engageable
properties. Despite the base resin being very hot as it enters the nip, only the near side of the
yarn that makes initial contact with the resin becomes embedded. The remainder of the yarn
material springs back to recover some of its bulk after passing through the nip, placing a
small amount of residual tension in some of the fibers with encapsulated sections. The
retention of the yarn fibers in the base resin is enhanced by being of resin that has a higher
melting temperature than that of the plastic forming the base, so that the exposed and
encapsulated segments continue to form continuous filaments mechanically and sporadically
anchored in the base resin. When embedding loop yarn in chemically incompatible base
resin, in many cases the anchoring of the yarn is strictly mechanical. Acrylic fibers are not
chemically compatible with polyethylene, for example. For meny flexible packaging
applications lineal low-density polyethylene is chosen for the carrier web, for ready heat
sealing to standard polyethylene packaging film, or to sealant layers of multilayer films.

Besides the type of yarns commercially available in retail craft stores for knitting,
crimped bulk continuous filament (BCF) yarn used in the manufacture of carpets, for
instance, is also useful for some applications. Useful carpet yarn tends to be of a higher
denier, on the order of about 5 to 20, for example, with individual fibers of between about
0.001 and 0.002 inch in diameter, while knitting yarns may be of a weight of about 2 to 5
denier with fibers of about 0.0006 to 0.001 inch in diameter. It is believed that, with
sufficient resiliency and tenacity, the finer fibers are more readily adapted to mating with
extremely small male fastener elements, such as those of a size similar to the CFM-29 hook
discussed above, and smaller. BCF yarns generally must be expanded prior to use as loop
material, typically by the application of heat. The yarn may be expanded prior to application
to the carrier web, at the nip, or as a post-processing step after the yarn has been embedded.
If the yarn is expanded at the nip, it may be necessary to minimize the nip pressure.

Fig. 2 illustrates an advantageous method and apparatus for producing the above-
described closure strips. The method employs the continuous extrusion/roll-forming method
for molding fastener elements on an integral, sheet-form base described by Fischer in U.S.

Patent 4,794,028, and the nip lamination process generally described by Kennedy, et al. in
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U.S. Patent 5,260,015, the full disclosures of both of which are incorporated herein by
reference. The relative position and size of the rolls and other components is not to scale.
An extrusion head 150 supplies a continuous sheet of molten resin to a nip 152 between a
cooled, rotating mold roll 154 and a counter-rotating pressure roll 156. Mold roll 154
contains an array of miniature, fastener element-shaped mold cavities extending inward from
its periphery (indicated diagrammatically) for molding the fastener elements. Pressure in nip
152 forces resin into the fastener element cavities and forms the substrate. The formed
product is cooled on the mold roll until the solidified fastener elements (e.g., hooks) are
stripped from their fixed cavities by a stripper roll 158. Along with the molten resin, a
continuous strand of yarn 104 is fed into nip 152, where it is only partially impregnated by
resin and becomes permanently bonded to the front face of the substrate under cooled
conditions that enable the outer fibers of the yarn to resiliently regain their loft and define
hook-engageable loops upon emerging from the nip. Thus the product 162 that is stripped
from the mold roll includes both fastener elements and engageable loops. For higher
production rates, two or more widths of closure strip may be simultaneously produced on a
single mold roll, and later split and spooled.

Fig. 2 also indicates other methods that in some instances may be employed to
advantage. For instance, rather than introduce the yarn 104 through nip 152 and thereby join
it to the substrate as the substrate is formed, the yarn may be joined to the substrate after the
substrate has been formed, such as is indicated by the run 104' of yarn shown in dashed
outline. In some cases, the front face of the formed substrate is heated in the region where
the yarn will be applied, just before entering the nip between idlers 172 and 176. Paper 139
may be joined to the back face of the substrate by either running a strip of paper through nip
152 on the pressure roll side of the resin as indicated, or by adhering adhesive-coated paper
to the formed substrate either at stripping roll 158 or at idler 176. For some applications,
such adhesive-coated paper includes a transfer coating, such that its paper backing may be
peeled from the adhesive on the back of the product to secure the back of the final product to
a supporting surface. The adhesive applied to the back of the product in this manner may be

either a pressure-sensitive or heat-activated adhesive, for instance. For decreasing the air or
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moisture permeability of the final product, a second flow of resin (either molten or in the
form of a film; not shown) may be added to the nip against pressure roll 156 to form a
backing on the final product. For instance, a layer of polyester may be added to reduce the
oxygen permeability of a polyethylene closure strip, and/or oriented polypropylene or high
density polyethylene may be added as a moisture barrier. These additional layers are often
used for packaging certain foods. Adding a strip of barrier material 178 between the yarn
and the molten resin optionally controls the pattern of penetration of resin into the yarn in nip
152. Barrier material 178 is, in some instances, a perforated paper or film that allows resin to
pass into the yarn in selected regions but inhibits its flow into other regions. The barrier
material may also be a homogeneous sheet of material having a high porosity, limiting the
penetration of resin into the yarn.

Fig. 3 illustrates the bonding of the yarn 104 to the resin of the substrate in nip 152
(Fig. 2). Mold roll 154 includes "guide" rings 180 on either side of a set of reduced diameter
rings 182, forming a groove that helps to keep the yarn transversely located along the nip.
Rings 182 may be of a single, reduced diameter or, as shown, may have outer diameters that
undulate to produce regions of varying lamination pressure between the yarn and resin, such
as the staking rings taught in our prior applications incorporated by reference above. If
multiple strands of yarn are to be introduced to the resin along separate paths, the mold roll is
provided with a corresponding number of grooves formed by appropriate, reduced diameter
rings. We have also surprisingly found that yarn 104 may, in some cases, be successfully
attached to the resin without any corresponding features on the mold roll, even at normal
hook-molding nip pressures, as shown in Fig. 3B. Even though the yarn bulk is, in either
case, greatly compressed in the molding/encapsulating nip, it has been found to quickly
regain significant loft and bulk upon exiting the nip, as shown in Fig. 1B, for example. A
cooling channel 183 is shown near the surface of the molding roll on the side of the nip
nearest yarn 104, to help moderate the temperature of the outer side of the high loft yarn to
enhance the amount of the yarn that remains clean of the molten plastic. Mold rolls with
such cooling passages are more fully described in U.S. Patent Number 6,039,556, the

disclosure of which is hereby incorporated by reference.
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Fig. ZA illustrates an alternative method and apparatus for forming the above-
described closure strips. The contoured surface of an extrusion head 188 (sometimes called
an injection head) is placed adjacent a mold roll 154 (with fixed fastener element molding
cavities as described above with respect to Fig. 2), and a continuous flow of molten resin is
injected under pressure into the gap 190 defined between head 188 and mold roll 154, filling
the fastener element cavities and forming the front and back faces of the substrate. The
configuration and construction of mold roll 154 is the same as is shown in Figs 3A or 3B, in
which the lower molding member may be taken to be the adjoining extrusion head. Yam 104

is fed through a predetermined region of gap 190, and held against the surface of mold roll

.154 by resin pressure in the gap. In this manner, the loop material is partially impregnated

with substrate resin and permanently bonded to the front face of the substrate. In some
applications where it is not possible to fill the fastener element cavities without completely
saturating the yarn with resin, a strip of barrier material 178 is fed through gap 190 between
head 188 and loop material 160. Barrier material 178 is discussed in more detail above with
respect to Fig. 2. For some applications a strip of paper or other suitable backing material
139 is laminated to the back face of the substrate while the molded product is retained on
mold roll 154, by pressure supplied by a pressure roll, for example. Alternatively, a strip of
adhesive-coated paper may bé adhered to the formed substrate either at stripping roll 158 or
at idler 176.

Referring to Figs. 4A and 4B, yarn 104 may be arranged within the loop band of the
closure, upon the face of the carrier strip, in an undulating or oscillating pattern having
wavelength ‘W’ and amplitude ‘A’, both parameters W and A being variable over wide
limits to produce the coverage appropriate to the closure application at hand. The resulting
loop band has more loops per unit closure length than with a single longitudinal strand of
yarn, and these loops are spread out over a greater width to facilitate engagement or further
reduce the need for closure alignment. In addition, bending the helically wound yarn strand
near the edges of the loop band can act to locally open the twisted helix and provide even
greater loft and interstitial area for hook penetfation. This effect becomes even more

pronounced as the wavelength of the pattern decreases and the localized curvature of the yarn
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increases, such as in the pattern of Fig. 4B. Although the yarn extends generally along the
length of the closure, these patterns produce segments, near the center of the loop strip, that
locally extend in different directions. The amplitude of the pattern in some cases is much
larger, as shown in Fig. 4C, such that the center segments are practically transverse to the
machine direction and the yarn forms a loop field of broad area. The pattern may resemble,
for example, a sine wave, square wave, triangular wave, or other waveform. One advantage
of employing yarns for such constructions is that the nature of most yarn is such that
engageable fibers extend from all sides of the yarn rather than from a single broad surface as
in many woven or needled loop components. Thus, where such directional components
could be split into narrow widths and then arranged in an undulating pattern, yarns avoid any
concern regarding maintaining any side of the yarn strand facing upward for engagement. In
that sense, most twisted yarns can be said to be omni-directional loop members.

Fig. 5 shows one method of patterning yarn 104 as it is applied while molding the
male fastening elements of the closure. The method shown employs a mold roll 154,
pressure roll 156, stripping roll 158 and extruder 150 of similar construction to those
described above, but with the mold and pressure rolls arranged side-by-side and the extruder
above the nip 152 between the rolls. The resin is gravity-fed toward the nip, but otherwise
subjected to the same nip pressures and temperatures as in the above-described processes.
The feed rate of yarn 104 is maintained by drive rollers 184 and selected in accordance with
the speed of mold roll 154 and the amplitude and frequency of the intended yarn pattern. The
yarn is fed through an eye at the end of an oscillating arm 186 adapted to move back and
forth at a frequency and amplitude corresponding to the desired pattern, laying yarn 104 upon
the region of mold roll 154 associated with the loop band of the finished product, as shown in
Fig. 6. To help retain yarn 104 in its as-laid configuration as it travels with the surface of
mold roll 154 into nip 152, the loop band section of the mold roll may be equipped with a
rough surface finish or very small pins or other protrusions (not shown), such that the yarn
does not slide across the roll surface. The staggered profiles of multiple staking rings can
also help prevent slippage. For some yarn types and weights, or in instances where a smooth

mold roll loop band section surface is desired, the arrangement of mold and pressure rolls
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154 and 156 may be configured as shown in Fig. SA, with the resin introduced to pressure
roll 156 ahead of nip 152, either by extruder 150 as shown, or by a pressure head similar to
that of Fig. 2A. The configuration of Fig. SA reduces the maximum vertical slope
encountered by yarn 104 on mold roll 154 before being introduced to the molten resin at the
nip.

Alternatively, yarn 104 may be attached to the substrate of the closure downstream of
the molding nip, as illustrated in Figs. 7 and 8. In this example, the substrate and hooks are
formed in nip 152 as described above, but mold roll 154 is further equipped with mold rings
configured to form an array of straight stems 188, as seen in Fig. 8. After this molded
product is stripped from roll 154 by roll 158 and travels between rolls 172 and 176, yarn 104
is paid out onto the molded stems 188 in either a straight line in the machine direction or in a
pattern having a cross-machine component, such as those shown in Figs. 4A-4C. Stems 188
temporarily secure yarn 104 in place until the ends of the stems are melted to encapsulate the
lower, snagged fibers of the yarn. The ends of the stems may be melted by passing the yarn
and stems under a heated roller 190 having a surface temperature above the melting point of
the stem resin but below the melting point of the resin of the yarn. Flame softening of the
stem tips, as illustrated by flame heater 192, is useful for some combinations of stem and
yarn resins, with care being taken to ensure that the yarn filaments intended to remain
exposed for engagement are not also melted. Alternative, as indicated in dashed outline,
flame or other softening of the resin may occur just prior to laying down the yarn. Asan
alternative to stems, a second band of male fastener elements, such as J-hooks, may be
molded in nip 152 along the region of the substrate to carry the yarn, and subsequently
melted to encapsulate the yarn fibers.

Although encapsulation in resin of the molded substrate is preferred for attaching
yarn 104, other means are also contemplated, such as securing the yarn with an adhesive or
by staking the yarn into a bead of resin (such as, for instance, hot melt glue) applied to the
molded substrate before the yarn is introduced. The attachment means must be sufficiently
secure to withstand anticipated peel and shear loads encountered by the yarn in use in the

closure but, as already stated, for many disposable packaging applications the anticipated
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loads and closure cycles are relatively low. Fig. 9, for example, shows a strand of yarn 104
and a strand of yarn 194 laid in a sinusoidal pattern over a bead 192 of molten polyethylene.
Bead 192 and the yarn strands then run through a nip as necessary to encapsulate fibers of the
yarn in resin of the bead at nodes 196 before the bead solidifies. Because the strands are only
attached at spaced-apart nodes 196, they define arcuate portions between the nodes that are
either free of encapsulation or more lightly encapsulated than at nodes 196.

There is advantage to leaving the molded resin base of the closure in an as-molded
state (i.e., without any post-attachment stretch or orientation) to avoid, for example, pulling
any of the encapsulated fibers of the yarns from the resin of the base and thereby weakening
the yarn attachment. Stretching can tend to fail or detach the tautest fibers first, and because
of normal post-stretching relaxation of the base resin, can result in a lack of desirably taut,
encapsulated fibers in the final product. However, for certain applications with the yarn 104
laid in an undulating or sinusoidal pattern having portions that extend at an angle to the
machine or forming direction of the closure, there may be some advantage in stretching the
product in the machine direction after the yarn is attached. It is believed that such stretching
may help to expand the width of these angled portions of yarn, tautening some of the exposed
fibers and improving the load-carrying capacity of the closure. Such stretching can be
accomplished before the molded product is spooled at the end of the forming line, such as by
overrunning stripping roller 158 in Fig. 5 if the yam is attached in the nip, or by placing a
multi-stage longitudinal stretching station (not shown) downstream. When using such a hot
can downstream stretching station, the heated cans should be arranged to not load directly
against the working surface of the closure so as to not damage the male fastener elements

Fig. 10 shows a disposable packaging application employing the above-described
closure. Bag 500 consists of a piece of polyethylene bag material folded once to form the
bottom edge 502 of the bag, joined to a closure 100 to form the upper edge 505 of the bag,
and permanently sealed along the remaining two sides 506 and 508 by welding the material
of the front face of the bag to the material of the back face of the bag. Although illustrated as
a flat bag, bag 500 may be constructed in other forms, such as a pouch with a lower pleated

end for standing the pouch upright on its lower edge.
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Referring to Fig. 12, to initially open the sealed bag, the upper edge 502 is grasped in
one hand 510 and the front face of the bag is grasped in the other hand 512, on either side of
a frangible channel 110 integrally molded to extend along closure 100 (see also Fig. 1). By
only grasping or pinching the front face of the bag with hand 512, and not the back face of
the bag, pulling the front face of the bag away from the upper edge places a high tensile load
across channel 110, propagating a tear along channel 110 that creates an opening 515 into the
bag.

As shown in Fig. 11A, the bag material of the back side 516 of the bag is welded to
the back (i.e., non-fastening) side of the reclosable closure 100 at 518. The bag material of
the front side 520 of the bag is welded to the closure along an edge region 522 of the front
(i.e., fastening) side of the ciosure 100. With the closure so attached to the bag material, and
sealed along the sides of the bag (see Fig. 10), the closure provides an airtight, liquid-tight
seal at one end of the bag.

The front face of closure 100 carries yarn 104 partially embedded within the base
resin of the closure, and a strip 106 of hook-shaped fastener elements molded out of resin of
the base in rows extending along the length of the closure. After being initially opened by
pulling apart the closure along groove 110, the bag may be reclosed by folding its upper edge
about the opening created by tearing the closure, releasably engaging the yarn 104 with the
strip 106 of hooks (Fig. 11B). In this closed state, it will be understood from F ig. 11B that

loads parallel to arrow “B” caused, for example, by shifting bag contents loading up against

the closure end of the bag, will load the closure primarily in shear rather than as normal or
separation loads. Further, given that both the bag film and the closure substrate are
extremely flexible, almost all incidental loads will, after resulting deflections of the bag film,
be translated into shear loads across the closure. The yarn-loop structures of the closures
described above are particularly well suited to this type of application in which the incidental
peel and separation loads are minimal.

Figs. 13 and 13A illustrate another example of a disposable packaging application
employing a releasable enclosure 200 having a freely-extending strand of yarn 202 adapted

to serve as the loop component for a hook-and-loop type fastening. The closure in this
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embodiment consists of a single strand of yarn 202 extending between a pull tab 204 and a
hook tab 206 with an array of integrally molded male fastener elements 208. One end of
hook tab 206 is permanently attached to disposable polyethylene bag 210 along one of its
sides, such as by incorporation in a side heat seal 212 as shown, or by pressure sensitive
adhesive. The bag may be, for instance, of the type displayed for customer use in 2 produce
section of a grocery store. If desired, two to four yarns 202 may be provided in parallel,
although one yarn is sufficient for many applications.

Fig. 14 shows how closure 200 is employed as a wrap tie about the top of bag 210.
With product in the bag, the bag is suspended from its upper edge region (i.e., the area above
closure 200) with one hand, while pull tab 204 is grasped in the other hand and yarn 202 is
wrapped about the neck »f the bag and engaged upon the male fastener members of hook tab
206, drawing the top of the bag closed. Advantageously, hook tab 206 can be engaged
anywhere along the length of yarn 202. The only alignment required for closure is that some
portion of yarn 202 extend across hook tab 206. Even slight resiliency in the collapsed neck
of the bag or in yarn 202 will help maintain tension in the wrapped yarn and some beneficial
shear load between the engaged hooks and yarn fibers. Ideally, the yarn is of a length
permitting multiple passes about the collapsed bag neck and thus multiple chances of
crossing the hook tab. Pull tab 204 is provided as an aid in grasping the free end of yarn 202,
but the closure will suitably function to retain the bag opening closed without any such tab.

Although closure 200 is illustrated as attached to bag 210 along a side seal, it may be
readily attached at any point on the outer surface of the bag, although for closing the open
end of the bag it should be attached suitably near the open bag end. If desired, the entire
back face of hook tab 206 can be adhered to the bag film rather than one end, although for
some applications we have found that the working face of the hook tab is less likely to
become covered by the collapsing bag film if only an end opposite the end attached to yarn
202 is secured, as shown.

Referring to Fig. 15, a continuous process for making wrap tie closures such as the
closure 200 of Fig. 13 includes a Fisher-type continuous forming method (CFM) machine

214 that takes raw resin and produces a continuous strip-form fastener tape 201 having an

—19-



10

15

20

25

WO 01/91593 PCT/US01/17220

array of integrally molded hook-type fastener elements formed on one side of the tape in a
discrete band 216 (Fig. 15A). From there, the fastener tape is longitudinally split by a slitting
station 218 into a hook portion 220 that contains the fastener elements and a spaced-apart
strip 222 of smooth resin (Fig. 15B). These two continuous tapes are simultaneously fed into
a combiner 224 that lays discrete lengths of yarn 202 across the two tapes (Fig. 15C). These
yarn lengths may be temporarily retained on the upper (i.e., back) surfaces of the tapes by
first applying a light adhesive to the tapes, or by flame-softening the back tape surfaces to
produce a light tackiness for holding the yarns in place as the tapes progress to a finishing
station 226. At station 226 the yarn lengths are permanently attached to both strips, such as
by heat staking or other means, and the two strips are die cut to provide tear lines 228
defining individual hook tabs 206 and tear tabs 204 (Fig. 15D) and any other desired
features, such as tractor feed holes 230 (shown only on one side for illustration only) for later
processing, and to trim the outer edges of the tabs and yarns. Finishing station may also be
equipped to apply adhesive and a release paper to the back side of hook tabs 206, for
securing the individual wrap ties to packages, or to print appropriate instructions or indicia
on pull tabs 204. As an alternative to molded pull tabs 204, paper pull tabs may be formed
from a strip of paper to which one end of each yarn length is attached.

As illustrated in Figs. 16 and 16A, combiner 224 may be of the rotary wheel type of
machine employed to lay glass fiber onto moisture sensitive kraft paper in the production of
reinforced packing tape, for example, with two skewed wheels 270, each containing multiple
(e.g., twelve) yarn bobbins 272. When rotating together, the two bobbin wheels 270 can be
configured to lay and cut yarn lengths with the proper spacing “L”, such as 0.25 inch,
.required for the closures. As the bobbin wheels rotate, yarn ends 276 extending from the
bobbins are grasped and pulled by grippers 274 of the other wheel, extending the yarns and
laying them against the preform resin strips, on the side of the hook strip opposite the molded
hooks. At full extension, yarns are severed from the bobbin supply by cam driven cutters.

Alternatively, the yarn may be supplied as part of a scrim having only weft yarns
extending across a wide middle region but connected along the edges by a few warp yarns.

Such a scrim may be produced, for example, by the “SCRIMASTER” process developed by
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Nashua Industrial Machine Corp. The scrim is similarly laid across the two resin strips with
the weft yarns extending between them, and the rest of the process is as illustrated.

Combiner 224 may also be used to apply yarns onto the surface a softened carrier
web, to form a loop tape having yarns extending in the cross-machine direction.

Referring now to Fig. 17, another closure strip employing a yarn strand as a loop
member consists of a resin substrate 240 molded to have an array of male fastener elements
242 extending from and across its upper surface. The back surface of the substrate carries a
pressure sensitive adhesive across its entire length except over a short span 248 associated
with each pull tab segment 253 (to be discussed below) and a continuous release paper 252
over the adhesive. The adhesive and release paper are readily applied after the substrate is
molded with the fastener elements. A single yarn strand 244 extends along the length of the
strip, and is permanently secured to the substrate at fixed intervals in narrow bands 246, such
as by heat staking. Besides being snared upon the fastener elements, yarn 244 remains
unattached along the spans between bands 246. Substrate 240 (but not yarn 244) is
perforated across its width at line 250, thereby defining one edge of a pull tab extending
along span 248. In use, the pull tab is adapted to be torn from the rest of the substrate and
pulled to extend a free length of yarn 244 that remains attached to the substrate only at its
opposite end at an associated band 246.

By removing release paper 252, the adhesive is employed to attach the closure strip
vertically to a series of bags being formed from bag film (e.g., to one of the closed side edges
of the bdgs), with the film and closure strip eventually cut along lines “D” to form individual
bags, each having a length of closure strip extending along one side edge. Because the
adhesive was omitted from spans 248 adjacent one end of each bag, pull tab 252 may be
easily grasped and torn from the rest of the closure strip by an end user, extending yarn 244
to be wrapped snugly about the bag and secured upon the hook elements of the face of the
closure substrate to secure the once-opened bag. Again, the yarn can be wrapped numerous
times around the bag and to a selected region of the vertically-extending hook strip at each

pass. Thus, even a helical tight wrapping along the entire length of the bag can be achieved.

-21-



10

15

20

25

WO 01/91593 PCT/US01/17220

Fig. 18 illustrates that two strips of closures can be produced from a single length of
product appropriately provided with two bands 254 of hook elements and two corresponding
strands of yarn 244. In addition, the product can be die cut to provide holes 256 that serve as
handles in the finished bags, with the closure strips separated along die cut line 258.

A number of embodiments of the present invention have been described. Neverthe-
less, it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other embodiments are within the scope
of the following claims.

For example, the yarns may be arranged in a number of configurations other than
those shown and described above. A few examples of alternate arrangements are shown in
Figs. 19-21.

Fastener product 300, shown in Fig. 19, includes a plurality of hooks 302, arranged
on a first surface 304 of the carrier sheet 306, and a plurality of yarns 308 arranged on the
opposite surface 310 of the carrier sheet 306. In the embodiment shown in Fig. 19, the yarns
extend in the cross-machine direction, rendering the product suitable for use, e.g., as a self-
engaging tie strap. The yarns may be applied in this manner using the combiner discussed
above. Alternatively, if desired, the yarns may extend in the machine direction.

Fastener product 400, shown in Fig. 20, includes a plurality of hooks arranged in
rows in which the hooks face in a first direction, and a plurality of hooks 4024, arranged in
rows in which the hooks face in the opposite direction. A yarn 404 is disposed between each
of the rows of hooks. Both the hooks and the yarns are disposed on the same surface 406 of
the carrier sheet 408.

Fastener product 450, shown in Fig. 21, includes a plurality of spaced, parallel yarns
452, disposed on a carrier sheet 454. As discussed above, yarns 452 are partially embedded
(embedded region 456, Fig. 21A) in the carrier sheet 454, with most of the yarn (portion 458,
Fig. 21A) being free for engagement with loops. The areas 460 of the carrier sheet in which
the yarns are partially embedded are substantially planar.

Suitable yarns include, in addition to those discussed above, flat braids of a

construction similar to shoelace material.
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The yarns may be subjected to post processing (e.g., after being embedded in the
carrier film) to improve bulkiness and loft of the yarn. This may be appropriate, for example,

if the yarn has been compressed by high nip pressure. Suitable post processes include

napping and brushing.
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WHAT IS CLAIMED IS:

1. A hook-engageable fastener material for a hook and loop fastening system
comprising a carrier in the form of a sheet of flexible material and at least one high bulk yarn
extending along the carrier and intimately secured substantially continuously along its length
to a portion of the carrier, the high bulk yarn having a structure comprised of a large

multiplicity of texturized fibers.

2. The hook-engageable fastener material of claim 1 wherein the portion of the

carrier to which the yarn is secured is substantially planar.

3. The hook-engageable fastener material of claim 1 wherein the portion of the

carrier 0 which the yarn is secured has a thickness of less than about 0.010 inch.

4. The hook-engageable fastener material of claim 1 wherein the texturized fibers

comprise crimped fibers.

5. The hook-engageable fastener material of claim 1 wherein the yarn has a bulk ratio

of from about 15 to 50.

6. The hook-engageable fastener material of claim 5 wherein the yarn has a bulk ratio
of from about 18 to 40.

7. The hook-engageable fastener material of claim 1 wherein the yarn is selected
from the group consisting of yarns formed of acrylics, nylons, polyesters, polypropylenes,

natural fibers and blends thereof, and bulk continuous fiber yarns.

8. The hook-engageable fastener material of claim 1 further comprising an array of

hook elements integrally molded with the carrier and extending therefrom.
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9. The hook-engageable fastener material of claim 8 wherein the hook elements

extend from the surface of the carrier to which the yarn is secured.

10. The hook-engageable fastener material of claim 8 wherein the hook elements

extend from a surface of the carrier opposite to the surface to which the yarn is secured.

11. The hook-engageable fastener material of claim 8 wherein the hook elements

have a height of 0.015 inch or less.

12. The hook-engageable fastener material of claim 8 or 11 wherein the hook
elements are arranged in an array with a density of between absut 500 and 3000 hooks per

square inch.

13. The hook-engageable fastener material of claim 1 wherein the yarn extends

linearly along the carrier.

14. The hook-engageable fastener material of claim 1 wherein the yarn is disposed

on the carrier in a reciprocating pattern.

15. The hook-engageable fastener material of claim 1 wherein the reciprocating

pattern comprises a sinusoidal pattern.

16. The hook-engageable fastener material of claim 1 comprising a plurality of yarns.

17. The hook-engageable fastener material of claim 16 wherein said yarns are

separate and are connected only by mutual attachment to the carrier.

18. The hook-engageable fastener material of claim 16 wherein said carrier is

elongated, and the yarns extend perpendicular to the length of the carrier.
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19. The hook-engageable fastener material of claim 16 or 18 wherein said yarns are

substantially parallel to each other.

20. The hook-engageable fastener material of claim 19 further comprising rows of

hooks interposed between the parallel varns.

21. A method of manufacturing a hook-engageable fastener material comprising

providing a resin carrier sheet with a molten surface; and

applying a high bulk yarn to the molten surface under conditions selected to cause
only fiber segmerits on a side of the yarn adjacent to the molten surface to become
encapsulated by the resin, leaving fibers on an opposite side of the yarn exposed for

engagement by male fastener elements.

22. The method of claim 21 wherein the high bulk yarn is applied in the nip of a

calendar stack.

23. The method of claim 21 further comprising cooling the opposite side of the yarn
during the applying step.

24. The method of claim 23 wherein cooling is accomplished by employing a cooled

roll in a calendar stack.

25. The method of claim 21 further comprising forming male fastener elements

extending integrally from the carrier sheet.

26. The method of claim 25 wherein said forming step comprises introducing the
carrier sheet to the nip of a fastener element forming device having molding cavities for

forming the male fastener elements.
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27. The method of claim 26 wherein the applying step comprises introducing the

yarn to the nip of the fastener element forming device.
28. The method of claim 21 wherein the molten surface is substantially planar.
29. The method of claim 21 wherein the yarn is applied in a machine direction.
30. The method of claim 21 wherein the yarn is applied in a reciprocating pattern.
31. The method of claim 50 wherein the yarn is applied usinig a combiner.

32. The method of claim 21 wherein the molten surface includes protrusions to

which the yarn is heat-staked.

33. The method of claim 21 further comprising providing a longitudinal portion of

the yarn that is not secured to the carrier sheet.

34. The method of claim 33 wherein, in the finished fastener material, the

longitudinal portion of the yarn extends between two secured portions of yarn.

35. A bag closure comprising
a sheet form carrier having an array of integrally molded hooks extending therefrom,
the carrier being constructed to be at least partially fastened to the exterior of a bag; and

a length of yarn having one end secured to the carrier and a second, free end.

36. The bag closure of claim 35 further comprising a pull tab secured to the yarn at

its free end.
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37. The bag closure of claim 35 wherein said yarn is a high bulk yarn.

38. The bag closure of claim 35 wherein said yarn is a texturized yarn.

5 39. The bag closure of claim 35 wherein said carrier comprises a tab.

40. The bag closure of claim 35 wherein said carrier comprises a strip.

41. The bag closure of claim 40 wherein, prior to use, the length of yarn is releasably

10 engaged by hooks on the strip.
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