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Description

TECHNICAL FIELD

[0001] This invention relates to anchoring loops of fib-
ers needled into a carrier sheet, and resulting loop prod-
ucts.

BACKGROUND

[0002] In the production of woven and non-woven ma-
terials, it is common to form the material as a continuous
web that is subsequently spooled. In woven and knit loop
materials, loop-forming filaments or yarns are included
in the structure of a fabric to form upstanding loops for
engaging hooks. As hook-and-loop fasteners find broad-
er ranges of application, especially in inexpensive, dis-
posable products, some forms of non-woven materials
have been employed as loop material to reduce the cost
and weight of the loop product while providing adequate
closure performance in terms of peel and shear strength.
Nevertheless, cost of the loop component has remained
a major factor limiting the extent of use of hook and loop
fasteners.
[0003] To adequately perform as a loop component for
touch fastening, the loops of the material must be ex-
posed for engagement with mating hooks. Unfortunately,
compression of loop material during packaging and
spooling tends to flatten standing loops. In the case of
diapers, for instance, it is desirable that the loops of the
loop material provided for diaper closure not remain flat-
tened after the diaper is unfolded and ready for use.
[0004] Also, the loops generally should be secured to
the web sufficiently strongly so that the loop material pro-
vides a desired degree of peel strength when the fastener
is disengaged, and so that the loop material retains is
usefulness over a desired number of closure cycles. The
desired peel and shear strength and number of closure
cycles will depend on the application in which the fastener
is used.
[0005] The loop component should also have sufficient
strength, integrity, and secure anchoring of the loops so
that the loop component can withstand forces it will en-
counter during use, including dynamic peel forces and
static forces of shear and tension.
[0006] WO 2006/110575 discloses a process to form
loops on a substrate by needling the fibers through the
substrate. The fibers are fused to the substrate at discrete
locations. EP 0862868 shows a process where the non
loop side of a material is heated to heat bond certain
filaments.

SUMMARY

[0007] In one aspect, the invention features a method
of making a sheet-form loop product according to claim 1.
[0008] Some implementations include one or more of
the following features. The method may further include,

prior to fusing, heating the fibers from the first side of the
substrate. The method may further include cooling a sur-
face that contacts the second side during the anchoring
step. The fibers may include bicomponent fibers having
a core of one material and a sheath of another material,
and anchoring the fibers may include melting material of
the sheaths of the bicomponent fibers to bind fibers to-
gether. Alternatively, the fibers may include first fibers
having a relatively high melting temperature and second
fibers having a relatively lower melting temperature, the
melting temperature of the second fibers being selected
to allow the second fibers to fuse and anchor the loops.
Anchoring the fibers to the substrate may include lami-
nating the fibers to the substrate by a laminating process
comprising passing the needled substrate through a nip
defined between a compliant rubber roll and a hot can.
The pressure in the nip may be from 0.3 to 2.8 bar (5 to
40 psi). The method may further include selecting roll
compliance, nip pressure and line speed so that nip dwell
time is from 25 to 200 msec. The method may include
preheating the substrate from the first side prior to the
nip, e.g., by training the substrate about a heated roll
surface that carries the web into the nip. Tension may be
applied to the substrate to maintain a contact pressure
against the heated roll surface prior to the nip. The pre-
heating temperature may be selected to soften but not
melt surfaces of at least some of the fibers on the first
side. The method may further include cooling the surface
of the compliant rubber roll, e.g., by directing air onto the
surface.
[0009] The fibers may be loose and unconnected to
the substrate and each other until needled. After anchor-
ing, the fibers and filaments on the first side are fused
together by a network of discrete bond points, which may
be in a random distribution. The fibers may be drawn
staple fibers, in which case the fused fibers may maintain
a longitudinal molecular orientation throughout the bond
points. Preferably, needling fibers of the layer through
the substrate and anchoring fibers forming the loops
forms loops sized and constructed to be releasably en-
gageable by a field of hooks for hook-and-loop fastening.
[0010] The substrate may comprise a nonwoven web,
e.g., a spunbond web. Prior to needling, the spunbond
web may include a non-random pattern of fused, spaced
apart regions, each fused region surrounded by unfused
regions. The nonwoven web may include filaments
formed of a polymer selected from the group consisting
of polyesters, polyamides, polyolefins, and blends and
copolymer thereof. The filaments may have a specific
gravity of less than 1.5 g/cm3. The nonwoven web may
have a linear layer filament density of at least 25 fila-
ments/layer, and an overall basis weight of less than 25.4
g/m2 (0.75 osy).
[0011] The staple fibers may be disposed on the sub-
strate in a layer of a total fiber weight of less than 2 ounces
per square yard (67 grams per square meter), e.g., no
more than one ounce per square yard (34 grams per
square meter). The staple fibers may be disposed on the
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substrate in a carded, unbonded state, and the method
may further include, prior to disposing the fibers on the
substrate, carding and cross-lapping the fibers. The sta-
ple fibers and filaments of the nonwoven web may be of
the same tex (denier). The loop product may have an
overall weight of less than 5 ounces per square yard (167
grams per square meter).
[0012] In another aspect, the invention features a
sheet-form loop product according to claim 17.
[0013] Some implementations may include one or
more of the following features. The fibers on the first side
are fused directly to one another. The fibers may be sub-
stantially unbonded on the second side of the web. Al-
ternatively, the second side of the web may include em-
bossed areas, and the fibers are bonded only in the em-
bossed areas. The loops are hook-engageable and the
product comprises a loop fastener product. The product
may also include any of the features discussed above
with regard to the method.
[0014] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features and advantages of
the invention will be apparent from the description and
drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0015]

Fig. 1 is a diagrammatic view of a process for forming
loop material.
Figs. 2A-2D are diagrammatic side views of stages
of a needing step of the process of Fig. 1. Fig. 2E is
a diagrammatic side view showing an elliptical path
that may be followed by the needle during needling.
Fig. 3 is a photograph of the front (loop) surface of
the needled loop material at a magnification of 32X,
showing a loop structure formed by needling staple
fibers from the back surface of the material.
Fig. 3A is a photograph looking along the back sur-
face of the loop material, at a magnification of 32X,
showing an absence of loop structures.
Fig. 4 is an enlarged diagrammatic view of the lam-
ination nip through which the loop material passes
during the process of Fig. 1.
Fig. 5 is a photograph looking directly at the back
surface of the loop material after lamination, at a
magnification of 32X, showing the fibrous and bond-
ed structure of the laminated surface.
Fig. 5A is a photograph looking directly at the back
surface of the loop material after lamination, at a
magnification of 305X, showing individual bond
points between fibers.
Fig. 5B is a photograph looking directly at the front
surface of the loop material after lamination, at a
magnification of 305X and focused on the front sur-
face of the fibrous mat, showing a relative absence
of bond points.

Fig. 6 is a photo of a loop material having an em-
bossed pattern on its loop-carrying surface.

Like reference numerals in different figures designate
similar features.

DETAILED DESCRIPTION

[0016] Descriptions of loop products will follow a de-
scription of some methods of making loop products.
[0017] Fig. 1 illustrates a machine and process for pro-
ducing an inexpensive touch fastener loop product 31.
Beginning at the upper left end of Fig. 1, a carded and
cross-lapped layer of fibers 10 is created by two carding
stages with intermediate cross-lapping. Weighed por-
tions of staple fibers of different types are fed to the first
carding station 30 by a card feeder 35. Card station 30
includes a 91.4 cm (36-inch) breast roll 50, a 152.4 cm
(60-inch) breaker main 52, and a 127 cm (50-inch) break-
er doffer 54. The first card feedroll drive includes 7.6 cm
(3-inch) feedrolls 56 and a 7.6 cm (3-inch) cleaning roll
on a 33 cm (13-inch) lickerin roll 58. An 20.3 cm (8-inch)
angle stripper 60 transfers the fiber to breast roll 50.
There are three 20.3 cm (8-inch) worker roll sets 62 on
the breast roll, and a 40.6 cm (16-inch) breast doffer 64
feeds breaker main 52, against which seven 20.3 cm (8-
inch) worker sets 66 and a flycatcher 68 run. The carded
fibers are combed onto a conveyer 70 that transfers the
single fiber layer into a cross-lapper 72. Before cross-
lapping, the carded fibers still appear in bands or streaks
of single fiber types, corresponding to the fibrous balls
fed to carding station 30 from the different feed bins.
Cross-lapping, which normally involves a 90-degree re-
orientation of line direction, overlaps the fiber layer upon
itself and is adjustable to establish the width of fiber layer
fed into the second carding station 74. In this example,
the cross-lapper output width is set to approximately
equal the width of the carrier into which the fibers will be
needled. Cross-lapper 72 may have a lapper apron that
traverses a floor apron in a reciprocating motion. The
cross-lapper lays carded webs of, for example, about 80
inches (1.5 meters) width and about one-half inch (1.3
centimeters) thickness on the floor apron, to build up sev-
eral layers of criss-crossed web to form a layer of, for
instance, about 80 inches (2.0 meters) in width and about
4 inches (10 centimeters) in thickness, comprising four
double layers of carded web. During carding, the fibers
are separated and combed into a cloth-like mat consist-
ing primarily of parallel fibers. With nearly all of its fibers
extending in the carding direction, the mat has some
strength when pulled in the carding direction but almost
no strength when pulled in the carding cross direction,
as cross direction strength results only from a few entan-
glements between fibers. During cross-lapping, the card-
ed fiber mat is laid in an overlapping zigzag pattern, cre-
ating a mat 10 of multiple layers of alternating diagonal
fibers. The diagonal layers, which extend in the carding
cross direction, extend more across the apron than they
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extend along its length.
[0018] Cross-lapping the web before the second card-
ing process provides several tangible benefits. For ex-
ample, it enhances the blending of the fiber composition
during the second carding stage. It also allows for rela-
tively easy adjustment of web width and basis weight,
simply by changing cross-lapping parameters.
[0019] Second carding station 74 takes the cross-
lapped mat of fibers and cards them a second time. The
feedroll drive consists of two 7.6 cm (3-inch) feed rolls
and a 7.6 cm (3-inch) cleaning roll on a 73 cm (13-inch)
lickerin 58, feeding a 152.4 cm (60-inch) main roll 76
through an 20.3 cm (8-inch) angle stripper 60. The fibers
are worked by six 20.3 cm (8-inch) worker rolls 78, the
last five of which are paired with 7.6 cm (3-inch) strippers.
A 127 cm (50-inch) finisher doffer 80 transfers the carded
web to a condenser 82 having two 20.3 cm (8-inch) con-
denser rolls 84, from which the web is combed onto a
carrier sheet 14 fed from spool 16. The condenser in-
creases the basis weight of the web from about 23.7 g/m2

(0.7 osy (ounce per square yard)) to about 33.9 g/m2 (1.0
osy), and reduces the orientation of the fibers to remove
directionality in the strength or other properties of the
finished product.
[0020] The carrier sheet 14, i.e., a nonwoven material
such as a spunbond web, or a polymer film or paper, may
be supplied as a single continuous length, or as multiple,
parallel strips. Suitable nonwoven materials will be dis-
cussed in detail below. For particularly wide webs, it may
be necessary or cost effective to introduce two or more
parallel sheets, either adjacent or slightly overlapping.
The parallel sheets may be unconnected or joined along
a mutual edge. The carded, uniformly blended layer of
fibers from condenser 82 is carried up conveyor 86 on
carrier sheet 14 and into needling station 18. As the fiber
layer enters the needling station, it has no stability other
than what may have been imparted by carding and cross-
lapping. In other words, the fibers are not pre-needled or
felted prior to needling into the carrier sheet. In this state,
the fiber layer is not suitable for spooling or accumulating
prior to entering the needling station.
[0021] In needling station 18, the carrier sheet 14 and
fiber are needle-punched from the fiber side. The needles
are guided through a stripping plate above the fibers, and
draw fibers through the carrier sheet 14 to form loops on
the opposite side. During needling, the carrier sheet is
supported on a bed of bristles extending from a driven
support belt or brush apron 22 that moves with the carrier
sheet through the needling station. Alternatively, carrier
sheet 14 can be supported on a screen or by a standard
stitching plate (not shown). Reaction pressure during
needling is provided by a stationary reaction plate 24
underlying apron 22. In this example, needling station 18
needles the fiber-covered carrier sheet 14 with an overall
penetration density of 80 to 160 punches per square cen-
timeter. During needling, the thickness of the carded fiber
layer only decreases by about half, as compared with
felting processes in which the fiber layer thickness de-

creases by one or more orders of magnitude. As fiber
basis weight decreases, needling density may need to
be increased.
[0022] The needling station 18 may be a "structuring
loom" configured to subject the fibers and carrier web to
a random velouring process. Thus, the needles penetrate
a moving bed of bristles arranged in an array (brush apron
22). The brush apron may have a bristle density of 2000
to 3000 bristles per square inch (310 to 465 bristles per
square centimeter), e.g., about 2570 bristles per square
inch (400 per square centimeter). The bristles are each
about 0.018 inch (0.46 millimeter) in diameter and about
20 millimeters long, and are preferably straight. The bris-
tles may be formed of any suitable material, for example
6/12 nylon. Suitable brushes may be purchased from
Stratosphere, Inc., a division of Howard Brush Co., and
retrofitted onto DILO and other random velouring looms.
Generally, the brush apron moves at the desired line
speed.
[0023] Alternatively, other types of structuring looms
may be used, for example those in which the needles
penetrate into a plurality of lamella or lamellar disks.
[0024] Figs. 2A through 2D sequentially illustrate the
formation of a loop structure by needling. As a forked
needle enters the fiber mat 10 (Fig. 2A), some individual
fibers 12 will be captured in the cavity 36 in the forked
end of the needle. As needle 34 pierces carrier sheet 14
(Fig. 2B), these captured fibers 12 are drawn with the
needle through the hole 38 formed in the carrier sheet to
the other side of the carrier sheet. As shown, carrier sheet
14 remains generally supported by bristles 20 through
this process, the penetrating needle 34 entering a space
between adjacent bristles. Alternatively, carrier sheet 14
can be supported by a screen or stitching plate (not
shown) that defines holes aligned with the needles. As
needle 34 continues to penetrate (Fig. 2C), tension is
applied to the captured fibers, drawing mat 10 down
against carrier sheet 14. In this example, a total penetra-
tion depth "Dp" of about 5.0 millimeters, as measured
from the entry surface of carrier sheet 14, was found to
provide a well-formed loop structure without overly
stretching fibers in the remaining mat. Excessive pene-
tration depth can draw loop-forming fibers from earlier-
formed tufts, resulting in a less robust loop field. Pene-
tration depths of 2 to 8 millimeters also worked in this
example, with 6 mm and 8 mm penetration being pres-
ently preferred. When needle 34 is retracted (Fig. 2D),
the portions of the captured fibers 12 carried to the op-
posite side of the carrier web remain in the form of a
plurality of individual loops 40 extending from a common
trunk 42 trapped in hole 38. The final loop formation pref-
erably has an overall height "HL" of 0.040 to 0.090 inch
(1.0 to 2.3 millimeters), for engagement with the size of
male fastener elements commonly employed on dispos-
able garments and such.
[0025] Advance per stroke is limited due to a number
of constraints, including needle deflection and potential
needle breakage. Thus, it may be difficult to accommo-
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date increases in line speed and obtain an economical
throughput by adjusting the advance per stroke. As a
result, the holes pierced by the needles may become
elongated, due to the travel of the carrier sheet while the
needle is interacting with the carrier sheet (the "dwell
time"). This elongation is generally undesirable, as it re-
duces the amount of support provided to the base of each
of the loop structures by the surrounding substrate, and
may adversely affect resistance to loop pull-out. Moreo-
ver, this elongation will tend to reduce the mechanical
integrity of the carrier sheet due to excessive drafting,
i.e., stretching of the carrier sheet in the machine direction
and corresponding shrinkage in the cross-machine di-
rection.
[0026] Elongation of the holes may be reduced or elim-
inated by causing the needles to travel in a generally
elliptical path, viewed from the side. This elliptical path
is shown schematically in FIG. 2E. Referring to FIG. 2E,
each needle begins at a top "dead" position A, travels
downward to pierce the carrier sheet (position B) and,
while it remains in the carrier sheet (from position B
through bottom "dead" position C to position D), moves
forward in the machine direction. When the needle has
traveled upward sufficiently for its tip to have exited the
pierced opening (position D), it continues to travel up-
ward, free of the carrier sheet, while also returning hori-
zontally (opposite to the machine direction) to its normal,
rest position (position A), completing the elliptical path.
This elliptical path of the needles is accomplished by
moving the entire needle board simultaneously in both
the horizontal and vertical directions. Needling in this
manner is referred to herein as "elliptical needling." Nee-
dling looms that perform this function are available from
DILO System Group, Eberbach, Germany, under the
tradename "HYPERPUNCH Systems."
[0027] During elliptical needling, the horizontal travel
of the needle board is preferably roughly equivalent to
the distance that the carrier sheet advances during the
dwell time. The horizontal travel is a function of needle
penetration depth, vertical stroke length, carrier sheet
thickness, and advance per stroke. Generally, at a given
value of needle penetration and carrier sheet thickness,
horizontal stroke increases with increasing advance per
stroke. At a fixed advance per stroke, the horizontal
stroke generally increases as depth of penetration and
web thickness increases.
[0028] For example, for a carrier sheet having a thick-
ness of 0.0127 mm (0.0005 inch) (so thin that it is not
taken into account), a loom outfeed of 18.9 m/min, an
effective needle density of 15,006 needles/meter, a ver-
tical stroke of 35 mm, a needle penetration of 5.0 mm,
and a headspeed of 2,010 strokes/min, the preferred hor-
izontal throw (i.e., the distance between points B and D
in Fig. 2E) would be 3.3 mm, resulting in an advance per
stroke of 9.4 mm.
[0029] Using elliptical needling, it may be possible to
obtain line speeds 30 ypm (yards/minute) or mpm (me-
ters/minute) or greater, e.g., 50 ypm or mpm, for example

60 ypm. Such speeds may be obtained with minimal elon-
gation of the holes, for example the length of the holes
in the machine direction may be less than 20% greater
than the width of the holes in the cross-machine direction,
preferably less than 10% greater and in some instances
less than 5% greater.
[0030] For needling longitudinally discontinuous re-
gions of the material, such as to create discrete loop re-
gions as discussed further below, the needle boards can
be populated with needles only in discrete regions, and
the needling action paused while the material is indexed
through the loom between adjacent loop regions. Effec-
tive pausing of the needling action can be accomplished
by altering the penetration depth of the needles during
needling, including to needling depths at which the nee-
dles do not penetrate the carrier sheet. Such needle
looms are available from FEHRER AG in Austria, for ex-
ample. Alternatively, means can be implemented to se-
lectively activate smaller banks of needles within the
loom according to a control sequence that causes the
banks to be activated only when and where loop struc-
tures are desired. Lanes of loops can be formed by a
needle loom with lanes of needles separated by wide,
needle-free lanes.
[0031] In the example illustrated, the needled product
88 leaves needling station 18 and brush apron 22 in an
unbonded state, and proceeds to a lamination station 92.
Prior to the lamination station, the web passes over a
gamma gage (not shown) that provides a rough measure
of the mass per unit area of the web. This measurement
can be used as feedback to control the upstream carding
and cross-lapping operations. The web is stable enough
at this stage to be accumulated in an accumulator 90
between the needling and lamination stations. As known
in the art, accumulator 90 is followed by a spreading roll
(not shown) that spreads and centers the web prior to
entering the next process. Prior to lamination, the web
may also pass through a coating station (not shown) in
which a binder is applied to enhance lamination. In lam-
ination station 92, the web first passes by one or more
infrared heaters 94 that preheat the fibers and/or carrier
sheet from the side opposite the loops. In products relying
on bicomponent fibers for bonding, heaters 94 preheat
and soften the sheaths of the bicomponent fibers. In one
example, the heater length and line speed are such that
the web spends about four seconds in front of the heaters.
Just prior to the heaters are two scroll rolls 93. The scroll
rolls each have a herringbone helical pattern on their sur-
faces and rotate in a direction opposite to the direction
of travel of the web, and are typically driven with a surface
speed that is four to five times that of the surface speed
of the web. The scroll rolls put a small amount of drag on
the material, and help to dewrinkle the web. Just down-
stream of the heaters is a web temperature sensor (not
shown) that provides feedback to the heater control to
maintain a desired web exit temperature.
[0032] Fig. 3 shows a loop structure 48 containing mul-
tiple loops 40 extending through a common hole in the
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carrier sheet, as formed by the above-described nee-
dling. As shown, loops 40 stand proud of the underlying
carrier sheet, available for engagement with a mating
hook product, due at least in part to the anchoring of the
fibers to each other and the carrier sheet. This vertical
stiffness acts to resist permanent crushing or flattening
of the loop structures, which can occur when the loop
material is spooled or when the finished product to which
the loop material is later joined is compressed for pack-
aging. Resiliency of the loops 40, especially at their junc-
ture with the carrier sheet, enables structures 48 that
have been "toppled" by heavy crush loads to right them-
selves when the load is removed. The various loops 40
of formation 48 extend to different heights from the carrier
sheet, which is also believed to promote fastener per-
formance. Because each formation 48 is formed at a site
of a penetration through the carrier sheet during needling,
the density and location of the individual structures are
very controllable. Preferably, there is sufficient distance
between adjacent structures so as to enable good pen-
etration of the field of formations by a field of mating male
fastener elements (not shown). Each of the loops 40 is
of a staple fiber whose ends are disposed on the opposite
side of the carrier sheet, such that the loops are each
structurally capable of hook engagement.
[0033] By contrast, the back surface of the loop product
is relatively flat, void of extending loop structures, as
shown in Fig. 3A.
[0034] Because of the low amount of fibers remaining
in the mat, together with the thinness of the carrier sheet
and any applied backing layer, the mat (i.e., the base
portion of the loop material including the carrier sheet,
not including the extending loop structures) can have a
thickness of only 0.008 inch (0.2 millimeters) or less, pref-
erably less than 0.127 mm (0.005 inch), and even as low
as about 0.001 inch (0.025 millimeter) in some cases.
The carrier sheet 14 may have a thickness of less than
0.002 inch (0.05 millimeter), preferably less than 0.001
inch (0.025 millimeter) and even more preferably about
0.0005 inch (0.013 millimeter). The finished loop product
31 has an overall thickness of less than 0.15 inch (3.7
millimeters), preferably less than 0.1 inch (2.5 millime-
ters), and in some cases less than 0.05 inch (1.3 millim-
eter). The overall weight of the loop fastener product,
including carrier sheet, fibers and fused binder (an op-
tional component, discussed below), is preferably less
than 5 ounces per square yard (167 grams per square
meter). For some applications, the overall weight is less
than 2 ounces per square yard (67 grams per square
meter), or in one example, about 1.35 ounces per square
yard (46 grams per square meter).
[0035] In the example shown in the photographs, the
mat thickness was determined by determining the loca-
tions of the front and rear faces of the mat by focal depth
on an optical table, and was so measured to be about
0.006 inch (0.15 millimeter). Similarly, the loft of the loop
structures, measured from the front face of the mat to
the top of the loop structures, was about 0.020 inch (0.5

millimeter) uncompressed (i.e., the uncompressed loft
was between 3 and 4 times the mat thickness), and was
about 0.008 inch (0.2 millimeter) compressed under a 6
millimeter thick sheet of glass.
[0036] Referring back to Fig. 1, the heated, needled
web is trained about a 20 inch (50 centimeter) diameter
hot can 96 against which four idler rolls 98 of five inch
(13 centimeters) solid diameter, and a driven, rubber roll
100 of 18 inch (46 centimeter) diameter, rotate under
controlled pressure. Idler rolls 98 are optional and may
be omitted if desired. Alternatively, light tension in the
needled web can supply a light and consistent pressure
between the web and the hot can surface prior to the nip
with rubber roll 100, to help to soften the bonding fiber
surfaces prior to lamination pressure. The rubber roll 100
presses the web against the surface of hot can 96 uni-
formly over a relatively long ’kiss’ or contact area, bonding
the fibers over substantially the entire back side of the
web.
[0037] The rubber roll 100 is cooled, as will be dis-
cussed in detail below, to prevent overheating and crush-
ing or fusing of the loop fibers on the front surface of the
web, thereby allowing the loop fibers to remain exposed
and open for engagement by hooks. Protecting the loop
structures from excessive heat during lamination signif-
icantly improves the performance of the material as a
touch fastener, as the loop structures remain extended
from the base for hook engagement. For many materials,
the bonding pressure between the rubber roll and the hot
can is quite low, in the range of 1-50 pounds per square
inch (70-3500 grams per square centimeter) or less, e.g.,
15 to 40 psi (1050 to 2800 grams per square centimeter),
and in one example about 25 psi (1750 gsm). The surface
of hot can 96 is maintained at a temperature of about 306
degrees Fahrenheit (150 degrees Celsius) for one ex-
ample employing bicomponent polyester fiber and poly-
ester spunbond carrier sheet running at a line speed of
20.1 meters per minute, to avoid melting the polyester
carrier and the bicomponent cores. In this example the
web is trained about an angle of around 300 degrees
about hot can 96, resulting in a dwell time against the hot
can of about four seconds. The hot can 96 can have a
compliant outer surface, or be in the form of a belt. As
an alternative to roller nips, a flatbed fabric laminator (not
shown) can be employed to apply a controlled lamination
pressure for a considerable dwell time. Such flatbed lam-
inators are available from Glenro Inc. in Paterson, New
Jersey. In some applications, the finished loop product
31 is passed through a cooler (not shown) prior to em-
bossing.
[0038] Fig. 4 is an enlarged view of the nip 107 between
hot can 96 and the rubber roll 100. As discussed above,
due to the compliant nature of the rubber roll, uniform
pressure and heat is applied to the entire back surface
of the web, over a relatively large contact area. The hot
can contacts the fibers on the back side of the web to
fuse the fibers to each other and/or to fibers of the non-
woven carrier sheet, forming a network 42 of fused fibers

9 10 



EP 2 152 948 B1

7

5

10

15

20

25

30

35

40

45

50

55

extending over the entire back surface of the carrier
sheet. The rubber surface layer 103 of roll 100 has a
radial thickness TR of about 22 millimeters, and has a
surface hardness of about 65 shore DO. Nip pressure is
maintained between the rolls such that the nip kiss length
Lk about the circumference of hot can 96 in this example
is about 25 millimeters, with a nip dwell time of about 75
milliseconds. Leaving the nip, the laminated web travels
on the surface of cooled roll 100. Rubber roll 100 has a
cooled steel core supporting the rubber surface layer.
Liquid coolant is circulated through cooling channels 105
in the steel core to maintain a core temperature of about
55 degrees F (12.7 degrees C) while an air plenum 99
discharges multiple jets of air against the rubber roll sur-
face to maintain a rubber surface temperature of about
140 degrees F (60 degrees C) entering nip 107.
[0039] Referring to Figs. 5 and 5A, the back surface of
the loop material leaving the nip is fused and relatively
flat. If bicomponent fibers are used, and the laminating
parameters are selected so that only the lower melting
portion of the bicomponent fibers melts during lamination,
resulting in a network of discrete bond points 109 where
individual bicomponent fibers at or near the back surface
of the web cross other fibers, the sheaths of the bicom-
ponent fibers acting as an adhesive to bond the fibers
together, while the cores of the fibers remain substantially
intact. The back surface thus retains a very fibrous ap-
pearance, with individual fibers maintaining their integri-
ty. In the case of staple fibers that have been drawn to
increase their fiber strength, the individual fibers tend to
maintain their longitudinal molecular orientation through
the bond points. The bond point network is therefore ran-
dom and sufficiently dense to effectively anchor the fiber
portions extending through the non-woven carrier sheet
to the front side to form engageable loop formations. The
bond point network is not so dense that the web becomes
air-impermeable. The resulting loop product 31 will have
a soft hand and working flexibility for use in applications
where textile properties are desired. In other applications
it may be acceptable or desirable to fuse the fibers to
form a solid mass on the back side of the web. In either
case, the fused network of bond points creates a very
strong, dimensionally stable web of fused fibers across
the non-working side of the loop product 31 that is still
sufficiently flexible for many uses. When bicomponent
fibers are used, the number of fused fiber intersections,
where bicomponent fibers have partially melted, is such
that staple fibers with portions extending through holes
to form engageable loops have other portions, such as
their ends, secured in one or more fused areas which
anchor the loop fibers against pullout from hook loads.
[0040] The bond point network is disposed primarily at
or near the back side of the fused mat. The front surface
of the mat remains substantially less bonded than the
back surface, as illustrated in Fig. 5B. As shown, the bi-
component fiber sheaths at the front mat surface remain
relatively intact, with few bonded crossings. The fila-
ments of the nonwoven carrier sheet also retain their fi-

brous appearance.
[0041] If desired, a backing sheet (not shown) can be
introduced between the hot can and the needled web,
such that the backing sheet is laminated over the back
surface of the loop product 31 while the fibers are bonded
under pressure in the nip.
[0042] Referring back to Fig. 1, from lamination station
92 the laminated web moves through another accumu-
lator 90 to an embossing station 104, where a desired
pattern of locally raised regions is embossed into the web
between two counter-rotating embossing rolls. In some
cases, the web may move directly from the laminator to
the embossing station, without accumulation, so as to
take advantage of any latent temperature increase
caused by lamination. The loop side of the bonded loop
product 31 is embossed with a desired embossing pat-
tern prior to spooling. In this example the loop product
31 is passed through a nip between a driven embossing
roll 54 and a backup roll 56. The embossing roll 54 has
a pattern of raised areas that permanently crush the loop
formations against the carrier sheet, and may even melt
a proportion of the fibers in those areas. Embossing may
be employed simply to enhance the texture or aesthetic
appeal of the final product. Generally, the laminated web
has sufficient strength and structural integrity so that em-
bossing is not needed to (and typically does not) enhance
the physical properties of the product.
[0043] In some cases, roll 56 has a pattern of raised
areas that mesh with dimples in roll 54, such that em-
bossing results in a pattern of raised hills or convex re-
gions on the loop side, with corresponding concave re-
gions on the non-working side of the product, such that
the embossed product has a greater effective thickness
than the pre-embossed product. More details of a suita-
ble embossing pattern are discussed below with respect
to Fig. 6.
[0044] The embossed web then moves through a third
accumulator 90, past a metal detector 106 that checks
for any broken needles or other metal debris, and then
is slit and spooled for storage or shipment. During slitting,
edges may be trimmed and removed, as can any unde-
sired carrier sheet overlap region necessitated by using
multiple parallel strips of carrier sheet.
[0045] We have found that, using the process de-
scribed above, a useful loop product 31 may be formed
with little fiber 12. In one example, mat 10 has a basis
weight of only about 10 osy (33 grams per square meter).
Fibers 12 are drawn and crimped polyester fibers, 0.3 to
0.7 tex (3 to 6 denier), of about a four-inch (10 centime-
ters) staple length, mixed with crimped bicomponent pol-
yester fibers of 0.4 tex (4 denier) and about two-inch (50
mm) staple length. The ratio of fibers may be, for exam-
ple, 80 percent solid polyester fiber to 20 percent bicom-
ponent fiber. In other embodiments, the fibers may in-
clude 5 to 40 percent, e.g., 15 to 30 percent bicomponent
fibers. The preferred ratio will depend on the composition
of the fibers and the processing conditions. Generally,
too little bicomponent fiber may compromise loop anchor-
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ing, due to insufficient fusing of the fibers, while too much
bicomponent fiber will tend to increase cost and may re-
sult in a stiff product and/or one in which some of the
loops are adhered to each other. The bicomponent fibers
are core/sheath drawn fibers consisting of a polyester
core and a copolyester sheath having a softening tem-
perature of about 110 degrees Celsius, and are em-
ployed to bind the solid polyester fibers to each other and
the carrier.
[0046] In this example, both types of fibers are of round
cross-section and are crimped at about 7.5 crimps per
inch (3 crimps per centimeter). Suitable polyester fibers
are available from INVISTA of Wichita, Kansas (www.in-
vista.com), under the designation Type 291. Suitable bi-
component fibers are available from Consolidated Tex-
tiles under the designation Low Melt Bonding Fibers. As
an alternative to round cross-section fibers, fibers of other
cross-sections having angular surface aspects, e.g. fib-
ers of pentagon or pentalobal cross-section, can en-
hance knot formation during needling.
[0047] In some cases, the fibers may not include bi-
component fibers. For example, the staple fibers may all
be formed of a single polymer. If the polymer used to
form the staple fibers is not sufficiently adherent to itself
and/or to the filaments of the nonwoven carrier sheet,
the staple fibers may be predominantly of a first polymer,
such as polypropylene, with fibers of a second, more ad-
herent binder, such as high density polyethylene (HDPE)
used to provide bonding between fibers and to the fila-
ments of the nonwoven.
[0048] Loop fibers with tenacity values of at least 2.8
grams per 0.1 tex (denier) have been found to provide
good closure performance, and fibers with a tenacity of
at least 5 or more grams per 0.1 tex (denier) (preferably
even 8 or more grams per 0.1 tex (denier)) are even more
preferred in many instances. In general terms for a loop-
limited closure, the higher the loop tenacity, the stronger
the closure. The polyester fibers of mat 10 are in a drawn,
molecular oriented state, having been drawn with a draw
ratio of at least 2:1 (i.e., to at least twice their original
length) under cooling conditions that enable molecular
orientation to occur, to provide a fiber tenacity of about
4.8 grams per 0.1 tex (denier).
[0049] Loop strength is directly proportional to fiber
strength, which is the product of tenacity and tex (denier).
Fibers having a fiber strength of at least 6 grams, for
example at least 10 grams, provide sufficient loop
strength for many applications. Where higher loop
strength is required, the fiber strength may be higher,
e.g., at least 15. Strengths in these ranges may be ob-
tained by using fibers having a tenacity of 2 to 7 grams
0.1 tex (denier) and a tex (denier) of 0.2 to 0.6, e.g, 0.2
to 0.4 (1.5 to 5, e.g., 2 to 4). For example, a fiber having
a tenacity of about 4 grams/0.1 tex (denier) and a tex of
about 0.3 (denier of about 3) will have a fiber strength of
about 12 grams.
[0050] The engagement strength of the loop product
31 is also dependent on the density and uniformity of the

loop structures over the surface area of the loop product
31. The density and uniformity of the loop structures is
determined in part by the coverage of the fibers on the
carrier sheet. In other words, the coverage will affect how
many of the needle penetrations will result in hook-en-
gageable loop structures. Fiber coverage is indicative of
the length of fiber per unit area of the carrier sheet, and
is calculated as follows:

Fiber coverage (meters per square meter) = (Basis
Weight/ 0.1 tex (Denier) x 9000. Thus, in order to
obtain a high fiber coverage at a low basis weight,
e.g., less than (2 67.8 g/m2 osy), it is desirable to
use low tex (denier) (i.e., fine) fibers, for example
having a tex of 0.3 (denier of 3) or less. The use of
low tex (denier) fibers allows good coverage to be
obtained at a low basis weight, providing more fibers
for engagement with male fastener elements. How-
ever, the use of low tex (denier) fibers may require
that the fibers have a higher tenacity to obtain a given
fiber strength, as discussed above. Higher tenacity
fibers are generally more expensive than lower te-
nacity fibers. Moreover, for some applications higher
tex (denier) fibers may be desirable to provide par-
ticular physical characteristics such as imparting
crush resistance to the loops. Thus, the desired
strength, cost and weight characteristics of the prod-
uct must be balanced to determine the appropriate
basis weight, fiber tenacity and tex (denier) for a par-
ticular application. It is generally preferred that the
fiber layer of the loop product 31 have a calculated
fiber coverage of at least 50,000, preferably at least
90,000, and more preferably at least 100,000.

[0051] It is very important that fiber coverage be
achieved without compromising the lightweight and low
cost characteristics of the loop product 31. To produce
loop materials having a good balance of low cost, light
weight and good performance, it is generally preferred
that the basis weight be less than 67.8 g/m2 (2.0 osy),
e.g., 33.9 to 67.8 g/m2 (1.0 to 2.0 osy), and the coverage
be 50,000 to 200,000.
[0052] Various synthetic or natural fibers may be em-
ployed. In some applications, wool and cotton may pro-
vide sufficient fiber strength. Presently, thermoplastic
staple fibers which have substantial tenacity are pre-
ferred for making thin, low-cost loop product that has
good closure performance when paired with very small
molded hooks. For example, polyolefins (e.g., polypro-
pylene or polyethylene), polyesters, polyamides (e.g.,
nylon), acrylics and mixtures, alloys, copolymers and co-
extrusions thereof are suitable. Polyester is presently
preferred. Fibers having high tenacity and high melt tem-
perature may be mixed with fibers of a lower melt tem-
perature resin. For a product having some electrical con-
ductivity, a small percentage of metal fibers may be add-
ed. For instance, loop products of up to 5 to 10 percent
fine metal fiber, for example, may be advantageously em-
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ployed for grounding or other electrical applications.
[0053] Various nonwoven webs can be used as the
carrier sheet. In one example, mat 10 is laid upon a spun-
bond web. Spunbond webs, and other suitable nonwoven
webs, include continuous filaments that are entangled
and fused together at their intersections, e.g., by hot cal-
endaring in the case of spunbond webs. Some preferred
webs are also point bonded. For example, the spunbond
web may include a non-random pattern of fused areas,
each fused area being surrounded by unfused areas. The
fused areas may have any desired shape, e.g., diamonds
or ovals, and are generally quite small, for example on
the order of several millimeters. One preferred spunbond
web is commercially available from Oxco, Inc., Charlotte,
NC under the tradename POLYON A017P79WT1. This
material is a point bonded 100% polyester spunbond hav-
ing a basis weight of 17 gsm.
[0054] Suitable nonwoven webs have a sufficiently
high filament density so that they support the loop struc-
tures after the fibers have been needled through the car-
rier. For example, preferred webs have a linear filament
layer density of at least 25 filaments per layer in a 2.5 cm
x 2.5 cm (1 inch x 1 inch) sample, and more preferably
40 to 110 filaments per layer. To calculate linear filament
layer density, we calculate the total length (in inches) of
filament in a one inch by one inch square area, based on
tex (denier) and basis weight, and then divide that total
filament length by the number of filament thicknesses in
the overall thickness of the web. The result would equate
to the number of filaments in each layer of the square
one inch area, if all filaments ran orthogonally and were
distributed evenly in each layer, and is a reasonable
quantification of filament density, for comparison be-
tween webs. In preferred webs, the filaments have a tex
of from 0.1 to 0.8 (denier of from 1 to 7), preferably 0.3
to 0.7 (3 to 6). In some implementations, the filaments
have the same tex (denier) as the staple fibers, e.g., with-
in about 0.1 tex (1 denier). The lower the tex (denier),
the higher the preferred linear filament layer density, in
order to ensure a tight web with good coverage and thus
good support for the loop structures. Furthermore, for
heavier filament materials a higher basis weight is re-
quired to achieve a particular linear filament layer density.
For example, for polyester with a specific gravity of 1.38
grams per cubic centimeter, a 0.1 tex (1 denier) spunbond
web having a 17 g/m2 (0.5 osy) basis weight and a 0.003
inch (0.075 millimeter) thickness would have a linear fil-
ament layer density of about 58 filaments/layer, while the
same spunbond material made with a 0.91 grams per
cubic centimeter polypropylene would have a linear fila-
ment layer density of about 108 filaments/layer. Gener-
ally we prefer to have a linear filament layer density of at
least 25 filaments/layer, and more preferably at least 60
filaments/layer.
[0055] For many applications, it is important that the
carrier sheet also be lightweight and inexpensive. It is
thus generally desirable that the filament material have
a low specific gravity, so that a given length of filament

will weigh as little as possible. Preferably, the specific
gravity of the filament material is less than 1.5, more pref-
erably less than 1.0 g/cm3. In order to minimize weight,
it is also generally preferred that the nonwoven web be
thin, for example less than 0.127 mm (0.005 inches) thick,
e.g., 0.076 mm (0.003 inches) thick or less. Some pre-
ferred nonwoven webs have a weight of less than 50
g/m2, e.g., 12 to 17 g/m2.
[0056] To optimize anchoring of the loops, it is desira-
ble that the fibers fuse not only to themselves on the back
side of the web, but also to the filaments of the nonwoven
web (carrier sheet). To this end, it is generally desirable
that the material of the filaments of the nonwoven web
be chemically compatible with the surface material of the
bicomponent fibers. In some cases the fibers, or the
sheath material of the bicomponent fibers, may be of the
same polymer as the filaments of the carrier sheet.
[0057] Other suitable carrier sheets include polymer
films, e.g., a very thin polymer film having a thickness of
about 0.002 inch (0.05 millimeter) or less. Suitable films
include polyesters, polyamides, polypropylenes, EVA,
and their copolymers. Other materials may be used to
provide desired properties for particular applications. For
example, fibers may be needle-punched into paper,
scrim, or fabrics such as non-woven, woven or knit ma-
terials, for example lightweight cotton sheets.
[0058] A pre-printed carrier sheet may be employed to
provide graphic images visible from the loop side of the
finished product. This can be advantageous, for example,
for loop materials to be used on children’s products, such
as disposable diapers. In such cases, child-friendly
graphic images can be provided on the loop material that
is permanently bonded across the front of the diaper
chassis to form an engagement zone for the diaper tabs.
The image can be pre-printed on either surface of the
carrier sheet, but is generally printed on the loop side.
An added film may alternatively be pre-printed to add
graphics, particularly if acceptable graphic clarity cannot
be obtained on a lightweight carrier sheet such as a spun-
bond web.
[0059] Fig. 6 shows a finished loop product 31, as seen
from the loop side, embossed with a honeycomb pattern
58. Various other embossing patterns include, as exam-
ples, a grid of intersecting lines forming squares or dia-
monds, or a pattern that crushes the loop formations oth-
er than in discrete regions of a desired shape, such as
round pads of loops. The embossing pattern may also
crush the loops to form a desired image, or text, on the
loop material. As shown in Fig. 6, each cell of the em-
bossing pattern is a closed hexagon and contains multi-
ple discrete loop structures. The width ’W’ between op-
posite sides of the open area of the cell is about 6.5 mil-
limeters, while the thickness ’t’ of the wall of the cell is
about 0.8 millimeter.
[0060] The above-described processes enable the
cost-effective production of high volumes of loop mate-
rials with good fastening characteristics. They can also
be employed to produce loop materials in which the ma-
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terials of the loops, substrate and optional backing are
individually selected for optimal qualities. For example,
the loop fiber material can be selected to have high te-
nacity for fastening strength, while the substrate and/or
backing material can be selected to be readily bonded
to other materials without harming the loop fibers.
[0061] The materials of the loop product 31 can also
be selected for other desired properties. In one case the
loop fibers, carrier web and backing are all formed of
polypropylene, making the finished loop product 31 read-
ily recyclable. In another example, the loop fibers, carrier
web and backing are all of a biodegradable material, such
that the finished loop product 31 is more environmentally
friendly. High tenacity fibers of biodegradable polylactic
acid are available, for example, from Cargill Dow LLC
under the trade name NATUREWORKS.
[0062] Polymer backing layers or binders may be se-
lected from among suitable polyethylenes, polyesters,
EVA, polypropylenes, and their co-polymers. Paper, fab-
ric or even metal may be used. The binder may be applied
in liquid or powder form, and may even be pre-coated on
the fiber side of the carrier web before the fibers are ap-
plied. In many cases, a separate binder or backing layer
is not required, such as for low cycle applications in dis-
posable personal care products, such as diapers.

Claims

1. A method of making a sheet-form loop product (31),
the method comprising:

placing a layer of staple fibers (12) on a first side
of a substrate (14);
needling fibers (12) of the layer through the sub-
strate (14) by penetrating the substrate (14) with
needles (34) that drag portions of the fibers (12)
through the substrate (14) during needling, leav-
ing exposed loops (40) of the fibers (12) extend-
ing from a second side of the substrate (14);
characterized by
passing the substrate (14) and the fibers (12)
through a nip (107) defined between a roll (100)
and a hot can (96) such that the fibers (12) on
the first side of the substrate (14) are fused to-
gether to anchor the exposed loops (40), while
substantially preventing fusion of the fibers (12)
extending from the second side of the substrate
(14),
wherein the roll (100) has a compliant rubber
surface (103), and the compliant rubber surface
(103) and the hot can (96) cooperate to apply a
uniform pressure across the first side of the sub-
strate.

2. The method of claim 1 further comprising, prior to
fusing, heating the fibers (12) from the first side of
the substrate (14).

3. The method of claim 1 further comprising cooling the
compliant rubber surface (103) of the roll (100),
wherein cooling comprises directing air onto the
compliant rubber surface (103) of the roll (100).

4. The method of claim 1 wherein the fibers (12) include
bicomponent fibers having a core of one material
and a sheath of another material, and wherein an-
choring the exposed loops (40) comprises melting
material of the sheaths of the bicomponent fibers to
bind the fibers (12) together.

5. The method of claim 1 wherein the fibers (12) include
first fibers having a relatively high melting tempera-
ture and second fibers having a relatively lower melt-
ing temperature, the melting temperature of the sec-
ond fibers being selected to allow the second fibers
to fuse and anchor the loops.

6. The method of claim 1 wherein the fibers (12) are
loose and unconnected to the substrate (14) and
each other until needled.

7. The method of claim 1 wherein, after passing the
substrate (14) and the fibers (12) through the nip
(107), the fibers (12) and filaments on the first side
of the substrate (14) are fused together by a network
of discrete bond points (109).

8. The method of claim 7, wherein the bond points (109)
are in a random distribution, or
wherein the fibers (12) comprise drawn staple fibers,
and the fused fibers maintain a longitudinal molec-
ular orientation throughout the bond points (109).

9. The method of claim 1 wherein the needling of fibers
(12) of the layer through the substrate (14) and the
fusing together to anchor the exposed loops (40)
forms loops (40) sized and constructed to be releas-
ably engageable by a field of hooks for hook-and-
loop fastening.

10. The method of claim 1 wherein the substrate (14)
comprises a nonwoven web, wherein:

the non woven web comprises a spunbond web
which, prior to needling, comprises a non-ran-
dom pattern of fused, spaced apart regions,
each fused region surrounded by unfused re-
gions; or
the nonwoven web comprises filaments formed
of a polymer selected from the group consisting
of polyesters, polyamides, polyolefins, and
blends and copolymer thereof; or
the nonwoven web comprises filaments having
a specific gravity of less than 1.5 g/cm3; or
the nonwoven web has a linear filament layer
density of at least 25 filaments/layer and, pref-
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erably, an overall basis weight of less than 25.4
g/m2 (0.75 osy).

11. The method of claim 1 wherein the staple fibers (12)
are disposed on the first side of the substrate (14) in
a layer of a total fiber weight of less than about 2
ounces per square yard (67 grams per square me-
ter); or wherein the staple fibers (12) are disposed
on the substrate (14) in a layer of a total fiber weight
of no more than one ounce per square yard (34
grams per square meter); or wherein the staple fibers
(12) are disposed on the substrate (14) in a carded,
unbonded state; or wherein the staple fibers (12) and
filaments of the nonwoven web are of the same tex
(denier).

12. The method of claim 1 further comprising:

prior to disposing the fibers (12) on the substrate
(14), carding and cross-lapping the fibers (12);
or
selecting roll compliance, nip pressure and line
speed so that nip dwell time is from 25 to 200
msec; or
preheating the substrate (14) from the first side
prior to passing the substrate (14) through the
nip (107).

13. The method of claim 1 wherein pressure in the nip
(107) is from 0.3 to 2.8 bar (5 to 40 psi).

14. The method of claim 12 wherein preheating compris-
es:

training the substrate (14) about the hot can (96)
that carries the substrate (14) into the nip (107).

15. The method of claim 1 wherein the loop product (31)
has an overall weight of less than 5 ounces per
square yard (167 grams per square meter); or where-
in the substrate (14) comprises a polymer film; or
wherein the substrate (14) comprises a scrim; or
wherein the substrate (14) comprises paper; or
wherein the needling comprises elliptical needling.

16. The method of claim 1 further comprising embossing
the loop product (31) after passing the substrate (14)
and fibers (12) through the nip (107).

17. A sheet-form loop product (31) comprising:

a substrate (14); and
a layer of staple fibers (12) disposed on a first
side of the substrate (14), exposed loops (40)
of the fibers (12) extending from a second side
of the substrate, with bases of the loops (40)
being anchored on the first side of the substrate
(14);

characterized in that the fibers (12) are uni-
formly bonded across the first side of the sub-
strate (14), and the fibers (12) on the first side
of the substrate (14) are fused together to a
greater extent than the fibers (12) extending
from the second side of the substrate (14).

18. The loop product (31) of claim 17 wherein the fibers
(12) on the first side of the substrate (14) are fused
directly to one another; or
wherein the fibers (12) are substantially unbonded
on the second side of the substrate (14); or
wherein the second side of the substrate (14) in-
cludes embossed areas, and the fibers (12) are
bonded only in the embossed areas; or
wherein the fibers (12) include bicomponent fibers
having a core of one material and a sheath of another
material, the fibers (12) fused by melted material of
the sheaths of the bicomponent fibers; or
wherein the fibers (12) include first fibers having a
relatively high melting temperature and second fib-
ers having a relatively lower melting temperature,
the melting temperature of the second fibers being
selected to allow the second fibers to fuse and an-
chor the loops.

19. The loop product (31) of claim 18 wherein the bicom-
ponent fibers make up between 5 and 40 percent of
the fibers (12), by weight; or wherein the second fib-
ers make up between 5 and 40 percent of the fibers
(12), by weight.

20. The loop product (31) of claim 17 wherein the staple
fibers (12) have a total fiber weight of less than 2
ounces per square yard (67 grams per square me-
ter).

Patentansprüche

1. Verfahren zum Herstellen eines blattförmigen
Schlingenprodukts (31), das Verfahren umfassend:

Platzieren einer Lage von Stapelfasern (12) auf
einer ersten Seite von einem Substrat (14);
Vernadeln der Fasern (12) von der Schicht
durch das Substrat (14) durch Penetrieren des
Substrats (14) mit Nadeln (34), die Teile der Fa-
sern durch das Substrat (14) während des Ver-
nadelns ziehen, wobei exponierte Schlingen
(40) von den Fasern (12) hinterlassen werden,
die sich von einer zweiten Seite des Substrats
(14) erstrecken;
gekennzeichnet durch
Durchführen des Substrats (14) und der Fasern
(12) durch einen Spalt (107) definiert zwischen
einer Walze (100) und einer heißen Tonne (96),
so dass die Fasern (12) auf der ersten Seite des
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Substrats (14) miteinander verschmolzen wer-
den, um die exponierten Schlingen (40) zu ver-
ankern, während Verschmelzen der Fasern
(12), die sich von der zweiten Seite des Sub-
strats (14) erstrecken, im Wesentlichen verhin-
dert wird,
wobei die Walze (100) eine nachgebende Gum-
mioberfläche (103) hat, und die nachgebende
Gummioberfläche (103) und die heiße Tonne
(96) zusammenwirken, um einen gleichmäßi-
gen Druck über die erste Seite des Substrats
(14) anzubringen.

2. Verfahren nach Anspruch 1, weiter umfassend:

Vor dem Verschmelzen, Erhitzen der Fasern
(12) von der ersten Seite des Substrats (14) her.

3. Verfahren nach Anspruch 1, weiter umfassend:

Abkühlen der nachgebenden Gummioberfläche
(103) der Walze (100), wobei Abkühlen umfasst,
dass Luft auf die nachgebende Gummioberflä-
che (103) der Walze (100) gerichtet wird.

4. Verfahren nach Anspruch 1, wobei die Fasern (12)
Zweikomponentenfasern umfassen, die einen Kern
aus einem Material und eine Hülle aus einem ande-
ren Material haben, und wobei Verankern der expo-
nierten Schlingen (40) das Verschmelzen von Ma-
terial der Hüllen der Zweikomponentenfasern um-
fasst, um die Fasern (12) miteinander zu verbinden.

5. Verfahren nach Anspruch 1, wobei die Fasern (12)
erste Fasern umfassen, die eine relativ hohe
Schmelztemperatur haben und zweite Fasern, die
eine relativ niedrigere Schmelztemperatur haben,
wobei die Schmelztemperatur der zweiten Fasern
so gewählt wird, dass es den zweiten Fasern erlaubt,
zu verschmelzen und die Schlingen zu verankern.

6. Verfahren nach Anspruch 1, wobei die Fasern (12)
lose sind und nicht mit dem Substrat (14) und sich
selbst verbunden sind, bis sie vernadelt werden.

7. Verfahren nach Anspruch 1, wobei, nachdem das
Substrat (14) und die Fasern (12) durch den Spalt
(107) durchgeführt wurden, die Fasern (12) und Fi-
lamente auf der ersten Seite des Substrats (14)
durch ein Netzwerk von diskreten Bindepunkten
(109) miteinander verschmolzen werden.

8. Verfahren nach Anspruch 7, wobei die Bindepunkte
(109) in einer zufälligen Verteilung angeordnet sind,
oder
wobei die Fasern (12) gezogene Stapelfasern um-
fassen, und wobei die verschmolzenen Fasern eine
longitudinale molekulare Orientierung durch die Bin-

depunkte (109) hindurch beibehalten.

9. Verfahren nach Anspruch 1, wobei das Vernadeln
der Fasern (12) der Schicht durch das Substrat (14)
und das Verschmelzen miteinenander, um die ex-
ponierten Schlingen (40) zu verankern, Schlingen
(40) bildet, die bemessen und ausgebildet sind, um
auf lösbare Weise mit einer Anordnung von Haken
zum Befestigen mittels Klett-Prinzip koppelbar zu
sein.

10. Verfahren nach Anspruch 1, wobei das Substrat (14)
eine nichtgewebte Stoffbahn umfasst, wobei:

die nichtgewebte Stoffbahn ein Spinnvlies um-
fasst, das, vor dem Vernadeln, ein nicht-zufälli-
ges Muster von verschmolzenen, beabstande-
ten Bereichen umfasst, wobei jeder verschmol-
zene Bereiche von unverschmolzenen Berei-
chen umgeben ist; oder
die nichtgewebte Stoffbahn Filamente umfasst,
die von einem Polymer gebildet werden, das aus
der Gruppe, bestehend aus Polyestern, Poly-
amiden, Polyolefinen, und Gemischen und Co-
polymer aus diesen, ausgewählt wird; oder
die nichtgewebte Stoffbahn Filamente umfasst,
die eine spezifische Dichte geringer als 1.5
g/cm3 haben; oder
die nichtgewebte Stoffbahn eine lineare Fila-
mentschicht mit einer Dichte von mindestens 25
Filamenten/Schicht hat, und, vorzugsweise, ein
insgesamtes Basisgewicht von weniger als 25.4
g/m2 (0.75 osy) hat.

11. Verfahren nach Anspruch 1, wobei die Stapelfasern
(12) auf der ersten Seite des Substrats (14) in einer
Schicht von einem geasmten Fasergewicht von we-
niger als ungefähr 2 Unzen pro Quadratyard (67
Gramm pro Quadratmeter) angeordnet sind; oder
wobei die Stapelfasern (12) auf dem Substrat (14)
in einer Schicht von einem gesamten Fasergewicht
von nicht mehr als einer Unze pro Quadratyard (34
Gramm pro Quadratmeter) angeordnet sind; oder
wobei die Stapelfasern (12) auf dem Substrat (14)
in einem kardierten, unverbundenen Zustand ange-
ordnet sind; oder
wobei die Stapelfasern (12) und Filamente der nicht-
gewebten Stoffbahn denselben Tex (Denier) haben.

12. Verfahren nach Anspruch 1, weiter umfassend:

Vor dem Anordnen der Fasern (12) auf dem
Substrat (14), Kardieren und Kreuzlegen der Fa-
sern (12); oder
Auswählen von Nachgiebigkeit der Walze,
Spaltdruck und Bahngeschwindigkeit, so dass
eine Druckhaltezeit im Spalt zwischen 25 und
200 Millisekunden beträgt; oder
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Vorwärmen des Substrats (14) von der ersten
Seite vor dem Durchführen des Substrats (14)
durch den Spalt (107).

13. Verfahren nach Anspruch 1, wobei der Druck im
Spalt (107) zwischen 0.3 und 2.8 bar (5 bis 40 psi)
beträgt.

14. Verfahren nach Anspruch 12, wobei Vorwärmen um-
fasst:

Ausrichten des Substrats (14) um die heiße Ton-
ne (96), welche das Substrat (14) in den Spalt
(107) befördert.

15. Verfahren nach Anspruch 1, wobei das Schlingen-
produkt (31) ein insgesamtes Gewicht von weniger
als 5 Unzen pro Quadratyard (167 Gramm pro Qua-
dratmeter (Einheit ausschreiben) hat; oder
wobei das Substrat (14) einen Polymerfilm umfasst;
oder
wobei das Substrat (14) einen Baumwollstoff um-
fasst; oder
wobei das Substrat (14) Papier umfasst; oder
wobei das Vernadeln elliptisches Vernadeln um-
fasst.

16. Verfahren nach Anspruch 1, weiter umfassend:

Prägen des Schlingenprodukts (31) nach dem
Durchführen des Substrats (14) und der Fasern
(12) durch den Spalt (107).

17. Ein blattförmiges Schlingenprodukt (31), umfas-
send:

Ein Substrat (14); und
eine Schicht von Stapelfasern (12) angeordnet
auf einer ersten Seite des Substrats (14), expo-
nierte Schlingen (40) von den Fasern (12), die
sich von einer zweiten Seite des Substrats er-
strecken, mit den Basen der Schlingen (40) auf
der ersten Seite des Substrats (14) verankert;
gekennzeichnet dadurch,
dass die Fasern (12) gleichförmig über die erste
Seite des Substrats (14) verbunden sind, und
dass die Fasern (12) auf der ersten Seite des
Substrats (14) in größerem Masse miteinander
verschmolzen sind als die Fasern (12), die sich
von der zweiten Seite des Substrats (14) er-
strecken.

18. Das Schlingenprodukt (31) nach Anspruch 17, wobei
die Fasern (12) auf der ersten Seite des Substrats
(14) direkt miteinander verschmolzen sind; oder
wobei die Fasern (12) im Wesentlichen auf der zwei-
ten Seite des Substrats (14) unverbunden sind; oder
wobei die zweite Seite des Substrats (14) geprägte

Bereiche umfasst, und die Fasern (12) nur durch die
geprägten Gebiete miteinander verbunden sind;
oder
wobei die Fasern (12) Zweikomponentenfasern um-
fassen, die einen Kern aus einem Material und eine
Hülle aus einem anderen Material haben, wobei die
Fasern (12) durch geschmolzenes Material von den
Hüllen der Zweikomponentenfasern verschmolzen
werden; oder
wobei die Fasern (12) erste Fasern umfassen, die
eine relativ hohe Schmelztemperatur haben und
zweite Fasern, die eine relativ niedrigere Schmelz-
temperatur haben, wobei die Schmelztemperatur
der zweiten Fasern so gewählt wird, dass es den
zweiten Fasern erlaubt, zu verschmelzen und die
Schlingen zu verankern.

19. Das Schlingenprodukt (31) nach Anspruch 18, wobei
die Zweikomponentenfasern zwischen 5 und 40 Ge-
wichtsprozent der Fasern ausmachen; oder wobei
die zweiten Fasern zwischen 5 und 40 Gewichtspro-
zent der Fasern (12) ausmachen.

20. Das Schlingenprodukt (31) nach Anspruch 17, wobei
die Stapelfasern ein gesamtes Fasergewicht von
weniger als 2 Unzen pro Quadratyard (67 Gramm
pro Quadratmeter) haben.

Revendications

1. Procédé de fabrication d’un produit à boucles en for-
me de feuille (31), le procédé comprenant les étapes
suivantes:

- placer une couche de fibres coupées (12) sur
un premier côté d’un substrat (14);
- piquer des fibres (12) de la couche à travers
le substrat (14) en perçant le substrat (14) avec
des aiguilles (34) qui entraînent des parties des
fibres (12) à travers le substrat (14) pendant le
piquage, laissant des boucles exposées (40)
des fibres (12) qui s’étendent à partir d’un
deuxième côté du substrat (14),

caractérisé en ce que
on fait passer le substrat (14) et les fibres (12) à
travers une emprise (107) définie entre un rouleau
(100) et une boîte chaude (96) de telle manière que
les fibres (12) sur le premier côté du substrat (14)
fusionnent en une masse afin d’ancrer les boucles
exposées (40), tout en empêchant sensiblement la
fusion des fibres (12) qui s’étendent à partir du
deuxième côté du substrat (14),
dans lequel le rouleau (100) présente une surface
de caoutchouc souple (103), et la surface de caout-
chouc souple (103) et la boîte chaude (96) coopèrent
pour appliquer une pression uniforme en travers du
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premier côté du substrat.

2. Procédé selon la revendication 1, comprenant en
outre, avant la fusion, l’étape de chauffage des fibres
(12) à partir du premier côté du substrat (14).

3. Procédé selon la revendication 1, comprenant en
outre l’étape de refroidissement de la surface de
caoutchouc souple (103) du rouleau (100), dans le-
quel le refroidissement comprend la projection d’air
en direction de la surface de caoutchouc souple
(103) du rouleau (100).

4. Procédé selon la revendication 1 dans lequel les fi-
bres (12) comprennent des fibres à deux compo-
sants présentant un noyau en un matériau et une
gaine en un autre matériau, et dans lequel l’ancrage
des boucles exposées (40) comprend la fusion du
matériau des gaines de fibres à deux composants
afin de lier les fibres (12) les unes aux autres.

5. Procédé selon la revendication 1 dans lequel les fi-
bres (12) comprennent des premières fibres présen-
tant une température de fusion relativement élevée
et des deuxièmes fibres présentant une température
de fusion relativement plus basse, la température de
fusion des deuxièmes fibres étant sélectionnée de
façon à permettre la fusion des deuxièmes fibres et
l’ancrage des boucles.

6. Procédé selon la revendication 1 dans lequel les fi-
bres (12) sont libres et non connectées au substrat
(14) et entre elles jusqu’à ce qu’elles soient piquées.

7. Procédé selon la revendication 1 dans lequel, après
le passage du substrat (14) et des fibres (12) à tra-
vers l’emprise (107), les fibres (12) et de filaments
sur le premier côté du substrat (14) sont fusionnés
en une masse par un réseau de points de liaison
discrets (109).

8. Procédé selon la revendication 7, dans lequel les
points de liaison (109) sont distribués de façon aléa-
toire, ou dans lequel les fibres (12) comprennent des
fibres découpées étirées, et les fibres fusionnées
maintiennent une orientation moléculaire longitudi-
nale à travers tous les points de liaison (109).

9. Procédé selon la revendication 1 dans lequel le pi-
quage de fibres (12) de la couche à travers le subs-
trat (14) et la fusion en une masse afin d’ancrer les
boucles exposées (40) forment des boucles (40) di-
mensionnées et construites de façon à pouvoir être
engagées de façon séparable par un champ de cro-
chets pour une fixation par boucles et crochets.

10. Procédé selon la revendication 1 dans lequel le
substrat (14) comprend une bande non tissée, dans

lequel:

- la bande non tissée comprend une bande filée
fondue non tissée qui, avant le piquage, com-
prend un motif non aléatoire de régions fusion-
nées espacées l’une de l’autre, chaque région
fusionnée étant entourée par des régions non
fusionnées; ou
- la bande non tissée comprend des filaments
formés d’un polymère sélectionné dans le grou-
pe composé des polyesters, polyamides, poly-
oléfines, et de mélanges et de copolymères de
ceux-ci; ou
- la bande non tissée comprend des filaments
ayant une densité spécifique de moins de 1,5
g/cm3; ou
- la bande non tissée a une densité de couche
de filaments linéaire d’au moins 25 filaments/
couche et, de préférence, un poids de base total
de moins de 25,4 g/m2 (0,75 once par yard car-
ré).

11. Procédé selon la revendication 1 dans lequel les fi-
bres découpées (12) sont disposées sur le premier
côté du substrat (14) en une couche présentant un
poids de fibres total de moins d’environ 2 onces par
yard carré (67 grammes par mètre carré); ou dans
lequel les fibres découpées (12) sont disposées sur
le substrat (14) en une couche présentant un poids
de fibres total de pas plus d’une once par yard carré
(34 grammes par mètre carré); ou dans lequel les
fibres découpées (12) sont disposées sur le substrat
(14) dans un état cardé, non lié; ou dans lequel les
fibres découpées (12) et des filaments de la bande
non tissée présentent le même tex (denier).

12. Procédé selon la revendication 1 comprenant en
outre les étapes suivantes:

- avant de disposer les fibres (12) sur le substrat
(14), carder et entrecroiser les fibres (12); ou
- sélectionner la souplesse du rouleau, la pres-
sion dans l’emprise et la vitesse de la ligne de
telle manière que le temps de séjour dans l’em-
prise soit de 25 à 200 ms; ou
- préchauffer le substrat (14) à partir du premier
côté avant de faire passer le substrat (14) à tra-
vers l’emprise (107).

13. Procédé selon la revendication 1 dans lequel la pres-
sion dans l’emprise (107) est de 0,3 à 2,8 bar (5 à
40 psi).

14. Procédé selon la revendication 12 dans lequel le pré-
chauffage comprend l’entraînement du substrat (14)
autour de la boîte chaude (96) qui emporte le subs-
trat (14) dans l’emprise (107).
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15. Procédé selon la revendication 1 dans lequel le pro-
duit à boucles (31) présente un poids total de moins
de 5 onces par yard carré (167 grammes par mètre
carré); ou dans lequel le substrat (14) comprend un
film polymère; ou dans lequel le substrat (14) com-
prend un canevas; ou dans lequel le substrat (14)
comprend du papier; ou dans lequel le piquage com-
prend un piquage elliptique.

16. Procédé selon la revendication 1 comprenant en
outre le gaufrage du produit à boucles (31) après le
passage du substrat (14) et des fibres (12) à travers
l’emprise (107).

17. Produit à boucles en forme de feuille (31) compre-
nant:

- un substrat (14); et
- une couche de fibres découpées (12) disposée
sur un premier côté du substrat (14), des bou-
cles exposées (40) des fibres (12) s’étendant à
partir d’un deuxième côté du substrat, avec des
bases des boucles (40) qui sont ancrées sur le
premier côté du substrat (14);

caractérisé en ce que les fibres (12) sont uniformé-
ment liées en travers du premier côté du substrat
(14), et les fibres (12) sur le premier côté du substrat
(14) sont fusionnées en une masse dans une plus
large mesure que les fibres (12) s’étendant à partir
du deuxième côté du substrat (14).

18. Produit à boucles (31) selon la revendication 17,
dans lequel les fibres (12) sur le premier côté du
substrat (14) sont fusionnées directement les unes
avec les autres; ou
dans lequel les fibres (12) sont sensiblement non
liées sur le deuxième côté du substrat (14); ou
dans lequel le deuxième côté du substrat (14) com-
prend des zones gaufrées, et les fibres (12) sont
liées uniquement dans les zones gaufrées; ou
dans lequel les fibres (12) comprennent des fibres
à deux composants comportant un noyau en un ma-
tériau et une gaine en un autre matériau, les fibres
(12) étant fusionnées par le matériau fondu des gai-
nes des fibres à deux composants; ou dans lequel
les fibres (12) comprennent des premières fibres
présentant une température de fusion relativement
élevée et des deuxièmes fibres présentant une tem-
pérature de fusion relativement plus basse, la tem-
pérature de fusion des deuxièmes fibres étant sé-
lectionnée de façon à permettre la fusion des deuxiè-
mes fibres et l’ancrage des boucles.

19. Produit à boucles (31) selon la revendication 18,
dans lequel les fibres à deux composants constituent
entre 5 et 40 pour cent en poids des fibres (12); ou
dans lequel les deuxièmes fibres constituent entre

5 et 40 pour cent en poids des fibres (12).

20. Produit à boucles (31) selon la revendication 17,
dans lequel les fibres découpées (12) présentent un
poids de fibres total de moins de 2 onces par yard
carré (67 grammes par mètre carré).
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