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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of producing a nonwoven web material exhibiting improved properties
as well as to such a nonwoven material. Such a material may be useful for a number of applications, such as cleaning
articles, like wipes or dusters, or in particular for disposable articles, such as disposable absorbent articles.

BACKGROUND OF THE INVENTION

[0002] It is well known in the industry that the final properties of nonwoven webs can be significantly influenced by
used resins. Each homopolymer has its specific features and commonly used possibility to prepare various copolymers
brings wide scale of new features and its combinations. Assuming combination of propylene and other olefin only there
are many various copolymers described in literature and various commercial grades present on the market. It is believed
that blending suitable resins together can easily bring attractive features combinations as well. Combining propylene
homopolymer with propylene copolymer to reach softness is described for example in United States Patent US 6,342,565
from ExxonMobile or United States Application US2005/0215964 from Procter and Gamble. Both of them focus mainly
on elastic features of final web and softness is mentioned as an extra property. Due to processing reasons both of them
describes addition of process oil or slip agent that are necessary to prepare individual filaments in one spunmelt processing
step.
[0003] It is well known in the industry that the final properties of thermally bonded nonwoven webs can be significantly
influenced by an appropriate pattern of bonding points or bonding impressions expressed particularly by the shape and
the size of the bond impression as well as the total bond area, and their arrangement in the plane such as in a certain
pattern. By selecting appropriate parameters for the pattern, it is possible with the use of the same input material to, for
example, produce both a strong compact web resistant against rubbing, as well as a lofty web with an increased softness.
There are several methods known in the industry of how to achieve specifically softness and loft of the final material.
[0004] One of the ways is to create a web with a so-called 3D-structure, as described for example in documents
US4333979 published in 1982 or JP2004113489 published in 2004. In both cases a pair of patterned rollers is used to
bond the webs. The achieved thickness and structure of the resulting material are, however, not suitable for all applica-
tions.
[0005] Another known way is to limit the total bond area of material and to increase the share of so-called loose fibres.
In this way it is possible to produce a soft lofty material, however at the cost of a significant loss in strength. For this
reason focus goes to the shape of individual bonding points, which may increase the strength of the material.
[0006] For example document WO0004215 published in 2000 uses rectangular bonding points oriented with their
longer side in the CD direction, where the importance of CD oriented lines is stressed, forming an angle of 45° with the
CD direction, which do not contain any bonding points. The total bonding area represents approximately 20%.
[0007] Another strategy is demonstrated for example in document WO9411186 published in 1994, where the bonding
points form the perimeter of regular hexagons arranged in a structure similar to a honeycomb. According to the description,
this achieves an increased feeling of comfort when in contact with human skin.
[0008] Another document WO1999/014415, published in 1999, describes elongated lightly bent (sagging) bonding
points forming an angle with the MD direction of approx. 45°, where the orientation of the points regularly changes and
forms a structure remotely resembling a woven textile. According to the description, this pattern increases the softness
of the resulting web.
[0009] The elongated bonding points together with convex borders of bonding points combine for example document
WO2008/129138 published in 2008, where individual bonding points have the shape of oval perimeter. The orientation
of longer axe regularly varies MD and CD direction. According to the description it improves the abrasion resistance
without compromising softness and drapeability.
[0010] A particular application area of nonwoven webs is in the area of absorbent articles, such as disposable diapers,
training pants, adult incontinence undergarments, feminine hygiene products, breast pads, care mats, bibs, wound
dressing products, and the like. Manufacturers of such articles must continually strive to enhance their products in ways
that serve to differentiate them from those of their competitors, while at the same time controlling costs so as to enable
competitive pricing and the offering to the market of an attractive value-to-price proposition.
[0011] One way in which some manufacturers may seek to enhance such products is through enhancements to
softness.
[0012] It is believed that humans’ perceptions of softness of a nonwoven web material can be affected by tactile signals,
auditory signals and visual signals.
[0013] Tactile softness signals may be affected by a variety of the material’s features and properties that have effect
on its tactile feel, including but not limited to loft, fiber thickness and density, basis weight, microscopic pliability and
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flexibility of individual fibers, macroscopic pliability and flexibility of the nonwoven web as formed by the fibers, surface
friction characteristics, number of loose fibers or free fiber ends, and other features.
[0014] Perceptions of softness also may be affected by auditory signals, e.g., whether and to what extent the material
makes audible rustling, crinkling or other noises when touched or manipulated.
[0015] It is believed that perceptions of softness of a material also may be affected by visual signals, i.e., its visual
appearance. It is believed that, if a nonwoven material looks relatively soft to a person, it is much more likely that the
person will perceive it as having relative tactile softness as well. Visual impressions of softness may be affected by a
variety of features and properties, including but not limited to color, opacity, light reflectivity, refractivity or absorption,
as well as to the loft, which in turn may be impacted by apparent thickness/caliper, fiber size and density, and macroscopic
physical surface features.
[0016] As a result of the complexity of the mix of the above-described characteristics, to the extent softness is considered
an attribute of a nonwoven web material, it may elude precise measurement or quantification. Although several methods
for measuring and evaluating material features that are believed to affect softness signals have been developed, there
are no standard, universally accepted units or methods of measurement for softness. It is a subjective, relative concept,
difficult to characterize in an objective way. Because softness is difficult to characterize, it can also be difficult to affect
in a predictable way, through changes or adjustments to specifications in materials or manufacturing processes.
[0017] Complicating efforts to define and enhance softness is the fact that differing individuals will have differing
individual physiological and experiential frames of reference and perceptions concerning what material features and
properties will cause them to perceive softness to a lesser or greater extent in a material, and relative other materials.
[0018] Loft in nonwovens may have importance for reasons in addition to or other than creating an impression of
softness. In some applications, nonwovens may be used as components of cleaning articles, such as wipes or dusters.
Improving loft of such a nonwoven can also improve its efficacy as a cleaning element. In another particular application,
a nonwoven may be used to form the loops component of a hook-and-loop fastening system. Improving loft of such a
nonwoven can improve its suitability for this purpose.
[0019] Various efforts have been made to provide or alter features of nonwoven web materials with the objective of
enhancing loft and/or consumer perceptions of softness. These efforts have included selection and/or manipulation of
fiber chemistry, basis weight, loft, fiber density, configuration and size, tinting and/or opacifying, embossing or bonding
in various patterns.
[0020] For example, one approach to enhancing perceived softness of a nonwoven web has involved simply increasing
the basis weight of the web, otherwise manufactured through a spunlaid/spunbond process that includes formation of
a batt of loose spun fibers and then consolidating by calender-bonding in a pattern. All other variables remaining constant,
increasing the basis weight of such a web will have the effect of increasing the number of fibers per unit surface area,
and correspondingly, increasing apparent thickness, fiber density and/or loft. This approach might be deemed effective
if the only objective is increasing depth and/or loft signals affecting perceptions of softness, i.e., simply increasing the
basis weight of a spunbond nonwoven is one way to increase its depth or loft. However, among the costs involved in
producing nonwoven web material formed of polymer fibers is the cost of the polymer resin(s) from which the fibers are
spun. Higher basis weight nonwovens require more resin to produce, and therefore, cost more per unit. Thus, attempting
to enhance loft and/or perceived softness by increasing nonwoven basis weight is incompatible with the ever-present
objective of controlling or reducing costs.
[0021] Another approach has involved forming a nonwoven web of "bicomponent" polymer fibers, by spinning such
fibers, laying them to form a batt and then consolidating them by calender-bonding with a pattern, selected to provide
visual effects. Such bicomponent polymer fibers may be formed by spinnerets that have two adjacent sections, that
express a first polymer from one and a second polymer from the other, to form a fiber having a cross section of the first
polymer in one portion and the second polymer in the other (hence the term "bicomponent"). The respective polymers
may be selected so as to have differing melting temperatures and/or expansion-contraction rates. These differing at-
tributes of the two polymers, when combined in a side by side or asymmetric sheath-core geometry cause the bicomponent
fiber products to curl in the spinning process, as they are cooled and drawn from the spinnerets. The resulting curled
fibers then may be laid down in a batt and calender-bonded in a pattern. It is thought that the curl in the fibers adds loft
and fluff to the web, enhancing visual and tactile softness signals.
[0022] Still another approach has involved subjecting the web to a hydro enhancing or hydro engorgement process
following calender-bonding, to fluff the fibers and increase caliper and loft. It is believed that the hydro enhancing/hy-
droengorgement process increases loft and caliper in a manner that enhances visual and tactile softness signals.
[0023] The approaches described above and others have had varying degrees of success, but have left room for
improvement in enhancing loft and visual and/or tactile softness signals. Additionally, many current methods for enhancing
softness signals in a nonwoven web have the undesirable effect of decreasing desirable mechanical properties such as
tensile strength, and may also add cost to the web manufacturing process in the form of additional materials or additional
equipment and energy required for processing steps.
[0024] The challenge to improve loft and/or softness becomes more difficult as nonwoven web basis weight is reduced,
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because, as basis weight is reduced, fewer fibers per unit surface area are available to contribute to loft and opacity of
the web.
[0025] Known nonwoven webs are disclosed in the documents WO2004005601A1, WO9914415A1, US5620779A,
CA1289713C and WO2009021473. The aim of the invention is to further improve such webs by designing calendering
bond shapes and bond tilt angles, which would improve the air flow through the nip during calendaring thus improving
the loft and softness of the calendered web.

SUMMARY OF THE INVENTION

[0026] The above mentioned drawbacks are eliminated or significantly reduced by the invention defined in the inde-
pendent claims, preferred embodiments are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a simplified schematic view of a batt moving through the nip between calender rollers to form a calender-
bonded nonwoven web;
Fig. 2A is a view of a pattern of bonding surface shapes of bonding protrusions that may be imparted to the surface
of a calender roller, to create a corresponding pattern of consolidating bond impressions having bond shapes in a
nonwoven web;
Fig. 2B is a view of another pattern of bonding surface shapes of bonding protrusions that may be imparted to the
surface of a calender roller, to create another corresponding pattern of consolidating bond impressions having bond
shapes in a nonwoven web;
Fig. 2C is a magnified view of the pattern of bonding surface shapes of bonding protrusions or consolidating bond
impressions having bond shapes appearing in Fig. 2B;
Fig. 3A is a view of another pattern of bonding surface shapes of bonding protrusions that may be imparted to the
surface of a calender roller, to create another corresponding pattern of consolidating bond impressions having bond
shapes in a nonwoven web;
Fig. 3B is a magnified view of the pattern of bonding surface shapes of bonding protrusions or consolidating bond
impressions having bond shapes appearing in Fig. 3A;
Fig. 3C is a magnified view of the pattern of bonding surface shapes of bonding protrusions or consolidated bond
impressions having bonding impressions appearing in Fig. 4A;
Fig. 4A is a view of another pattern of bonding surface shapes of bonding protrusions that may be imparted to the
surface of a calender roller, to create another corresponding pattern of consolidated bond impressions having bond
shapes in a nonwoven web; and
Fig. 4B is a magnified view of the pattern of bonding surface shapes of bonding protrusions or consolidating bond
impressions having bond shapes appearing in Fig. 4A.
Fig. 5 is a magnified view of the other pattern of bonding surface shapes of bonding protrusions or consolidating
bond impressions that may be imparted to the surface of a calender roller, to create another corresponding pattern
of consolidated bond impressions having bond shapes in a nonwoven web.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Definitions

[0028] "Absorbent article" refers to devices that absorb and contain body exudates, and, more specifically, refers to
devices that are placed against or in proximity to the body of the wearer to absorb and contain the various exudates
discharged from the body. Absorbent articles may include diapers, training pants, adult incontinence undergarments
and pads, feminine hygiene pads, breast pads, care mats, bibs, wound dressing products, and the like. As used herein,
the term "exudates" includes, but is not limited to, urine, blood, vaginal discharges, breast milk, sweat and fecal matter.
[0029] A "batt" is used herein to refer to fiber materials prior to being consolidated in a final calendering process as
described herein. A "batt" comprises individual fibers, which are usually unbonded to each other, although a certain
amount of pre-bonding between fibers may be performed and is also included in the meaning, such as may occur during
or shortly after the lay-down of fibers in a spunlaying process, or as may be achieved be a pre-calendering. This pre-
bonding, however, still permits a substantial number of the fibers to be freely moveable such that they can be repositioned.
A "batt" may comprise several strata, such as may result from depositing fibers from several beams in a spunlaying
process.
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[0030] "Bicomponent" refers to fiber having a cross-section comprising two discrete polymer components, two discrete
blends of polymer components, or one discrete polymer component and one discrete blend of polymer components.
"Bicomponent fiber" is encompassed within the term "multicomponent fiber." A Bicomponent fiber may have an overall
cross section divided into two or more subsections of the differing components of any shape or arrangement, including,
for example, coaxial subsections, core-and-sheath subsections, side-by-side subsections, radial subsections.
[0031] "Bond area percentage" on a nonwoven web is a ratio of area occupied by bond impressions, to the total surface
area of the web, expressed as a percentage, and measured according to the Bond Area Percentage Method set forth
herein.
[0032] "Bonding roller," "calender roller" and "roller" are used interchangeably.
[0033] A "bond impression" in a nonwoven web is the surface structure created by the impression of a bonding
protrusion on a calender roller into a nonwoven web. A bond impression is a location of deformed, intermeshed or
entangled, and melted or thermally fused, materials from fibers superimposed and compressed in a z-direction beneath
the bonding protrusion, which form a bond. The individual bonds may be connected in the nonwoven structure by loose
fibres between them. The shape and size of the bond impression approximately corresponds to the shape and size of
the bonding surface of a bonding protrusion on the calender roller.
[0034] A "column" of bonds on a nonwoven web is a group of nearest neighboring bonds of like shape and rotational
orientation that are arranged along the line that extends most predominately in the machine direction.
[0035] "Cross direction"(CD) - with respect to the making of a nonwoven web material and the nonwoven web material,
refers to the direction along the web material substantially perpendicular to the direction of forward travel of the web
material through the manufacturing line in which the web material is manufactured. With respect to a batt moving through
the nip of a pair of calender rollers to form a bonded nonwoven web, the cross direction is perpendicular to the direction
of movement through the nip, and parallel to the nip.
[0036] "Disposable" is used in its ordinary sense to mean an article that is disposed or discarded after a limited number
of usage events over varying lengths of time, for example, less than about 20 events, less than about 10 events, less
than about 5 events, or less than about 2 events.
[0037] "Diaper" refers to an absorbent article generally worn by infants and incontinent persons about the lower torso
so as to encircle the waist and legs of the wearer and that is specifically adapted to receive and contain urinary and
fecal waste. As used herein, term "diaper" also includes "pant" which is defined below.
[0038] "Fiber" and "filament" are used interchangeably.
[0039] "Fiber diameter" is expressed in units of mm. The terms "grams of fiber per 9000 m" (denier or den) or "grams
of fiber per 10000 m" (dTex) are used to describe the fineness or coarseness of fibers, which are linked to the diameter
(when assumed to be circular) by the density of the employed material(s).
[0040] "Film" - means a skin-like or membrane-like layer of material formed of one or more polymers, which does not
have a form consisting predominately of a web-like structure of consolidated polymer fibers and/or other fibers.
[0041] "Length" or a form thereof, with respect to a diaper or training pant, refers to a dimension measured along a
direction perpendicular to the waist edges and/or parallel to the longitudinal axis.
[0042] "Machine direction" (MD) - with respect to the making of a nonwoven web material and the nonwoven web
material, refers to the direction along the web material substantially parallel to the direction of forward travel of the web
material through the manufacturing line in which the web material is manufactured. With respect to a nonwoven batt
moving through the nip of a pair of calender rollers to form a bonded nonwoven web, the machine direction is parallel
to the direction of movement through the nip, and perpendicular to the nip.
[0043] "Monocomponent" refers to fiber formed of a single polymer component or single blend of polymer components,
as distinguished from bicomponent or multicomponent fiber.
[0044] "Multicomponent" refers to fiber having a cross-section comprising more than one discrete polymer component,
more than one discrete blend of polymer components, or at least one discrete polymer component and at least one
discrete blend of polymer components. "Multicomponent fiber" includes, but is not limited to, "bicomponent fiber." A
multicomponent fiber may have an overall cross section divided into subsections of the differing components of any
shape or arrangement, including, for example, coaxial subsections, core-and-sheath subsections, side-by-side subsec-
tions, radial subsections, islands-in-sea.
[0045] A "nonwoven" is a manufactured sheet or web of directionally or randomly oriented fibers which are first formed
into a batt and then consolidated and bonded together by friction, cohesion, adhesion or one or more patterns of bonds
and bond impressions created through localized compression and/or application of pressure, heat, ultrasonic, or heating
energy, or a combination thereof. The term does not include fabrics which are woven, knitted, or stitch-bonded with
yarns or filaments. The fibers may be of natural or man-made origin and may be staple or continuous filaments or be
formed in situ. Commercially available fibers have diameters ranging from less than about 0.001 mm to more than about
0.2 mm and they come in several different forms: short fibers (known as staple, or chopped), continuous single fibers
(filaments or monofilaments), untwisted bundles of continuous filaments (tow), and twisted bundles of continuous fila-
ments (yarn). Nonwoven fabrics can be formed by many processes including but not limited to meltblowing, spunbonding,
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spunmelting, solvent spinning, electrospinning, carding, film fibrillation, melt-film fibrillation, airlaying, dry-laying, wetlay-
ing with staple fibers, and combinations of these processes as known in the art. The basis weight of nonwoven fabrics
is usually expressed in grams per square meter (gsm).
[0046] "Pant" or "training pant", as used herein, refer to disposable garments having a waist opening and leg openings
designed for infant or adult wearers.
[0047] When used as an adjective in connection with a component of a material, the term "predominately" means that
the component makes up greater than 50% by weight of the material. When used as an adjective in connection with a
directional orientation of a physical feature or geometric attribute thereof, "predominately" means the feature or attribute
has a projection onto a line extending along the direction indicated, greater in length than the projection onto a line
perpendicular thereto. Within other context, the term "predominantly" refers to a condition which imparts a substantial
effect on a property or feature. Thus, when a material comprises "predominantly" a component said to impart a property,
this component imparts a property that the material otherwise would not exhibit. For example, if a material comprises
"predominantly" heat-fusible fibers, the quantity and components of these fibers must be sufficient to allow heat fusion
of the fibers.
[0048] A "bonding protrusion" or "protrusion" is a feature of a bonding roller at its radially outermost portion, surrounded
by recessed areas. Relative the rotational axis of the bonding roller, a bonding protrusion has a radially outermost
bonding surface with a bonding surface shape and a bonding surface shape area, which generally lies along an outer
cylindrical surface with a substantially constant radius from the bonding roller rotational axis; however, protrusions having
bonding surfaces of discrete and separate shapes are often small enough relative the radius of the bonding roller that
the bonding surface may appear flat/planar; and the bonding surface shape area is closely approximated by a planar
area of the same shape. A bonding protrusion may have sides that are perpendicular to the bonding surface, although
usually the sides have an angled slope, such that the cross section of the base of a bonding protrusion is larger than its
bonding surface. A plurality of bonding protrusions may be arranged on a calender roller in a pattern. The plurality of
bonding protrusions has a bonding area per unit surface area of the outer cylindrical surface which can be expressed
as a percentage, and is the ratio of the combined total of the bonding shape areas of the protrusions within the unit, to
the total surface area of the unit.
[0049] A "row" of bonds on a nonwoven web is group of bonds of like shape and rotational orientation that are arranged
along the line that extends most predominately in the cross direction.
[0050] "Tensile Strength" refers to the maximum tensile force (Peak Force) a material will sustain before tensile failure,
as measured by the Tensile Strength Measurement Method set forth herein.
[0051] "Thickness" and "caliper" are used herein interchangeably.
[0052] "Volume mass"
is the ratio of basis weight and thickness and indicates the bulkiness and fluffiness of the product, which are important
properties of the nonwoven web according to the invention. The lower the value, the bulkier is the web.

[0053] "Width" or a form thereof, with respect to a diaper or training pant, refers to a dimension measured along a
direction parallel to the waist edges and/or perpendicular to the longitudinal axis.
[0054] "Z-direction," with respect to a web, means generally orthogonal or perpendicular to the plane approximated
by the web along the machine and cross direction dimensions.
[0055] Nonwovens according to the present invention may be used for the topsheet, backsheet outer layer, loops
component in a hook-and-loop fastening system of an absorbent article, or any other portion of a manufactured article
such as cleansing wipes and other personal hygiene products, dusters and dusting cloths, household cleaning cloths
and wipes, laundry bags, dryer bags and sheets comprising a layer formed of nonwoven web.
[0056] A particularly preferred application is in the area of disposable absorbent articles, wherein the enhanced prop-
erties of the nonwoven materials also enhance the softness attributes.
[0057] Suitable nonwoven web materials useful in the present invention include, but are not limited to spunbond,
meltblown, spunmelt, solvent-spun, electrospun, carded, film fibrillated, melt-film fibrillated, air-laid, dry-laid, wet-laid
staple fibers, and other and other nonwoven web materials formed in part or in whole of polymer fibers, as known in the
art. A suitable nonwoven web material may also be an SMS material, comprising a spunbonded, a melt-blown and a
further spunbonded stratum or layer or any other combination of spunbonded and melt-blown layers, such as a SMMS
or SSMMS. Examples include one or more layers of fibers with diameters below 1 micrometer (nanofibers and nanofiber
layers); examples of these rise in combinations of SMS, SMNS, SSMNS or SMNMS nonwoven webs (where "N" des-
ignates a nanofiber layer). In some examples, permanently hydrophilic non-wovens, and in particular, nonwovens with
durably hydrophilic coatings may be desirable. Typically, the suitable non-woven is air permeable. Typically the suitable
nonwoven is water or liquid permeable, but may also be water impermeable by reason of fiber size and density, and
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hydrophobicity of the fibers. Water or liquid permeability may be enhanced by treatments to render the fibers hydrophilic,
as discussed below.
[0058] The nonwoven web may be formed predominately of polymeric fibers. In some examples, suitable non-woven
fiber materials may include, but are not limited to polymeric materials such as polyolefins, polyesters, polyamide, or
specifically polypropylene (PP), polyethylene (PE), poly-lactic acid (PLA), polyethylene terephthalate (PET) and/or blends
thereof. Nonwoven fibers may be formed of, or may include as additives or modifiers, components such as aliphatic
polyesters, thermoplastic polysaccharides, or other biopolymers (bio-based or renewable polymers).
[0059] The individual fibers may be monocomponent or multicomponent. The multicomponent fibers may be bicom-
ponent, such as in a core-and-sheath or side-by-side arrangement. Often, the individual components comprise aliphatic
polyolefins such as polypropylene or polyethylene, or their copolymers, aliphatic polyesters, thermoplastic polysaccha-
rides or other biopolymers.
[0060] Further conventional nonwovens useful in such articles, fiber compositions, formations of fibers and nonwovens
and related methods are described in U.S. Pat. No. 6,645,569 to Cramer et al., U.S. Pat. No. 6,863,933 to Cramer et
al., U.S. Pat. No. 7,112,621 to Rohrbaugh et al.; co-pending U.S patent application Ser. Nos. 10/338,603 and 10/338,610
by Cramer et al., and 13/005,237 by Lu et al.
[0061] Some polymers used for nonwoven fiber production may be inherently hydrophobic, and for certain applications
they may be surface treated or coated with various agents to render them hydrophilic. A surface coating may include a
surfactant coating. One such surfactant coating is available from Schill & Silacher GmbH, Böblingen, Germany, under
the Tradename Silastol PHP 90.
[0062] Another way to produce nonwovens with durably hydrophilic coatings, is via applying a hydrophilic monomer
and a radical polymerization initiator onto the nonwoven, and conducting a polymerization activated via UV light resulting
in monomer chemically bound to the surface of the nonwoven as described in co-pending U.S. Patent Publication No.
2005/0159720.
[0063] Another way to produce hydrophilic nonwovens made predominantly from hydrophobic polymers such as poly-
olefins is to add hydrophilic additives into the melt prior to extrusion.
[0064] Another way to produce nonwovens with durably hydrophilic coatings is to coat the nonwoven with hydrophilic
nanoparticles as described in co-pending applications U.S. Pat. No. 7,112,621 to Rohrbaugh et al. and in PCT Application
Publication WO 02/064877.
[0065] Typically, nanoparticles have a largest dimension of below 750 nm. Nanoparticles with sizes ranging from 2 to
750 nm may be economically produced. An advantage of nanoparticles is that many of them can be easily dispersed in
water solution to enable coating application onto the nonwoven, they typically form transparent coatings, and the coatings
applied from water solutions are typically sufficiently durable to exposure to water. Nanoparticles can be organic or
inorganic, synthetic or natural. Inorganic nanoparticles generally exist as oxides, silicates, and/or carbonates. Typical
examples of suitable nanoparticles are layered clay minerals (e.g., LAPONITE™ from Southern Clay Products, Inc.
(USA), and Boehmite alumina (e.g., Disperal P2™ from North American Sasol. Inc.). According to one example, a
suitable nanoparticle coated non-woven is that disclosed in the co-pending patent application Ser. No. 10/758,066
entitled "Disposable absorbent article comprising a durable hydrophilic core wrap" by Ponomarenko and Schmidt.
[0066] In some cases, the nonwoven web surface can be pre-treated with high energy treatment (corona, plasma)
prior to application of nanoparticle coatings. High energy pre-treatment typically temporarily increases the surface energy
of a low surface energy surface (such as PP) and thus enables better wetting of a nonwoven by the nanoparticle dispersion
in water.
[0067] Notably, hydrophilic non-wovens are also useful in other parts of an absorbent article. For example, topsheets
and absorbent core layers comprising permanently hydrophilic non-wovens as described above have been found to
work well.
[0068] A nonwoven also may include other types of surface coating. In one example, the surface coating may include
a fiber surface modifying agent that reduces surface friction and enhances tactile lubricity. Preferred fiber surface mod-
ifying agents are described in U.S. Pat. Nos. 6,632,385 and 6,803,103; and U.S. Pat. App. Pub. No. 2006/0057921.
[0069] In some embodiments, at least a portion of the fibers may exhibit a spiral curl which has a helical shape.
According to one example, the fibers may include bicomponent fibers, which are individual fibers each comprising
different materials, usually a first and a second polymeric material. It is believed that the use of side-by-side bi-component
fibers is beneficial for imparting a spiral curl to the fibers.
[0070] A nonwoven may also be treated by a "selfing" mechanism. By "selfing" nonwovens, high densities of loops
(>150 in 2) may be formed which protrude from the surface of the nonwoven substrate. Since these loops act as small
flexible brushes, they create an additional layer of springy loft, which may enhance softness. Nonwovens treated by a
selfing mechanism are described in U.S. Pat. App. Pub. No. US 2004/0131820.
[0071] The nonwoven textile/web according to the present invention exhibits a particular combination of softness,
pleasant touch, and feel properties with good mechanical properties of the material, thus ensuring that it is easy to
process it on existing equipment in converting plants. It is well known in the industry that the here described properties
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are among others significantly affected by the type of polymer used, the batt production method, and the pattern formed
during the thermal bonding of the nonwoven textile.
[0072] Polymers used for the production of nonwoven textiles have characteristic properties. For example resins
including polypropylene may be particularly useful because of polypropylene’s relatively low cost and the surface friction
properties of the fibres formed from it (i.e. they have a relatively smooth, slippery tactile feel). Resins including polyethylene
may also be desirable because of polyethylene’s relative softness/pliability and increased smooth/slippery surface friction
properties. When compared with one another, PP currently has a lower cost and fibres formed from it have a greater
tensile strength, while PE currently has a greater cost and fibres formed from it have a lower tensile strength but greater
pliability and a more smooth/slippery feel. Accordingly, it may be desirable to form nonwoven web/textile fibres by using
a combination of PP and PE resins to find the best properties for the resulting webs/textiles.
[0073] A possible known approach towards this is for example the combination of both polymers in core/sheath type
bi-component fibres. A nonwoven textile produced from such fibres retains approximately the strength of polypropylene
and the touch and feel typical for polyethylene, however due to poor mixability of the polypropylene with the polyethylene,
particularly on fluffy material, the effect of mechanical stress certain linting can occur, which may causes subsequent
problems both during further processing and is negatively perceived by the end user as a defect of the material. The
degree of linting can be estimated using the Fuzz method.
[0074] Another approach is to us a propylene copolymer. A "propylene copolymer" includes at least two different types
of monomer units, one of which is propylene. Suitable different monomer units include, but are not limited to, ethylene
and higher alpha-olefins ranging from C.sub.4-C.sub.20, such as, for example, 1-butene, 4-methyl-1-pentene, 1-hexene
or 1-octene and 1-decene, or mixtures thereof, for example. Preferably, ethylene is copolymerized with propylene, so
that the propylene copolymer includes propylene units (units on the polymer chain derived from propylene monomers)
and ethylene units (units on the polymer chain derived from ethylene monomers).
[0075] Typically the units, or comonomers, derived from at least one of ethylene or a C4-10 alpha-olefin may be present
in an amount of about 1 to about 35%, or about 5 to about 35%, preferably about 7 to about 32%, more preferably about
8 to about 25%, even more preferably about 8 to about 20%, and most preferably about 8 to about 18% by weight of
the propylene-alpha-olefin copolymer. The comonomer content may be adjusted so that the propylene-alpha-olefin
copolymer has preferably a heat of fusion of about 75 J/g or less, melting point of about 100 °C or less, and crystallinity
of about 2% to about 65% of isotactic polypropylene, and preferably a melt flow rate (MFR) of about 0.5 to about 90 dg/min.
[0076] In one embodiment, the propylene-alpha-olefin copolymer comprises of ethylene-derived units. The propylene-
alpha-olefin copolymer may contain about 5 to about 35%, preferably about 5 to about 20%, about 10 to about 12%, or
about 15 to about 20%, of ethylene-derived units by weight of the propylene-alpha-olefin copolymer. In some embodi-
ments, the propylene-alpha-olefin copolymer consists essentially of units derived from propylene and ethylene, i.e., the
propylene-alpha-olefin copolymer does not contain any other comonomer in an amount typically present as impurities
in the ethylene and/or propylene feedstreams used during polymerization or an amount that would materially affect the
heat of fusion, melting point, crystallinity, or melt flow rate of the propylene-alpha-olefin copolymer, or any other comon-
omer intentionally added to the polymerization process.
[0077] The propylene-alpha-olefin copolymer may have a triad tacticity of three propylene units, as measured by 13C
NMR, of at least about 75%, at least about 80%, at least about 82%, at least about 85%, or at least about 90%. The
propylene-alpha-olefin copolymer has a heat of fusion ("Hf"), as determined by Differential Scanning calorimetry ("DSC"),
of about 75 J/g or less, preferably about 70 J/g or less, about 50 J/g or less, or about 35 J/g or less. The propylene-
alpha-olefin copolymer may have a lower limit Hf of about 0.5 J/g, about 1 J/g, or about 5 J/g.
[0078] The propylene-alpha-olefin copolymer may have a single peak melting transition as determined by DSC. In
one embodiment, the copolymer has a primary peak transition of about 90° C. or less, with a broad end-of-melt transition
of about 110° C. or greater. The peak "melting point" ("Tm") is defined as the temperature of the greatest heat absorption
within the melting range of the sample. However, the copolymer may show secondary melting peaks adjacent to the
principal peak, and/or at the end-of-melt transition. For the purposes of this disclosure, such secondary melting peaks
are considered together as a single melting point, with the highest of these peaks being considered the Tm of the
propylene-alpha-olefin copolymer. The propylene-alpha-olefin copolymer may have a Tm of about 100 °C or less, about
90 °C or less, about 80 °C or less, or about 70 °C or less. The propylene-alpha-olefin copolymer may have a density of
about 0.850 to about 0.920 g/cm3, about 0.860 to about 0.900 g/cm3, preferably about 0.860 to about 0.890 g/cm3, at
room temperature as measured per ASTM D-1505.
[0079] The propylene-alpha-olefin copolymer may have a melt flow rate ("MFR"), as measured per ASTM D1238, 2.16
kg at 230° C., of at least about 0.2 dg/min. In one embodiment, the propylene-alpha-olefin copolymer MFR is about 0.5
to about 5000 dg/min, about 1 to about 2500 dg/min, about 1.5 to about 1500 dg/min, about 2 to about 1000 dg/min,
about 5 to about 500 dg/min, about 10 to about 250 dg/min, about 10 to about 100 dg/min, about 2 to about 40 dg/min,
or about 2 to about 30 dg/min.
[0080] The propylene-alpha-olefin copolymer may have an Elongation at Break of less than about 2000%, less than
about 1000%, or less than about 800%, as measured per ASTM D412.
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[0081] The propylene-alpha-olefin copolymer may have a weight average molecular weight (Mw) of about 5,000 to
about 5,000,000 g/mole, preferably about 10,000 to about 1,000,000 g/mole, and more preferably about 50,000 to about
400,000 g/mole; a number average molecular weight (Mn) of about 2,500 to about 2,500,00 g/mole, preferably about
10,000 to about 250,000 g/mole, and more preferably about 25,000 to about 200,000 g/mole; and/or a z-average molecular
weight (Mz) of about 10,000 to about 7,000,000 g/mole, preferably about 80,000 to about 700,000 g/mole, and more
preferably about 100,000 to about 500,000 g/mole.
[0082] The propylene-alpha-olefin copolymer may have a molecular weight distribution ("MWD") of about 1.5 to about
20, or about 1.5 to about 15, preferably about 1.5 to about 5, and more preferably about 1.8 to about 5, and most
preferably about 1.8 to about 3 or about 4.
[0083] Examples for preferred propylene-alpha-olefin copolymers are available commercially under the trade names
VISTAMAXX® (ExxonMobil Chemical Company, Houston, Tex., USA), VERSIFY® (The Dow Chemical Company, Mid-
land, Mich., USA), certain grades of TAFMER® XM or NOTIO® (Mitsui Company, Japan), and certain grades of SOFTEL®
(Basell Polyolefins of the Netherlands). The particular grade(s) of commercially available propylene-alpha-olefin copol-
ymer suitable for use in the invention can be readily determined using methods applying the selection criteria in the above.
[0084] Propylene copolymers have a good mixability with propylene homopolymers, where depending on the mutual
ratio of both constituents it is possible to prepare a material exhibiting various properties. A propylene copolymer is soft
to touch and the nonwoven textile produced from it has good drapeability and is easy to bend. On the other hand
polypropylene provides strength and reduces the plasticity of the material. The typical composition for the manufacturing
of nonwovens useful in the hygiene industry contains at least 60% polypropylene, preferably at least 70% polypropylene
and more preferably at least 75% polypropylene and at least 10%, more preferably 14% of the propylene copolymer.
The described composition is generally drapable and soft but maintains the required mechanical properties. However
it has a rough touch and feel and can be described as "rubbery".
[0085] The propylene copolymers can often be elastic or exhibit high elongation, so that in composition with polypro-
pylene homopolymer person skilled in the art can expect that together with rising amount of propylene copolymer the
composition will also exhibit increase in elongation and decrease in toughness, that can be unwelcome from production
reasons. The composition according to invention should contain less than 20% propylene copolymere, preferably less
than 18% of propylene copolymer.
[0086] It is found that the addition of a softness enhancer additive can be advantageous to reduce the tacky or rubbery
feel of fibers that are made of a composition that includes a blend of the first and second polyolefin previously described.
The softness enhancer additive may be added to the composition in neat form, diluted, and/or as a masterbatch in, for
example, polyolefin polymers such as polypropylene, low density polyethylene, high density polyethylene, or propylene-
alpha-olefin copolymers.
[0087] A composition suitable to make fibers as described herein contains one or more softness enhancer additive,
which can be present in an amount of between 0,01% to 10%; preferably between 0,03% to 5%, more preferably between
0,05% to 1% and even more preferably 0,1% to 0,5% by weight of the produced fibres. Once the fiber are spun to form
a nonwoven, some of the softness enhancer additive may volatilize and no longer be present in the same amount in the
fibers forming the nonwoven, It is also believed that some of the softness enhancer additive may migrate from the interior
portion of the fiber to the outer surface of the fiber. Without intending to be bound by any theory, it is believed that this
migration of the additive to the outer surface of the fiber may contribute to the perception of softness that a user experiences
when she touches the nonwoven material.
[0088] In one embodiment, the softness enhancer additive is an organic amine compound, i.e., contains an amine
group bound to a hydrocarbon group. In another embodiment, the softness enhancer additive is a fatty acid amine or a
fatty acid amide. In some embodiments, the softness enhancer additive may have one or more paraffinic or olefinic
groups bound to a nitrogen atom, forming an amine or an amide compound. The paraffinic or olefinic group may be, for
example, a polar or ionic moiety as a side chain or within the amine/amide backbone. Such polar or ionic moieties can
include hydroxyl groups, carboxylate groups, ether groups, ester groups, sulfonate groups, sulfite groups, nitrate groups,
nitrite groups, phosphate groups, and combinations thereof.
[0089] In one embodiment, the softness enhancer additive is an alkyl-ether amine having the formula (R’OH)3-xNRx,
wherein R is selected from the group consisting of hydrogen, C1-40 alkyl radicals, C2-40 alkylethers, C1-40 alkylcarboxylic
acids, and C2-40 alkylesters; R’ is selected from the group consisting of C1-40 alkyl radicals, C2-40 alkylethers, C1-40
carboxylic acids, and C2-40 alkylesters; and x is 0, 1, 2 or 3, preferably 0 or 1, more preferably 1. In one embodiment,
R is selected from the group consisting of hydrogen and C5-40 alkyl radicals; and R’ is selected from the group consisting
of C5-40 alkyl radicals and C5-40 alkylethers.
[0090] In another embodiment, the softness enhancer additive is an amide-containing compound having the formula:
RCONH2, wherein R is a C5-23 alkyl or alkene. In another embodiment, the softness enhancer additive is a fatty acid
amide having the formula: (R’CO)3-xNR"x, wherein R" is selected from the group consisting of hydrogen, CI0-60 alkyl
radicals and CI0-60 alkene radicals and substituted versions thereof; R’ is selected from the group consisting of C10-60
alkyl radicals, C10-60 alkene radicals, and substituted versions thereof; and x is 0, 1, 2 or 3, preferably 1 or 2, more
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preferably 2. As used herein, an "alkene" radical is a radical having one or more unsaturated double-bonds in the radical
chain (e.g., -- CH2CH2CH2CH2CH=CHCH2CH2CH2CH.sub- .2CH2CH3), and "substituted" means substitution any-
where along the hydrocarbon chain of a hydroxyl group, carboxyl group, halide, or sulfate group.
[0091] In some embodiments, the softness enhancer additive contains an unsaturated amide. In one embodiment,
the unsaturated amide-containing softness enhancer additive has the formula: RCONH2, wherein R is a C5-23 alkene.
In another embodiment, the unsaturated amide-containing softness enhancer additive has the formula: (R’CO)3-xNR"x,
wherein R" is selected from the group consisting of hydrogen, CI0-60 alkyl radicals and CI0-60 alkene radicals and
substituted versions thereof; R’ is selected from the group consisting of CI0-60 alkene radicals and substituted versions
thereof; and x is 0, 1, 2 or 3, preferably 1 or 2, more preferably 2. In some embodiments, the unsaturated amide-containing
softness enhancer additive is at least one of palmitoleamide, oleamide, linoleamide, or erucamide. In other embodiments,
the unsaturated amide-containing softness enhancer additive is at least one of oleamide or erucamide. In the preferred
embodiment the slip additive contains erucamide.
[0092] Non-limiting examples of softness enhancer additives include bis(2-hydroxyethyl) isodecyloxypropylamine,
poly(5)oxyethylene isodecyloxypropylamine, bis(2-hydroxyethyl) isotridecyloxypropylamine, poly(5)oxyethylene isotri-
decyloxypropylamine, bis(2-hydroxyethyl) linear alkyloxypropylamine, bis(2-hydroxyethyl) soya amine, poly(15)oxyeth-
ylene soya amine, bis(2-hydroxyethyl) octadecylamine, poly(5)oxyethylene octadecylamine, poly(8)oxyethylene octa-
decylamine, poly(10)oxyethylene octadecylamine, poly(15)oxyethylene octadecylamine, bis(2-hydroxyethyl) octadecy-
loxypropylamine, bis(2-hydroxyethyl) tallow amine, poly(5)oxyethylene tallow amine, poly(15)oxyethylene tallow amine,
poly(3)oxyethylene-1,3-diaminopropane, bis(2-hydroxyethyl) cocoamine, bis(2-hydroxyethyl)isodecyloxypropylamine,
poly(5)oxyethylene isodecyloxypropylamine, bis(2-hydroxyethyl) isotridecyloxypropylamine, poly(5)oxyethylene isotri-
decyloxypropylamine, bis(2-hydroxyethyl) linear alkyloxypropylamine, bis(2-hydroxyethyl) soya amine, poly(15)oxyeth-
ylene soya amine, bis(2-hydroxyethyl) octadecylamine, poly(5)oxyethylene octadecylamine, poly(8)oxyethylene octa-
decylamine, poly(10)oxyethylene octadecylamine, poly(15)oxyethylene octadecylamine, bis(2-hydroxyethyl) octadecy-
loxypropylamine, bis(2-hydroxyethyl) tallow amine, poly(5)oxyethylene tallow amine, poly(15)oxyethylene tallow amine,
poly(3) oxyethylene-1,3-diaminopropane, bis(2-hydroxethyl) cocoamine, valeramide, caproicamide, erucamide, capryl-
icamide, pelargonicamide, capricamide, lauricamide, lauramide, myristicamide, myristamide, palmiticamide, palmitolea-
mide, palmitamide, margaric (daturic) amide, stearicamide, arachidicamide, behenicamide, behenamide, lignocerica-
mide, linoleamide, ceroticamide, carbocericamide, montanicamide, melissicamide, lacceroicamide, ceromelissic (psyllic)
amide, geddicamide, 9-octadecenamide, oleamide, stearamide, tallow bis(2-hydroxyethyl)amine. cocobis(2-hydroxye-
thyl)amine, octadecylbis(2-hydroxyethyl)amine, oleylbis(2-hydroxyethyl)amine, ceroplastic amide, and combinations
thereof.
[0093] Commercial examples of useful softness enhancer additives include ATMER® compounds (Ciba Specialty
Chemicals), ARMID®, ARMOFILM® and ARMOSLIP® compounds and NOURYMIX concentrates (Akzo Nobel Chem-
icals), CROTAMID® compounds (Croda Universal Inc), CESA SLIP® compounds (Clariant). Further examples of slip
additives include compounds from A. Schulman, Germany, Techmer, USA, or Ampacet, USA.
[0094] Compositions useful in the invention may include one or more different softness enhancer additives. For ex-
ample, in one embodiment a composition may contain one or more unsaturated amide-containing softness enhancer
additives, and in another embodiment one or more unsaturated amide-containing softness enhancer additives and one
or more saturated amide-containing softness enhancer additives. In some embodiments, a composition includes a
combination of low molecular weight (Mw) and thus faster migrating amides, e.g., erucamide or oleamide, and higher
molecular weight (Mw) and thus slower migrating amides, e.g., behenamide or stearamide.
[0095] Person skilled in the manufacturing of nonwovens will appreciate that the processing temperature should not
be above temperatures at which compounds decompose or otherwise deteriorate. Typically, the TGA Rapid weight loss
temperature is considered as an upper limit for the processing. The TGA Rapid weight loss temperature for various
substances can be found for example in "Plastics additives: an industrial guide" written by Ernest W.Flick.
[0096] However, it has surprisingly been found, that at least for amide type softness enhancer additives added in a
spun melting process the process temperatures should be well below the TGA Rapid weight loss temperature, preferably
the melt temperature before fibre production beam should be at least 20°C lower, more preferably more than 25°C lower.
[0097] Without wishing to be bound by theory it is believed that this is caused by particular effects during the fibre
production process. The polymer composition including any softness enhancer additives is melted first, heated on certain
level, pressed through the holes to form fibres and then very quickly cooled by huge air flow washing every single fibre
surface. A skilled person would know that the sublimation level is dependent on substance temperature and partial
pressure of substance vapors over the surface. When the melt composition temperature rise to a certain temperature,
the softness enhancer active substance gets overheated and during fibre forming process can evaporate/sublimate from
the surface of solidifying fibre. Due to cooling air flow the partial pressure is kept on low level and evaporation/sublimation
can be much faster than expected from TGA values.
[0098] Following table 1 shows temperatures for several amides:
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[0099] The individual fibers may be monocomponent or multicomponent. The multicomponent fibers may be bicom-
ponent, such as in a core-and-sheath or side-by-side arrangement. Often, the individual components comprise aliphatic
polyolefins such as polypropylene or polyethylene, or their copolymers, aliphatic polyesters, thermoplastic polysaccha-
rides or other biopolymers.
[0100] A batt of fibers may be formed from any of these resins by conventional methods, such as carding, meltblowing,
spunlaying, airlaying, wet-laying. A preferred execution relates to spunbonding processes, in which the resin(s) are
heated and forced under pressure through spinnerets. The spinnerets eject fibers of the polymer(s), which are quenched
and then directed onto a moving belt; as they the fibers strike the moving belt they may be laid down in somewhat random
orientations, but often with a machine-direction orientation or bias, to form a spunlaid batt. The batt then may be calender-
bonded to form the nonwoven web.
[0101] Nonwovens formed of any basis weight may be usedmade with any of the compositions previously described.
A nonwoven material made with the compositions previously described can be used to form one or more individual
elements of an absorbent article such as for example its liquid pervious layer, its liquid impervious layer, its side panels,
leg cuffs and/or waist features. Due to the perceived softness of such nonwovens, it can be advantageous to form with
this nonwoven, elements of the absorbent article that may become in direct contact with the wearer’s skin but the
caregiver skin at the time of application. However, as noted in the background,It was previously noted that relatively
higher basis weight, while having relatively greater apparent caliper and loft, also has relatively greater cost. On the
other hand, relatively lower basis weight, while having relatively lower cost, adds to the difficulty of providing a backsheet
that has and sustains a dramatic visual 3-dimensional appearance following compression in a package, and has suitable
mechanical properties. It is believed that the combination of features described herein strikes a good balance between
controlling material costs while providing a dramatic visual 3-dimensional appearance and suitable mechanical properties.
It is believed that the features of consolidating bond shapes and patterns described herein may be particularly useful in
applications of nonwovens of relatively low basis weights in some applications, in that it is believed that such features
provide a way to enhance loft while reducing, or at least without adding, basis weight. Accordingly, for such applications,
a nonwoven having a basis weight from 6.0 to 50 gsm, more preferably from 8.0 to 35 gsm, even more preferably from
9.0 to 25 gsm, may be used. When used as a component of an absorbent article such as a topsheet, a lower basis
weight nonwoven may provide strikethrough superior to that of a higher basis weight nonwoven. A lower basis weight
nonwoven may be preferable to a higher basis weight one when used, for example, as a component of a zero-strain
stretch laminate, because it will be more accommodating of an activation/incremental stretching process. In other ap-
plications, such as, for example, use of nonwovens to form products such as disposable clothing articles, wipes or
dusters, higher basis weights up to 100 gsm, or even 150 gsm, may be desired. It is believed that the features of bonding
protrusions, bonding shapes and bonding patterns described herein may have beneficial effects on loft and/or softness
perception, even with nonwovens of such higher basis weights. Optimal basis weight is dictated by the differing needs
in each application, and cost concerns.
[0102] Spunbonding includes the step of calender-bonding the batt of spunlaid fibers, to consolidate them and bond
them together to some extent to create the web as a fabric-like structure and enhance mechanical properties e.g., tensile
strength, which may be desirable so the material can sufficiently maintain structural integrity and dimensional stability
in subsequent manufacturing processes, and in the final product in use. Referring to Fig. 1, calender-bonding may be
accomplished by passing the batt 21a through the nip between a pair of rotating calender rollers 50, 51, thereby com-
pressing and consolidating the fibers to form a nonwoven web 21. One or both of the rollers may be heated, so as to
promote heating, plastic deformation, intermeshing and/or thermal bonding/fusion between superimposed fibers com-
pressed at the nip. The rollers may form operable components of a bonding mechanism in which they are urged together
by a controllable amount of force, so as to exert the desired compressing force/pressure at the nip. In some processes

Table 1

Type Product
Percent Total 
weight loss

TGA temperature when 
Weight loss begins °C

TGA temperature when Reapid 
weight loss begins °C

Primary Oleamide 99,3% 195°C 250°C

Erucamide 94,8% 220°C 280°C

Secondary Oleypalmitamide 11,8% 225°C 300°C

Bisamide Ethylenebiso 
leamide

11,6% 220°C 305°C

(http://www.tappi.org/Downloads/unsorted/UNTITLED---plc00927pdf.aspx)
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an ultrasonic energy source may be included in the bonding mechanism so as to transmit ultrasonic vibration to the
fibers, again, to generate heat energy within them and enhance bonding.
[0103] One or both of the rollers may have their circumferential surfaces machined, etched, engraved or otherwise
formed to have thereon a bonding pattern of bonding protrusions and recessed areas, so that bonding pressure exerted
on the batt at the nip is concentrated at the bonding surfaces of the bonding protrusions, and is reduced or substantially
eliminated at the recessed areas. The bonding surfaces have bonding surface shapes. As a result, an impressed pattern
of bonds between fibers forming the web, having bond impressions and bond shapes corresponding to the pattern and
bonding surface shapes of the bonding protrusions on the roller, is formed on the nonwoven web. One roller such as
roller 51 may have a smooth, unpatterned cylindrical surface so as to constitute an anvil roller, and the other roller 50
may be formed with a pattern as described, to constitute a bonding pattern roller; this combination of rollers will impart
a pattern on the web reflecting the pattern on the bonding pattern roller. In some examples both rollers may be formed
with patterns, and in particular examples, differing patterns that work in combination to impress a combination pattern
on the web such as described in, for example, U.S. Pat. No. 5,370,764.
[0104] A repeating pattern of bonding protrusions and recessed areas such as, for example, depicted in Fig. 2, may
be formed onto a bonding roller 50 (Fig. 1). The rod-shaped bonding shapes 100 depicted in Fig. 2 depict raised surfaces
of bonding protrusions on a roller, while the areas between them represent recessed areas 101. The bonding shapes
100 of the bonding protrusions impress like-shaped bond impressions on the web in the calendering process.
[0105] The bonding protrusions on a roller will have a height, which may be expressed as a difference between the
radius of the roller at the outermost (bonding) surfaces of the bonding protrusions, and the radius of the roller at the
recessed areas 101. The height may be adjusted with the objective of minimizing the amount of material that must be
removed from the roller surface by machining or etching to create the desired shapes and pattern, while still providing
for sufficient clearance between the roller bearing the bonding protrusions and the opposing roller, at the recessed areas
101, to accommodate passage of the batt through the nip in areas of the batt not to be bonded (i.e., at the recessed
areas), without substantially compressing it - because maximum loft/caliper is the objective. For webs of the type and
basis weight contemplated herein, a bonding protrusion height between 0.3 mm and 1.0 mm may be desired, or more
preferably, a bonding protrusion height between 0.5 mm and 0.8 mm, or even a bonding protrusion height between 0.6
mm and 0.7 mm. The bonding surfaces of the bonding protrusions may have an average area between 0.3 mm2 and
10 mm2. The bonding protrusions typically have sides with an angled slope when viewed in cross section through the
height thereof.
[0106] Nonwoven webs of the type contemplated herein may be calender-bonded at line speed greater than 300
m/min., or 600 m/min., or even 800 m/min., or more, depending upon nonwoven web composition, basis weight, bonding
pattern, and equipment and process variables selected. Referring again to Fig. 1, it will be appreciated that at such
speeds, the batt 21a and the surfaces of rollers 50, 51 will entrain surrounding air and move it toward the nip 52, as
suggested by the arrows. Surface features of a bonding roller 50, as described above, will enhance this effect. It is
believed that, as entrained air is carried toward the nip, the decreasing space between the rollers as the nip is approached
creates a zone of relatively higher, and increasing, air pressure in front of the nip 52. A portion of the entrained air under
such higher pressure will be urged into and further compressed in the nip 52, within the recessed areas of the bonding
pattern on the roller, and within the interstices of the fibers passing through the nip. It is believed that, as nonwoven web
21 exits the nip 52, compressed air entrained within the fibers and passing through the nip therewith encounters a zone
of relatively lower pressure on the exit side, and accelerates away from the nip in all unobstructed directions as a result.
Thus, it is believed that substantial air entrainment, air compression and complex air flows of relatively high velocity
occur within and about the batt 21a and web 21 as a result of movement of the batt and rotation of the calender rollers
in the calender-bonding process.
[0107] It is believed that surface features of a bonding roller including the bonding protrusions affect these air flows.
Particularly at the nip, the profiles of bonding protrusions present obstructions to airflow, while the recessed areas
between the bonding protrusions present passageways. Thus, it is believed that for certain configurations, shapes, and
positions of bonding protrusions, as will be reflected in the bond impressions created in the web, rotational orientation(s)
and repeating patterns of the bonding shapes can be selected and formed to have a beneficial effect on these air flows.
It is believed, further, that patterns of bonding protrusions having bonding surface shapes with certain features, reflected
in the bonding surfaces and the cross sections of the protrusions along planes substantially parallel with the bonding
surfaces, rotational orientations relative the plane approximated by the web surface, and spacing, may be employed to
channel these air flows in a way that causes them to reposition the fibers during the calender bonding process, such as
by teasing or fluffing the fibers, thus providing an enhanced calender-bonded nonwoven web having greater loft/caliper
than a similar nonwoven web having other consolidated bond shapes and patterns, all other variables being the same.Figs.
3A, 3B and 3C depict one example of a bonding pattern and bonding shapes that will be reflected in bond shapes of
bond impressions in a nonwoven web. Bonding shapes 100 represent the shapes of bonding surfaces of bonding
protrusions that may be imparted to a bonding roller by etching, machining or other methods. Such bonding protrusions
on a bonding roller will impress bond impressions into a web, of like bond shapes, arranged in a like bonding pattern.
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Without intending to be bound by theory, it is believed that certain aspects and features of the depicted shapes and
pattern may have the beneficial effect described above.
[0108] Referring to Fig. 3B, the bonding shape 100 has a greatest measurable length L, which is measured by identifying
a shape length line 104 intersecting the perimeter of the shape at points of intersection (bond shape top) 200 that are
the greatest distance apart that may be identified on the perimeter, i.e., the distance between the two farthest-most
points on the perimeter. The bonding shape 100 has a greatest measurable width W which is measured by identifying
respective shape width lines 105a, 105b which are parallel to shape length line 104 and tangent to the shape perimeter
at one or more outermost points that are most distant from shape length line 104 on either side of it, as reflected in Fig.
3B. It will be appreciated that, for some shapes (e.g., a semicircle), one of shape width lines 105a, 105b may be
coincident/colinear with shape length line 104. Greatest measurable width W is the distance between shape width lines
105a, 105b. Shapes within the scope of the present invention have an aspect ratio of greatest measurable length L to
greatest measurable width W of at least 2.5, more preferably at least 2.7, and even more preferably at least 2.8. The
bond shapes and sizes impressed on the nonwoven web will reflect and correspond with the bonding shapes 100 and
sizes thereof on the roller.
[0109] In order to gain the benefit of energy from a substantial mass of air flowing through the nip, it is also believed
desirable that a pattern of bonding protrusions not be excessively obstructive of air flow through the nip, nor that it remove
too much energy from the air flow by overly slowing, or halting, and absorbing the energy from, forward (machine-
direction) momentum of air flows. Referring to Fig. 3C, a nip line 107a along the cross direction is identified along a
pattern where the bonding shapes occupy the greatest proportion of distance along a cross direction line that can be
identified in a pattern. Thus, nip line 107a located as shown represents a cross-direction line along which bonding
protrusions presented the greatest amount of obstruction that can be identified in a particular pattern, to air flow through
the nip, during the bonding process. A repeating series of shapes can be identified; in this example, the repeating series
consists of the four shapes 100a, 100b, 100c and 100d. Widths w1, w2, w3, and w4 of the identified shapes 100a, 100b,
100c, 100d in the repeating series reflect restriction of air flow along the nip line 107a. Width wp is the width of the entire
repeating series, including the distances between the bonding shapes. The proportion of maximum restriction along the
nip length for the pattern is reflected by the ratio (w1+ w2+ w3+ w4 ... + wn)/ wp, referred to herein as the nip airflow
restriction ratio (where "w" is the cross-direction width along the nip line 107a of a bonding shape perimeter, and "n" is
the number of bonding shapes along nip line 107a that make up a repeating series). In order that a bonding pattern
allows for effective air flow through the nip in order to take advantage of energy of moving air, it may be desirable that
the nip airflow restriction ratio be 0.40 or less, more preferably 0.30 or less, and even more preferably 0.25 or less. The
bond shapes, rotational orientations and density/numerosity per unit surface area of bond impressions on the nonwoven
web will reflect and correspond with the bonding shapes, rotational orientations and density/numerosity per unit surface
area of bonding protrusions on the roller, and thus, also reflect the airflow restriction ratio.
[0110] It is also believed that arranging the bonding protrusions in a pattern such that a relatively straight, unobstructed
passageway between them exists along recessed areas 101 at the nip, at least partially along the machine direction,
may have beneficial effects. Referring to Figs. 3A and 4A, it can be seen that each example has a cross-nip airflow line
109 that can be identified, that intersects no bonding shape, and intersects a cross direction axis 107 at an angle such
that it has a machine direction vector component. Cross-nip airflow line 109 intersects cross direction axis 107 to form
a smaller angle, identified herein as cross-nip airflow angle βA. It is believed that cross-nip airflow angle βA is preferably
greater than 45 degrees, more preferably between 50 degrees and 90 degrees, and even more preferably between 60
degrees and 90 degrees. It is believed desirable that cross-nip airflow line 109 should extend indefinitely without inter-
secting a bonding shape 100, but at a minimum, past at least 8 rows 110 of bonding shapes 100 without intersecting a
bond shape. Again, geometric features of the bond shapes and pattern on the nonwoven web will reflect and correspond
with those of the shape, size, rotational orientation, density and arrangement of the bond shapes 100.
[0111] In one embodiment, referring to the Fig. 2A each column of like bond shapes is perpendicularly to the line offset
with respect to both directly neighboring columns by a distance of between 30% and 70% of the greatest measurable
length of the like bond shape. Not to be bound by theory, it is believed that when the air flowing through passageway
between columns of the bonding protrusions on the nip in MD direction became too strong, it can cause unpleasant
decrees of fabric thickness. Described line offset can help to divided airflow into small turbulent streams. Without intending
to be bound by theory, it is believed that it may have the beneficial effect described above.
[0112] In other embodiment the bond shapes tops 200 in adjacent lines forms isosceles triangle symmetric to MD axe,
what should cause similar positive effect on thickness as described above.
[0113] In other embodiment, referring to Fig. 3B, a bonding shape 100 may have a shape perimeter with a convex
portion 102, lying on one side of the shape length line 104. Fig. 3B shows also that the convex portion may have a
varying radius or radii. The varying radius/radii of the convex portion 102 may render the shape perimeter similar to the
profile of the camber of an airfoil in cross section. Viewed another way, the cross-sectional profile of an airfoil has a
convex portion and is asymmetric about any line or axis that traverses the profile, which can be identified. The convex
portion 102 may have a camber height CH measured as the distance between shape length line 104 and the shape
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width line 105b that is tangent to the convex portion 102. It is believed that, for maximum beneficial impact on airflow,
it may be desirable that the ratio between camber height CH and greatest measurable length L be 0.30 or less, more
preferably 0.25 or less, but greater than zero. It is believed that a bonding protrusion having a cross section along a
plane parallel the bonding surface, fitting this description, repeated and arranged in a pattern, has beneficial effects on
acceleration and deceleration of air through nonwoven fibers at and about the nip. Again, the bond shapes and sizes
impressed on the nonwoven web will reflect and correspond with the bonding shapes and sizes on the roller.
[0114] The shape perimeter may have a convex portion with or without a varying radius on both sides of shape length
line 104, such that it has the overall contour of an airfoil with symmetrical camber, in cross section. In another alternative,
the shape perimeter may have a convex portion on one side of shape length line 104 and a straight portion on or on the
other side of shape length line 104, such that it has the overall contour of an airfoil/aircraft wing with asymmetrical
camber, in cross section. In another alternative, the shape perimeter may have a convex portion on one side of shape
length line 104 and a concave portion 103, disposed substantially opposite the concave portion, as reflected in Fig. 3B,
such that it has the overall contour of an airfoil/aircraft wing with asymmetrical camber and relatively high-loft, low-speed
features, in cross section.
[0115] The extent of the concavity of concave portion 103 may be quantified by measuring the depth thereof, relative
the greatest measurable length. The concavity depth D may be measured by identifying a shape concavity line 106 that
is parallel with the shape length line 104 and tangent to the deepest point along the concave portion 103. The concavity
depth D is the distance between the shape width line 105a facing the concavity and the shape concavity line 106. The
extent of the concavity of concave portion 103 may be expressed as a ratio of concavity depth D to shape length L
(hereinafter, "concavity depth ratio"). Although shapes that do not have a concave portion 103 are contemplated, it may
be desirable that a bonding shape has a concave portion having a concavity depth ratio between 0.00 and 0.30, more
preferably between 0.00 and 0.25, and even more preferably between 0.00 and 0.20. Again, the bond shapes and sizes
impressed on the nonwoven web will reflect and correspond with the bonding shapes and sizes on the roller.
[0116] Whilst the explanation above refers to bonding protrusions and resulting consolidated bond shapes in the web,
which have bonding shape/bond shape perimeters following "convex" and/or "concave" (impliedly, smooth) curves, it
may be appreciated that the effect may be substantially realized by approximating such smooth curves with chains of
straight line segments. Accordingly, each of the terms "convex" and "concave" herein includes a portion of a shape
perimeter formed of a chain of 5 or more straight line segments lying on one side of a shape length line and connected
end-to-end, that is each a chord of a smooth convex or concave curve lying on one side of the shape length line, or
portion of a curve lying on one side of the shape length line that does not include an inflection point.
[0117] Without intending to be bound by theory, it is believed that calender roller bonding protrusions having bonding
shapes with one or more features as described above have aerodynamic effects on air flow in and about the nip, that
cause acceleration and deceleration of air in and about the interstices of the nonwoven fibers in a way that repositions
the fibers, and may effect teasing or fluffing, adding loft and caliper.
[0118] Additionally, the rotational orientations of the protrusions affect the orientations of the bonding protrusions at
the nip, and it is believed that this has an impact. Bonding shapes 100 and the bonding protrusions supporting them
may be arranged along an individual shape tilt angle relative the machine and cross directions. Without intending to be
bound by theory, it is believed that the shape tilt angle should not exceed a certain amount for the bonding protrusion
to have maximum beneficial effect on air flow. Referring again to Fig. 3B, the shape tilt angle αT may be expressed as
the smaller angle formed by the intersection of an axis along the machine direction 108 and the shape length line 104.
It is believed, that the shape and the shape tilt angle have cooperating effects on the air flow. In the case of an asymmetric
bonding shape, such as the described airfoil-like shape, it is believed that this asymmetric bonding shape is sufficient
for effecting the desired changes in air flow. However, a rotational orientation with a tilt angle of more than zero may
enhance the effect. With respect to a bonding shape that is not asymmetric, it is believed that the shape tilt angle αT
provides the desired effects on air flow, such that it then should not be less than 1 degree and should not exceed 40
degrees, more preferably, 30 degrees, and still more preferably, 20 degrees. It is believed that a shape tilt angle within
this range effectively provides air flow through the nip, while at the same time, imparts cross-direction vector components
to air flows through the nip. Conversely, a shape tilt angle greater than 40 degrees may create too much of an obstruction
to air flow through the nip to have a beneficial effect, and even greater shape tilt angles combined with sufficient density
of bonding protrusions may have the effect of creating enough obstruction at the nip to substantially divert airflow from
the nip, i.e., toward the sides of the bonding rollers, rather than through the nip. The bond shapes and rotational orientations
impressed on the nonwoven web will reflect and correspond with the bonding shapes and rotational orientations on the
roller. It is believed that air flows having cross-direction vector components flowing across or through the batt/web as it
passes through and exits the nip may urge fibers in the cross-direction, helping add loft, caliper and/or cross direction
tensile strength. It will be appreciated that the fibers of many nonwoven batts are laid down in the nonwoven web
manufacturing process with a general machine direction orientation or bias, which tends to result in the finished web
having relatively greater machine direction tensile strength, and relatively less cross direction tensile strength. Thus,
any process that tends to impart some added cross-direction orientation to the fibers prior to bonding may be useful for
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increasing cross direction tensile strength, bringing about better balance between machine direction tensile strength
and cross-direction tensile strength, and adding loft such as by repositioning of the fibers in the z-direction. It is believed
that, for best results, it may be even more desirable that shape tilt angle αT is between 5 degrees and 15 degrees, more
preferably between 8 degrees and 12 degrees, and even more preferably between 9 degrees and 11 degrees, for the
most beneficial effects on airflow at the line speeds contemplated herein. The rotational orientation of the bonding pattern
impressed on the nonwoven web will reflect and correspond with the rotational orientation of the bonding pattern on the
roller.
[0119] Referring to Figs. 4A and 4B, an alternative bonding pattern is depicted. The repeated bonding shape 100 and
profile of the associated bonding protrusion is a composite of a pair generally convex/concave sub-shapes joined or
superimposed at their respective tips, in reversed orientation, to form an open "S" shape which is rotationally symmetric
about this juncture of the component sub-shapes, respectively its middle inflection point. It will be appreciated, however,
that the depicted repeated "S" shape may have several of the features of the bonding shape depicted in Figs. 3A and
3B, described above, which are believed to be beneficial. The depicted bonding shape 100 in Figs. 4A and 4B has a
greatest measurable length L and greatest measurable width W, measured with respect to shape length line 104 and
shape width lines 105a, 105b, identified in the manner described above. As set forth above, bonding shapes 100 within
the scope of the present invention have an aspect ratio of greatest measurable length L to greatest measurable width
W of at least 2.5, more preferably at least 2.7, and even more preferably at least 2.8.
[0120] The depicted bonding shape in Figs. 4A and 4B also has convex portions 102a, 102b along its perimeter. One
or both of the convex portions 102a, 102b may have varying radii, and have camber heights CHA and CHB. It is believed
that, for maximum beneficial impact on airflow, it may be desirable that the ratio between camber height CH and the
greatest measurable length L also be 0.30 or less, more preferably 0.25 or less, but greater than zero.
[0121] The depicted bonding shape also has concave portions 103a and 103b along its perimeter. Concavity depth
Da is the distance between shape width line 105a facing concavity 103a, and shape concavity line 106a. Concavity
depth Db is the distance between shape width line 105b facing concavity 103b, and shape concavity line 106b. Although
bonding shapes that do not have a concave portion 103a, 103b along their perimeters are contemplated, it may be
desirable that a bonding shape perimeter has one or more concave portions such as concave portions 103a, 103b having
a concavity depth ratio:
Concavity depth / (L*nc) ≤ 0.30, more preferably 0.25, and even more preferably 0.20,
where nc is the number of fully enclosed shapes that are defined by portions of the bonding shape perimeter and the
shape length line, which evidence concavities. For example, for the "S" shape shown in Fig. 4B, nc = 2 because there
are 2 such fully enclosed shapes 124a and 124b.
[0122] The shapes 100 in Figs. 4A and 4B also may have a shape tilt angle αT determined as set forth above, and
within the ranges set forth. The geometric features of the bond shapes and pattern on the nonwoven web will reflect
and correspond with those of the shape, size, rotational orientation, density and arrangement of the bond shapes 100.
[0123] Another aspect of the bonding shapes and patterns depicted in, e.g., Figs. 3A-5 is that they may have any
combination of the above-described aspect ratios, maximum nip airflow restriction ratio (0.40 or less), shape asymmetry,
shape tilt angles, and other features, and may also reflect use of adjacent pairs of bonding protrusions that define air
passageways through the nip that alternately narrow and widen, or converge and diverge, in the manner of a venturi.
Without intending to be bound by theory, it is believed that such venturi passageways have the effect of causing localized
zones of acceleration and deceleration, and increases and decreases in pressure, as well as turbulence, of air as it
passes through the nip. It is believed that these effects serve to tease and/or fluff the fibers of the batt and web about the nip.
[0124] For purposes of downstream handling and manufacturing processes, it may be desirable to ensure that no line
along the machine direction exists along the nonwoven web surface that is indefinitely long without intersecting a bond
impression. This condition (indefinitely long machine direction strip of web without bonds) may result in relatively long
lengths of unbonded fibers that may be prone to moving away from a cutting knife in downstream machine direction web
slitting operations, resulting in a poorly defined or sloppy slit edge. Additionally, such long, unbonded fibers may also
separate from a manufactured edge or slit edge of the web (fraying), which may cause other difficulties in downstream
operations. To avoid this condition, it may be desirable to impart a pattern angle γP to the bonding pattern. Referring to
Fig. 4A, pattern angle γP may be expressed as the smaller angle formed by the intersection of a line connecting like
points on repeating, similarly oriented shapes in columns 112, and a machine direction axis. To avoid the above-mentioned
problems, it may be desirable that pattern angle γP be greater than 0 degrees. A pattern angle greater than 0 degrees
will ensure that an indefinitely long machine direction strip of web without bonds will not exist. To avoid creating com-
plications with respect to the air flow benefits of the pattern, however, it may be desirable to limit pattern angle γP to 4
degrees or less, more preferably 3 degrees or less, and even more preferably 2.5 degrees or less. Again, features of
the bond pattern on the nonwoven web including pattern angle will reflect and correspond with those of the pattern and
pattern angle γP on the roller.
[0125] The features described above apply to the shapes of bonding surfaces of bonding protrusions in a pattern on
a bonding roller, and it will be understood that these features are impressed by the roller into the nonwoven batt to form
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bond impressions having bond shapes and bonds thereat, to form the calender-bonded nonwoven web. As impressed
into a nonwoven web, the bonding shapes are reflected as bond shapes, and are identifiable, and measurable in the
web, in laminates that include such nonwoven web as a composite layer, and in composite products made from such
nonwoven web and/or such laminates.
[0126] An additional aspect that it believed important is bonding area of a roller, reflected in bond area on the web.
Imagining a pattern of bonding surfaces having shapes reflected in Figs. 3A and 4A impressed on a surface of a nonwoven
web, bonding area and bond area is the area occupied by the bonding shapes on the roller and bond shapes impressed
on the surface of the web. In the field of nonwoven web manufacturing, bonding area is often expressed as a percentage,
calculated as: 

[0127] The bonding area reflects the combination of bonding protrusion density (number of bonding protrusions per
unit surface area) and average surface area of the bonding shapes 100 in the unit surface area. Thus, increasing the
number of bonding protrusions and/or increasing the surface area of the individual bond shapes 100 increases the
bonding area, and vice versa. It is believed that bonding area has an impact on the entrainment of air as well as the
proportion of entrained air carried toward the nip, which will pass through the nip. If bonding area is relatively greater,
this means that more and/or larger bonding protrusions are present at the nip point at any time to obstruct air flow through
the nip; conversely, if bonding area is relatively less, this means that fewer and/or smaller bonding protrusions are
present at the nip point at any time to obstruct air flow through the nip. Bond area has another effect as well. Increasing
bond area increases the number and proportion of the fibers in the nonwoven web that are bonded together, and vice
versa. Within a certain range of bond area, tensile strength of the nonwoven web in the machine and/or cross directions
may be increased by increasing the bond area. However, bending stiffness of the nonwoven web may be correspondingly
increased, and loft decreased - compromising the soft feel and/or appearance of the nonwoven. In order to best realize
the benefits of air flow, air compression and channeling believed to be occurring through use of the bond shapes described
herein, enhancing loft, while still imparting satisfactory tensile properties to the web, it is believed that bonding area
should be in the range of 4.0% and 18%, more preferably between 6 % and 16%, and even more preferably between
about 8 % and 14%. At the line speeds contemplated herein, and relative to the bonding area, the average surface area
per bonding shape affects bonding area and bonding protrusion density. It is believed desirable that the average bonding
shape 100 surface area be in the range of 0.3 mm2 to 10 mm2. Correspondingly, it is believed desirable that the density
of the bonding protrusions, and correspondingly, the impressed bond shapes, be between 0.4 bonding protrusions/cm2

for bonding shape/bond shape area of 10 mm2 at 4% bonding area, and 60 bonding protrusions/cm2 for bonding
shape/bond shape area of 0.3 mm2 at 18 % bonding area. Similar calculations of bonding protrusion density and average
bond shape surface area to arrive at the bond areas in the ranges set forth above, will be appreciated. The surface area
and density of bond shapes impressed on the nonwoven web will reflect and correspond with those of the bonding
shapes, and thus, the bond area on the web will reflect and correspond with the bonding area on the roller as well. It is
also believed that the speed of travel of the batt toward the bonding nip (batt line speed) is important. It will be appreciated
that, if the batt line speed is too slow, air mass entrained by the batt as it approaches the nip will not have sufficient
linear momentum to maintain a large enough zone of sufficiently elevated air pressure at the entry side effective to
ensure that substantial air mass is urged through the nip, rather than being merely urged around the nip and the rollers
along alternate pathways. Accordingly, it is believed that line speed at which the batt is conveyed toward the nip should
be equal to or greater than 300 meters/minute, more preferably, equal to or greater than 600 meters/minute, and even
more preferably, equal to or greater than 800 meters/minute.
[0128] It is believed that use of a calender roller having bonding patterns and bonding shapes as described herein
take advantage of air flows resulting from entrainment of air along a moving nonwoven batt and calender rollers, and
air compression, that occur during calender-bonding, in a way that causes the resulting nonwoven web to have enhanced
loft and a soft feel. It is believed also that the bonding shapes need not be all of like kind or rotational orientation, but
rather, that suitable combinations of differing shapes including bonding shapes having features as described herein,
and optionally, in combination with other shapes, may be used and included. Employment of the described features may
reduce or eliminate a need for other loft enhancement processes, such as hydro engorgement or hydroentanglement -
which may save costs of additional equipment and operation.
[0129] It is also believed that there are several additional characteristics that may impact how a nonwoven material
is perceived by a user. One such characteristic is the perceived softness of the nonwoven material by an end user.
"Perceived softness" is at least in part related to the user’s perception or feel of the material when she passes her finger
across the surface of the nonwoven. But it is also believed that other properties or characteristics from the nonwoven
material can impact the user’s perception of a material. The caliper of the material (or thickness under pressure), the
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material ability to drape, as well as, the material coefficient of friction are physical characteristics that a person uses to
assess the softness of a material. Without intending to be bound by any theory, it is believed that a good way to discriminate
among various material is to calculate the Softness Factor of a particular material with the following formula. 

[0130] The Softness Factor is expressed in kN/m, the Handle-o-Meter (or drape) is expressed mN, the COF (Coefficient
of Friction) is unit-less, and the caliper is expressed in mm.
[0131] Several samples of spunbond nonwoven materials are made and tested for different properties. The results of
these tests are summarized in Table 2 below.

[0132] For the sake of clarity, PP+PP Co+SEA refers to a nonwoven material with fibers made from a composition
that includes a polypropylene homopolymer, a polypropylene copolymer and a softness enhancer additive. PP/PE 50/50
refers to a nonwoven material with bi-component fibers with a core made of polypropylene and a sheath made of
polyethylene. PP+PP Co refers to a nonwoven material with fibers made from a composition that includes a polypropylene
homopolymer, a polypropylene copolymer and no softness enhancer additive. 100% PP refers to a nonwoven material
with fibers made from polypropylene without any copolymer or softness enhancer additive. P1 corresponds to a calen-
dering pattern with bonds having an oval shape similar to the shape shown in Fig. 2C and an aspect ratio of 1.74. P2
corresponds to a calendering pattern with bonds having a linear segment shape similar to the shape shown in Fig. 2A

Table 2

Sampl e
Material 

Composition
Polypropylene copolymer 

content (weight %)

Softener enhancer additive 
active substance content 

(weight %)
Pattern

Basis 
weight

A
PP+PP 

Co+SEA
16 0.2% P1 24.9

B 100% PP NA 0.0% P2 25.2

C
PP+PP 

Co+SEA
16 0.2% P2 24.5

D PP/PE 50/50 NA 0.0% P3 26.8

E
PP+PP 

Co+SEA
16 0.2% P3 26.9

F 100% PP NA 0.0% P3 25.4

G
PP+PP 

Co+SEA
16 0.2% P3 24.8

H PP+PP Co 16 0.0% P2 24.23

Sample caliper (mm)
Fuzz (mg/cm2) - embossed 

side of nonwoven
Handle-O-Meter MD (mN)

COF-stat. 
smooth 

MD

Softness 
Factor

A 0.297 0.14 59.06 0.31262 209

B 0.386 0.13 127.63 0.4611 395

C 0.34 0.15 50.91 0.3049 134

D 0.387 0.3 52.97 0.2988 106

E 0.37 0.17 45.42 0.359 119

F 0.447 0.22 137.24 0.6192 425

G 0.365 0.09 45.22 0.3403 116

H 0.335 0.12 66.6 0.4914 292
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and an aspect ratio of 9.98. P3 corresponds to a calendering pattern with bonds having an S shape similar to the shape
shown in Fig. 4A and an aspect ratio of 18.5.
[0133] Without intending to be bound by any theory, it is believed that nonwoven materials having a Softness Factor
of less than 180 kN, less than 170 kN, or less than 160 kN, or even less than 150 kN provide the best softness perception
not only to the touch but also from a visual and thickness point of view. It can also be advantageous to have a material
resulting in less than 0.3g, less than 0.25g, or even less than 0.2g of Fuzz. Materials resulting in higher Fuzz are perceived
as poor in quality by a user. In addition, materials resulting in higher Fuzz may also represent a choking hazard if used
to make products that are worn by babies.
[0134] The Handle-O-Meter in the MD of the material is used to determine the Softness Factor. It can be advantageous
for a nonwoven material to have a drape or Handle-O-Meter in the MD of less than 100 mN, or less than 80 mN or even
less than 70 mN. The Handle-O-Meter in the MD may also be greater than 10 mN, or greater than 15 mN, or even greater
than 20 mN.
[0135] The Static COF in the MD of the surface, or side of the material that is adapted to be touched by a consumer
or a user is (it can be both smooth or embossed side) used to determine the Softness Factor. It may be advantageous
for the nonwoven material to have a Static COF in the MD of less than 0,55, or less than 0,5, or even less than 0,45.
The Static COF in the MD may also be greater than 0,2, or greater than 0,25, or even greater than 0,3.
[0136] It may be advantageous for the nonwoven material to have a Caliper of at least 0,1 mm, or at least 0,15 mm,
or even at least 0,2 mm. The Caliper may also be less than 2 mm, or less than 1 mm, or even less than 0,6 mm.

Examples

[0137] In following examples for the manufacture of nonwoven webs, if it is not defined differently, the batt was produced
from 3 following spunbond beams on REICOFIL 4 technology, using following bonding patterns:.

Pattern P3 "S-shape v2" (Fig. 5)

- Bonding area percentage = 13 %
- Bonding protrusions / cm2 = 2,4
- Angle αT = 10°
- Angle βA = 63°
- Angle γP = 1°
- L = 9,2 mm
- W = 3,0mm
- DA = 2,3 mm
- DB = 2,3 mm
- CHA = 1,3 mm
- CHB = 1,6 mm
- Distance between beginning of repeating shapes in columns (DRC) = 8,8 mm
- Distance between beginning of repeating shapes in rows (DRR) = 4,65 mm
- Bonding protrusion height = 0,75 mm

Pattern P2 "Bulky" (Fig. 2A) (not according to the invention).

- Bonding area percentage = 14,0%
- Bonding protrusions / cm2 = 9
- Angle αT = 0°
- Angle βA1 = 90°
- Angle βA2 = 55°
- Angle γP = 0°
- L = 3,4 mm
- W = 0,4 mm
- D = 0 mm
- CH = 0,2 mm
- Distance between beginning of repeating shapes in columns = 5,6 mm
- Distance between beginning of repeating shapes in rows = 2,0 mm
- Bonding protrusion height = 0,7 mm

Comparative pattern P1 "Standard" - Pattern U2888 of Ungricht GmbH, Germany(oval shape, Fig. 2B)



EP 2 898 129 B1

19

5

10

15

20

25

30

35

40

45

50

55

- Bonding area percentage = 18,1%
- Bonding protrusions / cm2 = 49,9
- Angle αT = 60°
- Angle βA - does not exist
- Angle γP = 0°
- L = 0,9 mm
- W = 0,5 mm
- D - does not exist
- CH = 0,3 mm
- Distance between beginning of repeating shapes in columns = 1,5 mm
- Distance between beginning of repeating shapes in rows = 2,6 mm
- Bonding protrusion height = 0,6 mm

[0138] The key parameter and test results for the examples are summarized in Table 2 herein above.

Example 1 - sample A

[0139] The 25 gsm spunmelt type nonwoven batt produced online in a continuous process from composition that
includes a polypropylene homopolymer (Tatren HT2511 from Slovnaft Petrochemicals), 16% propylene copolymere
(Vistamaxx 6202 from Exxon) and a 2% softener enhancer additive containing 10% erucamide (CESA PPA0050079
from Clariant). The maximum meltage temperature measured after extrusion system is 252°C. Melt spun monocomponent
filaments with a fibre diameter of 15-25 mm are produced and subsequently collected on a moving belt. After a patterned
calender is used consisting of a pair of heated rollers, where one roller has raised comparative pattern P1(Fig 2B). The
temperature of the calender rollers (smooth roller / patterned roller) is 160°C/ 164°C and the pressure is 75 N/mm.

Example 2 - sample B

[0140] A 25 gsm spunmelt type nonwoven batt produced online in a continuous process from polypropylene (Tatren
HT2511 from Slovnaft Petrochemicals), where monocomponent polypropylene filaments with a fibre diameter of 15-25
mm are produced and subsequently collected on a moving belt. To increase strength a patterned calender is used
consisting of a pair of heated rollers, where one roller has raised pattern P2 (Fig. 2A). The temperature of the calender
rollers (smooth roller / patterned roller) is 165°C/168°C and the pressure is 75 N/mm.

Example 3 - sample C

[0141] The 25 gsm spunmelt type nonwoven batt produced online in a continuous process from composition that
includes a polypropylene homopolymer (Tatren HT2511 from Slovnaft Petrochemicals), 16% propylene copolymere
(Vistamaxx 6202 from Exxon) and a 2% softener enhancer additive containing 10% erucamide (CESA PPA0050079
from Clariant). The maximum meltage temperature measured after extrusion system is 252°C. Melt spun monocomponent
filaments with a fibre diameter of 15-25 mm are produced and subsequently collected on a moving belt. After a patterned
calender is used consisting of a pair of heated rollers, where one roller has raised comparative pattern P2 (Fig 2A). The
temperature of the calender rollers (smooth roller / patterned roller) is 160°C/ 164°C and the pressure is 75 N/mm.

Example 4 - sample D

[0142] A 25 gsm spunmelt type nonwoven batt, produced using a continuous online process from polypropylene
(Tatren HT2511 from Slovnaft Petrochemicals) and polyethylene (Liten LS87 from Unipetrol), where first the bicomponent
core/sheath type filaments are produced, where the core representing 50% is from polypropylene and the sheath is from
polyethylene. The individual filaments with a fibre diameter of 15-25 mm are collected on a moving belt.
To increase strength a patterned calender is used, that consist of a pair of heated rollers, where one roller has raised
pattern P3 (Fig. 5). The temperature of the calender rollers (smooth roller / patterned roller) is 154°C/154°C and the
pressure is 75 N/mm.

Example 5 - sample E

[0143] The 25 gsm spunmelt type nonwoven batt produced on a pilot line from two production beams, one Reicofil 4
and the second Reicofil 3 technology. The batt was produced online in a continuous process from composition that
includes a polypropylene homopolymer (Tatren HT2511 from Slovnaft Petrochemicals), 16% propylene copolymere
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(Vistamaxx 6202 from Exxon) and a 2% softener enhancer additive containing 10% erucamide (CESA PPA0050079
from Clariant). The maximum meltage temperature measured after extrusion system is 252°C. Melt spun monocomponent
filaments with a fibre diameter of 15-25 mm are produced and subsequently collected on a moving belt. After a patterned
calender is used consisting of a pair of heated rollers, where one roller has raised comparative pattern P3 (Fig 5). The
temperature of the calender rollers (smooth roller / patterned roller) is 160°C/ 164°C and the pressure is 75 N/mm.

Example 6 - sample F

[0144] A 25 gsm spunmelt type nonwoven batt produced online in a continuous process from polypropylene (Tatren
HT2511 from Slovnaft Petrochemicals), where monocomponent polypropylene filaments with a fibre diameter of 15-25
mm are produced and subsequently collected on a moving belt. To increase strength a patterned calender is used
consisting of a pair of heated rollers, where one roller has raised pattern P3 (Fig. 5). The temperature of the calender
rollers (smooth roller / patterned roller) is 165°C/168°C and the pressure is 75 N/mm.

Example 7 - sample G

[0145] The 25 gsm spunmelt type nonwoven batt produced online in a continuous process from composition that
includes a polypropylene homopolymer (Tatren HT2511 from Slovnaft Petrochemicals), 16% propylene copolymere
(Vistamaxx 6202 from Exxon) and a 2% softener enhancer additive containing 10% erucamide (CESA PPA0050079
from Clariant). The maximum meltage temperature measured after extrusion system is 252°C. Melt spun monocomponent
filaments with a fibre diameter of 15-25 mm are produced and subsequently collected on a moving belt. After a patterned
calender is used consisting of a pair of heated rollers, where one roller has raised comparative pattern P3 (Fig 5). The
temperature of the calender rollers (smooth roller / patterned roller) is 160°C/ 164°C and the pressure is 75 N/mm.

Example 8 -sample H

[0146] The 25 gsm spunmelt type nonwoven batt produced online in a continuous process from composition that
includes a polypropylene homopolymer (Tatren HT2511 from Slovnaft Petrochemicals) and 16% propylene copolymere
(Vistamaxx 6202 from Exxon). Melt spun monocomponent filaments with a fibre diameter of 15-25 mm are produced
and subsequently collected on a moving belt. After a patterned calender is used consisting of a pair of heated rollers,
where one roller has raised comparative pattern P2 (Fig 2A). The temperature of the calender rollers (smooth roller /
patterned roller) is 160°C/ 164°C and the pressure is 75 N/mm.

Test methods

[0147] The "basis weight" of a nonwoven web is measured according to the European standard test EN ISO
9073-1:1989 (conforms to WSP 130.1). There are 10 nonwoven web layers used for measurement, sample size 10x10
cm2.
[0148] The "MD/CD ratio" is the ratio of material’s tensile strength at peak in the MD and CD direction. Both were
measured according to the EDANA standard method WSP 110.4-2005, where sample width is 50 mm, jaw distance is
100 mm, speed 100 mm/min and preload 0,1N. MD/CD ratio [-] = tensile strength at peak in MD[N/5cm] / tensile strength
at peak in CD[N/5cm]
[0149] The "volume mass" is the ratio of basis weight and thickness and indicates the bulkiness and fluffiness of the
product, which are important qualities of the nonwoven web according to the invention. The lower the value, the bulkier
is the web.

[0150] The "hydrophilic properties" of a nonwoven web may be measured using the "Strike Through Time" test.
The test used herein is the EDANA standard test WSP 70.3-2005 The lower the value, the more hydrophilic is the web.
[0151] The "Handle-O-Meter" is determined using the test method described in INDA IST 90.3-01. The Handle-O-
Meter can be measured in the Machine Direction (MD) or Cross-machine Direction (CD) material. The Handle-O-Meter
in the MD of the material is used to determine the Softness Factor.
[0152] The "Static COF" can be measured using ASTM Method D 1894-01 with the following particulars. The test is
performed on a constant rate of extension tensile tester with computer interface (a suitable instrument is the MTS Alliance
using Testworks 4 Software, as available from MTS Systems Corp., Eden Prarie, MN) fitted with a coefficient of friction
fixture and sled as described in D 1894-01 (a suitable fixture is the Coefficient of Friction Fixture and Sled available from



EP 2 898 129 B1

21

5

10

15

20

25

30

35

40

45

50

55

Instron Corp., Canton, MA). The apparatus is configured as depicted in Figure 1c of ASTM 1894-01 using a stainless
steel plane with a grind surface of 320 granulation as the target surface. A load cell is selected such that the measured
forces are within 10% to 90% of the range of the cell. The tensile tester is programmed for a crosshead speed of 127
mm/min, and a total travel of 130 mm. Data is collected at a rate of 100 Hz. The specimen is cut down to a reduced size
of 63.5 mm x 63.5 mm (again, with cut edges parallel and perpendicular, respectively, with the longitudinal axis of the
diaper) and mounted onto the foam rubber side of the sled using double sided adhesive tape (tape should be wide
enough to cover 100% of the sled’s surface). The specimen is oriented on the sled such that the wearer-facing surface,
or outward- facing surface (as on the diaper, according to whether the specimen was taken from topsheet or backsheet)
will face the target surface, and the longitudinal orientation of the specimen, relative the longitudinal axis of the diaper,
is parallel to the pull direction of the sled. The mass of the sled with mounted sample is recorded to 0.1 gram.
[0153] The target surface of the stainless steel plane is cleaned with isopropanol before each test. In order to acquire
CoF between nonwovens, a obtain a second specimen, duplicate to the one mounted to the sled, which is large enough
to cover the target surface. Place the second specimen on the target surface, oriented so that the same surface of the
two specimens will face each other during the test with the machine direction parallel to the pull direction of the sled.
Align the specimen on the target surface so that it is equidistant between the edges. Align the end of the specimen with
the protruding end of the platform, and fix it using tape or clamps along the entire protruding end only, leaving the other
end of the specimen unsecured to prevent buckling of the material during testing.
[0154] The static and kinetic coefficients of friction (COF) for the specimen are calculated as follows: 

AS = maximum peak force in grams force (gf) for the initial peak
B = mass of sled in grams 

AK = average peak force in grams force (gf) between 20 mm and 128 mm
B = mass of sled in grams

[0155] The Static COF can be measured in the Machine Direction (MD) or Cross-machine Direction (CD) material.
The Static COF in the MD of the material is used to determine the Softness Factor.
[0156] The "Caliper" or the "thickness" of the nonwoven material is measured according to the European standard
test EN ISO 9073-2:1995 (conforms to WSP 120.6) with following modification:

1.the material shall be measured on a sample taken from production without being exposed to higher strength forces
or spending more than a day under pressure (for. example on a product roll), otherwise before measurement the
material has to lie freely on a surface for at least 24 hours.
2. the overall weight of upper arm of the machine including added weight is 130 g.

[0157] The "Fuzz" test is performed to gravimetrically measure the amount of loose fibers collected from a nonwoven
material after abrasion with sandpaper. The nonwoven can be oriented to test in either the CD and/or MD direction. The
test is performed using a Model SR 550 Sutherland Rub Tester (available from Chemsultants, Fairfield OH) with the
906 g abradent weight block supplied with the instrument. A 50.8 mm wide cloth, 320 grit aluminum oxide sandpaper
(available as Part No. 4687A51 from McMaster-Carr Supply Co., Elmhurst, IL) is used as the abrading surface. Fibers
are collected using a 50.8 mm wide polyethylene protective tape (available as 3M Part No. 3187C). The nonwoven is
mounted to the Rub tester’s base plate (steel, 205 mm long x 51 mm wide x 3 mm thick) using a 50.8 mm wide double-
sided tape (available as 3M Part No. 9589). All tape materials and samples are conditioned at 23 °C 6 2 C° and 50 %
6 2 % relative humidity for two hours prior to testing. All analyses are also performed in a lab maintained at 23 °C 6 2
C° and 50 % 6 2 % relative humidity.
[0158] Cut a 160 mm by 50.8 mm piece of the sandpaper. Mount the sandpaper onto the abradent weight block using
its side clips. A new piece of sandpaper is used for every specimen. Cut a piece of the fiber collecting tape approximately
165 mm long by 50.8 wide. On both 50.8 wide ends, fold approximately 6 mm of the tape over onto itself (i.e., adhesive
side to adhesive side) to provide a flap at each end to hold the tape without touching the adhesive. Two fiber collecting
tapes are prepared for each specimen.
[0159] Place the sample to be tested flat on a lab bench with the outward facing surface, relative to the article, facing
downward. Identify the CD direction of the nonwoven. Cut a piece of the sample mounting tape approximately 130 mm
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long by 50.8 mm wide. Place the exposed adhesive side of the tape onto the surface of the nonwoven with its longest
side parallel to the CD of the nowoven. Using a paper cutter, cut a strip, 110 mm 6 1 mm in the CD direction and 40
mm 6 1 in the MD from the tape nonwoven sandwich. Remove the release paper from the specimen and adhere the
specimen to the steel base plate centering the sample in the length and width dimensions. Gently place a 2.2 Kg weight
block (flat-bottom, rectangular surface 50 mm wide by 150 mm long) covering the specimen for 20 sec 6 1 sec. Remove
the weight.
[0160] Mount the base plate on the Sutherland Rub tester. Attach the abradent weight block onto the reciprocating
arm. Start the Rub tester and allow to run for 20 cycles at a rate of 42 cycles per minute. Using an analytical balance
measure the mass of each fiber collecting tape to the nearest 0.0001 g. Record separately as the sandpaper-tape tare
weight (STW) and the nonwoven-tape tare weight (NTW).
[0161] After 20 cycles, carefully lift off the abradent weight block and place it on the lab bench with the sandpaper side
facing upward. Take the preweighed sandpaper-fiber collecting tape and lightly touch the tape’s adhesive surface to the
loose fibers on the surface of the sandpaper. Care is taken to remove all loose fibers from the entire abrading surface
of the sandpaper. Measure the mass of the fiber collecting tape/loose fibers to the nearest 0.0001 g. Record as the
sandpaper-tape combined weight (SCW).
[0162] Carefully remove the base plate with the abraded specimen and place it on the lab bench with the nonwoven
facing upward. Take the preweighed nonwoven-fiber collecting tape and cover the surface of the nonwoven with the
adhesive side of the tape facing the nonwoven. Gently place a 2.2 Kg weight block (flat-bottom rectangular surface 50
mm wide by 150 mm long) covering the specimen for 20 sec 6 1 sec. Remove the weight.
[0163] Care is taken to remove all loose fibers from the entire surface of the nonwoven. Replace the release paper
and measure the mass of the nonwoven-fiber collecting tape/loose fibers to the nearest 0.0001 g. Record as the non-
woven-tape combined weight (NCW). 

[0164] Repeat testing on a total of three substantially identical samples Average the results and report the CD Fuzz
Level to the nearest 0.001 mg/cm2.
[0165] In like fashion, repeat fuzz testing for three substantially identical samples in which the specimen is oriented
parallel to the MD for analysis. Average the three MD results and report the MD Fuzz Level to the nearest 0.001 mg/cm2.
[0166] The "Molecular weight (Mn, Mw, and Mz)" and "MWD" is determined as follows and as described in Verstate
et al., 21 MACROMOLECULES 3360 (1988). Conditions described herein govern over published test conditions. Mo-
lecular weight and MWD are measured using a Waters 150 gel permeation chromatograph equipped with a Chromatix
KMX-6 on-line light scattering photometer. The system is used at 135[deg.] C. with 1,2,4-trichlorobenze as the mobile
phase. Showdex (Showa-Denko America, Inc.) polystyrene gel columns 802, 803, 804, and 805 are used. This technique
is discussed in Verstate et al., 21 MACROMOLECULES 3360 (1988). No corrections for column spreading are employed;
however, data on generally acceptable standards, e.g., National Bureau of Standards Polyethylene 1484, and anionically
produced hydrogenated polyisoprenes (an alternating ethylenepropylene copolymer) demonstrate that such corrections
on Mw/Mn or Mz/Mw are less than 0.05 units. Mw/Mn was calculated from an elution time-molecular relationship whereas
Mz/Mw was evaluated using the light scattering photometer. The numerical analysis can be performed using the com-
mercially available computer software GPC2, MOLWT2 available from LDC/Milton Roy-Rivera Beach, Fla.
[0167] The "DSC" is determined as follows. About 0.5 grams of polymer is weighed and pressed to a thickness of
about 15 to 20 mils (about 381-508 micrometers at about 140-150[deg.] C., using a "DSC mold" and MYLAR(TM) film
as a backing sheet. The pressed polymer sample is allowed to cool to ambient temperatures by hanging in air (the
MYLAR(TM) film backing sheet is not removed). The pressed polymer sample is then annealed at room temperature
(about 23-25[deg.] C.) for about 8 days. At the end of this period, a 15-20 mg disc is removed from the pressed polymer
sample using a punch die and is placed in a 10 microliter aluminum sample pan. The disc sample is then placed in a
DSC (Perkin Elmer Pyris 1 Thermal Analysis System) and is cooled to about -100[deg.] C. The sample is heated at
about 10[deg.] C./min to attain a final temperature of about 165[deg.] C. The thermal output, recorded as the area under
the melting peak of the disc sample, is a measure of the heat of fusion and can be expressed in Joules per gram (J/g)
of polymer and is automatically calculated by the Perkin Elmer system. Under theses conditions, the melting profile
shows two (2) maxims, the maxima at the highest temperature is taken as the melting point within the range of melting
of the disc sample relative to a baseline measurement for the increasing heat capacity of the polymer as a function of
temperature.
[0168] The "Triad tacticity" is determined as follows. The tacticity index, expressed herein as "m/r", is determined by
13C nuclear magnetic resonance ("NMR"). The tacticity index m/r is calculated as defined by H. N. Cheng in 17 MAC-
ROMOLECULES 1950 (1984). The designation "m" or "r" describes the stereochemistry of pairs of contiguous propylene
groups, with "m" referring to meso and "r" referring to racemic. An m/r ratio of 1.0 generally describes a syndiotactic
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polymer, and an m/r ratio of 2.0 generally describes an atactic material. An isotactic material theoretically may have a
m/r ratio approaching infinity, and many by-product atactic polymer have sufficient isotactic content to result in an m/r
ratio of greater than 50.
[0169] In the "Bond Shape Measurement Method" area, distance and angle measurements are performed on images
generated using a flat bed scanner capable of scanning at a resolution of at least 4800 dpi in reflectance mode (a suitable
scanner is the Epson Perfection V750 Pro, Epson, USA). Measurements are performed using ImageJ software (Version
1.43u, National Institutes of Health, USA) and calibrated against a ruler certified by NIST.
[0170] Samples of the subject nonwoven web that are 80 mm by 80 mm are used. Precondition the samples at about
23 °C 6 2 C° and about 50% 6 2% relative humidity for 2 hours prior to testing. Identify the machine direction of the
nonwoven web and draw a fine line on each sample along the machine direction to enable scanned images to be aligned.
[0171] Place the sample to be measured on the flat bed scanner, with the surface bearing the bond impressions or
bond shapes facing downward, with the ruler directly adjacent. Placement is such that the dimension corresponding to
the machine direction of the nonwoven is parallel to the ruler. A black backing is placed over the specimen and the lid
to the scanner is closed. Acquire an image composed of the nonwoven and ruler at 4800 dpi in reflectance mode in 8
bit grayscale and save the file. Open the image file in ImageJ and perform a linear calibration using the imaged ruler.
[0172] Unless otherwise stated, dimensional and area measurements are made in triplicate, of three similar bond
shapes on each sample for 6 similar samples. The 18 values are averaged and reported.
[0173] Not intending to be bound by the specific examples, Figs. 3A through 4B are referenced to illustrate the following
dimension measurements. These measurement methods are equally applicable to other bond shapes and repeating
bond patterns.
[0174] Greatest Measurable Length (L). The bond shape has a perimeter and a greatest measurable length. Identify
a shape length line (e.g. line 104) which intersects the two farthest-most points along the perimeter. Draw a shape length
line through these points. With the measuring tool, measure the length along the line segment between these points to
the nearest 0.001 mm. For example, the greatest measurable lengths in Figs. 3B and 4B are indicated at L, respectively
measured along shape length lines 104.
[0175] Greatest Measurable Width (W). Relative the greatest measurable length, the bond shape has a greatest
measurable width measured along a direction perpendicular to the shape length line. Draw two lines, parallel to the
shape length line, and tangent to the bond shape perimeter at one or more outermost points that are most distant from
the shape length line. These are the shape width lines. With the measuring tool, measure the greatest measurable width
between the shape width lines along a line segment perpendicular to the shape length line to the nearest 0.001 mm.
For example, the greatest measurable widths in Figs. 3B and 4B are indicated at W, respectively measured between
lines 105a and 105b perpendicular to shape length lines 104.
[0176] Camber Height (CH). If the bond shape has a perimeter with a convex portion, the convex portion lies a maximum
distance from the shape length line, referred to herein as the camber height. Draw a line that is tangent to the convex
portion, and parallel to the shape length line. With the measuring tool, measure the distance between width between
this tangent line and the shape length line along a direction perpendicular to the shape length line, to the nearest 0.001
mm. For example, the camber heights of the convex portions in Figs. 3B and 4B are CH, and CHa and CHb, respectively.
[0177] Concavity Depth (D). If the bond shape has a perimeter with a concave portion, the concave portion has a
maximum distance from the facing shape width line. Draw a line that is tangent to the deepest point along the concave
portion of the profile, and parallel to the shape length line. This is the shape concavity line. With the measuring tool,
measure the distance between shape concavity line and the shape length line along a direction perpendicular to the
shape length line to the nearest 0.001 mm. For example, the concavity depths of the concave portions in Figs. 3B and
4B are D, and Da and Db, respectively.
[0178] Shape Tilt Angle (αT). The bond shape is rotationally oriented relative to the machine direction by shape tilt
angle αT. Draw a line in the cross direction, intersecting the shape length line. Draw a line in the machine direction
perpendicular to the cross direction line, intersecting both the cross direction line and the shape length line. Using the
angle measuring tool, measure the smaller angle between the machine direction line and the shape length line to the
nearest 0.1 degree. For example, the angle between lines 108 and 104 in Figure 3B is the shape tilt angle αT.
[0179] Pattern Tilt Angle (γP). The bond shapes may form a pattern that is tilted from the machine direction by the
angle γP. Identify a repeating series of bond shapes in a column. Draw a column line that is tangent on one side at the
same position on two similar shapes having similar rotational orientations in the column. Draw a line in the machine
direction that intersects this column line at an angle, if such a line exists. With the angle measuring tool, measure the
smaller angle between the column line and the machine direction line to the nearest 0.1 degree.
[0180] Airflow Restriction Ratio. The bond shapes form a pattern that identifies a maximum airflow restriction by the
corresponding bonding roller at the nip. Identify a repeating series of bond shapes lying in a row. Draw a line in the cross
direction which intersects these bond shapes at the position relative the machine direction where the shapes occupy
the greatest proportion of the distance along the cross direction line. It will be appreciated that it may be necessary to
take measurements along several cross direction lines to empirically and/or iteratively identify the one along which the
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bond shapes occupy the greatest proportion of the distance. With the measuring tool, measure the length from the start
of the repeating series to the corresponding location at the end of the repeating series (including distances between
bonding shapes) to the nearest 0.001 mm. This is the repeat length in the cross direction. With the measuring tool,
measure each of the lengths of the line segments on the cross direction line that lie over the bond shapes, to the nearest
0.001 mm. Add the lengths of all of these line segments within the repeat length, and divide the total by the repeat length.
Report to the nearest 0.001. This is the airflow restriction ratio. For example, in Figure 3C, the repeat length wp is
measured along the cross direction line 107a. The line segments lying over the bond shapes are w1 through w4. The
airflow restriction ration is the sum of lengths w1 through w4 divided by the repeat length wp.
[0181] Cross-nip Airflow Angle (βA). The bond pattern may provide an airflow path that has a machine direction vector
component. Draw a line in the cross direction. Identify a line that can be drawn that extends past at least eight rows of
bond shapes without intersecting a bond shape, if such a line exists. This is the cross-nip airflow line. Extend this line
to intersect the cross direction line. Using the angle measurement tool, measure the smaller angle between the cross
direction line and the airflow line and report to the nearest 0.1 degree. For example line 109 in Figure 3A and 109 in
figure 4A are cross-nip airflow lines which intersects the cross direction line 107 to form the cross-nip airflow angle βA
[0182] Bond Area Percentage. Identify a single repeat pattern of bond shapes and areas between them and enlarge
the image such that the repeat pattern fills the field of view. In ImageJ, draw a rectangle that circumscribes the repeat
pattern. Calculate area of the rectangle and record to the nearest 0.001 mm2. Next, with the area tool, trace the individual
bond shapes or portions thereof that are entirely within the repeat pattern/rectangle and calculate and add the areas of
all bond shapes or portions thereof that are within the repeat pattern/rectangle. Record to the nearest 0.001 mm2.
Calculate as follows: 

Repeat for a total of three non-adjacent regions randomly selected across the sample. Record as Percent Bond Area
to the nearest 0.01%. Calculate the average and standard deviation of all 18 of the bond area percentage measurements
and report to the nearest 0.01 %.
[0183] Average Individual Bond Area. Enlarge the image of a region of the sample such that edges of a bond shape
can be identified. With the area tool, manually trace the perimeter of a bond. Calculate and record the area to the nearest
0.001 mm2. Repeat for a total of five non-adjacent bonds randomly selected across the total sample. Measurements
are made on each sample. A total of six samples are measured. Calculate the average and standard deviation of all 30
bond area measurements and report to the nearest 0.001 mm2.

Claims

1. A nonwoven web (21) comprising heat bondable fibres and comprising a plurality of calendering bonds (100) having
a bond shape;

a. said heat bondable fibres comprise propylene copolymer and softness enhanced additive and polypropylene,
b. wherein the plurality of calendering bonds (100) having a bond shape forms a regular pattern and wherein
said bond shapes have a greatest measurable length (L) and a greatest measurable width (W), characterized
in that an aspect ratio of the greatest measurable length (L) to the greatest measurable width (W) is at least 2.5,
c. wherein the bond shape perimeter of calendering bonds (100) comprises a convex portion and
d. wherein the bond shape is asymmetric or is oriented such that a straight line (104) intersecting the bond
shape perimeter along the greatest measurable length (L) exists and forms an angle (αT) of between 1 degree
and 40 degrees with the MD of the nonwoven web (21).

2. A nonwoven web (21) according to claim 1, wherein said heat bondable fibres comprise

a. between 10% a and 20% of propylene copolymer, preferably between 14 and 18% of propylene copolymer;
and /or
b. between 0,01% to 10% of softener enhanced additive, preferably between 0,03% to 5%, more preferably
between 0,05% to 1% and even more preferably 0,1% to 0,5% by weight of the produced fibres; and /or
c. at least 60%, preferably at least 70% , even more preferably at least 80% of prolypropylene homopolymer.

3. A nonwoven web (21) according to claim 1 or 2, wherein said bond shapes are arranged in a pattern so that there
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are lines (109) which do not intersect any individual bond shape, but intersect the axis in the CD direction (107)
perpendicular to MD, said lines (109) forming with the cross-machine direction CD (107), extending perpendicularly
to the machine direction, an angle (βA) which is greater than 45°, preferably between 50° and 90°, even more
preferably between 60° and 90°.

4. A nonwoven web (21) according to any of claim 1, wherein the number of individual bond shapes per cm2 is lower
than 11.

5. A nonwoven web (21) according to any claims 1 to 4, wherein the ratio of the bond shapes on said surface relative
to the total area of the surface is between 4 % and 18%, more preferably between 6 % and 16% and even more
preferably between 8 % and 14%.

6. A nonwoven web (21) according to any of claim 3-4, wherein said calendering bonds (100) having a bond shape
are arranged in a pattern of columns (112) and rows (110), said pattern exhibiting at least one of following conditions:

a. each column (112) of like bond shapes is perpendicularly to the line offset with respect to both directly
neighboring columns (112) by a distance of between 30% and 70% of the greatest measurable length (L) of
the like bond shape;
b. the points of the bond shapes tops (200) which form the machine directional end of bond shapes in directly
neighboring columns (112) form isosceles triangle symmetric to the MD axis.

7. A nonwoven web (21) according to any of claims 1 to 6, wherein said propylene copolymer satisfies at least one of
following conditions:

a. melting point of 100 °C or less, 90 °C or less, 80 °C or less, or 70 °C or less as measured according to
described DSC method;
b. a melt flow rate (MFR) of 0.5 to 5000 dg/min, 1 to 2500 dg/min, 1.5 to 1500 dg/min, 2 to 1000 dg/min, 5 to
500 dg/min, 10 to 250 dg/min, 10 to 100 dg/min, 2 to 40 dg/min, or 2 to 30 dg/min as measured per ASTM
D1238, 2.16 kg at 230° C;
c. an Elongation at Break of less than 2000%, less than 1000%, or less than 800%, as measured per ASTM D412;

8. A nonwoven web (21) according to any of claims 1 to 7, wherein the softness enhancer additive comprises chemical
compounds having a nitrogen bond to organic chain, preferably being organic amine or amide.

9. A nonwoven web (21) according to claim 8, wherein said softness enhancer additive comprises one or more com-
pounds selected from the group consisting of bis(2-hydroxyethyl) isodecyloxypropylamine, poly(5)oxyethylene iso-
decyloxypropylamine, bis(2-hydroxyethyl) isotridecyloxypropylamine, poly(5)oxyethylene isotridecyloxypro-
pylamine, bis(2-hydroxyethyl) linear alkyloxypropylamine, bis(2-hydroxyethyl) soya amine, poly(15)oxyethylene
soya amine, bis(2-hydroxyethyl) octadecylamine, poly(5)oxyethylene octadecylamine, poly(8)oxyethylene octade-
cylamine, poly(10)oxyethylene octadecylamine, poly(15)oxyethylene octadecylamine, bis(2-hydroxyethyl) octade-
cyloxypropylamine, bis(2-hydroxyethyl) tallow amine, poly(5)oxyethylene tallow amine, poly(15)oxyethylene tallow
amine, poly(3)oxyethylene-1,3-diaminopropane, bis(2-hydroxyethyl) cocoamine, bis(2-hydroxyethyl)isodecyloxy-
propylamine, poly(5)oxyethylene isodecyloxypropylamine, bis(2-hydroxyethyl) isotridecyloxypropylamine, po-
ly(5)oxyethylene isotridecyloxypropylamine, bis(2-hydroxyethyl) linear alkyloxypropylamine, bis(2-hydroxyethyl)
soya amine, poly(15)oxyethylene soya amine, bis(2-hydroxyethyl) octadecylamine, poly(5)oxyethylene octade-
cylamine, poly(8)oxyethylene octadecylamine, poly(10)oxyethylene octadecylamine, poly(15)oxyethylene octade-
cylamine, bis(2-hydroxyethyl) octadecyloxypropylamine, bis(2-hydroxyethyl) tallow amine, poly(5)oxyethylene tallow
amine, poly(15)oxyethylene tallow amine, poly(3) oxyethylene-1,3-diaminopropane, bis(2-hydroxethyl) cocoamine,
valeramide, caproicamide, erucamide, caprylicamide, pelargonicamide, capricamide, lauricamide, lauramide, myr-
isticamide, myristamide, palmiticamide, palmitoleamide, palmitamide, margaric (daturic) amide, stearicamide, ara-
chidicamide, behenicamide, behenamide, lignocericamide, linoleamide, ceroticamide, carbocericamide, montani-
camide, melissicamide, lacceroicamide, ceromelissic (psyllic) amide, geddicamide, 9-octadecenamide, oleamide,
stearamide, tallow bis(2-hydroxyethyl)amine. cocobis(2-hydroxyethyl)amine, octadecylbis(2-hydroxyethyl)amine,
oleylbis(2-hydroxyethyl)amine, ceroplastic amide, and combinations thereof.

10. A nonwoven web (21) according to to any of claims 1 to 9, wherein said nonwoven material exhibiting a softness
factor of less than 180 kN/m, preferably less than 170 kN/m, more preferably less than 160 kN/m and even more
preferably less than 150 kN/m.
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11. A nonwoven web (21) according to any of claims 1 to 10, wherein said nonwoven material has fuzz lower than 0,3,
preferably lower than 0,25, even more preferably lower than 0,2.

12. A method for producing a nonwoven web (21) comprising the steps of

a. providing a mixture comprising propylene homopolymer, propylene copolymer and softness enhancer additive;
b. melting said mixture;
c. feeding the mixture in an extrusion system to a spun melt system and forming heat bondable essentially
endless fibres;
d. forming a batt (21a) of said fibres on a moving belt;
e. providing a first (50) and a second (51) roller having a first and a second surface, respectively, at least one
of said rollers being heated, and said first (50) and second (51) roller forming a nip (52),

whereby at least the first of the surfaces comprises spaced apart bonding protrusions (100) surrounded by
recessed areas (101);
and whereby the bonding protrusions (100) have a greatest measurable length (L) and a greatest measurable
width (W), wherein an aspect ratio of the greatest measurable length (L) to the greatest measurable width
(L) is at least 2.5.
and wherein further

i. the perimeter of the shape of said bonding protrusions (100) comprises a convex portion (103) and
ii. the shape of said bonding protrusions (100) is asymmetric or said bonding protrusions (100) are
oriented such that a straight line (104) intersecting said perimeter of the shape of said bonding protru-
sions (100) along the greatest measurable length (L) exists and forms an angle αT of between 1 degree
and 40 degrees with the MD of the nonwoven (21),

f. feeding said batt (21a) into said nip (52), thereby compressing said batt (21a) in said nip (52) between said
first (50) and said second (51) roller, such that the positioning of said fibres of said batt (21a) is affected by said
bonding protrusions (100) directly or indirectly by affecting the airflow in said nip (52);
g. bonding said batt (21a) in said nip (52) by contacting said batt (21a) with said bonding protrusions (100) of
the first surface and the second surface thereby forming consolidating bonds;
h. removing the web (21) from the nip (52).

13. A method for producing a nonwoven web (21) according to the claim 12, wherein the mixture comprising propylene
homopolymer, propylene copolymer and softness enhancer additive comprise

a. between 10% a and 20% of propylene copolymer, preferably between 14 and 18% of propylene copolymer;
and / or
b. between 0,01% to 10% of softener enhanced additive, preferably between 0,03% to 5%, more preferably
between 0,05% to 1% and even more preferably 0,1% to 0,5% by weight of the produced fibres; and / or
c. at least 60%, preferable at least 70% , even more preferably at least 80% of prolypropylene homopolymer.

14. A method according to any of claims 12 to 13, wherein the softness enhancer additive comprises chemical compounds
having a nitrogen bond to organic chain, preferably being organic amine or amide.

15. A method according to claim 12, wherein the propylene copolymer exhibiting at least one of following conditions

a. heat of fusion of 75 J/g or less, preferably 70 J/g or less, 50 J/g or less, or 35 J/g or less as measured according
to described DSC method;
b. a lower limit Hf of 0.5 J/g, 1 J/g, or 5 J/g as measured according to described DSC method;
c. melting point of 100 °C or less, 90 °C or less, 80 °C or less, or 70 °C or less as measured according to
described DSC method;
d. crystallinity of 2% to 65% of isotactic polypropylene;
e. a melt flow rate (MFR) of 0.5 to 5000 dg/min, 1 to 2500 dg/min, 1.5 to 1500 dg/min, 2 to 1000 dg/min, 5 to
500 dg/min, 10 to 250 dg/min, 10 to 100 dg/min, 2 to 40 dg/min, or 2 to 30 dg/min as measured per ASTM
D1238, 2.16 kg at 230° C;
f. a density of 0.850 to 0.920 g/cm3, 0.860 to 0.900 g/cm3, preferably 0.860 to 0.890 g/cm3, at room temperature
as measured per ASTM D-1505;



EP 2 898 129 B1

27

5

10

15

20

25

30

35

40

45

50

55

g. an Elongation at Break of less than 2000%, less than 1000%, or less than 800%, as measured per ASTM D412;
h. a molecular weight distribution ("MWD") of 1.5 to 20, or 1.5 to 15, preferably 1.5 to 5, and more preferably
1.8 to 5, and most preferably 1.8 to 3 or 4.

Patentansprüche

1. Ungewebte Textilie (21), die thermisch bindbare Fasern und einen Satz von formaufweisenden Bindungsstellen
(100);
wobei die besagten thermisch bindbaren Fasern umfassen

a. ein Propylen-Kopolymer, einen Weichmacherzusatz und Polypropylen,
b. wobei der Satz von formaufweisenden Bindungsstellen (100), ein regelmäßiges Muster bildet und wobei die
einzelnen Formen der Bindungsstellen (100) die größte messbare Länge (L) sowie die größte messbare Weite
(W) aufweisen, dadurch gekennzeichnet, dass das Verhältnis zwischen der größten messbaren Länge (L)
und der größten messbaren Weite (W) mindestens 2,5 beträgt;
c. der Umfang der Form der Bindungsstellen (100) einen konvexen Abschnitt umfasst, und
d. die Form einer Bindungsstelle (100) asymmetrisch oder derart orientiert ist, dass eine gerade Linie (104)
besteht, die den Umfang der Form der Bindungsstelle (100) entlang der größten messbaren Länge (L) über-
schneidet, wobei diese gerade Linie (104) mit der Richtung (109) der Bewegung der Maschine, in der die
besagte ungewebte Textilie (21) hergestellt wird, einen im Bereich von 1° bis 40° liegenden Winkel (αT) ein-
schließt.

2. Ungewebte Textilie (21) nach Anspruch 1, wobei die besagten thermisch bindbaren Fasern umfassen

a. ein Propylen-Kopolymer, dessen Mengenanteil 10 % bis 20 %, vorzugsweise 14 % bis 18 % beträgt; und/oder
b. einen Weichmacherzusatz, dessen Anteil im Bereich von 0,01 % bis 10 %, besser im Bereich von 0,03 %
bis 5 %, noch besser im Bereich von 0,05 % bis 1 % und am besten im Bereich von 0,1 bis 0,5 % des Gewichtes
der hergestellten Fasern liegt; und/oder
c. ein Propylen-Homopolymer, dessen Mengenanteil mindestens 60 %, besser mindestens 70 % und noch
besser 80 % beträgt.

3. Ungewebte Textilie (21) nach Anspruch 1 oder 2, wobei die besagten Formen der Bindungsstellen (100) derart in
einem Muster angeordnet sind, dass gerade Linien (109) bestehen, welche die einzelnen Formen der Bindungs-
stellen (100) nicht überschneiden, jedoch eine sich in der Querrichtung CD (107) erstreckende und senkrecht zu
der Richtung MD (109) der Bewegung der Maschine verlaufende Achse derart überschneiden, dass die besagten
geraden Linien mit der zu der Richtung MD (109) der Bewegung der Maschine senkrechten Querrichtung CD (107)
einen Winkel (βA) einschließen, der grösser ist als 45°, besser im Bereich von 50° bis 90° liegt und noch besser im
Bereich von 60° bis 90° liegt.

4. Ungewebte Textilie (21) nach Anspruch 1, wobei die Anzahl der einzelnen Formen der Bindungsstellen (100) per
1 cm2 niedriger ist als 11.

5. Ungewebte Textilie (21) nach einem der Ansprüche 1 bis 4, wobei das auf die Gesamtoberfläche bezogene Verhältnis
des Oberflächeninhalts der Formen der Bindungsstellen (100) im Bereich von 4 % bis 18 %, besser im Bereich von
6 % bis 16 % und am besten im Bereich von 8 % bis 14 % liegt.

6. Ungewebte Textilie (21) nach einem der Ansprüche 3 und 4, wobei die besagten formaufweisenden Bindungsstellen
(100) in einem von Spalten (112) und Reihen (110) gebildeten Muster angeordnet sind, wobei das Muster mindestens
eine der nachfolgenden Bedingungen erfüllt:

a. jede Spalte (112), die gleichflächige Bindungsstellen umfasst, ist in der senkrecht zu der Linie verlaufenden
Richtung gegenüber den beiden benachbarten Spalten in einem Abstand versetzt, der in dem 30 % bis 70 %
der größten messbaren Länge der gleichförmigen Bindungsstellen betragenden Bereich liegt;
b. die Scheitelpunkte (200) der Formen der Bindungsstellen, die die Enden der Formen der Bindungsstellen in
der Richtung MD innerhalb der unmittelbar benachbarten Spalten (112) bilden, sind gleich den Scheitelpunkten
eines gleichschenkligen Dreiecks gesetzt, das symmetrisch zu der Achse MD ist.
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7. Ungewebte Textilie (21) nach einem der Ansprüche 1 bis 6, wobei
das besagte Propylen-Kopolymer mindestens eine der nachfolgenden Bedingungen erfüllt

a. der Schmelzpunkt, gemessen mit der dynamischen Differenzkalorimetrie (DSC), 100°C oder weniger, 90°C
oder weniger, 80°C oder weniger, bzw. 70°C oder weniger beträgt; die Kristallinität des isotaktischen Polypro-
pylens 2 % bis 65 % beträgt;
b. die Schmelze-Massefließrate (MFR) - ermittelt nach dem in der Norm ASTM D1238 angegebenen Messver-
fahren, bei dem Gewicht von 2,16 kg und bei der Temperatur von 230°C - 0,5 bis 5000 dg/min, 1 bis 2500
dg/min, 1,5 bis 1500 dg/min, 2 bis 1000 dg/min, 5 bis 500 dg/min, 10 bis 250 dg/min, 10 bis 100 dg/min, 2 bis
40 dg/min oder 2 bis 30 dg/min beträgt;

die Zähigkeit bis zum Reißpunkt, ermittelt nach dem in der Norm ASTM D412 angegebenen Messverfahren, weniger
als 2000 %, weniger als 1000 % oder weniger als 800 % beträgt.

8. Ungewebte Textilie (21) nach einem der Ansprüche 1 bis 7, wobei der Weichmacherzusatz chemische Verbindungen
umfasst, die den auf eine organische, vorzugsweise in der Form eines organischen Amins oder Amids vorliegende
Kette gebundenen Stickstoff enthält.

9. Ungewebte Textilie (21) nach Anspruch 8, wobei der besagte Weichmacherzusatz eine oder mehrere Verbindungen
umfasst, die Bis(2-Hydroxyethyl)-Isodecyloxypropylamin, Poly(5)Oxyethylen-Isodecyloxypropylamin, Bis(2-Hydro-
xyethyl)-Isotridecyloxypropylamin, Poly(5)Oxyethylen-Isotridecyloxypropylamin, Bis(2-Hydroxyethyl)- lineares Alky-
loxypropylamin, Bis(2-Hydroxyethyl)-Soja-Amin, Poly(15)Oxyethylen-Soja-Amin, Bis(2-Hydroxyethyl)-Oktadecyla-
min, Poly(5)Oxyethylen-Oktadecylamin, Poly(8)Oxyethylen-Oktadecylamin, Poly(1 0)Oxyethylen-Oktadecylamin,
Poly(15)Oxyethylen-Oktadecylamin, Bis(2-Hydroxyethyl)-Oktadecyloxypropylamin, Bis(2-Hydroxyethyl)-Talg-
Amin, Poly(5)Oxyethylen-Talg-Amin, Poly(15)Oxyethylen-Talg-Amin, Poly(3)Oxyethylen-1,3-Diaminopropan,
Bis(2-Hydroxyethyl)-Kokoamin, Bis(2-Hydroxyethyl)-Isodecyloxypropylamin, Poly(5)Oxyethylen-Isodecyloxypropy-
lamin, Bis(2-Hydroxyethyl)-Isotridecyloxypropylamin, Poly(5)Oxyethylen-Isotridecyloxypropylamin, Bis(2-Hydroxy-
ethyl)- lineares Alkyloxypropylamin, Bis(2-Hydroxyethyl)-Soja-Amin, Poly(15)Oxyethylen-Soja-Amin, Bis(2-Hydro-
xyethyl)-Oktadecylamin, Poly(5)Oxyethylen-Oktadecylamin, Poly(8)Oxyethylen-Oktadecylamin, Poly(10)Oxyethy-
len-Oktadecylamin, Poly(15)Oxyethylen-Oktadecylamin, Bis(2-Hydroxyethyl)-Oktadecyloxypropylamin, Bis(2-Hy-
droxyethyl)-Talg-Amin, Poly(5)Oxyethylen-Talg-Amin, Poly(15)Oxyethylen-Talg-Amin, Poly(3) Oxyethylen-1,3-Di-
aminopropan, Bis(2-Hydroxethyl)-Kokoamin, Valeramid, Kapronamid, Erukamid, Kaprylamid, Pelargonamid, Kap-
rikamid, Lauroamid, Lauramid, Myristoamid, Myristamid, Palmiticamid, Palmitoleamid, Palmitamid, (daturisches)
Margaro-Amid, Stearicamid, Arachidicamid, Behenicamid, Behenamid, Lignocericamid, Linoleamid, Ceroticamid,
Carbocericamid, Montanicamid, Melissicamid, Lacceroicamid, ein ceromelissisches (psyllische) Amid, Geddicamid,
9-Octadecenamid, Oleamid, Stearamid, Talg-Bis(2-Hydroxyethyl)-Amin, Kokobis(2-Hydroxyethyl)-Amin, Octade-
cylbis(2-Hydroxyethyl)-Amin, Oleyl-Bis(2-Hydroxyethyl)-Amin, ein ceroplastisches Amid sowie deren Kombinatio-
nen enthalten.

10. Ungewebte Textilie (21) nach einem der Ansprüche 1 bis 9, wobei der besagte ungewebte Werkstoff einen Weich-
heitsfaktor aufweist, dessen Wert niedriger als 180 kN/m, vorzugsweise niedriger als 170 kN, noch besser niedriger
als 160 kN/m und am besten niedriger als 150 kN/m ist.

11. Ungewebte Textilie (21) nach einem der Ansprüche 1 bis 10, wobei der besagte ungewebte Werkstoff einen Fuzz-
Wert aufweist, der niedriger als 0,3 g, besser niedriger als 0,25 und noch besser niedriger als 0,2 g ist.

12. Verfahren zur Herstellung der ungewebten Textilie (21), welches Verfahren die folgenden Schritte umfasst:

a. Bereitstellung eines Gemisches, das ein Propylen-Homopolymer, ein Propylen-Kopolymer und einen Weich-
macherzusatz enthält;
b. Verschmelzung des besagten Gemisches;
c. Einführen des besagten, in einem Extrudiersystem enthaltenen Gemisches in ein Spunmelt-System, um
thermisch bindbare, im Wesentlichen endlose Fasern zu erhalten;
d. Bereitstellen einer Schicht (21a) der besagten Fasern auf einem beweglichen Band;
e. Bereitstellen einer ersten (50) sowie einer zweiten (51) Walze mit einer ersten, bzw. zweiten Fläche, wobei
mindesten eine der Walzen beheizt wird und wobei die erste (50) und (51) Walze gemeinsam einen Preßspalt
(52) bilden,
wobei zumindest die erste Fläche in gegenseitig beabstandete Bindungsvorsprünge (100) umfasst, die von
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eingesenkten Flächen (101) umgeben sind;
und wobei die Bindungsvorsprünge (100) die größte messbare Länge (L) sowie die größte messbare Weite
(W) aufweisen, die derart ausgelegt sind, dass das Verhältnis zwischen der größten messbaren Länge (L) und
der größten messbaren Weite (W) mindestens 2,5 beträgt;
und wobei ferner

i. der Umfang der Form der oben angeführten Bindungsvorsprüngen (100) einen konvexen Abschnitt (103)
umfasst und
ii. die Form der oben angeführten Bindungsvorsprüngen (100) zwecks der Bildung eines aus den Bindungs-
stellen bestehenden Musters asymmetrisch oder derart orientiert ist, dass eine gerade Linie (104) besteht,
die den Umfang der Form der Bindungsstelle (100) entlang der größten messbaren Länge (L) überschneidet,
wobei diese gerade Linie (104) mit der Richtung (109) der Bewegung der Maschine, in der die besagte
ungewebte Textilie (21) hergestellt wird, einen im Bereich von 1° bis 40° liegenden Winkel (αT) einschließt;

f. Einführen der besagten faserigen Schicht (21a) in den besagten Preßspalt (52) und anschließendes Zusam-
menpressen der besagten faserigen Schicht (21a) in dem besagten Preßspalt (52) zwischen der besagten
ersten (50) und zweiten (51) Walze, das derart erfolgt, dass von den dadurch erhaltenen Stellungen der besagten
Fasern der besagten Schicht (21a) die besagten Bindungsvorsprüngen (100) beeinflusst werden, indem die
Luftströmung in dem besagten Preßspalt in direkter oder indirekten Art und Weise eingestellt wird.
g. Binden der besagten faserigen Schicht (21a) in dem besagten Preßspalt (52) durch den Kontakt mit den
besagten Bindungsvorsprüngen (100) der ersten Fläche sowie der zweiten Fläche, wodurch konsolidierte Bin-
dungsstellen gebildet werden.
h. Entnehmen der Textilie (21) aus dem Preßspalt (52).

13. Verfahren zur Herstellung der ungewebten Textilie (21) nach Anspruch 12, wobei das besagte, ein Propylen-Ho-
mopolymer, ein Propylen-Kopolymer und einen Weichmacherzusatz enthaltende Gemisch einzeln enthält

a. ein Propylen-Kopolymer, dessen Mengenanteil 10 % bis 20 %, vorzugsweise 14 % bis 18 % beträgt; und/oder
b. einen Weichmacherzusatz, dessen Anteil im Bereich von 0,01 % bis 10 %, besser im Bereich von 0,03 %
bis 5 %, noch besser im Bereich von 0,05 % bis 1 % und am besten im Bereich von 0,1 bis 0,5 % des Gewichtes
der hergestellten Fasern liegt; und/oder
c. ein Propylen-Homopolymer, dessen Mengenanteil mindestens 60 %, besser mindestens 70 % und noch
besser 80 % beträgt.

14. Verfahren nach einem der Ansprüche 12 oder 13, wobei der Weichmacherzusatz chemische Verbindungen umfasst,
die den auf eine organische, vorzugsweise in der Form eines organischen Amins oder Amids vorliegende Kette
gebundenen Stickstoff enthält.

15. Verfahren nach Anspruch 12, wobei das besagte Propylen-Kopolymer mindestens eine der nachfolgenden Bedin-
gungen erfüllt

a. die Kristallisationswärme 75 J/g oder weniger, bzw. 70 J/g oder weniger, vorzugsweise50 J/g oder weniger,
oder 35 J/g oder weniger, wenn nach dem beschriebenen DSC Verfahren gemessen,
b. die untere Grenze Hf in der Höhe von 0,5 J/g, 1 J/g oder 5 J/g ist, wenn nach dem beschriebenen DSC
Verfahren gemessen,
c. der Schmelzpunkt 100°C oder weniger, 90°C oder weniger, 80°C oder weniger, bzw. 70°C oder weniger
beträgt, wenn nach dem beschriebenen DSC Verfahren gemessen;
d. die Kristallinität des isotaktischen Polypropylens 2 % bis 65 % beträgt;
e. die Schmelze-Massefließrate (MFR) - ermittelt nach dem in der Norm ASTM D1238 angegebenen Messver-
fahren, bei dem Gewicht von 2,16 kg und bei der Temperatur von 230°C - 0,5 bis 5000 dg/min, 1 bis 2500
dg/min, 1,5 bis 1500 dg/min, 2 bis 1000 dg/min, 5 bis 500 dg/min, 10 bis 250 dg/min, 10 bis 100 dg/min, 2 bis
40 dg/min oder 2 bis 30 dg/min beträgt;
f. die Dichtigkeit 0,850 bis 0,920 g/cm3, vorzugsweise 0,860 bis 0,890 g/cm3, bei Raumtemperatur beträgt,
wenn nach ASTM D-1505 gemessen;
g. die Zähigkeit bis zum Reißpunkt, ermittelt nach dem in der Norm ASTM D412 angegebenen Messverfahren,
weniger als 2000 %, weniger als 1000 % oder weniger als 800 % beträgt,
h. die Molmassenverteilung ("MWD") 1,5 bis 20, oder 1,5 bis 15, vorzugsweise 1,5 bis 5, und noch besser 1,8
bis 5 und am besten 1,8 bis 3 oder 4 beträgt.
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Revendications

1. Bande (21) non-tissée comprenant des fibres liables à chaud et comprenant un ensemble de points (100) de liaison
qui ont la forme de liaison;

a. lesdites fibres liables à chaud comprenent un copolymère de propylène et un adjuvant pour améliorer la
douceur et polypropylène
b. où l’ensemble des points (100) de liaison ayant la forme de liaison présentent un motif régulier, et où lesdits
points (100) de liaison ont la plus grande longueur (L) mesurable et la plus grande largeur (W) mesurable,
caractérisées en ce que le ratio entre ladite la plus grande longueur (L) mesurable et ladite la plus grande
largeur (W) mesurable est au moins 2,5,
c. la circonférence de la forme de liaison des points (100) de liaison comprenant une partie convexe et
d. la forme de liaison est asymétrique ou est orientée de telle sorte qu’il existe une ligne (104) droite coupant
la circonférence de la forme de liaison le long de la plus grande longueur (L) mesurable, cette ligne (104) formant
un angle (αT) compris entre 1° et 40° par rapport au sens de mouvement de la machine fabriquant le bande
(21) non-tissé.

2. La bande (21) non-tissée selon la revendication 1, dans laquelle lesdites fibres liables à chaud comprennent

a. entre 10 % et 20 % de copolymère de propylène, préférablement entre 14 et 18% de copolymère de propylène;
et / ou
b. entre 0,01 % et 10 % de l’adjuvant pour améliorer la douceur, préférablement entre 0,03 % et 5 %, plus
préférablement entre 0,05 % et 1 % et encore plus préférablement entre 0,1 % et 0,5 % poids des fibres
produites; et / ou
c. au moins 60 %, préférablement au moins 70 % et plus préférablement au moins 80 % de l’homopolymère
de polypropylène.

3. La bande (21) non-tissée selon la revendication 1 ou 2, dans laquelle lesdites formes de liaison sont disposées
dans un motif de sorte qu’il existe des lignes (109) qui ne coupent aucune forme individuelle de liaison, mais qui
coupent l’axe dans la direction (107) transversale perpendiculaire au sens du mouvement de la machine MD (109),
les lignes formant avec la direction (107) transversale CD perpendiculaire au sens du mouvement de la machine
un angle (βA) qui est supérieur à 45 °, de préférence entre 50 ° et 90 ° et plus préférablement entre 60 ° et 90 °.

4. La bande (21) non-tissée selon la revendication 1, dans laquelle le nombre des formes (100) individuelles de liaison
par cm2 est inférieur à 11.

5. La bande (21) non-tissée selon l’une quelconque des revendications 1 à 4, où le ratio entre les formes de liaison
sur la surface respective et la surface totale est entre 4 % et 18 %, plus préférablement entre 6 % et 16 % et encore
plus préférablement entre 8 % et 14 %.

6. La bande (21) non-tissée selon l’une quelconque des revendications 3 à 4, dans laquelle lesdits points (100) de
liaison ayant une forme de liaison sont disposés en un motif formé de colonnes (112) et de rangées (110), le motif
présentant au moins une des conditions suivantes:

a. chaque colonne (112) des formes semblables de liaison est avancée par rapport aux deux colonnes (112)
directement adjacentes, perpendiculairement à la ligne, d’une distance comprise entre 30 % et 70 % de la plus
grande longueur (L) mesurable de la forme semblable de liaison;
b. les points des sommets (200) des formes de liaison qui forment l’extrémité des forems de liaison dans le
sens MD dans les colonnes (112) immédiatement adjacentes forment un triangle isocèle symétrique par rapport
à l’axe MD.

7. La bande non-tissée (21) selon l’une quelconque des revendications 1 à 6, dans laquelle ledit copolymère de
propylène remplit au moins une des conditions suivantes:

a. le point de fusion de 100 ° C ou moins, de 90 ° C ou moins, de 80 ° C ou moins ou de 70 ° C ou moins,
mesuré par la méthode de calorimétrie à compensation différentielle (DSC);
b. l’indice de fluidité à chaud (MFR) de 0,5 à 5000 dg/min, 1 à 2500 dg/min, 1,5 à 1500 dg/min, 2 à 1000 dg/min,
5 à 500 dg/min, 10 à 250 dg/min, 10 à 100 dg/min, 2 à 40 dg/min ou 2 à 30 dg/min, mesuré par la norme ASTM
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D1238, 2,16 kg à 230 ° C;
c. un allongement au point de rupture inférieur à 2000 %, inférieur à 1000 % ou inférieur à 800 %, mesuré selon
la norme ASTM D412.

8. La bande (21) non-tissée selon l’une quelconque des revendications 1 à 7, dans laquelle l’adjuvant pour améliorer
la douceur contient des composés chimiques avec de l’azote lié à la chaîne organique, de préférence sous la forme
d’une amine ou d’un amide organique.

9. La bande (21) non-tissée selon la revendication 8, dans laquelle ledit adjuvant pour améliorer la douceur comprend
un ou plusieurs composés choisis dans le groupe consistant de la bis (2-hydroxyéthyle) isodécyloxypropylamine,
poly (5) oxyéthylène isodécyloxypropylamine, bis (2-hydroxyéthyl) isotridécyloxypropylamine, poly (5) oxyéthylène
isotridécyloxypropylamine, bis (2-hydroxyéthyl) linéaire alkyloxypropylamine, bis (2-hydroxyéthyl) amine de soya,
poly (15) oxyéthylène amine de soya, bis (2-hydroxyéthyl) octadécylamine, poly (5) oxyéthylène octadécylamine,
poly (8) oxyéthylène octadécylamine, poly (10) oxyéthylène octadécylamine, poly (15) oxyéthylène octadécylamine,
bis (2-hydroxyéthyl) octadécyloxypropylamine, bis (2-hydroxyéthyl) amine de suif, poly (5) oxyéthylène amine de
suif, poly (15) oxyéthylène amine de suif, poly (3) oxyéthylène-1,3-diamino propane, bis (2-hydroxyéthyl) amine de
coco, bis (2-hydroxyéthyl) isodécyloxypropylamine, poly (5) oxyéthylène isotridécyloxypropylamine, bis (2-hydroxyé-
thyle) isotridécyloxypropylamine, bis (2-hydroxyéthyl) amine de soya, poly (15) oxyéthylène amine de soya, bis (2-
hydroxyéthyl) octadécylamine, poly (5) oxyéthylène octadécylamine, poly (8) oxyéthylène octadécylamine, poly (10)
oxyéthylène octadécylamine, poly (15) oxyéthylène octadécylamine, bis (2-hydroxyéthyl) octadécyloxypropylamine,
bis (2-hydroxyéthyl) amine de suif, poly (5) oxyéthylène amine de suif, poly (15) oxyéthylène amine de suif, poly (3)
oxyéthylène-1,3-diamino propane, bis (2-hydroxyéthyl) amine de coco, valéramide, amide caproïque, érucamide,
amide caprylique, amide pélargonique, amide caprique, amide laurique, lauramide, amide myristique, myristamide,
amide palmitique, palmitolamide, palmitamide, amide margarique (daturique), amide stéarique, amide arachidique,
amide béhénique, béhénamide, amide lignocérique, linoleamide, amide cérotique, amide carbocérique, amide mon-
tanique, amide mélissique, amide lacéroïque, amide psyllique, amide geddique, 9-octadécénamide, oléamide, stéa-
ramide, suif bis (2hydroxyéthyl) amine, coco bis (2-hydroxyéthyl) amine, octadécylbis (2-hydroxyéthyl) amine, oléyle
bis (2-hydroxyéthyl) amine, amide céroplastique, et leurs combinaisons.

10. La bande (21) non-tissée selon l’une quelconque des revendications 1 à 9, dans laquelle ledit matériau non-tissé
a un facteur de douceur inférieur à 180 kN/m, de préférence inférieur à 170 kN/m, encore plus préfèrablement
inférieur à 160 kN/m, et encore plus préfèrablement inférieur à 150 kN/m.

11. La bande (21) non-tissée selon l’une quelconque des revendications 1 à 10, dans laquelle ledit matériau non-tissé
a une valeur de Fuzz inférieure à 0,3, préfèrablement inférieure à 0,25 g, plus préfèrablement inférieure à 0,2.

12. Procédé de production de la bande (21) non-tissé comprenant les étapes consistant à:

a. préparer un mélange comprenant un homopolymère de propylène, un copolymère de propylène et un adjuvant
pour améliorer la douceur;
b. faire fondre ledit mélange;
c. introduire ledit mélange par un système d’extrusion dans un système de filage par fusion et former des fibres
essentiellement continus liables à chaud;
d. former une nappe (21a) desdites fibres sur une courroie mobile;
e. fournir un premier (50) et un second (51) rouleaux avec les première et seconde surfaces, au moins un
desdits rouleaux étant chauffé, et le premier (50) et le second (51) rouleaux formant ensemble une fente (52)
de pression,

où au moins la première surface comprend des saillies (100) espacées de liaison entourées par des surfaces
(101) enclavées;
et où les saillies (100) de liaison ont la plus grande longueur (L) mesurable et la plus grande largeur (W)
mesurable, où le ratio de la plus grande longueur (L) mesurable à la plus grande largeur (L) mesurable est
au moinst 2,5,
et où en plus,

i. la circonférence de la forme des saillies (100) de liaison comprend une partie (103) convexe;
ii. la forme des saillies (100) de liaison est asymétrique ou les saillies (100) de liaison sont orientées
de telle façon qu’il existe une ligne (104) droite coupant la circonférence de la forme desdites saillies
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(100) de liaison le long de la plus grande longueur (L) mesurable, cette ligne (104) formant un angle
(aT) compris entre 1° et 40° par rapport au sens de mouvement MD de la machine fabriquant le bande
(21) non-tissé,

f. guider ladite nappe (21a) dans ladite fente (52) de pression, par comprimer ladite nappe (21a) dans ladite
fente (52) de pression entre ledit premier (50) et ledit second (51) roulleaux, de telle façon que le positionnement
des fibres de ladite nappe (21a) est influencé directement ou indirectement par lesdites saillies (100) de liaison
par influençant le flux d’air dans ladite fente (52) de pression;
g. lier ladite nappe (21a) à ladite fente (52) de pression en mettant ladite nappe (21a) en contact avec lesdites
saillies (100) de liaison de la première surface et la seconde surface, en formant ainsi des points de liaison
consolidés;
h. retirer la bande (21) de la fente (52) de pression.

13. Le procédé de production de la bande (21) non-tissé selon la revendication 12, dans lequel ledit mélange comprenant
un homopolymère de propylène, un copolymère de propylène et un adjuvant pour améliorer la douceur comprend

a. de 10 % à 20% de copolymère de propylène, de préférence de 14 à 18 % de copolymère de propylène; et / ou
b. de 0,01 % à 10 % de l’adjuvant pour améliorer la douceur, préférablement 0,03 % à 5 %, plus préférablement
0,05 % à 1 % et encore plus préférablement de 0,1 % à 0,5 % poids des fibres produites; et / ou
c. au moins 60 %, préférablement au moins 70%, plus préférablement au moins 80 % de l’homopolymère de
polypropylène.

14. Le procédé selon l’une quelconque des revendications 12 à 13, où l’adjuvant pour améliorer la douceur contient
des composés chimiques avec une liaison d’azote lié à la chaîne organique, de préférence sous la forme d’une
amine ou d’un amide organique.

15. Le procédé selon la revendication 12, où le copolymère de propylène présente au moins une des conditions suivantes:

a. la chaleur de fusion de 75 J/g ou moins, de préférence 70 J/g ou moins, 50 J/g ou moins, ou 35 J/g ou moins,
mesurée selon la méthode DSC décrite;
b. la limite inférieure de Hf de 0,5 J/g, 1 J/g, ou 5 J/g, mesurée selon la méthode DSC décrite;
c. le point de fusion de 100 ° C ou moins, de 90 ° C ou moins, de 80 ° C ou moins ou de 70 ° C ou moins,
mesuré par la méthode DSC décrite;
d. la cristallinité de 2 % à 65 % du polypropylène isotactique;
e. l’indice de fluidité à chaud (MFR) de 0,5 à 5000 dg/min, 1 à 2500 dg/min, 1,5 à 1500 dg/min, 2 à 1000 dg/min,
5 à 500 dg/min, 10 à 250 dg/min, 10 à 100 dg/min, 2 à 40 dg/min ou 2 à 30 dg/min, mesuré selon la norme
ASTM D1238, 2,16 kg à 230 ° C;
f. la densité de 0,850 à 0,920 g/cm3, 0,860 à 0,900 g/cm3, de préférence 0,860 à 0,890 g/cm3, à la température
des locaux, mesurée selon la norme ASTM D-1505;
g. un allongement au point de rupture inférieur à 2000 %, inférieur à 1000 % ou inférieur à 800 %, mesuré selon
la norme ASTM D412;
h. la distribution de masse moléculaire (« MWD ») de 1,5 à 20, ou 1,5 à 15, de préférence 1,5 à 5, et plus
préférablement 1,8 à 5, et le plus préférablement 1,8 à 3 ou 4.
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