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SOFT AND DURABLE NONWOVEN COMPOSITE
Related Applications

The present application claims priority to U.8. Provisional Appiications Serial No. 61/908,535,
filed on November 20, 2013, which is incorporated herein in i3 entirety by reference thereto,

5 Backaround of the lnvention

Nonwoven webs or fabrics are desirabie for use in & variety of products such as disposable
diapers and other parsonal hyaglene products. For example, In & disposable diaper, it is highly
desirable o have nonwoven components that are both soft and strong. Backsheets, for instance, arg
often formed from g polypropyiens nonwoven web laminated 1o a breathable film made from linear low

10 density polvethylens, One of the prablems with conventional backsheets, however, is that they
generally lack a soft, cloth-like feel. The polypropylene nonwoven web, for instance, can be relative
rigid in nature and have arough fesl on ifs surface. For these reasons, various attempts have been
made to improve the sofiness of the nonwaven web through mechanical post freatments. For
example, one technigue that has been attempled involves reducing the degree of thermal bonding

16 {a.g., decraasing the size or distance between bond sites} in the nonwoven web. Unforlunately,
however, this can lead to an increased degree of abrasion {e.g., fuzzing or lint). Because abrasion
rasistance correlates to fuzzing, known methods of nonwoven web production generally resultin a
tradeoff between the fuzzing and softness properties of the nonwoven web.

As such, a need currently exists for a nonwoven web matenial that can exhibit g soft and cloth-

20 fike fesl without a substantial reduction in durability (2.g., abrasion resistance] or strength.

Summary of the Invention

in accordance with one embodiment of the present invention, a nonwoven composiie is
disciosed that comprises a first nonwoven web containing a plurality of fibers formed from a first
polyolefin composition and a second nonwoven web positioned adjacent to the first nonwoven web

25 and containing a plurality of fibers formed from a second polyolefin compasition. The first polyolefin

conwposition containg at least one ethylene palymer, and the second polyolefin composition contains
ai least one rigid propylens polymer, at least one ductile propylene polymer, and at least one falty acid
derivative.

Other features and aspects of the present invention are described in more detall below.

30 Biisf Descrintion of the Drawing

Afull and enabling disclosure of the present invention, including the best mode theredf,
directed to one of ordinary skill in the art, Is set forth more particularly in the remainder of the

specification, which makes reference to the appended tigure in which:
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Fig. 1 is a perspective view of an abscrbent article that may be formed in accordance with one
aembodiment of the present invention.
Repeat use of reference characters in the present specification and drawing is intended to
represent same or analogous features or elements of the invention.
Detailed Description of Representative Embodiments
Definitt

As used herein, the term “fibers” generally refer to elongated extiudates that may be formed
by passing a polymer through @ forming orifice, such as a die. Unless noled otherwise, the term
“ibers” includes discontinuous fibers having a definite length (e.g., stable fibers) and substantially
continuous filaments. Substantially flaments may, for instance, have a length much graater than their
diameter, such as a length to diamster ratio ("aspect ratio”) greater than about 15,000 to 1, and in
some cases, greater than about 50,000 to 1.

As used herein the term “nonwoven web” generally refers to a web having a structure of fibers
that are interlald, but not i an identifiable manner as in a knitted fabric. Examples of suitable
nonwoven webs include, but are not limited to, meliblown webs, spunbond webs, bonded carded
wehs, airlaid webs, coform webs, hydraulically entangled webs, and so forih.

As used herein, the term “spunbond” web generally refers fo a nonwoven web containing
substaniially continuous fillaments formed by extruding & molten thermoplastic material from a plurality
of fine, usually circular, capiflaries of a spinneretle with the diameter of the extruded fibers then being
rapidly reduced as by, for example, eductive drawing andfor ofther well-known spunbonding
mechanisms. The production of spunbond webs is described and illustrated, for example, in U.S.
Patent Nos. 4,340,563 to Appsl, ef al, 3,692,618 to Dorschner, st al., 3,802,817 to Matsuld, sl at,,
3,338,962 to Kinney, 3,341,394 to Kinngy, 3,502,763 o Hariman. 3,502,538 to Levy, 3642615
Dobo, et al., and 5,382 400 fo Pike, st 8l

As used herein, the term ‘melthiown” web or facing generally refers to & nonwoven web
containing fibers formed by a process In which a moiten thermoplastic material is exiruded thiough a
plurality of fing, usually circular, die capiliaries as molten fibers into converging high velocity gas {e.g.,
airy streams that attenuate the fibers of molten thermoplastic material to reduce thelr diameter, which
may he to microfiber diameter. Thersafter, the melthlown fibers are carried by the high velocity gas
stream and are deposited on a collecting surface to form a web of randomly dispersed meliblown
fibers. Such a process s disclosed, for example, in LS. Patent No. 3,849 241 to Butin, et al.

Detailed Description

Reference now will be made in detall to various embodiments of the inveniion, one or more
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exampies of which are set forth below. Each example is provided by way of explanation, not limitation
of the invention. in fact, it will be apparent to those skilled in the art that various medifications and
variations may be made in the present invention without departing from the scape or spint of the
invention. Forinstance, features illustrated or described as part of one embodiment, may be used on
5 another embodiment to vield a still further smbodiment, Thus, itis intended that the present invention
cover such modifications and variations.
Generally speaking, the present invention is dirscted to a nonwoven compaosite that contains
a first nonwoven web positioned adjacent to a second nonwoven web. The first nonwoven web
cantains a plurality of fibers that are formed from a first polyolefin composition, and the second
10 nonwoven web contains a plurality of fibers that are formed from a second polyolefin composition. The
first polyclefin composition contains an ethylens polymer having a refatively iow melting temperature
and modulus of elasticity, which and can provide a soft feel to a surface of the first nonwoven web,
The second polyolefin composition likewise contains a rigid propyiene poiymer that has a relafively
high melting tempsratire and modulus of elasticity, which can provide good strength and durability to
15 the second nonwoven web. Due to the vastly different melling temperatures of the ethylene polymer
ard rigid propylene polymer, it is relatively difficull te achieve goad bonding between the different
nonwoven web layers of the composite. Furthermore, the tigid propylene polymer has a refatively stift
feel, which is notideal. Nevertheless, despite containing such a rigid, high mefting point palymer, the
present inventors have surprisingly discovered that, through the use of certain compenents in the
24 second polyelefin composition, the second nonwoven web can not only achieve good bonding to the
first nonwoven web, but it can also have a soft and ductile feel.
More particularly, the second polyolefin composition contains a ductile propylene polymer and
a falty acid derivative in combination with the rigid propylene polymer. Among other things, the duclis
propylene polymer can reduce stiffness and also broaden the window of temperatures at which the
25 second polyolefin composition begins to melt, thereby making i easier o bond the compositions
together at a temperature that more closely approximates that of the first palyolefin composition.
{ikewise, the fatty acid dervative can significantly improve the softness of the composition. By
selactively controlling the weight ratio of each of these components within a certain range, the present
inventors have discovered that the softness, ductility, and adhesive propesties of the composition can
30 all be dramatically improved without having a significant adverse impact on the durability and strength
of the resulting web. For exampie, the weight ratio of ductile polymers o falty acid derivatives typically
ranges from about 2 fo about 80, in some embodiments from about 10 to about 50, in some

embodiments from about 15 to about 48, and in some embodiments, from about 20 fo about 30,
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in this regard, various smbodiments of the present invention wili now be describad in more
detail.

L First Polyoletin Composition

As indicated above, the first polyolefin composition contains an ethylene polymer. Ethylene
palymers generally constitute about 80 wt.% or more, in some embodiments about 80 wt.% or mors,
and in some embodiments, from about 92 wt.% to 100 wi.% of the polymer content of the first
polyalefin composition. Of course, the actual amount of such polymers may vary depending on the
presence of any optional additives in the composition. Examples of such additives may include, for
instance, fillers, pigments, antioxidants, stabllizers (e.g., melt stabilizers, light stabilizers, heat
stabilizers, ete.), surfactants, flow promoters, solid solvents, plasticizers, particulates, bonding agenis,
tackifiers, viscosity modifiers, etc. When employed, additives typically constitute from about 0.001
wt.% to about 10 wi.%, in some embodiments from about 0.01 to about 8 wi%, and in some
smbodiments, from about 0.1 wt% to about 5 wt.% of the first polyolefin composition. Likewise,
sthyiene polymers may constitute from about 90 wi % to about 89.899 wt.%, in some embodiments
from aboul 92 wt.% to about 99.99 wi %, and in some embodiments, from about 95 wt.% to about
99.9 wt.% of the first polyolefin composition.

A5 noted shove, the ethylene polymer employed typically has a relatively low melting
temperature and modulus of elasticiy, which can provide the resulting nonwoven web with a relatively
soft and ductile feel. For example, the sthyiene polymer may have a melting temperature of from
ahout 50°C to sbout 145°C, in soms embodiments from about 75°C o about 140°C, and in some
embodiments, from about 100°C to about 135°C, and a modulus of elasticity of from about 50 to
about 700 MPa, in some embodiments from about 75 to about 800 MPa, and in some embodiments,
from about 100 fo about 500 MPa, as determined in accordance with ASTM DE38-10. The meliing
temperature of the entire first palyolefin composition may fikewise range from about 53°C fo about
145°C, in some embodiments from about 78°C to about 140°C, and in some embodiments, from
about 100°C to about 135°C. The modulus of slasticity of the composition may alse range from about
50 to about 700 MPa, in some embodiments from about 75 to about 600 MPa, and in some
smbodiments, from about 100 to about 500 MPa, as determined in accordance with ASTM D638-10.
The ethylene polymer may alse have a melt fow index of from about 1 to about 100 grams per 10
minutes, in some embodiments from about 5 to about 50 grams per 10 minutes, and in some
smbodiments, from about 10 to about 40 grams per 10 minutes, determined at a load of 2160 grams

and at 180°C, as determined in accordance with ASTM D1238-13 {or ISD 1133},



(2}

10

15

20

25

WO 2015/075631 PCT/IB2014/066133

Any of g variety of ethylene polymers may generally be employed in the present invention. In
one embodiment, for instance, the ethylene polymer may be a copolymer of ethylene and an a-clefin,
such as a Ca-Lyp a-olefin or C4-Cyp aolefin. Sultable a-olefine may be linear or branshedv(e.g., one or
more Ci-Cs alkyt branches, or an aryl group). Specific examples Include 1-butene; 3-methyl-1-butens;
3 3-dimethy-1-butene; t-pentene; 1-pentene with one or more methyl, ethyl or propyl substituents; 1-
hexene with ang or more methyl, ethyl or propyt subsiituents; 1-heptene with one or more methyl,
athyl or propyl substituenis: 1-octene with one or more methyl, ethyl or propy! substituents; 1-nonene
with one or more mathyl, ethyl or propyl substituents; ethyl, methyl or dimethyl-subsiituted 1-decens;
1-dodecene; and styrene. Particularly desired a-olefin comanomers are 1-butane, T-hexens and 1-
octene. The ethylene content of such copolymers may be from about 60 mole% to about 99 mole%,
in some embodiments from about 80 mole% to about 8.5 mole%, and in some embodiments, from
about 87 mole% to about 87.5 maole%. The a-olefin content may lkewise range from about 1 mele®
to about 40 mole%, in some embodiments from about 1.5 mole% to about 15 mole%, and in some
embodiments, from about 2.5 mole% to about 13 mole%. The density of the polyethylene may vary
depending on the type of polymer amployed, but generally ranges from about 0.85 to aboui 0.96
grams per cubic centimeter {g/om?). Polyethylens “plastomers”, for instance, may have a density in
the range of from about 0.85 to about D.91 glom?. Likewise, “linear low density polyethylene” (LLDPE)
may have a densily in the range of from about §.91 o about 0.940 gloms; "low density polyeihylene”
(LDPE} may have a density in the range of from about 0.810 to about ¢.940 glom?®; and "high density
polyethylens” (HDPE) may have density in the rangs of from about 0.940 to about 0.960 glom?, such
as determined in accordance with ASTM 1505-10. LLDPE may be particularly suitable foruse inthe
first polyolefin composition.

Any of g variety of known techniques may generally be employed 1o form the ethylene
polymer. For instance, olefin polymers may be formed using & free radical or a coordination catalyst
(e.g., Zisgler-Natta). Typically, the ethylene polymer is formed from a single-site coordination cataiyst,
such as & metallocene catalyst. Such a catalyst system produces ethylens polymers in which a
comonomer is randomly distributed within a molecular chain and uniformiy distributed across the
different molecular weight fractions. Metallocene-catalyzed polyolefins are described, for instarics, in
U8, Patent Nes. 5,571,619 to MeAlpin et al; 5,322,728 to Davis et al,; 5,472,775 to Obliesk| et al,;

tis{n-butylcyclopentadienytititanium dichloride, bis{n-butylcyclopentadienylizirconium dichloride,
bis{cyclopentadienyliscandium chloride, bis{indenyljzirconium dichloride,

bis{methyleyclopentadienyljitanium dichloride, bisimethyloyclopeniadienyljzirconium dichlorids,



20

WO 2015/075631 PCT/IB2014/066133

cobaltocene, cyclopentadienyltitanium trichloride, ferrocene, hafnocene dichioride,
isopropyiicyclopentadienyl,- 1-flourenyljzirconium dichloride, molybdocene dichioride, nickelocens,
nichocene dichioride, ruthenceene, titanocens dichloride, zirconocene chicride hydrids, zirconocene
dichloride, and so forth. Polymers made using metaliocene catalysts typically have a narrow
molecuiar weight range. For instance, metallocene-catalyzed polymers may have polydispersity
numbers (Me/Ms) of below 4, controlied short chain branching distribution, and controlled isotacticity.

. Second Polyolefin Composition

A Rigid Propviene Polvmer

While soft, the first polvolefin composition does not typically provide sufficlent durability and
mechanical strength o the composite for use in various applications. In this regard, the second
oolyolefin composition may contaln & rigid propylene polymer, which has a relatively high melting
temperature and modulus of elasticity. For example, the rigid propylene polymer may have a melting
temperature of from about 145°C 1o about 200°C, In some embodiments from about 1580°C to ahout
180°C, and in some embodiments, from about 155°C to about 170°C, and a modulus of elasticity of
from about 80D to about 4,000 MPa, in some embodiments from about 1,000 to about 3,000 MPa, and
il same smbodiments, fron about 1,200 to about 2,500 MPa, as determined in accordance with
ASTM DB638-10. The rigid propylene polymer may also have a melt flow index of from about 15 to
about 100 grams per 10 minutes, in some embodiments from about 20 to about 80 grams per 10
minutes, and in some embodiments, from about 25 to about 50 grams per 10 minutes, delermined at a
load of 2180 grams and at 230°C, as detemined in accordance with ASTM D1238-13 (or 150 1133).

Any of a variety of propylene polymers having the characteristics noted above may ganerally
be employed in the present invention. In one particular embodiment, for instance, the propylene
polymer is an isotactic or syndiotactic homopolymer or copelymer {e.g., randem or block) containing
about 10 wt.% or less of co-monomers (e.g., o-olefing), and in some embodiments, about 2 wt.% or
less. The term “syndictactic’ generally refers 1o a tacticlty in which a substantial portion, if not all, of
the methyl groups alternate on opposite sides along the polymer chain. On the other hand, the tenp
“isotactic” generally refers to a tacticty in which a substantial portion, if not all, of the methyl groups

re-on the same side along the polymer chain. Such polymers are typically formed using a Zeigler-
Natta catalyst, either slone or in combination with a small amount of an a-olefin co-monomer.
isotactic polymers, for instance, typically have a density in the ranga of from 0.88 to 0.84 glom?, and in
some embodiments, from about 0.89 1o 0.91 glem?, such a5 determined in accordance with ASTM
1805-10. Commercially available rigid propylens homopolymers may include, for instance,

Mefocena™ MFBBOY and MFE50X, which are avaliable from Bassll Polyolefins, as well as PF 3155,
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which is available from Exxon Mobil. Other examples of suitable propylene polymers may be
described in U.S. Patent Nos, 6,500,583 to Datta, et @l 5,539,058 to Yang, et al; and 5,506,052

Rigid prapylene polymers generally constitute from about 80 wi.% to ahout 89.5 wt.%, in
some embodiments from about 85 wt.% to about 99 wt.%, and in some embodiments, from about 50
W% o 8% wi.% of the polymer content of the second polyolefin composition. Likewise, the rigid
aropyiene polymers may constitute from about 80 wi.% to about 88.5 wt.%, in some embodiments
from about 85 wt.% to about 89 wi%, and in some embodiments, from about 90 wi % to 88 wi.% of
the entire second polyolefin composition.

8. Ductie Propyvlene Folvmer

The ductile propylene polymer may have a relatively low modulus of elasticity in comparison
with the rigid propylene polymer, which further reduces the overall stiffiness of the second polyolefin
composition. For example, the ratio of the modulus of slasticity of the rigid propylene polymer to that
of the ductile propylene polymer is typically from about 1 to about 80, in some embodiments from
about 2 to about 40, and in some embodiments, from about 5 to about 30, The modulus of elasticity
of the ductile propylene polymer may, for instance, range from about 1 to about 500 MPa, in some
embodiments from about 5 1o about 300 MPa, and in some embodiments, from about 10 to about 100
MPa, as determined in accordance with ASTM DE38-10. The ductile propylene polymer may also
have a relatively low melt flow index, such as from about 15 to about 1,000 grams per 10 minutes, in
some embodiments from about 20 to about 500 grams per 10 minutes, and in some embodiments,
from about 25 to about 200 grams per 10 minutes, determined at a Inad of 2160 grams and at 230°C,
as determined in accordance with ASTM D1238-13 (or 180 1133}, Of course, in other embodiments,
nalymers with a relatively high melt flow index may be employed, such as from about 1,000 to about
5,000 grams per 10 minutes, in some embodimants from about 1,500 to about 4,000 grams per 10
minutes, and in some embodiments, from ahout 1,800 to about 3,000 grams per 10 minutes,
determined at a load of 2160 grams and at 230°C, as determined in accordance with ASTM D1238-13
{or 1SC 1133},

tn addition, the ductile propylene polymer may also have a relatively low melling pointand a
relatively low degree of crystallinity. For example, the melting temperature of the ductile polymer may
b from about 40°C to about 120°C, in some embodiments from about 50°C te about 100°C, and in
some embodiments, from about 55°C to sbout 85°C. Likewise, the degree of crystallinity of the
polymer may be from about 1% to about 35%, in some embodiments from about 3% to about 20%,

and in some embodiments, from about 5% and about 25%. Through the use of a ductile propylene
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polymer having a relatively low melting temperature and degree of crystallinity, the window of
temperatures at which the second polyolefin composition begins to meit can be broadened, which
thereby improves the ability of the compositions to become adequately bonded together during
formation of the composile. This melting temperature window of the second polyolefin composition
can be characterized using differential scanning calorimatry as the widih (AWng) at the half height of
the endotharmic melting nesk. As a result of the present invention, for instance, AWny may be about
5°C or more, in some embodiments about 8°C or more, and in some embodiments, from about 10°C
to about 20°C. The melting temperature of the second polyolefin compesition may likewiss range
fram about 100°C to about 180°C, in some embodiments from about 120°C to about 170°C, and in
some embodiments, from about 150°C o about 160°C, The width at the half height of the
endothermic peak {(AWng), meiting temperature (i.e., peak of the endothermic curve), and degree of
crysiallinity may all be determined as is well known in the art using differential scanning éaiorimetry
{"D&ECY in accordance with ASTM D-3417.

Any of a variety of propylene polymers having the characteristics noted above may generally
be employed in the present invention. In one particular embodiment, for instance, the propylens
polymer is @ low crystaliine homopolymer or copolymer {e.g,, random or black) containing about 10
wi.% or less of co-monomers {e.g., o-olefins}, and in some embodiments, about 2 wt % or less.

Such polymers are typically formed using a metaliocene catalyst, sither alone or in combination with a
small amount of an o-olefin co-monomer. Some sxamples of suitable metaliocene calalysts are
desoribed above. Other examples of suitabls metallocens catalysts for low crystalline propylene
polymers may be described in U8, Patent Publication No. 2012/0208422 to Kool et al. For instance,
such metailocene catalysts may be obtained from a combination of a promoter and a transition metal
compound that form a cross-inked struchire via two cross-linking groups. Stitable promoters may
include, for instance, dimethylanilinium tetrakis{pentafiugrophenyliborale, tiethylammonium
tetraphenylborate, iriln-butyljammonium tetraphenylborate, trimethylammonium tetraphenylborate,
tetrasthylammonium tetraghenylborate, methyl(ir-n-butyhammonium tetraphenyltborate, benzylitri-n-
hutyllammonium fetraphenylborate, aluminoxang (e.g., methylaluminoxane, sthyialuminoxane,
isobutylaluminoxane, efc.), and so forth. Suitable transition metal compounds may lkewise include
(1,2-dimethylsiviens) (2, 1-dimethylsilylene jbis{Z-n-butylindenyljzirconium dichioride, (1,2-
dimethylsiylene} {2, 1-dimethylsilylenejbis(3-rimethylsilyimetnylindenyljzirconium dichloride, {1,2-
dimethyisilylene)(2, t-dimethylsilienebis(3-phenylindenyljzirconium dichioride, {1,2-
dimethylsilylene)(2, P-dimethylsilyienebis{4 5-benzoindenylzirconium dichloride, (1.2

dimethyisilviene)(2, 1-dimethyisilylens)bis(d-isopropylindenyl)zirconium dichloride, (1,2
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dimethylsilvlenel(2,1-dimethylsillenebis(5 6-dimethylindenyljzirconium dichloride, {1,2-
dimethyisilylene)(2,1-dimethylsiilene)bis{4, 7-di-isopropylindenyl)zirconium dichloride, (1,2
dimethyisiiylene)i2,1-dimethylsiylene)bis{4-phenylindenylzirconium dichioride, (1,2-

}
)
i
dimethylsiivlene)(2,1-dimsthylsiliene)bis(3-methyl-4-isopropylindenylzirconium dichloride, (1,2
dimethylsiviene}{2, 1-dimethylsiiylene)bis(5,8-benzoindenyliziroonium dichloride, (1,2
dimethylsiiviene} {2,1-isopropylidene)-bis(indenylizirconium dichleride, {1,2-dimethylsilylene}(2,1-
isopropylidene)-bis(3-methviindenylzircontum dichioride, {1,2-dimethylsilylene} (2, 1-isopropyiidens)-
bis(3-lsapropyiindenyl)zirconium dichioride, (1,2 -dimethyisiiviene} (2, 1-isopropylidene)-bis(3-n-
butylindenylzirconium dichloride, and (1,2-dimethylsilylene){2, 1-isopropylidene}-bis(3-
trimethylsilyimethylin. denylizirconium dichloride, etc., as well as transition metal compounds
aroduced by substituting zirconium in the afcrementioned compounds with fitanium or hafnium.

The resuiting ductile propylene polymer typically has a density in the range of from 0.85 to
0.91 glom®, and in soms embodiments, from about 0.85 to §.089 glem?, such as determined n

accordance with ASTM 1505-10. The ductile propylens polymer may alse have a weight average

molecular weight of from about 10,000 to about 200,000 grams per mole, in some embodiments from
abaut 30,000 to about 100,000 grams per mole, and in some embodiments, from about 40,000 o
about 80,000 grams per mole, as well as a polydispersity index {weight average molscular weight
divided by nurmber average molecular weight) of about 4 orless, and in some embodiments, about 3
orless. Commercially available examples of such metallocene-catalyzed propylene polymers may
include, for instance, L-MODU ™ $901, S600 or 5400, which are available from ldemitsu Kosan.

Ductile prapylens polymers generally constitute from about 0.1 wt.% to aboul 15wt %, In
some embodiments from about 8.2 wt.% o about 12 wt.%, in some embodiments from about 0.5 wi%
to about 10wt %, and in some embodiments, from about 1wt % fo 8 wt.% of the polymer content of
the second polyolefin composition. Likewise, the ductile propylene polymers may constitute from
about 0.1 wt.% to about 15 wi.%, in some embodiments from about 0.5 wi.% fo about 10 wt.%, and in
sorme simbodiments, from about 1 wt.% to 8 wt% of the entire second polyolefin composition.

N

C. Fatty Acld Derivative

A fatty acid derivative is also employed in the second polyolefin composition. As noted above,
the weight ratio of ductile propyiene polymers to fally acld derivatives is selectively controlled in the
present invention to help achieve the desired degree of softness and tactility without adversely
impacting the overall durability and strength of the composition. More spacifically, the waight ratio of
ductie propylene polymers to fatty acid derivatives typically ranges from about 2 to about 60, in some

embodiments from about 10 1o about 53, In some embodiments from about 15 to about 40, and in
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some embodiments, from about 20 to about 30, While the actual amount may generally vary, fatly
acid derivatives typically constitute from about 0.001 wi.% to about 5 wt.%, In some embodiments
from about (.01 wt.% to about 1 wt.%, and in some embodiments, from about 0.05 wt.% to about 0.5
wt.% of the second polyolefin composition.

Suitable fatty acid derivatives for use In the composition may include, for instance, falty acid
amides, fatty acid esters, fatty acid salts, and so forth, in one parlicular embodiment, for example, the
fatty acid detivative may he a falty acid amide. The fatly acld amide may be any suitable amide
compound derived from the reaction between a falty acid and ammonia or an amine-containing
compound {e.g., 8 compound containing a primary amine group or a secondary amine group). The
fatty acid may be any suitable falty acid, such as a saturated or unsaturated Co-Cos falty acid or a
saturated or unsaturated Cro-Crafalty acid. In certain embodiments, the fatty acid may be erucic acid
{i.e., cis-13-docosencic acid), oleic acid {i.8., cis-9-octadecencic acid}, stearic acid (octadecancic
acid), behenic acid (8., docosanole acid), arachic acid {i.e., arachidinic acid or eicosanoic acid),
palmitic acid {.e., hexadecanoic acid), and mixtures or combinations thereof. The amine-containing
compound can be any suitable amine-containing compound, such as fatty amines (e.q., stearylamine
or oleylamine}, sthylenediamine, 2,2-minodiethanol, and 1,1-iminodipropan-2-ol.

More particularly, the fatty acid amide may be a fatty acid amide having the structure of ane of
Formutas (B-(V):

L2

{y
0 v J\
o i N ;,w“"»‘\\, X 3\ % e R A
i R 1 ':“.A W ° s *
R . w_,w“'“ “ e 15 v E{
Wy N P N ) 1
0w 5w
{3 O
By KR JJ\ R
Mo - o R B oy
; Rag A
i {1y, 9 ().

wherein,

Rig, Rig, Rz, Rus, and Ras are independently selected from Cr-Cor alkyl groups and Cr-Cor
alkenyl groups, and in some embodiments, Ci4-Cyr alkyl groups and Cu-Cyz alkeny! groups,

Ry is selected from Ce-Cos alkyl groups and Ce-Cos alkenyd groups, and insome
embodiments, Cip-Coe alkyl groups and GOz alkenyl groups; and

Rig 3 -CHCHOH or -CHaCH{CHZOH,

Forexampie, the fatty acid amide may have the structure of Formula (1), where R s~
P i)
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CHACHA0CH=CH{CH,CHz [erucamide), -CHa{CHa)sCH=CH{CH2)7CH; {oleamide}, -CHa(CHajsCHs,
CHa{CHzlieCH3, or -CH{CH2) 1w CHa. in other embodiments, the fatty acid amide may have the
structure of Formula (1) whers R is -CHa{CHaj10CH=CH{CH2)7CHa and Rus Is ~CHa{CHa)1sCH3, or
where Ry is -CHy{CHJCH=CH{CH2)7CHs and Ris fs -CHp{THy)aCHa. Likewise, in yet other
embodiments, the fatty acid amide may have the structure of Formula (11 where Ry is CHa{CHz)isCHa
or - CHa{CH)sCH=CH{CH2};CHa, The composition may also contain a mixiure of two or more such
fatly acid amides,

i desirad, fatty acid esters may also be employed in the present invention. Fatty acid esters
may be obtained by oxidative hisaching of a crude natural wax and subsequent esterification of a fatty
acid with an aloohal. The fatly acid may be a Ce-Cos falty acid or a saturated or unsaturated Co-Ca
faity acld, such as described above. The aleoho! may have 110 4 hydroxyt groups and 2 to 20 carbon
atoms. When the alcohol s multifunctional (e.g., 2 to 4 hydroxy! groups), a carbon atom number of 2
to 8 is particularly desired. Particularly suitable muitifunctional alcohols may include dihydric alcohol
(e.g., ethylens glycol, propylene glveo!, butylene glyeot, 1.3-propanediol, 1,4-butanediol, 1,6-
hexanediol and 1 4-cyclohexanediol), trihydric alcohol {e.q., glyoerc! and timethyloipropane),
tetrahydric alcohols {e.g., pentaerythiitel and erythritol), and so forth. Aromatic alcohols may also be
suitable, such as o, m~ and p-olylcarbingl, chlorabenzyl aleahiol, bromobenzy! alcohol, 24-
dimethylbenzyt alcohol, 3 5-dimathvibenzyl aloohol, 2,3 5-cumobenzyl aloohal, 3.4,5-trimethylbenzy
alcohol, p-cuminyl alcohal, 1,2-phthalyl aloohel, 1,3-bisthydroxymethylibenzene, 14-
bis{hydroxymethybbenzens, pseudocumenyl glycol, mesitylens glycol and mesitylene glycerol. Fatly
acid salts may also be employed, such as those formed by saponification of a fatty acid to neutralize
excess carboxylic acids and form a metal salt, Saponification may occur with a metal hydraxide, such
as an alkali metal hydroxide {e.g., sodium hydroxide} or alkaline earth metal hydroxide (e.g., calcium
hydroxide). The resulting fatty acid salt typically includes an alkali metal {e.g., sodium, polassium,
iithium, elc.) or alkaline earth metal (8.9, calcium, magnesium, efc.),

B. Optional Additives

If desired, various other additives may also be employed in the second polyolefin composition
as is well known in the art. Examples of such addiiives may include, for instance, elastomers (e.g,,
styrenic elastomers, olsfinic elastomers, elc.), fillers, pigments, antioxidants, stabilizers {e.g., melt
stabifizers, light stabilizers, heat stabilizers, ete.), surfactants, flow promoters, solid solvents,
piasticézefs;particuEates, honding agents, tackifiers, viscosity modifiers, efc. When employed, such
additives typically constitute from about 0.001 wt.% to about 15 wt.%, in soms embodiments from

about 0.01 fo about 18 wt %, and in some embodiments, from about 0.1 wt.% to about 8 wt.% of the
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second polyolefin composition.

In certain embodiments, for instance, the second polyslefin compaosition may contain an
olefinic elastomer, such as a copolymer of propylene and an a-olefin. Suitable u-olefins may be linear
or branched {e.g., one or more C+-Cs alkyl branches, or an aryl group) and formed from dlefing, such
as CxConaralefing, CoCr o-nlefins, or Co-Cu orolefins. Specific examples include ethylene, butene;
J-methyl-1-butene; 3,3-dimsthyl-{-butens; pentene; pentene with ane ar mare methyl, ethyl or propyt
substititents: hexene with one or more methyl, sthyl or propy! substituents; heplene with one or more
methyl, ethyl or propyl substituents; octens with one of more methyi, ethyl or propyl substituents;
nonene with ane or more methyl, ethyl or propy! substituents; sthyl, methy! or dimethyl-substituled
decene; dodecene; styrens; and so forth. Particularly desired a-olefin comonomers are ethylene,
butene (2.0, 1-butens), hexane, and octene {e.g., 1-octene or 2-octene). The propylene content of
the propylene/a-olefin copolymer is typically from about 80 mole % to about 93.5 mole %, in some
embodiments from about 80 mole % to about 99 mole %, and in some embodiments, from about 85
mole % to about 98 mole %. The a-olefin content may likewise range from about 0.5 mole % to about
40 mole %, in some embodiments from about 1 micle % to about 20 miole %, and In some
smbodiments, from shout 2 mole % fo about 15 mole %. Generally speaking, the copolymer has a
density lower than that of certain polyolefing {e.g., LLDPE), but approaching and/or overlapping that of
other elastomers. For example, the dansity of the copolymer may be about 0.91 grams per cubic
centimeter (glem®) or less, in some embadiments from about 0.85 to about 0.89 glem®, and in some
embodiments, from about 0.85 glom?® to about 0.88 glom®. Such propylene copolymers are
commercially available under the designations VISTAMAXX™ fram ExxonMobil Chemical Co. and
VERSIFY™ available from Dow Chemical Co.

i, Nonwoven Webs

The fibers of the first and secand nanwoven webs may generally have any of a variety of
different configuration as is known in the art. For exaniple, menocomponent andfor mutticcmponent
finers may be employed. Monocomponent fibers, for instance, are typically formed by exiruding a
polymer composition from 8 single extruder. Multicomponent fibers, on the other hand, are generally
farmed from two o more polymer compositions {e.g., bicomponent fibers) extruded from separate
extruders. The polymer compositions may be arranged in substantially constantly positioned distingt
zones acroas ihe cross-section of the fibers. The components may be arranged in any desired
ronfiguration, such as sheaih-core, side-by-side, ple, island-in-the-sea, three island, bull's eye, or
various other arrangements known in the art. Various methods for forming multicomponent fibers are

(.8, Patent Nos. 5,336 557 to Strack
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Strack et al., and 6,200,669 to Marmon, et gl Multicorponent fibers having various irregular shapes
may also be formed, such as described in U.S. Patent Nos. 5,277 876 10 Hogle, et al, 5162074 o
Hills, 5,466,410 to Hills, 5,069,970 o Largman, et al., and 5,067,368 to Largman, et al

The fibers may constitute the entire fibrous component of the first and/or second nonwoven
weh or blended with other types of fibers. When biended with other types of fibers, itis normally
desired that the fibers of the present invention constitute from about 20 wt % to about 85 wl%, in
some embodiments from about 30 wi % to about 90 wt.%, and in some embodiments, from about 40
wi % to about 80 wt % of 8 web,

Any of a variety of known techniques may be emplayed fo form the first andlor second
nonwoven web. For example, in one embodiment, the first and/or second nonwoven webs may be
formed by & spunbond process in which the polyolefin composition is fed to an exiruder and extruded
through a conduit to a spinneret, Spinnerets for extruding fibers are well known fo those of skill in the
art, For example, the spinneret may include a housing containing a spin pack having a plurality of
plates stacked one on fop of each other and having a pattern of openings arranged to create flow
paths for the potymer composition. The spinneret may also have openings amanged in one or more
rows that form a downwardly extruding curtain of fibers when the polymer composition is extruded
therethrough. The process may also employ a quench blower positioned adjacent the curtain of fibers
extending from the spinneret. Alr from the quench air blower may quench the fibers as they are
formad. A fiber draw unit or aspirator may also be positioned below the spinneret o receive the
quenched fibers. Fiber draw units or aspirators for use in mell spinning polymers are well-known in
the art, The fiber draw unit may include an elongate vertical passage through which the fibers are
drawn by aspirating air entering from the sides of the passage and flowing downwardly through the
passage. A heater or blower may supply aspirating alr to the fiber draw unit, which draws the fibers
and ambient gir through the fiber draw unit.

Generally speaking, the resulting fibers of the first and/or second nonwoven web may have an
average size (2.q., diameter) of about 100 micrometer or less, in some embodiments from about 0.1
microns to about 50 microns, and in some embodiments, from about 0.5 microns to about 40 microns.
The fibers may likewise have a denier of about 6 or less, in some embodiments about 3 or less, and
in some embﬁdimenis, from about 0.5 to about 1.5, In certain embodiments, the fibers may be In the
form of substantially continuous filements (e.q.. spunbond filaments), which may have a length much
greater than their diamster, such as a length to dlameter ratio (“aspect ratio”) of about 15,000 10 1 or

more, and in some embodiments, about 50,000 o 1 or more.
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The fibers may be formed into a coherent web structure by randomly depositing the fibers
onto a forming surface (optionally with the aid of a vacuum) and then bonding the resulting web using
any known technique, such as with an adhesive or autogenously {e.g., fusion and/or self-adhesion of
the fibers without an applied external adhssive). Autogenous bonding, for instance, may be achieved
through contact of the fibers while they are semi-molten or tacky, or simply by bleading a tackifylng
resin andfor solvent with polymer composition used fo form the fibers. Sultable autogenous bonding
techniques may include ultrasonic bonding, thermal bonding, through-air bonding, and so forth,
Typically, the resulting basis weight of sach web is about 30 grams per square meter or less, in some
embodiments from aboul 1 to about 20 grams per square meter, and in some embodiments, from
about 2 to about 10 grams per squars meter.

i desired, the first andfor second nonwoven weh may also be subjected fo ane of miore post-
treatment steps before belng combined into the composite of the present invention as is knownt in the
art. For example, the first andior second nonwoven web may be stretched of nacked in the machine
andior cross-machine directions. Sultable strefching techniques may include necking, tentering,
groove roll stretching, efc. Examples of suitable strelching technigues are described in U.S. Palent
Nos. 5,336,545, 5,226,092, 4,981,747 and 4,965,122 to Morman, as well as LLS. Patent Application
Publication No. 2004/0121687 to Morman, et al. Alternatively, the nonwoven web may remain
relatively inextensible in at least one direction prior to forming the composite. The nonwoven web may
also be subjected fo other known processing sleps, such as aperturing, heat treatments, ele.

1, Composite

Once formed, the first and second nonwoven webs may then be laminated fogether to form a
composite using any conveniional technique, such as with an adhesive or autogenously. Inone
embodiment, for example, the nonwoven webs may be thermally bonded by passing the webs through
a nip formed between a pair of rolls, ene or both of which are heated to melt-fuse the fibers. Cne or
hath of the rolls may also contain intermittently raised bond points to provide an intermittent bonding
pattern. The pattemn of the raised points is generally selecied so that the nonwoven laminate has a
total hond area of less than about 50% (as determined by conventional optical microscopic methods),
and in some embodiments, less than about 30%. Likewise, the bond density is also typically greater
than about 100 bonds per sguare Inch, and in some embodiments, from about 250 to about 500 pin
bonds per square inch. Such a combination of total bond area and bond density may be achieved by
honding the web with a pin bond pattern having more than about 100 pin bonds per squars inch that
arovides 2 fotal bond surface area less than about 30% when fully contacting a smooth anvil roll. In

some embodiments, the bond pattern may have a pin bond density from about 250 o about 350 pin
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bonds per square inch and a total bond surface area from about 10% to about 25% when contacting a
smooth anviltoll. Exemplary bond pattems include, for instance, those described in U.S. Patent
Havnes st al, U.S. Patent 8,093,665 to Sayovitz et al, U.8. Design Patent No. 428,267 1o Romano et
al. and U8, Design Paterit No. 380,708 1o Brown.

Due to the particular thermal propertiss of the polyolefin compositions used to form the first
and second nonwoven webs, the present inventors have discovered that relatively low tlemperatures
can be used to bond the webs together. For example, the bonding temperature {e.g., the temperature
of the rollers) may be relatively low, such as fror about 50°C to about 165°C, in some embodiments
from about 80°C to about 180°C, and in some embuodiments, from about 100°C to about 155°C.
Likewise, the nip pressure may range from about 5 to about 150 pounds per square inch, in some
embodiments, from about 10 to about 100 pounds per square inch, and in same embodiments, from
about 30 to about 60 pounds per square inch,

Other types of bonding techniques may also be employed in the present invention fo attach
ihe first and second nanwoven webs. In one embodiment, for example, hydraulic entangling may be
employed using conventional hydrautic entangling equipment, such as described in U.S. Patent No.
2,485,706 to Evans. Hydraulic entangling may be carrded out with any appropriate working fiuid, such
as, for example, water. The working fluld may flow through a manifold that evenly distributes the fiuid
to a series of individust holes or orifices. These holes or orifices may be from about 0,003 to about
0.015 inch in diameter and may be arranged in one or more rows with any number of orifices, e.g., 30-
100 per inch, in each row. However, It should also be undersioed that many other manifold
configurations and combinations may be used. Although not held to any particular theory of operation,
itis believed that the columnar jets of working fluid that directly impact the fibers of ane of the webs
and drive those fibers into and partially through the other web, causing the fibers to entangle and bond
together. To achieve the desired entanglement, it is typically desired that hydroentangiing be
performed using water pressures from about 1000 fo 3000 psig, and in some embodiments, from
about 1200 1o 1800 psig.

The resuliing composite may be a two-layersd material containing anly the first and second
nonwoven webs. Insuch embodiments, the first nonwoven web typically constitules from about 20
wt % to about 80 wt.%, in some embodiments from about 30 wi.% fo about 70 wt.%, and in some
embodiments, from about 40 wi % to about 60 wt.% of the composite, and the second nonwoven web
likewise constitutes from about 20 wt.% fo about 80 wt.%., in some embodiments from about 30 wt.%

to about 70wt %, and in some embodiments, from about 40 wt.% to about 80 wi% of the composite.
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The nonwaven composite typically has a basis weight of from about 1 to about 45 grams per square
meter or less, in some embodimenis from about 2 to about 30 grams per square meter, and in some
embodiments, from about 3 fo about 20 grams per square meler:

Of course, it shauld also be undarstood that the nonwoven composite may contain additional
lavers (2.0., nonwoven webs, films, strands, efe.) if so desired. For example, the composite may
contain three (3} or more layers, and in some embodiments, from three (3) to ten {10} layers {p.g., 3or
5 layers). In one embodiment, for instance, the nonwoven composite may contain an inner nopwoven
layer (e.g., meltbiown or spunbond} positioned hetween two outer nonwoven layers {e.g., spunband).
For exarnple, the inner nonwoven layer may be formed from the first polyolefin composition and ong or
both of the outer nonwoven layers may be formed from the second polyolefin composition.  inanother
embodiment, the nonwoven composite may contain five {8} nonwoven layers, which includes a central
nonwoven iayer, two intermediate nonwoven layers overlying the central layer, and two outer
nonwoven layers overying the intermediate layers. The cenlral layer may, for instance, be formed
from the second polyolsfin composition and one or bath of the intermediate layers may be formed
from the first polyolefin composition. I desired, the outer layers may likewise be formed from the
sacond polyolefin composition.

Yarious technigues for forming laminates of this nature are described in U.S. Patent Nos.
4,041,203 to Brogk et al.; 5,213,881 to Timmons. et al.; 5,464,688 to Timmons, sl al, 4374888 1o

Bornslgeger; 5,168 706 to Collier, st al; and 4,788 029 fo Brock et al. Of course, the laminale may
have other configurations and possess any desired number of iayers, such as &
spunbond/meltblown/melthlown/spunbond ("SMMS™) laminate, spunbond/melthiown ('SM'} laminate,
eic. In such embodiments, the nonwoven composite of the present invention may desirably form on or
mare of the spunbond layers. In yet another embodiment, the nonwoven composite may be employed
in a multi-layered laminale structure in which one or more addltional fim layers are smployed. Any
known technique may be used to form a film, including blowing, casting, flat die exiruding, ete. The
filmt may be a mono- or multiHayered film. Any of & variety of polymers may generally be used to form |
ihe film layer, such as polyolefing (e.g., polyethylens, pelypropylene, polybutylens, eto.);
polytetraflucroethylene; polyesters {e.g., polyethylene terephthalate, polylactic acid, ete.); polyamides
{8.9., nylon); polyvinyl chloride; polyvinylidene chloride; polystyrene; and so forth. In one embodiment,
for instance, the film may be formed from a polyolefin polymer, such as linear, low-denaity
polyethylene (LLDPE) or polypropylene. Examples of predominately linear poiyolefin polymers
include, without imitation, nolymers produced from the following monomers: ethylens, propylens, 1-

butene, 4-methyl-pentene, 1-hexene, 1-octens and higher olefins as well as copolymers and



N

18

20

30

WO 2015/075631 PCT/IB2014/066133
17
terpolymers of the foreqoing. In addition, copolymers of ethylene and other olefing including butens,
4-methyl-pentane, hexene, heptene, octene, decene, ete., are also examples of predominately linsar
nolyolefin polymers.

Various additional potential processing and/or finishing steps known in the art, such as sliffing,
stretching, efc., may be performed without departing from the spirlt and scape of the invention. For
instance, the composite may optionally be mechanically stretched in the cross-machine and/or
machine directions to enhance extensibility. For example, the composite may be coursed through two
or more rolls that have grooves in the CD andior MD directions thal incrementaily stretch the
composite in the CD andior MD direction. Such grooved satellite/anvil roll arrangements are
described In U.S. Patent Application Publication Nos. 2004/0110442 to Rhim, et al, and 2006/0151914

PERASALOLD KinciRRoniiy

rubber). Besides grooved rolis, other technigues may also be used to mechanically strefch the
composite in one or more directions. For example, the composite may be passed through & tenter
frame that siretches the composite. Such tenter frames are well known in the art and described, for

instance, in U.S. Patent Application Publication No, 2004/0121687 to Morman, et al. The composite

may alse be necked, such as described above.

Regardiess of the particular manner in which itis formed, the present inventors have
discovered that the resulting composite may possess a high degree of abrasion, as well as enhanced
strength and toughness. For example, the composite may exhibit a relatively high "peak icad”, which
indicaies the maximum load to break as expressed in units of grams-force perineh. The MD peak
inad of the composite may, for Instance, be about 2,000 grams-force {"g/) or more, in some
embodiments about 3,000 gror more, and i some embodiments, from about 4,000 to about 15,000 g
The CD peak load may kewise be about 1,200 g or more, in some embadiments aboul 1,500 g or
more, and in some embodiments, from about 2,000 to about 10,000 gr. In addition, the nonwaven
composite is also capable of exhibiting improved “peak elongation” properties, 1.8, the percent
elongation of the composite at its peak load. For example, the nonwoven composite of the present
invention may exhibit & machine direction ("MD") peak elongation of about 20% or more, iy some
emboadiments about 30% or more, and in some embodiments, from about 40% to about 70%. The
ranwoven composite may also exhibit & cross-machine direction ('CD") peak elongation of about 25%
or more, in some embodiments about 45% or more, and in some embodiments, fram about 50% o
about 80%.

Of course, in addiion to possessing good mechanical properties, the nonwoven composite of

the present invention ls alsn soft, drapabls, and tactile. One parameter thatis indicative of the
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softness of the composile is the peak load ("cup crush load’} as determined according to the “cup
crust” fest, which is described in more defail below. More parficularly, the cup crush load of the
composite may, for instance, be about 200 gr or less, in some embodiments about 150 gy or less and
in some embadiments, from about 5 to about 100 gr. Another parameter that is indicative of the good
tactile properties of the composite is the static coefficient of friction in the machine or cross-maching
direction. More particularly, the MD and/or CD coefiicient of friction may be about 0.885 or less, in
some embodiments about 0.850 or less, and in some smbodiments, from about 9.800 to about U.800,
if desired, the nonwoven composite of the present invention may be applied with various
freatments to impart desirable characteristics. For example, the composite may be treated with kquid-
repeliency additives, antistatic agents, surfactants, colorants, antifogging agents, fluorechemical blood
or alcohol repelients, lubricants, andfor antimicrobial agents. In addition, ihe composite may be
subjected to an electret treatment that imparts an electrostatic charge fo improve filtration sfficiency.
The charge may include layers of positive or negative charges trapped at or near the surface of the
polymer, ar charge clouds stored in the bulk of the polymer. The charge may also include polarization
charges that are frozen in alignment of the dipoles of the molecules. Techniques for subjecting a
fabric o an electret treatment are well known by those skilled in the arl. Examples of such technigues
include, but are not limited to, thermal, liquid-contact, electron beam and corona discharge
technigues, In one particular embodiment, the electret treatment is g corona dischargs technique,
which involves subjecting the laminate 1o a pair of electrical flelds that have opposite polarities. Other
methods for forming an glectret material are described in U.S. Patent Nos. 4,215,682 1o Kublk et al;
to Reader, et al; 5,908,598 to Rousseau, et al.; 8,365,088 fo Knight, et al
V. Aticles
The nonwoven composite of the present invention may be used in a wide variety of

applications. For example, the nonwoven laminate may be incorporated into an "absorbent articls”
that is capable of absorbing water or other fluids. Examples of some absorbent articles include, but
are not limited 1o, personal care absorbent arlicles, such as diapers, training pants, absorbent
underpants, incontinence articles, feminine hyglens products (e.g., sanitary napkins), swim wear, baby
wipes, mitt wipe, and so forth: medical absorbent articles, such as garments, fenestration materials,
underpads, bedpads, bandages, absorbent drapes, and medical wipes; food service wipsrs; clothing
articies; pouches, and so forth. Materials and processes suitable for forming such absorbent arlicies
are weli known to those skilled in the art. Typleally, sbsorbent articles include a substantially liquid-

impermeable layer (.., backsheet), a liquid-permeable tayer (e u., topshest, surge layer, eic.), and
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an absorbent cors.
in certain embodiments, for example, the nonwoven compasite of the present invention may

be used to form the topsheet andfor backshest of the absorbent article. When used to form the
backsheet, the nonwoven composite may also be laminaled to a film, such as described above. The
film s typically liguid-impermeabie and either vapor-permeable or vapor-impemeable. Fims thal are
Hguid-impermeable and vapor-permeable are often referred to as "hreathabie” and they typically have

AT

a waler vapor ransmission rate ("WVTR') of about 100 grams per square meter par 24 hours (g/im#/24
hours) or mare, In some embodiments from about 500 to about 20,000 g/m?24 hours, and in some
embodiments, from about 1,000 o about 15,000 g ¢/m%24 hours. The breathable film may also be a
microporous or monolithic fim. Microporous films are typically formed by incorparating a filler (e.g.,
calcium carbionate) into the polymer matrix, and thersafler strefching the film o create the pores.

Examples of such films are described, for instance, In U.8. Patent Nos. §,843,057 to McCormack;

gl 0

Kobylivker, et al; 6,015,764 to McCormack, et al,; 6,037,281 o Mathis, el al; 5.111.163 10

McCormack, et gl and 6,461,457 to Taylor, et al

Regardless of how it is smployed, one particularly beneficial aspect of the present invention is
that the second nonwoven web, which is formed from a propylene-based composition that includes a
rigid propyiene polymer, dustile propylene polymer, and fatty acid derlvative, can be positioned so that
it defines an outwardly facing surface of the absorbent article. More particularly, the unigue properiies
of the propylene-based composition can allow it to impart a soft and cloth-like fes! to an oulwardly
facing surface, which was conventionally only partially achlevabie with golyethylene materials (e.g.,
LLDPE breathable fim) and generally not possible with polypropylene materials. Furthermore,
contrary to polyethylens materials, the propylens-based second nonwoven web can exhibit an
improved degree of abrasion resistance and mechanical strength, making it even better served fo
define the outwardiy facing surface of an absorbent article, When used in a backshest, for example,
the second nonwoven web may define a "garment-facing surface”, which generally refers to an
outwardly facing surface of an absorbent article that is intended to be disposed away from the body o
a wearer during ordinary use. The surface is typically placed adiacent to the wearer's undergarments
when the arlicie Is worn. Likewise, when used In a topshest, the second nonwoven web may define &
“body-facing surface’, which generally refers to an outwardly facing surface of an absorbent ariicle
that s intended to be disposed toward or placed adjacent to the body of & wearer during ordinary use,

Various embodiments of an absorbent article that may be formed according to the present

invention will now be described in mare detail. Referring to Fig. 1, for instance, one embodiment of an
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absorbant article 201 is shown in the form of a diaper. However, as noted above, the invention may
be embodied in other types of absarbent articles, such as incontingnce articles, sanitary napking,
diaper pants, feminine napkins, children's training pants, and so forth, In the illustrated embodiment,
the absorbent article 207 is shown as having an hourglass shape in an unfastened configuration.
However, other shapes may of course be uliized, such as a generally rectanguiar shape, T-shaps, o
l-shape. As shown, the absorbent article 201 includes a chassis 202 formed by various components;
including a backsheet 217, topshest 205, absorbent core 203, and surge layer 207. 1 should be
understood, however, that ather layers may also be used in the present invention. Likewise, one or
more of the layers referred o In Fig. 1 may also be eliminated in cerfain embodiments of the present
invention.

As indicated above, the backshest 217 may be formed from the nonwaver composite of the
present invention. In fact, as discussed, the nonwoven composite may be positioned so that the
second nonwoven web defines a garment-facing surface 333 of the absorbent article 201, The
absorbent article 201 also includes 8 fopsheet 205. The topshest 205 is generally employed to heip
isolate the wearer's skin fron liquids held in the absorbent core 203, For example, the topsheet 205
may define & body-facing surface 218, which is typically compliant, soff feeling, and non-iritating to
the waarer's skin, If desired, the topsheet 205 may be formed from the nonwoven composite of the
oresent invention. In fact, as discussed, the nonwoven composite may be positioned so that the
second nonwoven web defines the body-facing surface 218 if so desired. Alternatively, the fopsheet
may include a corventional a nonwoven web (e.g., spunbond web, meltblown web, or bonded carded
web). Other exemplary topsheet consiructions that contaln a nonwoven web are described in U5
Patent Nos. 5,192,606 5,702,377, 5,931,823; 6,060,638; and 6,150,002, as well as U.S. Patent
Application Publication Nos, 2004/0102750, 2005/0054285, and 2006/0058941.

As illustrated in Fig. 1, the absorbent article 201 may also include a surge layer 207 that helps
to decelerate and diffuse surges of gushes of liguid that may be rapidly introduced info the absorbent
cére 203. Desirably, the surge layer 207 rapidly accepts and tempararily holds the liguid prior o
releasing it info the storage or retention portions of the absorbent core 203, In the filusirated
embodiment, for example, the surge layer 207 is interposed between an inwardly facing surface 216
of the topsheet 205 and the absorbent core 203, Altematively, the surge layer 207 may be located on
the autwardly facing surface 218 of the topsheet 205, The surge layer 207 is typicaliy construcied
from highly liquid-permeable materials. Sultable materials may include porous woven materals,

oorous nonwoven materials, and apertured films. In one embodiment, the surge layer 207 may alsn
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be formed from the nonwoven composite of the present invention. Other examples of suitable surge

Besides the above-mentioned components, the absorbent article 201 may also contain
various other components as is known in the art. Forexample, the absorbent article 201 may also
contain a substantially hydrophilic wrapshest {not illusirated) that helps maintain the integrity of the
fibrous struciure of the absorbent core 203, The wrapsheet is typically placed ahout the absorbent
core 203 over at lsast the two major facing surfaces thersof, and composed of an absorbent cellulesic
material, such as creped wadding or 8 high wet-strength tissue. The wrapsheel may be configured to
provide a wicking laver that helps to rapidly distribute liguid over the mass of absorbent fibers of the
absorbent core 203, The wrapshest material on one side of the absorbent fibrous mass may be
bonded to the wrapshest located on the cpposite side of the fibrous mass to effectively entrap the
absorbent core 203. Furthermore, the absorbant arficie 201 may also include a ventilation layer {not
shown) that is positioned between the absarbent core 203 and the backsheet 217, When utifized, the
ventilation layer may help insulate the backsheet 217 from the absorbent core 203, thereby reducing
dampness in the backsheet 217 Examples of such ventilation layers may include & nonwoven web
laminated fo a breathable film, such as describad in UL, Patent No. §,663,811 fo Blaney, et al. |f
desired, such nonwoven webs may be formed from the composite of the present invention.

i some embodiments, the absorbent article 201 may also include a pair of ears (not shown)
that extend from the side edges 232 of the absorbent arlicle 201 info one of the waisi regions. The
sars may be integrally formed with & selected diaper companent. For example, the ears may be
integrally formed with the backsheet 217 or from the material employed to provide the fop surface. In
alfernative configurations, the ears may be provided by members connected and assembled fo the
backsheet 217, the top surface, between the backshest 217 and top surface, or in various other
configurations.

As representatively iliustrated in Fig. 1, the absorbsnt article 201 may also include a pair of
containment flaps 212 that are configured to provide a barrier and fo contain the lateral flow of body
sxudates. The containment flaps 212 may be located along the laterally apposed side edges 232 of
the topsheet 205 adiacent the side edges of the absorbent sore 203, The containment flaps 212 may
extend longitudinally along the entire length of the absorbent care 203, or may only extend partiafly
along the length of the absorbent core 203. When the containment flaps 212 are shorter in length
thar the absorbent core 203, they may be selectively positioned anywhere along the side edges 232
of absarbent artice 201 in a crotoh region 210, In one embodiment, the containment flaps 212 extend

along the entire lengih of the absorbent core 203 to better contain the bady exudates. Such
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sontainment flaps 212 are generally well known to those skilled in the art. For example, suitable
consiructions and arrangements for the containment flaps 217 are described in U5, Palent No.
4,704,116 to Enlos.

The absorbent article 201 may include various elastic or stretchable malerials, such as @ pair
of leg elastic members 206 affixed fo the side edges 232 to further prevent lsakage of body exudates
and 1o support the absorbent core 203, In addition, a pair of walst elastic members 208 may be
affixed to longitudinally opposed waist edges 215 of the absarbent article 201, The leg elastic
members 206 and the waist elastic members 208 are generally adapted (o closely fit about the legs
and waist of the wearer in use to maintain a positive, contacting relationship with the wearer and
effectively reduce or eliminate the leakage of body exudates from the absarbent arlicle 201. The
absorbent arlicle 201 may also include one or more fasteners 230, For example, iwo tlexible
fasteniers 130 are lllustrated in Fig. 1 on opposite side edges of waist regions lo create g waist
opening and a pair of leg openings about the wearer. The shaps of the fasteners 230 may generally
vary, but may include, for instance, generally rectanguiar shapes, square shapes, circular shapes,
triangular shapes, oval shapss, linear shapes, and so forth. The fasteners may include, for instance,
a hook material, in one parficular embodiment, each fastener 230 includes a separate plece of hook
material affixed to the inside surface of 2 flexible backing,

The various regions andfor components of the absorbent article 201 may be assemblad
together using any known attachment mechanism, such as adhesive, ultrasonic, thermal bonds, ete.
Suitable adhesives may include, for instance, hot melt adhesives, pressure-sensitive adhesives, and
so forth, When utllized, the adhesive may be applied as a uniform layer, a patterned layer, a sprayed
pattern, or any of separate lines, swirls or dots. In the flustraled embodiment, for example, the
hacksheet 217 and topshest 205 are assembled to each other and to the absarbent core 203 using an
adhesive. Alternatively, the absorbent core 203 may be connecled to the backsheet 217 using
conventional fasteners, such as buttens, hook and loop type fasteners, adhesive tepe fasteners, and
so forth. Similarly, other diaper components, such as the leg elastic members 206, waist elastic
members 208 and fasteners 230, may aiso be assembled info the absorbent article 201 using any
attachment mechanism,

Although various configurations of a diaper have been described above, it should be
understood that other diaper and absorbent arlicle configurations are aiso included within the scope of
the present invention. In addition, the present Invention is by no means limited fo diapers. In fact, any
other absorbent article may be formed In accordance with the present invention, inchuding, but not

imited to, other personal care absorbent articles, such as training pants, absorbent underpants, adult
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incontinence products, feminine hygiens products (e.g., sanitery napkins), swim wear, baby wipes,
and 5o forth; medical absorbent arlicles, such as garments, fenestration materials, underpads,
bandages, absorbent drapes, and medical wipes; food service wipers; clothing articles; and so forth,
The present invention may be belter understood with reference to the following examples.
Test Methods

=

Thermal Properties:

The melfing temperature and degres of crystallinity of a material may be determined by
differential scanning calorimetry (*DSCY) in sccordance with ASTM D-3417. The differential scanning
calorimeter was a DSC G 2000 (T-zero cell0, which may be outfitied with a liquid nitrogen cocling
acoessory and with 2 UNIVERSAL ANALYSIS 2000 (version 4.6.6) analysis software pragram, both of
which are available from T.A. Instruments Inc. Toavold directly handiing the samples, tweezers of
other tools may be used. The sample (e.g., 4 milligrams) may be placed into an aluminum pan and
weighed to an aocuracy of 0.01 millgram on an analytical balance, A lid may be crimped over the
material sample onto the pan. Typically, the sample is placed divectly in the weighing pan. The
differential scanning calorimeter may be calibrated using an indium metal standard and a baseline
correction was performed, as described in the operating manual for the differential scanning
caiorimeter, A sample may be placed info the test chamber of the differential scanning calorimster for
testing, and an empty pan may be used as a reference. All testing may be run with a 55-cublic
certimeter per minute nirogen (industrial grade) purge on the test chamber. The heating and codling
program may be a 2-cycle test ihat beging with an equilibration of the chamber to -50°C, followed by a
first heating period at a heating rate of 10°C per minute to a temperature of 225°C, equilibration of the
sarnple at 225°C for 3 minutes, and a first cooling period at 3 cocling rate of 10°C per minute to a
temperature of -50°C, a second heating perod at a heating rate of 10°C per minute to & temperature
of 225°C, equilibration of the sample at 226°C for 3 minutes, and then a second cooling peried at
cosling rate of 10°C per minute to a temperature of -60°C. All testing may be condusted in an inet
gas atmosphere {g.g., helium).

The results may be evaluated using the UNIVERSAL ANALYSIS 2000 analysis softwars
pragram, which identifies and guantifies the endothermic and exothermic peaks, and the areas under
the peaks on the DEC plots. The melting temperature is determined using an automatic inflection
calculation. The areas under the peaks on the DSC plots are determined in terms of joules per gram
of sample (Jfg). For example, the heat of fusion of a sample (AHy) is determined by integrating the
area of the endothermic peak. The area values are determined by converting the areas under the

DSC plots {e.g. the area of the endotherm) into the unils of joules per gram {J/g) using computer
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software. The exothermic heat of crystallization {AH:) can be determined during the first cooling cycle.
If desired, the % crystallinity may also be caiculated as follows:

% crystaliinity = 100%A-BY/C
wherein,

A is the sum of endothermic peak areas during the heating cycle (Jig);

i is the sum of exothermic pesk areas during the healing cycle (Jig), and

C is the heat of fusion for the selected polymer where such polymer has 100% crystalfinity
{dfg). Theareas under any exothernic peaks encountered inthe DSC scan due to insufficient
crystallinity may also be sublracted from the area under the endothermic peak to appropriately
represent the degree of crystallinity.

Tensile Propertiss;

The strip fensile strength vaiues were determined in substantial accordance with ASTM
Standard D-5034. Specifically, a sample was cut or otherwise provided with size dimensions that
measuted 2 inches {(76.2 millimeters) (width} x 6 inches (152.4 millimeters) {length). A constant-rate-
of-extension type of tensile fester was employed. The tensile testing system was a Sintech Tensile
Tester, which is available from MTS Corp. of Eden Prairie, Minneseta, The tensile tester was
squipped with TESTWORKS 4.08B software from MTS Corporation fo support the testing. An
appropriate load cell was selected so that the tested value fell within the range of 10-80% of the full
scale load. The sample was held between grips having & front and back face measuring 1 inch {254
millimsters) x 3 inches (76 milimeters). The grip faces were rubberized, and the longer dimension of
the grip was perpendicular to the direction of pull. The grip pressure was pneumatically maintained at
a pragsure of 60 to 80 pounds per square inch. The tensile fest was run at a 20 inches per minute
rate with a gauge length of 4 inches and a break sensitivity of 40%. Three samples were tested along
the machine-direction ("MD" and three samples were tested by along the cross dirsction ('CL"). In
addition, the uitimate tensile strength (“peak load”), and peak elongation was also recorded.
Martindale Abrasion

This test can meastire the relative resistance of a sample to abrasion accerding to Worldwide
Strategic Partners ("WSP") Standard Test No. 20.5 {08). A circutar specimen of 165 mm £ 6.4 mum in
diameter with an area of 18,258 sq min is subjected to a requested number of cycles (10 or 60) with
an abradant under a pressure of B kilopascals (kPaj. The abradant is a 36 inch by 4 inch by 0.05 thick
silicone nubber wheel reinforced with fiberglass having a rubber surface hardness 81A Durometer,
Shore Aof 81+ 9 The specimen is sxamined for the oresence of surface fuzzing (fiber lofting),

pifling{small clumps of fibers), roping, delamination or holes and assigned a numerical rating of 1, 2, 3,
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4, or 5 bassd on comparison to 2 set of standard photographs similarly numbered, with *1" showing
the greatest wear and "5" the least. The testis carried out with a Martindale Wear and Abrasion
Tester such as Mode! No. 103 or 403 from James H. Heal & Company, Lid. of West Yorkshire,
England,
5 Cup Crush Softness:
The softness of a sample may also be measured according to the “cup crush” test according
i WSP Standard Test No. 402.0 (09}, which svaluates softness by measuring the peak load ("cup
crush load’) that Is required for a hemi-spherically shaped foot (4.5 cm diameter) to crush a sample
(23 ¢m x 23 em} into an inverted cup shape (spproximately 8.5 cm diameter x 8.5 cm tall) whils the
i@ cup-shaped sample remains swrounded by a cylinder (approximately 6.5 cm diameter) fo maintain
uniform deformation. Anaverage of 10 readings is used. The foot and cup are aligned to avoid
contact between the cup walls and the foot which could affect the readings. The peak load is
measured while the foot is descending at a rate of about 380 mm per minute and is measuredin
grams. The cup crush test also yislds a value for the total energy required fo crush a sample {the cup
15 crush energy), which is the energy from the start of the test to the peak load point, L.e. the area under
the curve formed by the load in grams on the one axis and the distance the foot travels in millimeters
an the other, Cup crush energy is therefore reported in g*mm. Lower cup crush values indicate a
softer material, One suitable device for measuring cup crush is g model FTD-G-500 load cell (500
gram range) available from the Schaevitz Company of Pennsauken, N
20 Static and Dynamic Cosfficient of Friction:
Coefficient of Friction testing may be perdormed In accordance with ASTM D 1894-08 using a
high gloss smooth vinyl tile sliding surface. A sled, Which has the test specimen attached thereto, may
be pulled over & high gloss smooth vinyl tile surface. The test specimen and the vinyl tile surface are

i surface-to-surface contaot with each other. The coeffigient of friction value is defined as the

25 measure of the relative difficulty when the surface of the test specimen slid over the fixed vinyl tile
surface. The “static’ coefficient of friction is the highest instantaneous value obtained to begin
movement between the surfaces and “dynamic” coefficient of friction is the average of the values
gbtained during the 80 seconds of the test (8 inch travel distance). The lesting apparatus may be @
LAB MASTER Slip and Friction Modet 32-90 with a modei number 32:80-06 test sled; hoth of which

30 are available from Testing Machines, Inc. of Islanda, NY,, 11722, USA,

The sled used for the testing may have a weight of 200 grams. Testing cccurs in a room
having a temperature of betwsen about 22°C and about 24°C, and a relative humidity of about 50%.

The test material is mounted 1o the platen (fable) had a length of about 305 millimeters and a width of
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sbout 102 to 127 milimeters using a double-sided tape. The test specimen has a length of about 100
millimeters and a width of about 63 millimeters. The sled is lowered by the lest equipment before
testing and positioned lightly onto the test material when the test was started {o prevent any unnaturg
hond from developing. The length of the sled and the length the plane-mounted are paraliel. The
maving platen is then put in motion at a velocity of 8 inches per minute. The gauge takes readings
and continues to do so for about 60 ssconds {6 inches of travel). The gauge measures and stored the
“static” value for the highest instantaneous cosfficient of friction value obiained to begin the movement
hatween the surfaces within the firstinch of pull. The "dynanic” value s oblained and stored as the
average of the values obtained during the 80 seconds of the test (8 inch travel distance).

The coefficient of friction evaluation was performed five iimes for each sample.

EXAMPLE 1

A first polyolefin composition was formed that contained 100 wt.% of a LLDPE polymer and a
second polyolefin composition was formed that contained 97.4 wt.% of a rigid propylene
homopolymer, 2.5 wt.% of a ductile propyiene homepolymer, and 0.1 wi % of erucamide. The rigid
propylene polymer was PP 3155 (Exxonmabil}, which has a density of 0.8 gfem?, meiting temperature
of about 165°C, and & tensile modulus of about 1300 to 2000 MPa. The ductile propylene polymer
was L-MODU™ 5801 (Idemiteu), which has & density of 0.87 glom?, melting temperature of 70°C, and
a tensite modulus of 80 MPa. The first polyciefin composition was spun to form a first nonwoven web
using the following conditions: pump speed of 85 rpm, throughput of 184 kglhr, mell temperature of
213°C, cabin pressurs of 3000 bar, and process air temperature of 258°C. The second polysiefin
composition was spun o form a second nonwoven web using the following conditions: pump speed of
55 rom, throughput of 189 kofhr, melt temperaturs of 233°C, cabin pressure of 4400 bar, and process
air temperature of 20°C. The first and second nonwoven wehs were then thermally bonded togsther
between a calendar roll heated to 122°C and an embossing roll heated to 114°C, wherein the nip
pressure was 100 Nimm. The bond pattern covered 18.5% of the area of the sutface of the
composite. The resulting composite had a total basis weight of 14 gsm {gach nonwoven web having a
basis weight of about 7 gsm), and the fibers of both webs had an average size of about 1.5 um,

A nonwoven composite was formed as described in Examgle 1, except that the first polyolefin
composition was spun fo form a first nonwoven web using the following conditions: pump speed of 55
rom, throughput of 195 kgfhr, melt temperature of 214°C, cabin pressure of 3000 bar, and process air
temperature of 25°C. The second polyolefin composition was also spun to form a secend nonwoven

web using the following conditions: pump speed of 85 rpm, throughput of 199 kg/fhr, melt temperature
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of 2332°C, cabin pressure of 443(3 bar, and process air temperature of 20°C. The resulting composite
had a total basis weight of 18 gsm (each nonwoven web having a basis weight of about 8 gsm), ang
the fibers of both webs had an average size of about 1.5 um.

EXAMPLE 3

A nonwoven compasite was formed as described in Example 1, except that the first polyalefin
compasition was spun to form a first nonwoven web using the following conditions: pump spesd of 85
romy, throughput of 195 kg/hr, melt temperature of 214°C, cabin pressure of 3000 bar, and process alf
temperature of 25°C. The second polyolefin composition was also spun to form a second nonwoven
web using the following conditions: pump speed of 55 rpm, throughput of 189 ku/hr, melt temperature
of 239°C, cabin pressure of 4400 bar, and process air temperature of 20°C. The first and second
nonwoven webs were then thermally bonded together between a calendar roll heated to 130°C and
an embossing roll heated to 114°C, wherein the nip pressure was 100 Nimm. The bond pattern
covered 18.5% of the area of the surface of the composite. The resulting composite had & tolal basis
weight of 14 gsm (each nonwoven web having a basis weight of about 7 gsm), and the fibers of both
webs had an average size of about 1.5 um.

A nonwoven composite was formed as described in Example 1, except that the first polyolefin
composition was spun to form a first nonwoven web using the following conditions: pump speed of 50
rom, throughpul of 184 kg/hr, melt temperature of 213°C, cabin pressure of 3000 bar, and process air
temperature of 25°C. The second polyolefin composition was also spun to form a second nonwoven
web using the following conditions: pump speed of 80 rpm, throughput of 199 kg/hr, melt temperature
of 241°C, cabin oresaure of 4400 bar, and process alr temperature of 20°C. The first and second
nonwoven webs were then thermally bonded together between a calendar roll heated 1013070 and
an embossing roll heated o 111°C, wherein the nip pressure was 100 Nimm. The bond pattem
coverad 18.5% of the area of the surface of the composite. The resuling composite had a total basis
weight of 16 gsm {gach nonwoven web having a basis weight of about & gsm), and the fibers of both
webs had an average size of sbout 1.5 um.

EXAMPLE S

A polyolefin composition was formed that contained 100 wi.% of PP 3155 (Exxonmobil). The
composition was spun to form a nonwoven web using the following cenditions: pump speed of 85 rpm,
throughput of 189 kg/hr, melt termperature of 233°C, cabin pressure of 4400 bar, and process alr
temperature of 20°C. The resulting nonwoven web had & tolal basis weight of 18 gsm and the fibers

had an average size of about 1.5 um.
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EXAMPLE 8

A polyolefin composition was formed that contained 95 wt.% of PP 31568 (Exxenmobily and 5
wh.% L-MODU™ 3801 {idemitsu). The composition was spun to form a nonwoven web using the
following conditions: pump speed of 61 rpm, throughput of 221 kg/hr, melt temperature of 228°C,
sabin pressure of 4400 bar, and process alr temperaturg of 20°C. The resulting nonwoven web had g
total basis weight of 15 gsm and the fibers had an average size of about 1.5 um.

A polyolefin composition was formed that contained 94 8 wt.% of PP 3155 (Exxonmobil), &
wi % L-MODU™ 5901 (Idemitsu), and 0.2 wt.% erucamide. The compaosition was spun fo form g
nonwoven web using the following conditions; pump speed of 55 rpm, throughput of 198 kylnr, melt
temperature of 223°C, cabin pressure of 4400 bar, and process air temperature of 20°C. The
resulting nonwoven web had a total basis weight of 15 gsm and the fibers had an average size of
about 1.5 um.

EXAMPLE 8

A polyolefin composition was formed that contained 94.8 wt.% of PP 3155 (Exxonmobil}, 5
wh.% L-MODU™ 8801 (Idemitsu), and 0.2 wt % erticamide. The composition was spun to form a
nonwoven web using the following conditions: pump speed of 61 rpmy, throughput of 221 kglhr, malt
temperature of 228°C, cabin pressure of 4400 bar, and process air temperature of 20°C. The
resulting nonwoven web had & fotal basis welght of 18 gam and the fibers had an average size of
about 1.5 Lm.

The abrasion resistance (Martindale), softness {Cup Crush, Coefficient of Friction), and tensile
properties (Peak Load and Blongation) of the samples formed according to Examples 1-8 were then
tested as described above. The results are set forth in Tables 1-4 below.

Table 1. Martindale Abrasion Resistance

Example Abrasion 10 oycles @ SkPa Aprasion 80 cycles @ 9kFa
RatingMo. | Std. Devialion Rating No. t, Deviation
1 3 | | ! 0.
...... 2 4 . (I 0
< 4 .. S ! 0
4 4 1 1 0
5 5 T i 1
6 5 1 { j
7 0 2 R
8 ..... 5 AAAAAAAAAAAAAA Q 3 ...... 1 VVVV
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Table 2: Cup Crush Softness

PCT/IB2014/066133

Cup Crush N

Example | Peak Load (gf) Tolal Eperoy (gfmm)
,,,,,,, Avg. |...Sid Dev, Avg. .St Dev
3278 | 49 gates 4705
2 3013 478 740 51 5r26
3 35,68 559 69140 56,48
4 4875 345 8585  BR80
5 140.37 1974 297815 1 19034
,,,,,, 8 120,92 809 2530.08 46.76
7 6848 6.34 1335.93 12487
8 102.66 20.42 2358.88 /129

WD ch
Example Static Toynamic | staic” 1 Dynamic
Aug | Sid. Dev. | Avg | Std.Dev. | Avg. | Std. Dev. i Avg. | 5t Dev
0.88
1 ba 0023 10880| 0035 0780 0032 |0761 % 0032
- e I R e
2 ; 0021 107310 0038 07541 0078 10705 0042
] e e e
3 ) 0402 0878 0 0080 | 07831 0086 | 0765 | 0049
088 |
4 5 005¢ | 0845 | 0058 07481 0044 073 0039
s i B
5 ) 0021 104220 0017 | 0482 | 0022 0438 0021
R T e e |
6 , 008 0515 | 0029 105320 D042 | 0468 0022
il 1 A A N
7 . 0038 05201 0044 0551 0031 [0505| 0025
172N A S N R
8 . 0060 0558 | 0059 0564 | 0025 | 0504 1 0034
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MD .. _on
Peak Elongation Feak Elongation
EX. Feak Load (gf) . (%) Peak Load {of} (%)
&t
 Avg | Sid.Dev. | Avg | SW.Dev. | Ag. S;i‘ Avg. | Std Dev.
1 03452 1BE9Y | 228 06 7essr | mona | ais 30
2 121627191 4392 1230 1.7 70643 | G280 | 351 .

3 2953201 7685 237 25 84685 @ 11756 | 400 1 42

4 2349811 8788 1 220 19 100407 . 7954 | 3RS 35

5 361035 55840 258 38 160300 | 20733 | 402 65

6 lagBddg| is777 347 40 UARBTAT 40775 | 478 | 4D

7 AI8447 42721 366 33 (152436 3935 | 447 | BY

8 534072 36980 (363 28 10374 | 19028 | 458 . 30
EXAMPLE 9

A first polyolefin composition was formed that contained 100 wt.% of a LLDPE polymer and a
second polyolefin composition was formed that contained 93 wt.% PP 3155 (Exxonmobll), 5wt L-
MODU™ S901 {demitsu}, and 2 wt.% of a mixture of erucamide and titanium dioxide. The first
polyolefin composition was spun to form a first nonwoven web using the following conditions: pump
speed of 52 rpm, throughout of 202 kg/hr, melt temperature of 210°C, cabin pressure of 0.028 bar,
and process air temperature of 258°C. The second polyolefin composition was spun fo form a second
nenwoven web using the following condifions: purp speed of 49 rpm, throughput of 195 kg/hr, melt
temperature of 250°C, cabin pressure of 0.05 bar, and process alr temperature of 20°C. The first and
second nonwoven webs were then thermally bonded together between a calendar roll heated to
128°C {PE-side) and an embossing rofl heated to 132°C [PP-side), wherein the nip pressure was 100
N/mm. The bond pattern covered 18% of the area of the surface of the composite, The resuiting
somposite had a total basis weight of 17.2 gsm {each nonwoven web having a basis weight of abowt
8.6 gsm), and the fibers of both webs had an average size of about 1.7 um.

A nonwoven composite was formed as described in Example 9, except that 3 third nonwoven
web wes employed so that the second nonwoven web was positioned between the first and thirg
nonwoven webs, The third nonwoven web was formed from the same polyolefin composition as the
first nonwoven web. The webs were then thermally bonded together between a calendar roll heated
to 135°C and an embossing roll heated to 140°C, whersin the nip pressure was 100 N/mm. The bond
pattern coveraed 18% of the area of the surface of the composite. The resulting composite had & total

PR ol

hasis weight of 17.6 gem {ach nonwoven web having a basis welght of about 8.8 gsmy), and the fibers
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of both webs had an average size of about 1.6 pm.

PCT/IB2014/066133

The abrasion resistance (Martindsle), softness (Cup Crush, Coefficient of Friction), and tensile

oroperties (Peak Load and Elongation) of the samples formed according to Examples 8-10 were then

tostad as described above. The resulte are set forth in Tablss 5-8 below.

5 Table & Martindale Abrasion Resistance
Exampie Abrasion 10 cycles @ BxPa Abrasion 60 cycles @ 9kPa
 RefingNo. Std, “Deviatié? """" Rating No. Std. Deviation
............. 9 A g h 0
‘gﬁ ......... 4 G ...... J} Q
Tahle 6: Cup Crush Softness
, T gupCmwsh
Baample | ?eak Loacviw(g’r} TotlEneroy (gfmm)
Ave, Sid Dev. Ava, Std. Dev.
9 105.0 787 o173 18142
10 1080t | 199635 81.04
Table 7: Coefficient of Friction
Example Static Dynamic Static Dynamic
Ao, | St Dev | Avg | Sid. Dev. | Avg. Std.Dev. . Avg. | Std Dev
9 .608 0.015 (.579 0.010 3615 0.025 £.805 0.018
16710730 003 o77a | 004 0TI 0038|0747 003
10 o |
Table 8: Tensile Propertiss
,,,,,,,,,,,, - ‘ B
Peak Elongation Peak Elongation
Example | Feak Load (gf} ) Peak Load (gf) (%)
Std . ) Std, e . '
Avg. Dev. | V8 LS acker: o AVY. Dev, | ;-\vq Sad Dav,
9 2681.28 | 10295 | 231 17 (1181831 7854 | 379 75
rrrrrrrrrrrrrr 10 337430 0 36888 | 240 27 149921 | 18910 | 358 3.1
EXAMPLE 11
A palyolefin comuosition was formed that contained 88 wi.% of PP 3185 (Exxonmobil), 5 wi.%
15 of L-MODU™ 5400 {idemitsu), § w % of Exon Vistamao™ 7050 and 2 wi.% of erucamide, L-

MODU™ S400 (idemitsu) has a density of 0.87 glom?, malling temperature of 70°C, tensile modulus

of 80 MPa, and a mel flow rate of 2,000 g/10 min {(230°C, 2.16kg). The polyalefin composition was
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spun to form a nonwoven web using the following conditions: pump speed of 13.7 rpm, throughput of
100 kg/hr, meit tomperature of 225°C, (FDU) Fiber Drawing Unit pressure of 0.50 bar, and process aiy
temperature of 20°C. The resulting nonwoven web had 2 total basis weight of 15 gsm.
EXAMPLE 12
5 A nonwoven web was formed as described in Example 11, except that the polyolsfin
composition was 88 wt.% of PF 3155 (Exxonmobil), 5 wh.% of L-MODU™ 8400 {idemitsu}, 5 w % of
Vistamaxx™ 2330 and 2 wi.% of erucamide.
EXAMPLE 13
A nonwoven web was formed as described in Example 11, except that the polyclefio
10 composition was 88 wi % of PP 3155 (Exxonmobil, 10 wt.% of L-MODU™ 400 (idemitsu), and 2
wh.% of erucamide.
EXAMPLE 14
A nonwoven web was formed as described in Example 11, except that the polyalefin
composition was 93wl % of FP 3155 (Exxonmobil}, 5 wi.% of L-MODU™ 5400 {demitsu}, and 2 wi.%
15 of erucamide.
The gbrasion resistance (Martindale), softness {Cup Crush), and tensile preperties (Peak
Load and Elongation) of the samples formed according to Examples 11-14 werg then tested a3
described above. The results are set forth In Tables 811 below,

Table 8 Martindale Abrasion Resistance

Example Abrasion 10 cycles @ 9kPa
""""""" Rating No, I g Deviation
1 5 (I
12 5 (R
13 5 0
14 I R g
g e i
Table 10: Cup Crush Softness
e Cup Crush
B Hsleis. 00 T Total Energy (' mim)
Avg  d o SWdDev | Avg. Std. Dev
i 5645 | 310 oz 69,98
12 5664 4.4 o 1085.34 : 64.48
B 7344 9.84 138463 L. 1882 ..
14 Nl [ 2001.86 118.44
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Table 11: Tensile Properties

........ D I
Peak Elongation Peak Elongation
Example |  Peakioad{gl | (%) _ Peaiload (gff | S
llllll Avg. S;i | Avg. | Sid Dev. Avg. g:i Avg. | Std‘Dev\.‘
1 380890 1 38722 4 377 & 3.8 132476 | 8462 460 \ 7.8
________________ 12 1324890 | 14958 | 310 A7 1162703 | 19730 ¢ A4 4.9
13 340139 | 10744 1§ 327 ¢ 41 162631 | 10223 | 474 1 80
14 417517 | 27663 | 437 | 40 | 204385 | 13608 | 618 16

While the invention has been described in detail with respect to the specific embodimenis
thereof, it will be appreciated that those skilled in the art, upon attaining an understanding of the
foregoing, may readily conceive of alterations to, variations of, and eguivalents o thess embodiments.
Accordingly, the scope of the present invention should be assessed as thal of the appended claims

and any equivalents thereto:
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WHAT 18 CLAIMED 1S;

1. A nopwoven composite comprising:

a first nonwaoven web containing a plurality of fibers formed from a first polyolefin compaosition,
wherein the first polyolefin composition contains ai least one ethylene polymer; and

a second nonwover web positioned adjacent to the first nonwoven web, the second
nonwaven web containing a plurality of fibers formed from a second polyolefin composition, whersin
the second polyolefin composition contains at least one rigid propylene polymer, at lsast one ductile
propylens polymer, and at least one fatly acid derivative.

2. The nonwoven composite of claim 1, wherain the first polyolefin composition has a meiting
temperature of from about 50°C to about 145°C.

3. The nonwoven composite of claim 1, whereln the ethylene polymer is lingar low densily
polyethyiene.

4. The nonwoven composite of claim 1, wherein the rigid propylene polymer has a modulus of
slasticity of from about 800 to about 4,000 MPa, as determined in accordance with ASTM 163810,

5. The nonwoven composite of claim 1, wherein the rigid propylene polymer is an isolactic
homopolymer,

6. The nonwoven composite of claim 1, wherein rigid propylene polymer canstitutes from
about 80 wt.% to about 99.5 wi.% of the second polyolefin compasition,

7. The nonwoven composite of claim 1, wherein the ratio of the modulus of elasticity of the
rigid propylene polymer to the modidus of elasticity of the ductile propylene polymer is from about 1 to
about 50, as defermined in accordance with ASTM D838-10.

8. The nonwoven composite of claim 7, whersin the modulus of elasticity of the ductile
polymer is from about 1 to about 500 MPa, as determined in accordance with ASTM D638-10.

9. The nonwoven composite of claim 1, whersin the ductile polymer has a melting
ternperature of from about 40°C to about 120°C.

10. The nonwoven composite of claim 1, whersin the ductile polymer has a degree of
crystallinity of from about 1% to about 35%, as determined using differential scanning calorimetry in
accordance with ASTM D-3447.

14. The nonwoven composite of claim 1, wherein the ductie polymer is a metaliocene-
catalyzed homopolymer,

12. The nonwoven composite of claim 1, wherein the width ai the half height of the
endothermic peak of the second polyolefin composition is about 5°C or more, as determined using

differential scanning calotimetry in accordance with ASTM D-3417.
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13. The nonwoven composite of claim 3‘5 whersin the ductie propylene polymer constitutes
fram about 0.1 wt.% to about 15 wt.% of the sscond palyolefin composition andior the fatty acid
derivative constitutes from about 8,001 wt.% to about & wt% of the second polyolefin composition.

14. The nonwoven composite of claim 1, wherein the weight ratio of the ductile polymer to the
fatty acid derivative in the second polyolefin composition is from about 2 to about 60,

15. The nonwoven composite of claim 1, wherein the fatly acid derivative is a falty acid
amide, such as srucamide, oleamide, or a combination thereof,

16. The nonwoven composite of claim 1, wherein the second polyolefin composition further
comprises a propylenelo-olefin copolymer,

17. The nonwoven composite of claim 1, wherein the first nonwoven web, the second
nonwoven web, or both are a spunbond web.

18. The nonwoven composite of claim 1, wherein the first nonwoven web constitutes from
about 20 wt.% to about 80 wi.% of the composite and the secwnd nonwoven web constitutes from
about 20 wh.% to aboul 80 wi.% of the composite.

18. The nonwoven composiie of claim 1, wherein the composite exhibits a cup crush load of
about 200 grams-force or less andfor a coefficient of friction in the machine direction of about 0.885 or
less.

20. A multi-ayered laminate comprising the nonwoven conposite of claim 1 and an additional
fayer, which is a nonwoven web, film, or a combination thereof.

21, An absorbent article comprising an absorbent core positioned between a backshest and

a topshest, wherein the hackshest, topshest, or both contains the nonwoven composite of claim 1.



WO 2015/075631 PCT/IB2014/066133
36

AMENDED CLAIMS
received by the International Bureau on 23.04.2015

WHAT IS CLAIMED IS:

1. A nonwoven compasite comprising:

a first nonwoven web containing a plurality of fibers formed from a first polyolefin
composition, wherein the first polyolefin composition contains at least one ethylene polymer; and

a second norwoven web positioned adjacent to the first nonwoven web, the second
nonwoven web containing a plurality of fibers formed from a second polyolefin compaosition, wherein
the second polyolefin composition contains at least one rigid propylene polymer, at least one ductile
propylene polymer, and at least one fatty acid derivative.

2. The nonwoven composite-of claim 1, wherein the first polyolefin compasition has a
melting temperature of from about 50°C to about 145°C.

3. The nonwoven composite of claim 1, wherein the ethylene polymer is linear low densily
polyethylene.

4. The nonwoven composite of claim 1, wherein the rigid propylene polymer has a modulus
of elaslicity of from about 800 to about 4,000 MPa, as determined in accordance with ASTM D638-
10.

5. The nanwoven composite of claim 1, wherein the rigid propylene polymer is an isotactic
homopolymer.

6. The nonwoven composite of claim 1, wherein the rigid propylene polymer constitutes from
about 80 wt.% to about 99.5 wt.% of the second polyolefin composition.

7. The nonwaven composiie of claim 1, wherein the ratio of the modulus of elasticity of the
rigid propylene polymer to the modulus of elasticity of the ductile propylene polymer is from about 1
to about 50, as determined in accardance with ASTM D638-10.

8. The nonwoven composite of claim 7, wherein the modulus of elasticity of the ductile
polymer is from about 1 to about 500 MPa, as determined in accordance with ASTM D638-10.

9. The nonwoven composite of claim 1, wherein the ductile polymer has a melting
temperature of from about 40°C to about 120°C.

10. The nonwoven composite of claim 1, wherein the ductile polymer has a degree of
crystallinity of from about 1% to about 35%, as determined using differential scanning calorimetry in
accordance with ASTM D-3417.

11. The nonwoven composite of claim 1, wherein the ductile polymer is a metallocene-
catalyzed homopolymer.

AMENDED SHEET (ARTICLE 19)
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12. The nonwoven composite of claim 1, wherein the width at the half height of the
endothermic peak of the second polyolefin composition is about 5°C or mare, as determined using
differential scanning calorimetry in accordance with ASTM D-3417.

13. The nonwoven composite of claim 1, wherein the ductile propylene polymer constitutes
from about 0.1 wt.% to about 15 wt.% of the second polyolefin composition and/or the fatty acid
derivative constitutes from about 0.001 wt.% to about 5 wt.% of the second polyolefin composition.

14. The nonwoven composite of claim 1, wherein the weight ratio of the ductile polymer to
the fatty acid derivative in the second polyolefin composition is from about 2 to about 60.

15. The nonwoven composite of claim 1, wherein the fatty acid derivative is a fatty acid
amide, such as erucamide, oleamide, or a combination thereof.

16. The nonwoven composite of claim 1, wherein the second polyolefin composition further
comprises a propylene/o-olefin copolymer.

17. The nonwoven composite of claim 1, wherein the first nonwoven web, the second
nonwoven web, or both are a spunbond web.

18. The nonwoven composite of claim 1, wherein the first nonwoven web constitutes from
about 20 wt.% to about 80 wt.% of the composite and the second nonwoven web constitutes from
about 20 wt.% to about 80 wt.% of the composite.

19. The nonwoven composite of claim 1, wherein the composite exhibits a cup crush load of
about 200 grams-force or less and/or a coefficient of friction in the machine direction of about 0.885
or less.

20. A multi-layered laminate comprising the nonwoven composite of claim 1 and an
additional layer, which is a nonwoven web, film, or a combination thereof.

21. An absorbent article comprising an absorbent core positioned between a backsheet and
a fopsheet, wherein the backsheet, topsheet, or both contains the nonwoven composite of claim 1.

AMENDED SHEET (ARTICLE 19)
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