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(57) ABSTRACT 

The present invention pertains to a porous, macroscopically 
expanded, three-dimensional, elastomeric Web suitable for 
use in elasticized portions of disposable absorbent articles 
such as bandages, diapers and pull-up diaper training pants. 
In a preferred embodiment the Web has a continuous ?rst 
surface and a discontinuous second surface remote from ?rst 
surface. An elastomeric Web of the present invention pref 
erably comprises a formed ?lm having at least tWo poly 
meric layers, With at least one of the layers being an 
elastomer and at least one of the other layers being a 
substantially less elastomeric skin layer. In a preferred 
embodiment the elastomeric Web exhibits a multiplicity of 
primary apertures in the ?rst surface of the Web, the primary 
apertures being de?ned in the plane of the ?rst surface by a 
continuous network of interconnecting members. Each inter 
connecting member exhibits an upWardly concave-shaped 
cross-section along its length. The interconnecting members 
terminate substantially concurrently With one another to 
form a secondary aperture in the plane of the second surface 
of the Web. Also disclosed is a method of producing the 
elastomeric Web of the present invention comprising pro 
viding a multilayer elastomeric ?lm, supporting the ?lm on 
a forming structure, and applying a ?uid pressure differential 
across the thickness of the multilayer ?lm. The ?uid pressure 
diiferential is sufficiently great to cause the multilayer ?lm 
to conform to the supporting structure and rupture in at least 
portions of the formed ?lm. 
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Fig. 1 
(PRIOR ART) 



Patent Application Publication Jun. 1, 2006 Sheet 2 0f 12 US 2006/0113698 A1 

90 

z”"\ — — _ _ _‘\‘ 

‘ w A h/\ A f‘ . 

a’ y)\ 
‘(0' , \\ .- 3: . 

I as - 
’ /'o 

.103 ' 

.~ /, // 

J01 

' 
I 

Fig. 4 



Patent Application Publication Jun. 1, 2006 Sheet 3 0f 12 US 2006/0113698 A1 



Patent Application Publication Jun. 1, 2006 Sheet 4 0f 12 US 2006/0113698 A1 

Fig. 8C 
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Fig. 12 
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TEAR RESISTANT POROUS EXTENSIBLE WEB 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division application of U.S. 
application Ser. No. 10/396,977, ?led on Mar. 25, 2003; 
Which is a continuation application of U.S. application Ser. 
No. 10/090,909, ?led on Mar. 5, 2002, noW abandoned; 
Which is a continuation application of U.S. application Ser. 
No. 09/873,738, ?led on Jun. 4, 2001, noW abandoned; 
Which is a continuation application of U.S. application Ser. 
No. 08/816,106, ?led on Mar. 14, 1997, noW abandoned; 
Which is a continuation application of U.S. application Ser. 
No. 08/813,489, ?led on Mar. 7, 1997, noW abandoned, 
Which is a continuation-in-part of U.S. application Ser. No. 
08/803,905, ?led on Feb. 21, 1997, noW abandoned. 

FIELD OF THE INVENTION 

[0002] The present invention relates to porous extensible 
polymeric Webs. In particular, the present invention relates 
to macroscopically-expanded three-dimensional apertured 
polymeric Webs. 

BACKGROUND OF THE INVENTION 

[0003] It has long been knoWn in the ?eld of disposable 
absorbent articles that it is desirable to construct absorptive 
devices, such as disposable diapers, sanitary napkins, incon 
tinent briefs, bandages, Wound dressings, and the like, With 
elastic elements to improve the range of siZe, ease of motion, 
and sustained ?t. It is also Well knoWn that it is preferable, 
especially in such products intended to be Worn in hot and 
humid conditions, to provide adequate porosity to all areas 
of the article Where undue occlusion of the skin may cause 
sensitiZed skin or heat rash. Due to the nature of many 
disposable absorbent articles there is a high potential for 
skin irritation due to trapping of moisture and other body 
exudates betWeen the elasticiZed portion of the article and 
the skin of the Wearer. ElasticiZed portions of disposable 
articles are particularly prone to causing skin irritations as 
they tend to be more conformable to the body, and therefore 
more likely to occlude areas of the skin, often for long 
periods of time. Various methods are knoWn in the art for 
imparting elasticity to polymer ?lms, and various methods 
are knoWn in the art for imparting porosity to polymer ?lms, 
but there remains a need for a polymeric ?lm or Web that 
provides for both adequate elasticity and porosity, such as 
may be adapted for durable, prolonged use in garments, 
particularly disposable garments. 

[0004] Disposable diapers and other absorbent articles 
?tted With elasticiZed leg cuffs or elasticiZed Waist bands for 
a more comfortable ?t, as Well as providing for better 
leakage control, are knoWn in the art. Often, the elasticity is 
accomplished With a heat treatment of polymeric materials 
that results in a desirable shirring or gathering of a portion 
of the diaper. One such method of treatment is disclosed in 
U.S. Pat. No. 4,681,580, issued to Reising et al. on Jul. 21, 
1987, and hereby incorporated by reference herein. 

[0005] An improved method for sequentially stretching a 
“Zero strain” stretch laminate Web to impart elasticity thereto 
is disclosed in U.S. Pat. No. 5,143,679 issued to Weber et al. 
on Sep. 1, 1992 and hereby incorporated herein by reference. 
Weber ’679 teaches the use of a stretch laminate material 
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formed of at least tWo plies, one of Which is stretchable and 
elastomeric, While the second ply is elongatable, but not 
necessarily elastomeric. The plies are either intermittently or 
substantially continuously secured to one another along at 
least a portion of their coextensive surfaces While in a 
substantially untensioned (“Zero-strain”) condition. Weber 
’679 further discloses an improved method and apparatus for 
sequentially stretching the “Zero-strain” stretch laminate 
portions of the Web during the incremental stretching pro 
cess to impart elasticity in the direction of stretching Without 
rupturing the laminate Web in the process. Further improve 
ments are taught in U.S. Pat. No. 5,156,793 issued to Buell 
et al. on Oct. 20, 1992 and U.S. Pat. No. 5,167,897 issued 
to Weber et al. on Dec. 1, 1992, both of Which are hereby 
incorporated by reference herein. 

[0006] ElasticiZed polymeric Webs may also be produced 
from elastomeric materials knoWn in the art, and may be 
laminates of polymeric materials such as disclosed in U.S. 
Pat. No. 5,501,679, issued to Krueger et al. on Mar. 26, 
1996. Laminates of this type are generally prepared by 
coextrusion of elastomeric materials and inelastic skin layers 
folloWed by stretching the laminate past the elastic limit of 
the skin layers and then alloWing the laminate to recover. 
Elastomeric Webs or ?lms such as those described above 
may be used in the body hugging portions of garments, such 
as the Waistband portions and leg cuffs, but are generally not 
porous enough to prevent undesirable skin irritations When 
used for prolonged periods of time. 

[0007] Several means of rendering elasticiZed planar poly 
mer ?lms more porous are knoWn in the art, such as die 
punching, slitting, and hot-pin melt aperturing. HoWever, 
When any of the above techniques is applied to thermoplastic 
elastomeric ?lms, the increase in porosity is accompanied by 
a decrease in the degree of reliable elastic performance. For 
example, in the case of circular apertures in a planar ?lm, it 
is Well knoWn that for an applied stress S1, a resultant local 
stress, S2, is created orthogonal to the applied stress about 
the apertures. This local stress, S2, is greater than S1, 
approaching a magnitude up to 3 times the applied stress. 
For non-round apertures the concentration of stress can be 
even greater. As a result, apertures become sources of tear 
initiation sites at their edges, because the edges of the 
material form the edges of the apertures in the plane of 
applied stress. For common thermoplastic elastic ?lms, such 
apertures facilitate tear initiation Which can propagate over 
time leading to catastrophic failure of the ?lm. When used 
in elasticiZed portions of disposable absorbent articles, this 
failure results in the loss of important elastic characteristics, 
including loss of comfort, ?t and use of the absorbent article. 

[0008] Prior art Web structures that do provide adequate 
porosity so as to be preferable for use as the Wearer 
contacting surface on disposable absorbent articles have 
been of tWo basic varieties, i.e., inherently ?uid-pervious 
structures, such as ?brous nonWovens, and ?uid-impervious 
materials such as polymeric Webs Which have been provided 
With a degree of ?uid permeability via aperturing to permit 
?uid and moisture ?oW therethrough. Neither variety is 
characteristically elastic, and as a result both are generally 
used in regions of an absorbent article requiring ?uid 
permeability but not extensibility, such as the body-contact 
ing layer of a catamenial pad. 

[0009] Commonly assigned U.S. Pat. No. 3,929,135 
issued to Thompson on Dec. 30, 1975, and hereby incorpo 
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rated herein by reference, suggests a suitable body-contact 
ing porous polymeric Web for disposable articles. Thompson 
teaches a macroscopically-expanded, three-dimensional top 
sheet comprised of liquid-impermeable polymeric material. 
However, the polymeric material is formed to comprise 
tapered capillaries, the capillaries having a base opening in 
the plane of the topsheet, and an apex opening in intimate 
contact With the absorbent pad utiliZed in the disposable 
absorbent bandage. The polymer material taught by Thomp 
son is not generally an elastomer, hoWever, and Thompson 
depends on the inelastic properties of the heat-molded single 
layer ?lm to produce the desired three-dimensional struc 
ture. 

[0010] Still another material Which has been utiliZed as a 
body contacting surface in a disposable absorbent article 
context is disclosed in commonly assigned US. Pat. No. 
4,342,314 issued to Radel et al. on Aug. 3, 1982, and hereby 
incorporated herein by reference. The Radel et al. patent 
discloses an improved macroscopically-expanded three-di 
mensional plastic Web comprising a regulated continuum of 
capillary netWorks originating in and extending from one 
surface of the Web and terminating in the form of apertures 
in the opposite surface thereof. In a preferred embodiment, 
the capillary netWorks are of decreasing siZe in the direction 
of liquid transport. 

[0011] The macroscopically-expanded three-dimensional 
plastic Webs of the type generally described in the afore 
mentioned commonly assigned Thompson and Radel et al. 
patents have met With good success in permitting adequate 
liquid permeability due to the porosity provided by the 
apertures. HoWever, because of material limitations such 
Webs do not generally possess the requisite elasticity to 
alloW the resulting Web to have signi?cant elastomeric 
characteristics. This shortcoming substantially limits the use 
of such Webs in elasticiZed portions of an absorbent article. 

[0012] Accordingly, it Would be desirable to provide an 
apertured elastomeric Web designed to dissociate the effects 
of an applied strain on the Web from the edges of the 
apertures and hence retard or prevent the onset of tear 
initiation. 

[0013] More particularly, in a particularly preferred 
embodiment, it Would be desirable to provide a macroscopi 
cally-expanded three-dimensional apertured elastomeric 
Web that is able to substantially recover its three-dimen 
sional shape after being subjected to an applied strain of up 
to about 400% or more. 

SUMMARY OF THE INVENTION 

[0014] In a preferred embodiment, the present invention 
pertains to a macroscopically-expanded, three-dimensional, 
elastomeric Web suitable for use in elasticiZed portions of 
disposable absorbent articles such as bandages, diapers and 
pull-up diaper training pants. In a preferred embodiment the 
Web has a continuous ?rst surface and a discontinuous 
second surface remote from the ?rst surface. An elastomeric 
Web of the present invention preferably comprises a formed 
?lm having at least tWo polymeric layers, With at least one 
layer being an elastomer and at least one layer being a 
substantially less elastomeric skin layer. In a preferred 
embodiment the elastomeric Web exhibits a multiplicity of 
primary apertures in the ?rst surface of the Web, the primary 
apertures being de?ned in the plane of the ?rst surface by a 
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continuous netWork of interconnecting members, each inter 
connecting member exhibiting an upWardly concave-shaped 
cross-section along its length. In a preferred embodiment 
each interconnecting member exhibits a generally U-shaped 
cross-section along a portion of its length, the cross-section 
comprising a base portion generally in the plane of the ?rst 
surface of the Web and sideWall portions joined to each edge 
of the base portion and interconnected With other sideWall 
portions. The interconnected sideWall portions extend gen 
erally in the direction of the second surface of the Web, and 
are interconnected to one another intermediate the ?rst and 
the second surfaces of the Web. The interconnected sideWall 
portions terminate substantially concurrently With one 
another to form a secondary aperture in the plane of the 
second surface of the Web. 

[0015] Also disclosed is a method of producing the elas 
tomeric Web of the present invention comprising providing 
a multilayer elastomeric ?lm, supporting the ?lm on a 
forming structure, and applying a ?uid pressure differential 
across the thickness of the multilayer ?lm. The ?uid pressure 
differential is suf?ciently great to cause the multilayer ?lm 
to conform to the supporting structure and rupture in at least 
portions of the formed ?lm. 

[0016] When used as an extensible, porous member in an 
absorbent article, the elastomeric layer of the present inven 
tion alloWs the interconnecting members to stretch in the 
plane of the ?rst surface. The three-dimensional nature of 
the Web places the secondary apertures in a plane of the 
second surface remote from the plane of the ?rst surface, 
initially removing Web stresses from the tear initiation sites 
at the edges of the secondary apertures. Initial Web strain 
results in the base of the interconnecting members experi 
encing strain in the ?rst surface. As the Web strain increases, 
the sideWall portions of the interconnecting members inter 
mediate the ?rst and second surface experience strain as they 
begin to approach the plane of the ?rst surface. Ultimately, 
upon adequate Web strain, the plane of the second surface 
approaches the plane of the ?rst surface and the edges of the 
secondary apertures Will experience Web strain as Well. 

[0017] Therefore, the three-dimensional nature of the Web 
alloWs the strain on the interconnecting members in the 
plane of the ?rst surface to be dissociated from the strain at 
the secondary apertures in the secondary surface, and there 
fore decoupled from potential strain-induced stress at tear 
initiation sites. This dissociation, or decoupling, of the 
strain-induced stress of the Web from strain-induced stress at 
the secondary apertures signi?cantly increases Web reliabil 
ity by alloWing repeated and sustained Web strains of up to 
about 400% or more Without failure of the Web due to tear 
initiation at the apertures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter of the present invention, it is believed that the present 
invention Will be better understood from the folloWing 
description taken in conjunction With the accompanying 
draWings in Which like reference numerals identify identical 
elements and Wherein: 

[0019] FIG. 1 is an enlarged, partially segmented, per 
spective illustration of a prior art polymeric Web of a type 
generally disclosed in commonly assigned US. Pat. No. 
4,342,314; 
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[0020] FIG. 2 is an enlarged, partially segmented, per 
spective illustration of a preferred elastomeric Web of the 
present invention having tWo layers of polymer ?lm, at least 
one of Which is elastomeric; 

[0021] FIG. 3 is a further enlarged, partial vieW of a Web 
of the type generally shoWn in FIG. 2, but illustrating in 
greater detail the Web construction of an alternative elasto 
meric Web of the present invention; 

[0022] FIG. 4 is an enlarged cross-sectional vieW of a 
preferred multilayer ?lm of an elastomeric Web of the 
present invention having an elastomeric layer interposed 
betWeen tWo skin layers; 

[0023] FIG. 5 is a plan vieW of aperture shapes projected 
in the plane of the ?rst surface of an alternative elastomeric 
Web of the present invention; 

[0024] FIG. 6 is an enlarged cross-sectional vieW of an 
interconnecting member taken along section line 6-6 of 
FIG. 5; 

[0025] FIG. 7 is another enlarged cross-sectional vieW of 
an interconnecting member taken along section line 7-7 of 
FIG. 5; 

[0026] FIGS. 8A-8C are schematic representations of a 
cross-section of an aperture of an elastomeric Web of the 
present invention in various states of tension; 

[0027] FIG. 9 is an enlarged optical photomicrograph 
showing the ?rst surface of an elastomeric Web of the 
present invention having an ordered pattern of approxi 
mately 1 mm square apertures; 

[0028] FIG. 10 is an enlarged scanning electron micro 
scope photomicrograph perspective illustration of the sec 
ond surface of the elastomeric Web shoWn in FIG. 9 in an 
unstretched state; 

[0029] FIG. 11 is an enlarged scanning electron micro 
scope photomicrograph perspective illustration of the sec 
ond surface of the elastomeric Web shoWn in FIG. 9 
tensioned to approximately 100% strain; 

[0030] FIG. 12 is an enlarged scanning electron micro 
scope photomicrograph perspective illustration of an aper 
ture of an elastomeric Web of the present invention shoWing 
rugosities formed after extension and recovery; 

[0031] FIG. 13 is a partially segmented perspective illus 
tration of a disposable garment comprising the elastomeric 
Web of the present invention; 

[0032] FIG. 14 is a simpli?ed, partially segmented illus 
tration of a preferred embodiment of side panels for a 
disposable garment; 

[0033] FIG. 15 is a simpli?ed, partially exploded perspec 
tive illustration of a laminate structure generally useful for 
forming the Web structure illustrated in FIG. 2; 

[0034] FIG. 16 is a perspective vieW of a tubular member 
formed by rolling a planar laminate structure of the type 
generally illustrated in FIG. 15 to the desired radius of 
curvature and joining the free ends thereof to one another; 

[0035] FIG. 17 is a simpli?ed schematic illustration of a 
preferred method and apparatus for debossing and perforat 
ing an elastomeric ?lm generally in accordance With the 
present invention; 
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[0036] FIG. 18 is an enlarged, partially segmented per 
spective illustration of an alternative elastomeric Web of the 
present invention; and 

[0037] FIG. 19 is an enlarged cross-sectional illustration 
of the Web of FIG. 18 taken along section line 19-19. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0038] FIG. 1 is an enlarged, partially segmented, per 
spective illustration of a prior art macroscopically-ex 
panded, three-dimensional, ?ber-like, ?uid pervious poly 
meric Web 40 Which has been found highly suitable for use 
as a topsheet in disposable absorbent articles, such as diapers 
and sanitary napkins. The prior art Web is generally in 
accordance With the teachings of commonly assigned US. 
Pat. No. 4,342,314 issued to Radel et al. on Aug. 3, 1982, 
Which is hereby incorporated herein by reference. The ?uid 
pervious Web 40 exhibits a multiplicity of apertures, e.g., 
apertures 41, Which are formed by a multiplicity of inter 
connected ?ber-like elements, e.g., ?ber-like elements 42, 
43, 44, 45, and 46 interconnected to one another in the ?rst 
surface 50 of the Web. Each ?ber-like element comprises a 
base portion, e.g., base portion 51, located in plane 52 ofthe 
?rst surface 50. Each base portion has a sideWall portion, 
e.g., sideWall portion 53, attached to each edge thereof. The 
sideWall portions extend generally in the direction of the 
second surface 55 of the Web. The intersecting sideWall 
portions of the ?ber-like elements are interconnected to one 
another intermediate the ?rst and second surfaces of the 
Web, and terminate substantially concurrently With one 
another in the plane 56 of the second surface 55. 

[0039] In a preferred embodiment, the base portion 51 
includes a microscopic pattern of surface aberrations 58 
generally in accordance With the teachings of US. Pat. No. 
4,463,045, issued to Ahr et al. on Jul. 31, 1984, the disclo 
sure of Which is hereby incorporated herein by reference. 
The microscopic pattern of surface aberrations 58 provides 
a substantially non-glossy visible surface When the Web is 
struck by incident light rays. 

[0040] In an alternative embodiment the prior Web may 
include a multiplicity of much smaller capillary netWorks 
(not shoWn) in the ?rst surface 50 of the Web, as taught by 
US. Pat. No. 4,637,819 to Ouellette et al. issued Jan. 20, 
1987 and hereby incorporated herein by reference. It is 
believed that the additional porosity afforded by the smaller 
?uid-handling capillary netWorks may alloW the Web of the 
present invention function more ef?ciently When used as an 
extensible, porous portion of a disposable absorbent article. 

[0041] As utiliZed herein, the term “interconnecting mem 
bers” refers to some or all of the elements of the elastomeric 
Web, portions of Which serve to de?ne the primary apertures 
by a continuous netWork. Representative interconnecting 
members include, but are not limited to, the ?ber-like 
elements of the aforementioned ’314 Radel et al. patent and 
commonly assigned US. Pat. No. 5,514,105 to Goodman, 
Jr., et al. issued on May 7, 1996 and hereby incorporated 
herein by reference. As can be appreciated from the folloW 
ing description and draWings, the interconnecting elements 
are inherently continuous, With contiguous interconnecting 
elements blending into one another in mutually-adjoining 
transition portions. 
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[0042] Individual interconnecting members can best be 
generally described, With reference to FIG. 1, as those 
portions of the elastomeric Web disposed betWeen any tWo 
adjacent primary apertures, originating in the ?rst surface 50 
and extending to the second surface 55. On the ?rst surface 
of the Web the interconnecting members collectively form a 
continuous netWork, or pattern, the continuous netWork of 
interconnecting members de?ning the primary apertures, 
and on the second surface of the Web the interconnecting 
sideWalls of the interconnecting members collectively form 
a discontinuous pattern of secondary apertures. 

[0043] As utiliZed herein, the term “continuous”, When 
used to describe the ?rst surface of the elastomeric Web, 
refers to the uninterrupted character of the ?rst surface, 
generally in the plane of the ?rst surface. Thus, any point on 
the ?rst surface can be reached from any and every other 
point on the ?rst surface Without substantially leaving the 
?rst surface in the plane of the ?rst surface. Likewise, as 
utiliZed herein, the term “discontinuous,” When used to 
describe the second surface of the elastomeric Web, refers to 
the interrupted character of the second surface, generally in 
the plane of the second surface. Thus, any point on the 
second surface cannot be reached from every other point on 
the second surface Without substantially leaving the second 
surface in the plane of the second surface. 

[0044] In general, as utiliZed herein the term “macro 
scopic” is used to refer to structural features or elements 
Which are readily visible to a normal human eye When the 
perpendicular distance betWeen the vieWer’s eye and the 
plane of the Web is about 12 inches. Conversely, the term 
“microscopic” is utiliZed to refer to structural features or 
elements Which are not readily visible to a normal human 
eye When the perpendicular distance betWeen the vieWer’s 
eye and the plane of the Web is about 12 inches. 

[0045] As utiliZed herein, the term “macroscopically-ex 
panded”, When used to describe three-dimensional elasto 
meric Webs, ribbons and ?lms, refers to elastomeric Webs, 
ribbons and ?lms Which have been caused to conform to the 
surface of a three-dimensional forming structure so that both 
surfaces thereof exhibit the three-dimensional pattern of the 
forming structure. Such macroscopically-expanded Webs, 
ribbons and ?lms are typically caused to conform to the 
surface of the forming structures by embossing (i.e., When 
the forming structure exhibits a pattern comprised primarily 
of male projections), by debossing (i.e., When the forming 
structure exhibits a pattern comprised primarily of female 
capillary networks), or by extrusion of a resinous melt onto 
the surface of a forming structure of either type. 

[0046] By Way of contrast, the term “planar” When utiliZed 
herein to describe plastic Webs, ribbons and ?lms, refers to 
the overall general condition of the Web, ribbon or ?lm When 
vieWed by the naked eye on a macroscopic scale. For 
example, a non-apertured extruded ?lm or an apertured 
extruded ?lm that does not exhibit signi?cant macroscopic 
deformation out of the plane of the ?lm Would generally be 
described as planar. Thus, for an apertured, planar Web the 
edge of the material at the apertures is substantially in the 
plane of the Web, causing applied Web stresses in the plane 
of the Web to be coupled directly to tear initiation sites at the 
apertures. 

[0047] When macroscopically-expanded, the multilayer 
?lm of the elastomeric Web of the present invention is 
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formed into three-dimensional interconnecting members 
Which may be described as channel-like. Their tWo-dimen 
sional cross-section may also be described as “U-shaped”, as 
in the aforementioned Radel et al. patent, or more generally 
as “upWardly concave-shaped”, as disclosed in the afore 
mentioned Goodman, Jr., et al. patent. “UpWardly concave 
shaped” as used herein describes the orientation of the 
channel-like shape With relation to the surfaces of the 
elastomeric Web, With the base generally in the ?rst surface, 
and the legs of the channel extending from the base in the 
direction of the second surface, and With the channel open 
ing being substantially in the second surface. In general, as 
described beloW With reference to FIG. 5, for a plane 
extending through the Web orthogonal to the plane of the 
?rst surface and intersecting any tWo adjacent primary 
apertures, the resulting cross-section of an interconnecting 
member disposed betWeen Will exhibit a generally upWardly 
concave shape that may be substantially U-shaped. 

[0048] One draWback associated With prior art macro 
scopically-expanded, three-dimensional, ?uid pervious 
polymeric Webs is that despite their superior breathability 
and ?uid handling characteristics, they are not generally 
elastic enough to be used in the high-stretch portions of 
disposable absorbent articles, such as Waistbands and leg 
culfs. Non-apertured planar elasticiZed polymeric Webs that 
do exhibit suitable extensibility for use on disposable absor 
bent articles have draWbacks as Well. In particular, non 
apertured planar elasticiZed polymeric Webs do not have 
adequate porosity for use in body-contacting portions of an 
absorbent article. 

[0049] Several means of rendering non-apertured planar 
elasticiZed polymeric Webs more porous are knoWn in the 
art, such as die punching, slitting, and hot-pin melt apertur 
ing. HoWever, When any of the above techniques is applied 
to thermoplastic elastomeric ?lms, the increase in porosity is 
typically accompanied by a decrease in the degree of reliable 
elastic performance. Once perforated by conventional meth 
ods the edges of the apertures become sources of tear 
initiation sites as forces are applied to the Web since they lie 
in the plane of applied stress. For common thermoplastic 
elastic ?lms, Web stress Will initiate tears at the apertures 
Which propagate over time leading to catastrophic failure of 
the ?lm. If the aperture shapes are non-round, e.g., square, 
triangular, or other polygons, potential for tear initiation 
increases due to the stress concentrations at the angular 
intersection of sides. 

[0050] Applicant has discovered that if a planar elasto 
meric Web can be formed into a macroscopically-expanded, 
three-dimensional, ?uid pervious Web, generally in accor 
dance With the teachings of the aforementioned ’314 Radel 
et al. patent, the resulting three-dimensional elastomeric Web 
exhibits the advantages of high porosity and high elasticity, 
as Well as reliability, and high strength. Applicant has 
accomplished this in the present invention by utiliZing a 
multilayer polymeric Web comprising an elastomeric layer 
in combination With at least one skin layer, and forming the 
multilayer Web into a macroscopically-expanded, three 
dimensional con?guration. 

[0051] As used herein, the term “elastomer” is meant to 
include any material Which is capable of being formed into 
a ?lm layer and Which exhibits elastomeric properties. 
“Elastomeric” means that the material Will substantially 
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resume its original shape after being stretched and, prefer 
ably, Will sustain only small permanent set following defor 
mation and relaxation. Preferably, the elastomeric layer 
itself is capable of undergoing from 50% to 1200% elon 
gation at room temperature When in a non-apertured, planar 
condition. The elastomer can be either pure elastomers or a 
blend With an elastomeric phase or content that Will still 
exhibit substantial elastomeric properties at ambient tem 
peratures, including human body temperatures. 

[0052] As used herein, “skin layer” refers to a layer of any 
semi-crystalline or amorphous polymer that is less elastic 
than the elastomeric layer. The skin layer of the present 
invention is preferably thinner and substantially less elastic 
than the elastomeric layer, and may in the limiting case be 
generally inelastic. There may be more than one skin layer 
used in conjunction With the elastomeric layer of the present 
invention, and it, or they, Will generally modify the elastic 
properties of the elastomer. If more than one skin layer is 
used, the skin layers may have the same or different material 
characteristics. Without being bound by theory it is believed 
that skin layers serve to maintain the three-dimensional 
structure of the formed elastomeric Web of the present 
invention. 

[0053] FIG. 2 is an enlarged partially segmented, perspec 
tive illustration of a macroscopically-expanded, three-di 
mensional, elastomeric Web embodiment of the present 
invention, generally indicated as 80. The geometrical con 
?guration of the ?uid-pervious, elastomeric Web 80 is gen 
erally similar to that of prior art Web 40, illustrated in FIG. 
1, and is generally in accordance With the teachings of the 
aforementioned ’314 Radel et al. patent. Other suitable 
formed ?lm con?gurations are described in Us. Pat. No. 
3,929,135, issued to Thompson on Dec. 30, 1975; Us. Pat. 
No. 4,324,246 issued to Mullane, et al. onApr. 13, 1982; and 
Us. Pat. No. 5,006,394 issued to Baird on Apr. 9, 1991. The 
disclosures of each of these patents are hereby incorporated 
herein by reference. 

[0054] A preferred embodiment of an elastomeric Web 80 
of the present invention exhibits a multiplicity of primary 
apertures, e.g., primary apertures 71, Which are formed in 
plane 102 of the ?rst surface 90 by a continuous netWork of 
interconnecting members, e.g., members 91, 92, 93, 94, 95 
interconnected to one another. The shape of primary aper 
tures 71 as projected on the plane of the ?rst surface 90 are 
preferably in the shape of polygons, e.g., squares, hexagons, 
etc., in an ordered or random pattern. In a preferred embodi 
ment each interconnecting member comprises a base por 
tion, e.g., base portion 81, located in plane 102, and each 
base portion has a sideWall portion, e.g., sideWall portions 
83, attached to each edge thereof. The sideWall portions 83 
extend generally in the direction of the second surface 85 of 
the Web and intersect With side Walls of adjoining intercon 
necting members. The intersecting sideWall portions are 
interconnected to one another intermediate the ?rst and 
second surfaces of the Web, and terminate substantially 
concurrently With one another to form a secondary aperture, 
e.g., secondary apertures 72 in the plane 106 of the second 
surface 85. 

[0055] FIG. 3 is a further enlarged, partial vieW of a Web 
of the type generally similar to Web 80 of FIG. 2, but 
illustrating an alternative Web construction according to the 
present invention. The multilayer polymeric formed ?lm 
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120 of Web 80 is preferably comprised of at least one 
elastomeric layer 101, and at least one skin layer 103. While 
FIG. 3 shoWs a tWo-layer embodiment With the skin layer 
103 nearer the ?rst surface 90, it is believed that the order 
of layering of the formed ?lm 120 is not limiting. While it 
is presently preferred that as shoWn in FIG. 3 the polymeric 
layers terminate substantially concurrently in the plane of 
the second surface, it is not presently believed to be essential 
that they do so, i.e., one or more layers may extend further 
toWard the second surface than the others. 

[0056] A particularly preferred multilayer polymeric ?lm 
120 of the Web 80 is depicted in cross-section in FIG. 4, 
shoWing an elastomeric layer 101 interposed betWeen tWo 
skin layers 103. The elastomeric layer 101 preferably com 
prises a thermoplastic elastomer comprised of a substantially 
continuous amorphous matrix, With glassy or crystalline 
domains interspersed throughout, the domains acting as 
effective physical crosslinks and hence enabling the material 
to exhibit an elastic memory When subjected to an applied 
strain and subsequently released. Preferred elastomeric 
materials include block copolymers and blends thereof, such 
as styrene-butadiene-styrene or other such common styrenic 
block copolymers as are generally available from the Shell 
Company under the trade name “KRATON.” Similarly, 
polyole?nic materials such as polyethylene and polypropy 
lene generally of densities beloW about 0.9 g/cc could 
likeWise exhibit the necessary thermoplastic character and 
resultant elastic behavior. The skin layers preferably com 
prise any thermoplastic polymer, especially polyole?nic 
polymers such as polyethylene or polypropylene, generally 
of density greater than about 0.9 g/cc Which are capable of 
thermoplastic processing into thin ?lms. The skin layer 
should have sufficient adhesion to the elastomeric layer such 
that it Will not completely delaminate either before or after 
stretching of the Web. A preferred method to produce the 
multilayer polymeric ?lm 120 is coextrusion. 

[0057] FIG. 5 is a plan vieW of alternative primary aper 
ture shapes projected in the plane of the ?rst surface of an 
alternative elastomeric Web of the present invention. While 
a repeating pattern of uniform shapes is preferred, the shape 
of primary apertures, e.g., apertures 71, may be generally 
circular, polygonal, or mixed, and may be arrayed in an 
ordered pattern or in a random pattern. Although not shoWn, 
it is understood that the projected shape may also be 
elliptical, tear-drop shaped, or any other shape, that is, the 
present invention is believed to be aperture-shape indepen 
dent. 

[0058] The interconnecting elements are inherently con 
tinuous, With contiguous interconnecting elements blending 
into one another in mutually-adjoining transition Zones or 
portions, e.g., transition portions 87, shoWn in FIG. 5. In 
general, transition portions are de?ned by the largest circle 
that can be inscribed tangent to any three adjacent apertures. 
It is understood that for certain patterns of apertures the 
inscribed circle of the transition portions may be tangent to 
more than three adjacent apertures. For illustrative purposes, 
interconnecting members may be thought of as beginning or 
ending substantially at the centers of the transition portions, 
such as interconnecting members 97 and 98. LikeWise, the 
sideWalls of the interconnecting members can be described 
as interconnecting to sideWalls of contiguous interconnect 
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ing members at areas corresponding to points of tangency 
Where the inscribed circle of the transition portion is tangent 
to an adjoining aperture. 

[0059] Exclusive of the transition Zones, cross-sections 
transverse to a center line betWeen the beginning and end of 
interconnecting members are preferably of generally uni 
form U-shape. However, the transverse cross-section need 
not be uniform along the entire length of the interconnecting 
member, and for certain aperture con?gurations it Will not be 
uniform along most of its length. For example, as can be 
understood from the sectional illustrations of FIG. 5, for 
interconnecting member 96, the Width dimension, 86, of the 
base portion 81 may vary substantially along the length of 
the interconnecting member. In particular, in transition 
Zones or portions 87, interconnecting members blend into 
contiguous interconnecting members and transverse cross 
sections in the transition Zones or portions may exhibit 
substantially non-uniform U-shapes, or no discernible 
U-shape. 

[0060] Without Wishing to be bound by theory, it is 
believed that the Web of the present invention is more 
reliable (i.e., resistant to catastrophic failure) When sub 
jected to strain-induced stress due to the mechanism 
depicted schematically in cross section in FIGS. 8A-8C and 
pictorially in photomicrographs 9-11. FIG. 8A shoWs a 
primary aperture 71 in plane 102 of ?rst surface 90, and a 
secondary aperture 72 in plane 106 of second surface 85, 
remote from plane 106 of ?rst surface 90, of Web 80 in an 
unstressed condition. When Web 80 is stretched in the 
direction generally shoWn by arroWs in FIG. 8B, ?rst 
surface 90 is strained, and primary aperture 71 is likeWise 
strained into a deformed con?guration. HoWever, the perim 
eter of primary aperture 71 is formed by the interconnecting 
members in a continuous ?rst surface. Therefore, aperture 
71 has no “edges” for tear initiation sites to compromise the 
elastic reliability of the Web. The edges of the secondary 
aperture 72, being possible tear initiation sites, do not 
experience appreciable strain-induced stresses until the Web 
is strained to the point Where plane 102 is no longer remote 
from plane 106 of the ?rst surface 90, as depicted in FIG. 
8C. At the point Where planes 102 and 106 are no longer 
remote, Web 80 begins to behave essentially as a planar, 
apertured Web. 

[0061] It is instructive to consider the ratio of overall Web 
depth, “D” in FIG. 8A, to ?lm thickness, “T” in FIG. 8A of 
an unstretched elastomeric Web. This ratio of D/T may be 
termed the draW ratio, as it pertains to the amount of ?lm 
draWn out of the plane of the ?rst surface due to the forming 
process of the present invention. Applicant believes that, in 
general, an increase in the draW ratio serves to increase 
resistance to tear by placing the second surface more remote 
from the ?rst surface. 

[0062] Without Wishing to be bound by theory, it is 
believed that When the Web 80 is strained or stretched, the 
elastomeric layer 101 of the present invention alloWs the 
base 81 of the interconnecting members forming a continu 
ous Web in the continuous ?rst surface 90 to stretch. Skin 
layer 103 helps maintain the three-dimensional nature of the 
Web, despite the applied stress, alloWing the strain on the 
continuous ?rst surface 90 and the resulting deformation of 
primary apertures 71 to be at least partially dissociated from 
the discontinuous second surface thereby minimiZing strain 
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at secondary apertures 72. Therefore the strain-induced 
stress at the continuous ?rst surface of the Web is substan 
tially decoupled from potential strain-induced stress at tear 
initiation sites on the discontinuous second surface, at least 
until the secondary apertures begin to enter the plane of the 
?rst surface. This substantial dissociation, or decoupling, of 
the strain-induced stress of the Web from strain-induced 
stress at the secondary apertures signi?cantly increases Web 
reliability by alloWing repeated and sustained strains of the 
Web up to about 400% or more Without failure of the Web 
due to tear initiation at the apertures. 

[0063] The photomicrographs of FIGS. 9-11 are believed 
to depict visually the mechanism described schematically in 
FIGS. 8A-8C. FIG. 9 is an optical photomicrograph shoW 
ing the ?rst surface and primary apertures of an embodiment 
of the present invention. In an as-formed, unextended con 
?guration the continuous ?rst surface of the Web embodi 
ment shoWn in FIG. 9 generally forms a regular pattern of 
1 mm square primary apertures spaced about 1 mm apart on 
all sides. FIGS. 10 and 11 are scanning electron microscope 
photomicrographs shoWing the discontinuous second sur 
face of the Web embodiment of FIG. 9, shoWn at a slightly 
different scale. FIG. 10 shoWs the second surface of an 
elastomeric Web generally in a plane remote from the plane 
of the ?rst surface in an unstretched state. FIG. 11 shoWs the 
second surface of a Web in a state of approximately 100% 
strain. As shoWn in FIG. 11, the edges of the secondary 
apertures remain remote from the plane of the ?rst surface. 
Although some distortion of the secondary apertures takes 
place, the edges remain in a substantially unstressed condi 
tion. Again, it is this substantial decoupling of the strain 
induced stress of the Web from strain-induced stress at the 
secondary apertures that signi?cantly increases Web reliabil 
ity. 

[0064] The differential elastic behavior of planar multi 
layer ?lms or ?bers having a relatively less elastic skin layer 
stretched beyond its elastic limit is knoWn in the art, as 
described in the aforementioned US. Patent to Krueger et 
al., as Well as in US. Patent No. 5,376,430 to SWenson et al., 
issued Dec. 27, 1994 and US. Pat. No. 5,352,518 to Mura 
moto et al., issued Oct. 4, 1994. As shoWn in the art, upon 
recovery after extension beyond the elastic limits of the skin 
layer, the skin layer may form a microscopic microtexture of 
peak and valley irregularities, due to the resulting increased 
surface area of the skin layer relative to the elastomeric 
layer. 

[0065] LikeWise, When a Web of the present invention is 
strained for the ?rst time, the skin layer of the strained 
portion may be stressed beyond its elastic limit. The elas 
tomeric layer alloWs the Web to return substantially to its 
pre-stressed, macroscopic, three-dimensional con?guration, 
but the portions of the skin layer that Were stressed beyond 
their elastic limit may not return to a pre-stressed con?gu 
ration due to the excess material created in the inelastic 
strain. Upon recovery after extension, the skin layer forms 
microscopic microtexture of peak and valley irregularities, 
more generally described as transversely-extending rugosi 
ties, as shoWn in the photomicrograph of FIG. 12. The 
rugosities form on the interconnecting members in substan 
tially uniform patterns generally transverse to the direction 
of stretch, and generally radially disposed about the primary 
apertures. Depending on the degree of strain on the Web, the 
rugosities may be limited to substantially the continuous ?rst 
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surface of the Web, or more generally may extend over 
substantially the entire surface of the interconnecting mem 
bers. 

[0066] Without being bound by theory, it is believed that 
the transversely-extending rugosities are bene?cial to the 
elastomeric Web for at least tWo reasons. First, the rugosities 
impart a softer overall texture or feel to the elastomeric Web. 
Second, the rugosities, being radially disposed to the pri 
mary apertures, and extending toWard the secondary aper 
tures, may facilitate better ?uid handling characteristics 
When used as a body-contacting Web of a disposable absor 
bent article. 

[0067] A representative embodiment of an elastomeric 
Web of the present invention utiliZed in a disposable absor 
bent article in the form of a diaper 400, is shoWn in FIG. 13. 
As used herein, the term “diaper” refers to a garment 
generally Worn by infants and incontinent persons that is 
Worn about the loWer torso of the Wearer. It should be 
understood, hoWever, that the elastomeric Web of the present 
invention is also applicable to other absorbent articles such 
as incontinent briefs, training pants, sanitary napkins, and 
the like. The diaper 400 depicted in FIG. 13 is a simpli?ed 
absorbent article that could represent a diaper prior to its 
being placed on a Wearer. It should be understood, hoWever, 
that the present invention is not limited to the particular type 
or con?guration of diaper shoWn in FIG. 13. A particularly 
preferred representative embodiment of a disposable absor 
bent article in the form of a diaper is taught in US. Pat. No. 
5,151,092, to Buell et al., issued Sep. 29, 1992, being hereby 
incorporated herein by reference. 
[0068] FIG. 13 is a perspective vieW of the diaper 400 in 
its uncontracted state (i.e., With all the elastic induced 
contraction removed) With portions of the structure being 
cut-aWay to more clearly shoW the construction of the diaper 
400. The portion of the diaper 400 Which contacts the Wearer 
faces the vieWer. The diaper 400 is shoWn in FIG. 13 to 
preferably comprise a liquid pervious topsheet 404; a liquid 
impervious backsheet 402 joined With the topsheet 404; and 
an absorbent core 406 positioned betWeen the topsheet 404 
and the backsheet 402. Additional structural features such as 
elastic leg culf members and fastening means for securing 
the diaper in place upon a Wearer may also be included. 

[0069] While the topsheet 404, the backsheet 402, and the 
absorbent core 406 can be assembled in a variety of Well 
knoWn con?gurations, a preferred diaper con?guration is 
described generally in US. Pat. No. 3,860,003 to Buell, 
issued Jan. 14, 1975, the disclosure of Which is incorporated 
by reference. Alternatively preferred con?gurations for dis 
posable diapers herein are also disclosed in US. Pat. No. 
4,808,178 to AZiZ et al., issued Feb. 28, 1989; US. Pat. No. 
4,695,278 to LaWson, issued Sep. 22, 1987; and US. Pat. 
No. 4,816,025 to Foreman, issued Mar. 28, 1989, the dis 
closures of each of these patents hereby being incorporated 
herein by reference. 

[0070] FIG. 13 shoWs a representative embodiment of the 
diaper 400 in Which the topsheet 404 and the backsheet 402 
are co-extensive and have length and Width dimensions 
generally larger than those of the absorbent core 406. The 
topsheet 404 is joined With and superimposed on the back 
sheet 402 thereby forming the periphery of the diaper 400. 
The periphery de?nes the outer perimeter or the edges of the 
diaper 400. The periphery comprises the end edges 401 and 
the longitudinal edges 403. 
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[0071] The siZe of the backsheet 402 is dictated by the siZe 
of the absorbent core 406 and the exact diaper design 
selected. In a preferred embodiment, the backsheet 402 has 
a modi?ed hourglass-shape extending beyond the absorbent 
core 406 a minimum distance of at least about 1.3 centime 
ters to about 2.5 centimeters (about 0.5 to about 1.0 inch) 
around the entire diaper periphery. 

[0072] The topsheet 404 and the backsheet 402 are joined 
together in any suitable manner. As used herein, the term 
“joined” encompasses con?gurations Whereby the topsheet 
404 is directly joined to the backsheet 402 by affixing the 
topsheet 404 directly to the backsheet 402, and con?gura 
tions Whereby the topsheet 404 is indirectly joined to the 
backsheet 402 by affixing the topsheet 404 to intermediate 
members Which in turn are affixed to the backsheet 402. In 
a preferred embodiment, the topsheet 404 and the backsheet 
402 are a?ixed directly to each other in the diaper periphery 
by attachment means (not shoWn) such as an adhesive or any 
other attachment means as knoWn in the art. For example, a 
uniform continuous layer of adhesive, a patterned layer of 
adhesive, or an array of separate lines or spots of adhesive 
can be used to af?x the topsheet 404 to the backsheet 402. 

[0073] End edges 401 form a Waist region, Which in a 
preferred embodiment comprise a pair of elastomeric side 
panels 420, Which extend laterally from end edges 401 of 
diaper 400 in an extended con?guration. In a preferred 
embodiment elastomeric side panels 420 comprise the elas 
tomeric Web of the present invention. In an especially 
preferred embodiment, When used as elastomeric side pan 
els, the Web of the present invention is further processed to 
form a composite laminate by bonding it on one, or prefer 
ably both sides thereof, With ?brous nonWoven materials to 
form a soft, compliant elasticiZed member, utiliZing methods 
knoWn in the art, such as adhesive bonding. 

[0074] Fibrous nonWoven materials suitable for use in a 
composite laminate of the present invention include non 
Woven Webs formed of synthetic ?bers (such as polypropy 
lene, polyester, or polyethylene), natural ?bers (such as 
Wood, cotton, or rayon), or combinations of natural and 
synthetic ?bers. Suitable nonWoven materials can be formed 
by various processes such as carding, spun-bonding, hydro 
entangling, and other processes familiar to those knowledge 
able in the art of nonWovens. A presently preferred ?brous 
nonWoven material is carded polypropylene, commercially 
available from FiberWeb of Simpsonville, SC. 

[0075] Fibrous nonWoven materials may be bonded to the 
elastomeric Web by any one of various bonding methods 
knoWn in the art. Suitable bonding methods include adhe 
sive bonding such as by a uniform continuous layer of 
adhesive, a patterned layer of adhesive, or an array of 
separate lines, spirals, or spots of adhesive, or other methods 
such as heat bonds, pressure bonds, ultrasonic bonds, 
dynamic mechanical bonds, or any other suitable attachment 
means or combinations of these attachment means as are 

knoWn in the art. Representative bonding methods are also 
described in PCT application WO 93/09741, entitled 
“Absorbent Article Having a NonWoven and Apertured Film 
Coversheet”, published May 27, 1993 naming AZiZ et al. as 
inventors, and being hereby incorporated herein by refer 
ence. 

[0076] After bonding to a ?brous nonWoven material, the 
composite Web may tend to be less elastomeric due to the 














