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(57) ABSTRACT 

An economical method is disclosed for modifying the physi 
cal characteristics of a nonWoven ?brous Web Which 
involves passing the Web betWeen at least one pair of 
interengaged rolls to incrementally stretch the Web, and then 
Withdrawing the incrementally stretched Web from betWeen 
the rolls under tension. A Web modi?ed according to the 
disclosed method has advantageous elongation, extensibility 
and strength properties, as Well as other desirable charac 
teristics. In another aspect, a method is disclosed for forming 
a composite material by combining a modi?ed nonWoven 
Web With a polymeric ?lm, or an elastic member, Which may 
be liquid impervious yet breathable. In yet other aspect, a 
method is disclosed for forming a composite material by 
combining a modi?ed Web With a polymeric ?lm Which is 
rendered liquid-impervious yet breathable While the method 
is performed. The modi?ed nonWoven Webs and composite 
materials made according to the disclosed methods may be 
advantageously employed in absorbent articles such as dis 
posable diapers. 
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METHOD OF MODIFYING A NONWOVEN 
FIBROUS WEB FOR USE AS A COMPONENT OF A 

DISPOSABLE ABSORBENT ARTICLE 

[0001] This application is a continuation-in-part of co 
pending US. application Ser. No. 08/832,875, ?led Apr. 4, 
1997. 

FIELD OF THE INVENTION 

[0002] The present invention relates to disposable absor 
bent articles. More particularly, the invention relates to an 
economical method for advantageously modifying the 
physical properties of a nonWoven ?brous Web for use as a 
component of a disposable absorbent article, and to dispos 
able articles incorporating such modi?ed nonWoven Webs. 

BACKGROUND OF THE INVENTION 

[0003] Disposable, Wearable articles having an inner, 
body-facing, absorbent, liquid-retaining component and an 
outer, garment-facing, liquid-impervious component are 
Well knoWn. Articles of that type are commonly available in 
the form of disposable diapers, disposable underWear, pull 
on diapers and training pants, incontinence pads, inconti 
nence briefs, sanitary napkins, and the like. Such articles 
generally include a ?exible, liquid- impervious backsheet 
that is adapted to be positioned betWeen an absorbent 
component of the article and the clothing of the Wearer, to 
prevent Wetting or soiling of the Wearer’s clothing When the 
article is in use. 

[0004] In addition to imperviousness to liquids, the back 
sheet also preferably includes a cloth-like outer surface, 
Which provides a softer feel, and also a more appealing 
visual appearance, as compared With the outer surface of a 
smooth, ?at plastic ?lm. TWo-ply backsheets that provide a 
desirable, more cloth-like appearance for such disposable, 
Wearable articles are also knoWn. In that regard, US. Pat. 
No. 5,151,092, entitled “Absorbent Article With Dynamic 
Elastic Waist Feature Having a Predisposed Resilient Flex 
ural Hinge,” Which issued on Sep. 29, 1992, to Kenneth B. 
Buell, et al., discloses a disposable diaper backsheet formed 
either from a Woven or a nonWoven material, a polymeric 

?lm, or a composite material in the form of a ?lm-coated, 
nonWoven material. That patent also discloses the step of 
embossing of a plastic ?lm backsheet to provide a more 
cloth-like visual appearance to a plastic ?lm. 

[0005] Also knoWn to those skilled in the art are methods 
for imparting stretchability to an otherWise substantially 
inelastic material, Which may be employed as a backsheet. 
For example, the use of corrugating rolls to laterally or 
longitudinally stretch and to simultaneously provide a cor 
rugated form to thin plastic ?lms is disclosed in US. Pat. 
No. 4,116,892, entitled “Process for Stretching Incremental 
Portions of an Orientable Thermoplastic Substrate and Prod 
uct Thereof,” Which issued on Sep. 26, 1978, to Eckhard C. 
A. SchWarZ; US. Pat. No. 4,834,741, entitled “Diaper With 
Waistband Elastic,” Which issued on May 30, 1989, to 
Reinhardt N. Sabee; US. Pat. No. 5,156,793, entitled 
“Method for Incrementally Stretching Zero Strain Stretch 
Laminate Sheet In A Non-Uniform manner To Impart A 
Varying Degree Of Elasticity Thereto,” Which issued on Oct. 
20, 1992, to Kenneth B. Buell et al.; US. Pat. No. 5,167,897, 
entitled “Method for Incrementally Stretching AZero Strain 
Stretch Laminate Sheet To Impart Elasticity Thereto,” Which 
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issued on Dec. 1, 1992 to Gerald M. Sheeter et al.; and US. 
Pat. No. 5,422,172, entitled “Elastic Laminated Sheet of An 
Incrementally Stretched NonWoven Fibrous Sheet and Elas 
tomeric Film and Method,” Which issued on Jun. 6, 1995, to 
Pai-Chuan Wu. The corrugating rolls disclosed in each of 
those patents are employed in carrying out a process some 
times referred to as “ring-rolling,” to locally stretch and 
form corrugations in the material, in order to impart a greater 
degree of stretchability to selected portions of a sheet or Web 
that may serve as a backsheet for disposable absorbent 
articles. Such backsheets can include both a polymeric ?lm 
and an overlying and contacting layer of nonWoven, ?brous 
material. 

[0006] In addition to incorporation into backsheets, non 
Woven materials can also be incorporated into and form a 
part of a liquid-pervious topsheet, as Well as in leg cuffs that 
are provided to minimiZe leakage from the article. Other 
structural members of disposable absorbent articles can also 
include nonWoven elements, particularly Where stretchabil 
ity of the material is a desirable attribute for providing 
improved ?t of the article. 

[0007] In order to provide improved comfort to the Wearer 
of disposable absorbent articles, certain components of the 
articles, such as a backsheet, in addition to providing imper 
viousness to liquids, desirably permit the passage there 
through of moisture vapor and also preferably air, to help 
maintain dryness and to reduce the humidity adjacent the 
Wearer’s body. An impervious polymeric ?lm to Which 
breathability has been imparted to alloW air and moisture 
vapor transmission through the ?lm is disclosed US. Pat. 
No. 3,156,342, entitled “Flexible Absorbent Sheet,” Which 
issued on Nov. 10, 1964, to G. A. CroWe, Jr.; US. Pat. No. 
3,881,489, entitled “Breathable, Liquid Impervious Back 
sheet for Absorbent Devices,” Which issued on May 6, 1975 
to EdWard Wallace HartWell, et al.; US. Pat. No. 3,989,867, 
entitled “Absorbent Devices Having Porous Backsheet,” 
Which issued on Nov. 2, 1976, to James Bryant Sisson; US. 
Pat. No. 4,153,751, entitled “Process for Stretching an 
Impregnated Film of Material and The Microporous Product 
Produced Thereby,” Which issued on May 8, 1979, to 
Eckhard C. A. SchWarZ; ;and US. Pat. No. 4,539,256, 
entitled “Microporous Sheet Material, Method of Making 
and Articles Made ThereWith,” Which issued on Sep. 3, 
1985, to Gene H. Shipman. 

[0008] Although there have been signi?cant product 
improvements in recent years that have resulted in improved 
functioning and increased consumer acceptance of dispos 
able absorbent articles, it is still desirable to provide an 
economical Way to form for use in such articles a stretchable 
nonWoven material having optimal physical properties, 
Which may for example be employed in a backsheet that is 
impervious to liquids, that is pervious to moisture vapor and 
also preferably air, and that additionally has a soft, cloth-like 
outer surface. 

[0009] Accordingly, it is an object of the present invention 
to provide an economical method for advantageously modi 
fying a pre-formed, nonWoven ?brous Web to have desirable 
properties Which can be used as a component or an exten 
sible component of a disposable absorbent article. 

[0010] It is another object of the present invention to 
provide a method for making a relatively inexpensive, 
?exible composite material Which can be used in a dispos 
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able absorbent article, wherein the composite material may 
include the attribute of liquid-imperviousness, and the desir 
able attribute of perviousness to moisture vapor and also 
preferably air, as Well as the desirable attribute of a soft, 
cloth-like feel on at least one of its surfaces. 

[0011] It is a further object of the present invention to 
provide a method for economically modifying a pre-formed, 
nonWoven ?brous Web and joining it to an elastic component 
to create a composite material Which can be advantageously 
used as a elastically stretchable, and if desired breathable, 
component of a disposable absorbent article. 

SUMMARY OF THE INVENTION 

[0012] Brie?y stated, in accordance With one aspect of the 
present invention, an economical method is provided for 
advantageously modifying the physical characteristics of a 
pre-formed, nonWoven ?brous Web. The method includes 
feeding in a Web movement direction to a pair of opposed 
forming rolls a substantially untensioned, nonWoven ?brous 
Web having an initial Width, thickness, basis Weight, loW 
elongation cross-Web extensibility expressed as an initial 
load to achieve 10% cross-Web elongation, intermediate 
elongation cross-Web extensibility expressed as an initial 
load to achieve 30% cross-Web elongation, cross-Web 
strength, and elongation capability. The Web is gripped 
betWeen the forming rolls at a nip de?ned by the forming 
rolls. Each forming roll includes a plurality of axially 
spaced, circumferentially extending, alternating radial teeth 
and intervening grooves that are in interengaged condition, 
With the teeth of each roll extending into the grooves of the 
opposed roll. 

[0013] The gripped nonWoven Web is subjected to incre 
mental lateral stretching by passing the Web betWeen the 
interengaged forming rolls While the rolls are rotating in 
opposite directions to incrementally stretch the Web in a 
lateral, cross-Web (i.e., “cross-machine” or CD) direction 
that is substantially perpendicular to the longitudinal, Web 
movement (i.e., “machine” or MD) direction. The incremen 
tally stretched Web is then WithdraWn from betWeen the 
forming rolls by applying to the stretched Web a substan 
tially uniform tensile force in the Web movement direction 
as the Web passes from the forming rolls, to stretch the Web 
in the Web movement direction to obtain a modi?ed Web 
Which has a load to achieve 10% cross-Web elongation of 
from about 5% to about 100% of the initial load to achieve 
10% cross-Web elongation, a load to achieve 30% cross-Web 
elongation of from about 5% to about 100% of the initial 
load to achieve 30% cross-Web elongation, a cross-Web 
strength of from about 10% to about 80% of the initial 
cross-Web strength, and an elongation capability of from 
about 105% to about 200% of the initial cross-Web elonga 
tion capability. The Web may also have a modi?ed Web 
Width that is from about 25% to about 300% of the initial 
Web Width, a modi?ed Web thickness that is from about 85% 
to about 400% of the initial Web thickness, and a modi?ed 
basis Weight that is less than, equal to, or greater than the 
initial Web basis Weight. 

[0014] In accordance With another aspect of the present 
invention, a method is provided for combining a modi?ed 
nonWoven ?brous Web of the invention With a polymeric 
?lm, or With an elastic member, Which may be liquid 
impervious, yet breathable. 
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[0015] In accordance With still another aspect of the 
present invention, a method is provided for making a liquid 
impervious, breathable material Which can be used, for 
example, as a backsheet for a disposable absorbent article 
having a soft, cloth-like, outermost surface. The method 
includes providing a nonWoven ?brous Web having its 
physical properties modi?ed by having passed through a pair 
of forming rolls. A thermoplastic polymeric ?lm is provided 
that includes an incompatible inorganic material dispersed 
thereWithin to provide a plurality of discrete, spaced regions 
of inorganic material Within a polymer matrix. The poly 
meric ?lm includes a ?rst face and a second face. The 
modi?ed ?brous nonWoven Web is then combined With the 
polymeric ?lm to form a composite Web, Wherein the second 
face of the polymeric ?lm de?nes an outWardly-facing 
surface of the composite Web. The composite Web is then 
passed betWeen a pair of opposed, closely spaced forming 
rolls each having a plurality of alternating teeth and grooves 
that are in intermeshing relationship. The forming rolls 
impart cross-Web tensile forces to the composite Web, Which 
provides micropores Within the polymeric ?lm as a result of 
localiZed stretching of the ?lm to cause localiZed separation 
of the thermoplastic polymer from the incompatible material 
to provide the micropores. The micropores so provided are 
of a siZe that permits the passage through the composite Web 
of air and moisture vapor but substantially prevents the 
passage therethrough of liquids. 

[0016] The present invention also includes the soft, cloth 
like, liquid-impervious and breathable backsheets, and other 
absorbent article components, such as topsheets, cuffs and 
other structural members that are formed by incorporating a 
nonWoven ?brous Web that has been modi?ed in accordance 
With the methods herein described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic illustration of an exemplary 
process and apparatus for modifying a nonWoven Web and 
for forming a cloth-like, breathable composite material in 
accordance With the present invention. 

[0018] FIG. 2 is a fragmentary perspective vieW of a pair 
of closely-spaced forming rolls each having alternating and 
interengaging peripheral teeth and grooves and that can be 
utiliZed in carrying out the method aspects of the present 
invention. 

[0019] FIG. 3 is an enlarged, fragmentary, cross-sectional 
vieW shoWing the interengagement of respective teeth and 
grooves of the forming rolls shoWn in FIG. 4. 

[0020] FIG. 4 is a further enlarged, fragmentary, cross 
sectional vieW shoWing the tip portions of the interengaged 
forming roll teeth With a Web of material positioned betWeen 
the rolls and spanning and in contact With the tips of adjacent 
teeth. 

[0021] FIG. 5 is an enlarged, fragmentary, cross-sectional 
vieW taken along the cross-Web direction of a Web of 
material that has passed through a pair of forming rolls such 
as those shoWn in FIG. 2. 

[0022] FIG. 6 is a vieW similar to FIG. 4, but shoWing 
forming rolls having an alternative form of tooth structure. 

[0023] FIG. 7 is a vieW similar to FIG. 1, shoWing a 
forming station that includes the forming rolls shoWn in 
FIG. 6. 
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[0024] FIG. 8 is a top plan vieW of a Web of material after 
it has passed between forming rolls having the tooth struc 
ture shown in FIG. 6. 

[0025] FIG. 9 is an enlarged, fragmentary perspective 
vieW of a portion of the Web shoWn in FIG. 8. 

[0026] FIG. 10 is an enlarged fragmentary vieW of a 
portion of the surface of a forming roll having alternating 
teeth and grooves that de?ne a diamond-like pattern. 

[0027] FIG. 11 is a fragmentary perspective vieW similar 
to that of FIG. 10, but shoWing another forming roll tooth 
and groove pattern. 

[0028] FIG. 12 is an enlarged, fragmentary perspective 
vieW of another set of forming rolls Wherein the upper roll 
has another, different tooth and groove con?guration. 

[0029] FIG. 13 is an enlarged, fragmentary cross-sectional 
vieW of the uninterrupted teeth of the loWer forming roll that 
is shoWn in FIG. 2. 

[0030] FIG. 14 is an enlarged, fragmentary cross-sectional 
vieW of the tooth and groove con?guration of the upper 
forming roll shoWn in FIG. 2. 

[0031] FIG. 15 is an enlarged, fragmentary side vieW of 
the tooth and groove con?guration of the upper forming roll 
shoWn in FIG. 2. 

[0032] FIG. 16 is an enlarged, fragmentary, diagrammatic, 
cross-sectional vieW of a portion of a precursor ?lm after it 
has passed through a pair of forming rolls, such as those 
shoWn in FIG. 2, to impart breathability to the ?lm. 

[0033] FIG. 17 is an elevational vieW of apparatus used in 
a method for determining the dynamic impact value of a 
material as an assessment of its perviousness to liquids When 
subjected to impact conditions. 

[0034] FIG. 18 is a How chart shoWing the steps involved 
in preparing a breathable composite material, such as a 
backsheet, that includes a modi?ed nonWoven material as 
one surface thereof. 

[0035] FIG. 19 is graph shoWing the force need to elon 
gate several elastic materials to a particular elongation. 

[0036] FIG. 20 is a plan vieW of a disposable diaper that 
includes structural components Which incorporate a modi 
?ed nonWoven Web in accordance With the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The present invention is directed to the modi?ca 
tion of the physical properties, and if desired the dimensions, 
of nonWoven material intended for use in disposable absor 
bent articles. After modi?cation, the nonWoven material can, 
if desired, be joined With other materials for incorporation as 
functional and structural elements of disposable absorbent 
articles. Examples of such other materials include liquid 
impervious ?lms yet breathable ?lms, precursor ?lms that 
can be made to be breathable, elastomeric ?lms, and the like. 
Although disclosed herein in the context of use With dis 
posable articles, it Will be apparent to those skilled in the art 
that such modi?ed nonWoven materials also can be 
employed in other structures intended for other uses. 
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[0038] As used herein, the term “nonWoven” refers to a 
?brous Web or sheet that has a structure of individual ?bers 
or threads that are interlaid, but not in any regular, repeating 
manner. NonWoven sheets have in the past been formed by 
a variety of processes, such as meltbloWing processes, 
spunbonding processes, and bonded carded processes. 

[0039] As used herein, the term “extensible” refers to any 
material that upon application of a biasing force is stretch 
able, or that is elongatable by at least about 50% (i.e., having 
a stretched, biased length that is at least about 150% of its 
relaxed, unbiased length). 

[0040] As used herein, the term “polymer” generally 
includes, but is not limited to, homopolymers, copolymers, 
such as block, graft, random, and alternating copolymers, 
terpolymers, and the like, and blends and modi?cations 
thereof. Furthermore, unless otherWise speci?cally limited, 
the term “polymer” includes all possible molecular geomet 
ric con?gurations of the polymeric material. Such con?gu 
rations include, but are not limited to, isotactic, syndiotactic, 
and random symmetries. 

[0041] As used herein, the term “elastic” refers to any 
material that, upon application of a biasing force, is stretch 
able, that is, elongatable, to at least about 50% (i.e., to a 
stretched, biased length, Which is at least about 150% of its 
relaxed unbiased length), and Which, Will recover at least 
about 50% of its elongation upon release of the stretching, 
elongation force. 

[0042] As used herein, the term “composite elastic mate 
rial” refers to a material that includes an elastic material 
component that is joined to an extensible material compo 
nent. The elastic component can be joined to the extensible 
component at spaced, intermittent points or it can be con 
tinuously bonded thereto. The joinder of the components is 
accomplished While the elastic member and the extensible 
material are in juxtaposed position. The composite elastic 
material thus formed is also elastic. A composite elastic 
material can include more than the tWo layers described, if 
desired. 

[0043] As used herein, the term “elongation capability” 
refers to the degree to Which any material can be stretched, 
either in the Web movement direction or in the cross-Web 
direction, When a tensile biasing force is applied to the 
material Without catastrophic failure of the material. The 
stretch is expressed herein as a percent (%), and is based 
upon the original, unstretched length and the stretched 
length immediately before rupture or failure of the material. 

[0044] As used herein, the term “load to elongate” refers 
to the biasing force that must be applied to any material to 
elongate it to a given elongation, either in the Web move 
ment direction or in the cross-Web direction, Wherein the 
elongation is expressed as a percent (%), and is based upon 
the original, unstretched length and the stretched length. 

[0045] As used herein, the term “surface-pathlength” 
refers to a measurement along a topographic surface of a 
material in a speci?ed direction. 

Modi?cation of NonWovens 

[0046] Referring noW to the draWings, and particularly to 
FIG. 1 thereof, there is schematically illustrated at 3 appa 
ratus and a method for modifying the physical and perfor 
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mance properties, and if desired the size, of a previously 
formed, nonWoven Web 5 that is carried on and that is draWn 
from a supply roll 4. The apparatus and method provide a 
physically modi?ed nonWoven Web having improved physi 
cal properties and modi?ed dimensions that may serve to 
improve both the performance and the ?t of disposable 
articles that incorporate such modi?ed nonWoven materials. 
Additionally, after being modi?ed in the disclosed apparatus 
and after having acquired the desired physical properties 
hereinafter described, such modi?ed nonWoven Webs are 
capable of further processing, if desired, Whether alone or 
together With other materials, and Without the modi?ed 
nonWoven Web experiencing disintegration, rupture, or loss 
of integrity. 

[0047] Although the ensuing discussion is based upon 
nonWoven materials in Web form for high-speed production 
purposes, the nonWoven materials, as Well as other materials 
to Which the nonWoven materials are joined, can also be 
provided in the form of generally rectangular, discrete sheets 
of interengaged ?bers, both before and after modi?cation in 
accordance With the present invention. Thus, as used herein, 
the Word “Web” is intended to encompass such discrete 
sheets. 

[0048] A nonWoven Web of the type contemplated herein 
is in substantially ?at form and is formed from a plurality of 
interengaged ?bers. The Web has a longitudinal aXis that 
eXtends along the Web movement or “machine” (MD) direc 
tion of the Web, and a transverse aXis that eXtends in the 
cross-Web or “cross-machine” (CD) direction of the Web. 
The interengaged ?bers de?ne a relatively thin, coherent, 
self-supporting structure. The ?bers can be loosely interen 
gaged, Without bonds connecting adjacent ?bers, or they can 
be bonded to each other or otherWise connected With other 
such ?bers by suitable connection elements, such as adhe 
sives, or the like, or adjacent ?bers can be at least partially 
melt bonded to each other. 

[0049] Preferably, Web 5 is a coherent, ?brous structure 
that can readily be handled initially Without signi?cant 
separation of the ?bers from each other, so that the Web does 
not disintegrate or break into fragments. Suitable ?brous 
Webs can be made from natural ?bers, such as Wood ?bers 
or cotton ?bers; from synthetic ?bers, such as polyester or 
polyole?n ?bers, and if the latter, polyethylene, polypropy 
lene, or blends thereof; or from a combination of natural 
?bers and synthetic ?bers. Additionally, the ?bers can be 
disposed in interengaged form by employing any of several 
different, knoWn processes for forming such Webs, such as 
processes identi?ed by the terms spunbonded, carded, Wet 
laid, melt-bloWn, hydroentangled, or combinations of those 
processes, as Will be appreciated by those skilled in the art. 

[0050] A preferred material for Web 5 is a spunbonded, 
nonWoven, ?brous material formed from interengaged poly 
ole?n ?bers. An eXample of such a preferred material is a 
spunbonded Web of interengaged polyole?n ?bers, Wherein 
the Web has an initial thickness of about 10 mils and an 
initial basis Weight of about 27 gm/m2. The ?bers can have 
a denier of from about 1.5 to about 10.0. 

[0051] Suitable nonWoven Webs can be made from 100% 
polyethylene ?bers, either linear, loW-density polyethylene 
or high-density polyethylene. Included among such suitable 
and preferred nonWoven materials is a spunbonded material 
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that is knoWn commercially as 13561A, and Which is 
available from FiberWeb North America, Inc., of Simpson 
ville, SC. 

[0052] The preferred nonWoven, ?brous Web materials can 
have an initial thickness of from about 5 mils to about 40 
mils, preferably of from about 10 mils to about 20 mils. 
Additionally, the preferred Webs can have an initial basis 
Weight of from about 10 gm/m2 to about 80 gm/m2, pref 
erably from about 10 gm/m2 to about 40 gm/m2, and most 
preferably from about 25 gm/m2 to about 35 gm/m2. 

[0053] Referring again to FIG. 1, nonWoven Web 5 is 
WithdraWn from supply roll 4 and travels in the direction 
indicated by the arroW. Web 5 is fed to the nip 7 formed by 
a pair of opposed forming rolls 8 and 9 that together de?ne 
a ?rst forming station 6. The structure and relative positions 
of forming rolls 8, 9 of ?rst forming station 6 are shoWn in 
an enlarged perspective vieW in FIG. 2. As shoWn, rolls 8 
and 9 are carried on respective rotatable shafts 21, 23, 
having their aXes of rotation disposed in parallel relation 
ship. Each of rolls 8 and 9 includes a plurality of axially 
spaced, side-by-side, circumferentially-eXtending, equally 
con?gured teeth 22 that can be in the form of thin ?ns of 
substantially rectangular cross section, or they can have a 
triangular or an inverted V-shape When vieWed in cross 
section. If they are triangular, the vertices of teeth 22 are 
outermost. In any event, the outermost tips of the teeth are 
preferably rounded, as shoWn in greater detail in FIGS. 3 
and 4, to avoid cuts or tears in the materials, such as 
nonWoven Web 5, that pass betWeen the rolls. 

[0054] The spaces betWeen adjacent teeth 22 de?ne 
recessed, circumferentially-eXtending, equally con?gured 
grooves 24. The grooves can be of substantially rectangular 
cross section When the teeth are of substantially rectangular 
cross section, and they can be of inverted triangular cross 
section When the teeth are of triangular cross section. Thus, 
each of forming rolls 8 and 9 includes a plurality of spaced 
teeth 22 and alternating grooves 24 betWeen each pair of 
adjacent teeth. The teeth and the grooves need not each be 
of the same Width, hoWever, and preferably the grooves have 
a larger Width than that of the teeth, to permit the material 
that passes betWeen the interengaged rolls to be received 
Within the respective grooves and to be locally stretched, as 
Will be eXplained hereinafter. 

[0055] FIG. 3 is an enlarged, fragmentary, cross-sectional 
vieW shoWing the interengagement of teeth 22 and grooves 
24 of the respective rolls. As shoWn, generally triangular 
teeth 22 of one roll eXtend partially into generally triangular 
grooves 24 of the opposed roll, so that imaginary lines 21 
and 23 interconnecting the rounded outer tips of teeth 22 of 
rolls 8 and 9, respectively, lie radially inWardly of the 
rounded outer tips of teeth 22 of the opposed roll. The 
respective aXes of rotation of rolls 8 and 9 so spaced from 
each other that there is a predetermined space or gap 
betWeen the opposed sideWalls of the interengaged teeth and 
grooves of the respective rolls. 

[0056] FIG. 4 is an even further enlarged vieW of several 
interengaged teeth 22 and grooves 24 With a Web 25 of 
material therebetWeen. As shoWn, a portion of Web 25, 
Which can be nonWoven Web 5 shoWn in FIG. 1, is received 
betWeen the interengaged teeth and grooves of the respective 
rolls. The interengagement of the teeth and grooves of the 
rolls causes laterally spaced portions of Web 25 to be pressed 



US 2002/0105110 A1 

by teeth 22 into opposed grooves 24. In the course of passing 
betWeen the forming rolls, the forces of teeth 22 pressing 
Web 25 into opposed grooves 24 impose Within Web 25 
tensile stresses that act in the cross-Web direction. The 
tensile stresses cause intermediate Web sections 26 that lie 
betWeen and that span the spaces betWeen the tips 28 of 
adjacent teeth 22 to stretch or extend in a cross-Web direc 
tion, Which results in a localiZed reduction of the Web 
thickness at each of intermediate Web sections 26. 

[0057] Although the portions of Web 25 that lie betWeen 
the adjacent teeth are locally stretched, the portions of the 
Web that are in contact the tips of the teeth do not undergo 
a similar degree of extension. Because of the frictional 
forces that exist betWeen the surfaces at the rounded outer 
ends of teeth 22 and the adjacent surfaces 28 of Web 25 that 
are in contact With the tooth surfaces at the outer ends of the 
teeth, sliding movement of those portions of the Web sur 
faces relative to the tooth surfaces at the outer ends of the 
teeth is minimiZed. Consequently, the thickness of Web 25 at 
those areas of the Web that are in contact With the surfaces 
of the tooth tips diminishes only slightly, as compared With 
the Web thickness reductions that occur at intermediate Web 
sections 26. 

[0058] The action of pressing of portions of Web 25 into 
the respective grooves 24 by teeth 22 therefore causes a 
non-uniform reduction of the thickness of Web 25 to take 
place in the cross-Web direction of the Web. Accordingly, 
Web 25 undergoes a greater reduction in thickness in the 
cross-Web portions of the Web that extend betWeen and that 
span adjacent teeth 22 than it undergoes at those cross-Web 
portions of the Web that are in contact With the surfaces at 
the outer ends of teeth 22. Thus, by virtue of passing through 
the interengaged rolls and being locally laterally stretched at 
spaced intervals betWeen adjacent teeth, the upper and loWer 
surfaces of the Web after it passes from betWeen the opposed 
rolls de?ne Wavy surfaces that are the mirror images of each 
other When the Web is vieWed in cross section in the 
cross-Web direction, as shoWn in FIG. 5. Wavy upper and 
loWer surfaces of the Web include alternating peaks 30 and 
valleys 32, Which de?ne alternating heavy and light basis 
Weight regions. The light basis Weight regions are found at 
the positions of the Web Wherein the Web material has been 
locally laterally stretched. If the Web as it exits from betWeen 
forming rolls 8 and 9 is substantially ?at, as shoWn in FIG. 
5, and does not retain the sinusoidal or Wavy form of Web 25 
as shoWn in FIG. 4 While the Web is betWeen the interen 
gaged forming rolls, the localiZed stretching of the Web in 
the cross-Web direction results in a Wider exiting Web that 
has a plurality of spaced, longitudinally-extending, localiZed 
areas of reduced Web thickness. Additional cross-Web 
stretching of the exiting, formed Web can be effected by 
passing the modi?ed Web betWeen so-called Mount Hope 
rolls, tentering frames, angled idlers, angled nips, and the 
like (not shoWn), each of Which is knoWn to those skilled in 
the art. 

[0059] Because of the localiZed cross-Web stretching of 
Web 25 that has taken place, With the consequent increase in 
Web Width, the Web material that exits from the forming rolls 
at ?rst forming station 6 has a loWer basis Weight than that 
of the entering Web material, provided the exiting material 
remains in a substantially ?at, laterally extended state. The 
laterally-stretched Web as it exits from betWeen the forming 
rolls may contract laterally to its original Width, in that the 
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Web is placed under some tension in the Web movement 
direction, in Which case the exiting, modi?ed Web may have 
the same basis Weight as it had in its entering condition. If, 
hoWever, the exiting Web is subjected to a sufficiently high 
Web movement direction tension, the exiting Web can be 
made to contract to a smaller Width than its original Width, 
in Which case the Web Will have a greater basis Weight than 
its original basis Weight. On the other hand, if the Web is 
subjected to suf?cient additional cross-Web stretching by 
passing the modi?ed Web betWeen so-called Mount Hope 
rolls, tentering frames, angled idlers, angled nips, or the like 
as described above, the exiting, modi?ed Web Will have less 
than its original basis Weight. Thus, by selecting a suitable 
forming roll tooth and groove con?guration, by selecting a 
suitable Web movement direction tension level, and by 
selecting Whether or not to subject the Web to additional 
cross-Web stretching, the resulting modi?ed nonWoven Web 
can have a Web Width that can range from about 25% to 
about 300% of the initial Web Width and a basis Weight that 
is less than, equal to, or greater than the Web’s original basis 
Weight. 
[0060] Teeth 22 and grooves 24 can be generally triangu 
lar in cross section, as shoWn in FIG. 3, and preferably each 
of teeth 22 is of the same siZe so that each of the opposed 
teeth and grooves on respective forming rolls 8, 9 interen 
gage With each other along the entire axial lengths of each 
of the rolls. Merely by Way of example, and not by Way of 
limitation, teeth having a peak-to-peak pitch of the order of 
about 0.150 inches, having sideWalls disposed at an included 
angle of the order of about 12°, and having a tip-to-base 
tooth height and groove depth of the order of about 0.300 
inches can be employed in carrying out the present inven 
tion. As Will be appreciated by those skilled in the art, the 
siZes of the respective teeth and grooves can be varied Within 
a Wide range and Would still be effective to carry out the 
present invention. In that regard, additional structural details 
of suitable forming rolls are provided in US. Pat. No. 
5,156,793, entitled “Method for Incrementally Stretching 
Zero Strain Stretch Laminate Sheet in a Non-Uniform 
Manner to Impart a Varying Degree of Elasticity Thereto,” 
Which issued on Oct. 20, 1992, to Kenneth B. Buell et al.; 
in US. Pat. No. 5,167,897 entitled “Method for Incremen 
tally Stretching a Zero Strain Stretch Laminate Sheet to 
Impart Elasticity Thereto,” Which issued on Dec. 1, 1992, to 
Gerald M. Sheeter et al.; and in US. Pat. No. 5,518,801, 
entitled “Sheet Materials Exhibiting Elastic-Like Behavior,” 
Which issued on May 21, 1996, to Charles W. Chappell et al., 
the disclosures of Leach of Which patents are hereby incor 
porated herein by reference. 

[0061] If the nonWoven Web is expanded only in the X-Y 
plane there Will be a substantial decrease in the basis Weight 
of the nonWoven Web, Which serves to reduce the cost of any 
components of Which the rolled nonWoven Web is a part. 
Preferably, for a ?brous nonWoven Web in accordance With 
the present invention, the Width of the modi?ed Web is about 
100% greater than its initial Width before it is passed through 
the forming rolls. On the other hand, if the Web movement 
direction tension on the Web as it leaves the forming rolls is 
suf?ciently high, the modi?ed Web Will have a Width that is 
less than its original Width, and a greater basis Weight than 
that of the original, unmodi?ed Web. 

[0062] But if the exiting, modi?ed nonWoven Web retains 
the sinusoidal cross-sectional form shoWn in FIG. 4, the 
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modi?ed Web Will have been expanded into the Z plane and 
Will have a greater thickness than the initial, unmodi?ed 
Web, Which may advantageously impart improved softness 
to the Web. Thus, the present invention also contemplates the 
production of a modi?ed nonWoven Web that also has been 
signi?cantly expanded in a direction perpendicular to the 
X-Y plane, i.e., in the Z direction, either instead of dimen 
sional modi?cation in the X-Y plane or in addition to 
dimensional modi?cation in the X-Y plane. In that regard, 
the modi?ed nonWoven Web can have a Web thickness that 
ranges from about 85% to about 400% of the initial Web 
thickness. Additionally, by appropriate selection of a loW 
level of Web movement direction tension and forming roll 
con?gurations Which impart only a loW level of localiZed 
cross-Web stretching of Web, a modi?ed nonWoven Web can 
be provided having an increased Web thickness While simul 
taneously providing a decreased basis Weight Web, if 
desired. 

[0063] Referring to FIG. 6, there is shoWn another con 
?guration of opposed forming rolls, one that can be speci? 
cally employed to expand portions of the nonWoven Web in 
the Web thickness dimension, by expanding portions of the 
Web out of the X-Y plane into the Z-plane. As shoWn in FIG. 
7, an unmodi?ed nonWoven Web 5a is fed from a supply roll 
4a into the nip 7a of opposed forming rolls 70 and 72 
de?ning forming station 6a. Roll 70 includes a plurality of 
circumferentially-extending, axially-spaced circumferential 
ridges or teeth 75. HoWever, unlike continuous circumfer 
ential ridges 22 of forming roll 8 shoWn in FIG. 2, circum 
ferential ridges 75 of roll 70 include a plurality of circum 
ferentially-spaced toothed regions 74, and intervening 
circumferentially-spaced notched regions 78 that de?ne 
recessed, open regions on ridges 75. As shoWn in FIG. 6, 
notches 78 on respective axially adjacent circumferential 
ridges 75 are aligned laterally to de?ne a plurality of 
circumferentially-spaced groups of notched regions 78 
about the periphery of roll 70. The respective laterally 
extending groups of notched regions each extend parallel to 
the axis of roll 70. 

[0064] Roll 72 is similar in overall construction to forming 
rolls 8 and 9 as shoWn in FIG. 2 in that roll 72 includes a 
plurality of circumferentially-extending, axially-spaced 
teeth 79 that extend in continuous, uninterrupted form about 
the circumference of the roll. Teeth 79 of roll 72 intermesh 
With teeth 75 of roll 70. But the portion of the nonWoven 
Web that passes betWeen the notched regions 78 of roll 70 
and the teeth 79 of roll 72 Will be unformed, i.e., the 
nonWoven Web Will not be deformed or stretched in that area 
and Will remain substantially planar, While the portions of 
the Web passing betWeen toothed regions 74 of roll 70 and 
the teeth 79 of roll 72 Will be deformed or stretched beyond 
the elastic limit of the nonWoven, resulting in a plurality of 
raised, rib-like elements. 

[0065] Referring noW to FIGS. 8 and 9, there is shoWn a 
portion of a nonWoven Web 60 after it has passed betWeen 
a pair of opposed, interengaged forming rolls 70 and 72 
having the tooth con?gurations shoWn in FIG. 6. NonWoven 
Web 60 has tWo centerlines, a longitudinal centerline, Which 
is also referred to hereinafter as an axis, line, or direction “I” 
and a transverse or lateral centerline, Which is also referred 
to hereinafter as an axis, line, or direction “t”. The transverse 
centerline “t” is generally perpendicular to the longitudinal 
centerline “I”. 
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[0066] NonWoven Web 60 includes a netWork of distinct 
regions. The netWork includes at least a ?rst region 98, a 
second region 92, and a transitional region 87, Which is at 
the interface betWeen the ?rst region 98 and the second 
region 88. Web 60 also has a ?rst surface 93A and an 
oppositely-facing second surface 93B. In the embodiment 
shoWn in FIGS. 8 and 9, nonWoven Web 60 includes a 
plurality of substantially ?at, longitudinally spaced ?rst 
regions 98 and a plurality of alternating second regions 88. 

[0067] First regions 98 have a ?rst, transversely-extending 
axis 89 and a second, longitudinally-extending axis 91, 
Wherein the ?rst axis 89 is preferably longer than the second 
axis 91. The ?rst axis 89 of the ?rst region 98 is substantially 
parallel to the transverse axis of nonWoven Web 60, While 
the second axis 91 is substantially parallel to the longitudinal 
axis of the Web. 

[0068] Second regions 88 have a ?rst, transversely-ex 
tending axis 95 and a second, longitudinally-extending axis 
94. The ?rst axis 95 is substantially parallel to the transverse 
axis of the Web, While the second axis 94 is substantially 
parallel to the longitudinal axis of the Web. In the preferred 
embodiment of FIGS. 8 and 9, the ?rst regions 98 and the 
second regions 88 are substantially linear, each extending 
continuously in a direction substantially parallel to the 
longitudinal axis of the Web. 

[0069] In the embodiment shoWn in FIGS. 8 and 9, ?rst 
regions 98 are substantially planar. That is, the material 
Within ?rst regions 98 is substantially ?at and is in substan 
tially the same condition after the modi?cation step under 
gone by nonWoven Web 60 by passage betWeen interengaged 
rolls 70 and 72 shoWn in FIG. 6 as it Was in before the Web 
Was passed betWeen the forming rolls. 

[0070] Second regions 88 include a plurality of raised, 
rib-like elements 90 that have a ?rst or major axis 94 that is 
substantially parallel to the longitudinal axis of the non 
Woven Web 60, and a second or minor axis 95 that is 
substantially parallel to the transverse axis of Web 60. The 
dimension of rib-like elements 90 along ?rst axis 94 is at 
least equal to, and preferably longer than, the dimension 
along second axis 95. Preferably, the ratio of the dimension 
of rib-like elements 90 along ?rst axis 94 to the dimension 
along second axis 95 is at least 1:1, and more preferably at 
least 2:1 or greater. Further, rib-like elements 90 in second 
region 92 are adjacent one another and are separated from 
each other by an unformed area 99 having a Width of less 
than about 0.10 inches, as measured perpendicular to the 
major axis 94 of the rib-like elements. The dimensions of the 
rib-like elements can also be varied, if desired. A more 
detailed description of a Web having ?rst and second regions 
as shoWn in FIGS. 8 and 9 is provided in US. Pat. No. 
5,518,801, the disclosure of Which has already been incor 
porated herein by reference. 

[0071] In addition to the surface patterns illustrated in 
FIGS. 8 and 9 in the form of ridges and grooves, all of 
substantially equal lengths to de?ne generally rectangular 
areas of deformation, the desired stretching or thinning of a 
nonWoven Web can, if desired, be effected by other forming 
roll tooth and groove con?gurations that can cause localiZed 
stretching of the nonWoven material. For example, as shoWn 
in FIG. 10, instead of spaced rectangular arrays of ridges 
and grooves the deformation pattern can be in the form of 
ridges and grooves de?ning an array of spaced, diamond 



US 2002/0105110 A1 

shaped elements 100 With intervening undeformed areas 
102. Each such diamond-shaped element is de?ned by 
alternating rib-like elements 106 and intervening grooves 
104. Examples of methods and apparatus for formation of 
such diamond-shaped elements are disclosed in US. Pat. 
No. 5,650,214, entitled, “Sheet Materials Exhibiting Elastic 
Like Behavior and Soft, Cloth-Like Texture”, Which issued 
on Jul. 22, 1997, to Barry J. Anderson, et al., the disclosure 
of Which is incorporated herein by reference. 

[0072] As shoWn in FIG. 11, the deformation pattern can 
also be in the form of ridges and grooves that together de?ne 
an array of spaced, circularly-shaped elements 108. Each 
such circular element can be de?ned by varying-length 
rib-like elements 114 and intervening grooves 112. BetWeen 
respective circularly-shaped elements 108 are unformed 
intervening areas 110. As Will be apparent to those skilled in 
the art, other deformation patterns can also be employed, if 
desired, such as those illustrated and described in US. Pat. 
No. 5,518,801, the disclosure of Which Was earlier incorpo 
rated herein by reference. 

[0073] Another set of forming rolls, having a different 
arrangement of the peripheral teeth and grooves and that can 
be utiliZed in the practice of the present invention, is shoWn 
in FIGS. 12 through 15. Forming roll 150 is similar to 
forming roll 70 shoWn in FIG. 6 except that the circumfer 
entially-extending teeth 75 are provided in respective groups 
152, each group containing several teeth 75. Each of groups 
152 of teeth 75 is spaced from an adjacent group of teeth in 
the axial direction of the roll, and the respective groups of 
teeth are separated by an intervening gap 154 that is devoid 
of teeth. Forming roll 72 of FIG. 12 has the same con?gu 
ration as forming roll 72 of FIG. 6. 

[0074] Reference numerals that identify the various 
parameters of the teeth and grooves of the several forming 
roll con?gurations illustrated herein are shoWn in FIGS. 13 
through 15. Because of the general structural similarity of 
the teeth and grooves on the several forming rolls shoWn in 
FIGS. 2, 6, and 12, the same reference numerals as are 
shoWn in FIGS. 13 through 15 apply to corresponding parts 
of the rolls shoWn in FIGS. 2, 6, and 12. 

[0075] FIG. 13 is an enlarged, fragmentary, cross-sec 
tional vieW of teeth 79 of roll 72 taken along a section line 
that is parallel With the axis of roll 72. The tooth height, 
Which is also the height of the intervening grooves, is 
represented by 156, the tooth tip radius is represented by 
158, and the pitch or spacing betWeen adjacent teeth is 
represented by 160. FIG. 14 is an enlarged, fragmentary, 
cross-sectional vieW of roll 150 taken along a section line 
that is parallel With the axis of roll 150. The Width of group 
152 of teeth 74 is represented by 162, and the Width of gap 
154 is represented by 164. FIG. 15 is an enlarged, fragmen 
tary, side vieW of the circumferential teeth of roll 150 taken 
along a section line that is perpendicular to the axis of the 
roll. The circumferential length of individual teeth 74 is 
represented by 166 and the end radii of teeth 74 is repre 
sented by 168. The circumferential length of notched regions 
78 is represented by 170. 

[0076] As Was noted earlier herein, in addition to modi 
fying the dimensions of a nonWoven Web by extending the 
Web, for example, in the X-Y plane to loWer its basis Weight, 
and by adding loft to the Web in the Z direction to impart 
surface softness and cloth-like appearance, the present 

Aug. 8, 2002 

invention is also directed to modifying the physical proper 
ties of the nonWoven Web in a bene?cial Way. As used herein 
the term “physical properties” refers to the performance 
characteristics of the Web, including the strength of the Web 
When subjected to a tensile force, its elongation capability 
When subjected to a tensile force, and the force needed to 
elongate the Web to a point short of tearing or rupture of the 
Web material. Those desirable physical property modi?ca 
tions can be provided by passing the nonWoven Web through 
at least one pair of the interengaged forming roll structures 
that have been described earlier herein, applying at least 
some degree of Web-movement direction tension and, if 
desired, applying additional cross-Web direction stretching 
as described previously. Additionally, the present invention 
also encompasses successive modi?cations of the nonWoven 
Web by passing the Web through successive sets of forming 
rolls, tensioning and, if desired, additional cross-Web direc 
tion stretching. For example, a ?rst set of forming rolls can 
serve to increase the elongation capability of the nonWoven 
Web Without causing shredding of the Web into “pieces” or 
“strips,” and a second set of forming rolls can serve to 
expand the Web in the X-Y plane. 

[0077] For some of the composite structural components 
that are incorporated in a disposable absorbent article and 
that include nonWovens, it is desirable that the cross-Web 
(CD) strength of the modi?ed nonWoven Web be substan 
tially loWer than that of an unmodi?ed Web. For other 
components the cross-Web elongation capability of a modi 
?ed Web is desirably substantially higher than that of an 
unmodi?ed Web, or the load to elongate is substantially 
loWer, as compared With typical values attainable from 
commercially available, unmodi?ed nonWoven Webs that 
are made using either a carded, a spunbonded, or a spun 
bond/meltbloWn process. In that regard, it is desirable that a 
modi?ed nonWoven Web in accordance With the present 
invention exhibit a load to achieve 10% cross-Web elonga 
tion of from about 5% to about 100% of the corresponding 
cross-Web elongation load of the unmodi?ed nonWoven 
Web, that it exhibit a load to achieve 30% cross-Web 
elongation of from about 5% to about 100% of the corre 
sponding cross-Web elongation load of the unmodi?ed non 
Woven Web, and that it exhibit a cross-Web elongation 
capability of from about 105% to about 200% of the 
cross-Web elongation capability of the unmodi?ed non 
Woven Web. 

[0078] For example, a modi?ed nonWoven Web can be 
utiliZed as a component of a composite, breathable back 
sheet, one that is liquid impervious but that is pervious to 
gases and moisture vapor and that preferably has at least one 
soft, cloth-like outer surface. HoWever, When utiliZed in 
such a composite structure it is highly advantageous that the 
modi?ed nonWoven component of such a backsheet have a 
substantially loWer CD tensile strength, that it be capable of 
elongation at loWer CD tensile loads, and that it be capable 
of higher elongation. The provision of such physical char 
acteristics in a modi?ed nonWoven Web prior to its attach 
ment to a polymeric ?lm enables the resulting composite 
nonWoven-?lm structure to be incrementally stretched at 
loWer tensile forces, and Without the formation of undesir 
able tears or large openings in the nonWoven element of the 
composite. Such a composite backsheet can thus more easily 
be conformed With and adapt to the contours of the body of 
a Wearer of a disposable article, both during application of 
the article to the body as Well as While being Worn and being 



US 2002/0105110 A1 Aug. 8, 2002 
8 

subjected to loads as a result of body movements of the respective upper and lower rolls as illustrated in FIG. 2. 
Wearer. The improved ?t and adaptability to changing Wear- Additionally, the three-digit numerals adjacent the respec 
ing conditions leads to greater Wearer comfort. tive individual tooth and groove parameters listed in Table 

II correspond With the reference numerals in FIGS. 13 
EXAMPLES through 15. 

[0079] Presented in Table I beloW and identi?ed by 
Example numbers 1 through 7 are the physical property TABLE H 
changes that resulted from the modi?cation of three different Formin Ron Descri tion & Conditions 
nonWoven Web materials by passing the Webs betWeen 
interengaged forming rolls having a particular tooth struc- A B C 
ture and siZe. The material for Examples 1 and 2 Was a 1 U L U M & 
carded nonWoven that is identi?ed by No. 16006942, OWer pper OWer pper Wet 

obtained from FiberWeb North America, of Simpsonville, Tooth Pitch (in.) - 160 0.100 0.100 0.060 0.060 0.060 
NC. The material for Examples 3 and 4 Was a composite, ETOOJh ilsegght 0250 0250 0100 0100 0115 

' ' << :a 1n. — 

[knee-layer web O_f nOnWOVen mammals (deslgnatéd SMS Tooth Length Cont. 1.000 Cont. 0.360 Continuous 
in Table I) identi?ed as Style No. 81350, obtained from (in) _ 166 
PolyBond Company, of Waynesboro, Va., Wherein the com- MD Band Spacing — — — 0.360 — 

posite material included an inner layer of a meltbloWn (in-) 
MD Band Width — — — 0.060 — 

nonWoven and outer layers of a spunbonded nonWoven (in)_ 164 
overlying each of the faces of the inner layer. The material CD Band Width _ 01250 _ 0060 _ 

for Examples 5 through 7 Was a spunbonded nonWoven (in) - 170 
material identi?ed by No. 13561A and Was also obtained ETOOJh TIP Radlus 0005 0005 0005 0005 0005 

~ ~ in. - 

from FlberWeb North Amenca' Tooth End Radius _ 0.0938 _ 0.0938 _ 

[0080] For each of the nonWoven starting materials, Table (m') ' 
. . . . . . . Roll Interengagement 0.147 0.069 0.095 

I identi?es the type of nonWoven material, the initial basis (in) 
Weight, the initial strength to rupture, and the initial elon- MD Web Tension <02 <02 0.2-0.5 
gation characteristics, along With the initial Web thickness. 
Table I also shoWs the results on each of the starting 
nonWoven materials of physical modi?cation by passing the [0083] Examples 1 and 2 listed in Table I shoW the 
materials between opposed pairs of differently con?gured, physical properties of a modi?ed carded nonWoven Web that 
interengaged forming rolls in accordance With the present result from passing the Web betWeen forming rolls having 
invention. tooth structures and tooth siZes as listed under the designa 

TABLE I 

Forming CD CD Elongation CD Load To CD Load To 
Example Starting Material Roll Strength Capability Elongate 10% Elongate 30% Thickness 
Number Description Conditions (g/in.) (%) (g/in.) (g/in.) (mils) 

27 gsm carded Starting 1564 233 13 19 10 
mat’l. 

1 ID #16006942 “A” 1495 256 15 18 19 
2 FiberWeb NA “B” 1641 265 7 10 30 

25 gsm SMS Starting 3038 118 45 87 9 
mat’l. 

3 Style #81350 “A” 1103 225 9 13 47 
4 PolyBond “B” 1968 175 13 21 51 

33 gsm Spun Starting 3186 250 22 41 10 
mat’l. 

5 ID #13561A “A” 2507 311 9 13 59 
6 FiberWeb NA “B” 2735 282 8 13 42 
7 “C” 1816 261 5 6 16 

[0081] Table II beloW sets forth the tooth and groove 
con?gurations and siZes for the several types of interen 
gaged forming rolls (A, B, and C) that Were employed in 
modifying the respective initial nonWoven Webs to provide 
the examples of modi?ed nonWoven Webs that are identi?ed 
in Table I. 

[0082] Forming rolls A of Table II have the external 
con?gurations shoWn in the respective upper and loWer rolls 
as illustrated in FIG. 6; forming rolls B of Table II have the 
external con?gurations shoWn in the respective upper and 
loWer rolls as illustrated in FIG. 12; and forming rolls C of 
Table II have the external con?gurations shoWn in the 

tions A and B, respectively, in Table II. The Web having the 
physical characteristics corresponding With Example 1 in 
Table I Was formed by passing the initial carded nonWoven 
Web betWeen a pair of forming rolls having the con?gura 
tions illustrated in FIG. 6 and having the tooth structure and 
tooth siZes, and having the roll engagement and the Web 
movement direction (MD) Web tension as set forth in 
column A of Table II. Similarly, the Web having the physical 
characteristics corresponding With Example 2 of Table I Was 
formed by passing the initial carded Web betWeen a pair of 
forming rolls having the con?gurations illustrated in FIG. 
12 and having the tooth structure and siZes, and having the 
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roll engagement and the Web movement direction (MD) Web 
tension as found in column B of Table II. 

[0084] Examples 3 and 4 listed in Table I shoW the 
physical properties of a modi?ed composite Web of non 
Woven materials, including layers of spunbonded/melt 
bloWn/spunbonded (SMS) materials, that results from pass 
ing the Web betWeen forming rolls having tooth structures 
and tooth siZes as listed under the designations A and B in 
Table II. The Web having the physical characteristics corre 
sponding With Example 3 in Table I Was formed by passing 
the initial composite Web of nonWoven materials betWeen a 
pair of forming rolls having the con?guration illustrated in 
FIG. 6 and having the tooth structure and tooth siZes, and 
having the roll engagement and the Web movement direction 
(MD) Web tension as set forth in column A of Table II. 
Similarly, the Web having the physical characteristics cor 
responding With Example 4 of Table I Was formed by 
passing the initial composite Web of nonWoven materials 
betWeen a pair of forming rolls having the con?gurations 
shoWn in FIG. 12 and having the tooth structure and siZes, 
and having the roll engagement and the Web movement 
direction (MD) Web tension as set forth in column B of Table 
II. 

[0085] Examples 5, 6, and 7 listed in Table I shoW the 
physical properties of a modi?ed spunbonded nonWoven 
Web that results from passing the Web betWeen forming rolls 
having tooth structures and tooth siZes as listed under the 
designations A, B, and C in Table II. The Web having the 
physical characteristics corresponding With Example 5 in 
Table I Was formed by passing the initial spunbonded 
nonWoven Web betWeen a pair of forming rolls having the 
con?gurations shoWn in FIG. 6 and having the tooth struc 
ture and tooth siZes, and having the roll engagement and the 
Web movement direction (MD) Web tension as set forth in 
columnAof Table II. Similarly, the Web having the physical 
characteristics corresponding With Example 6 of Table I Was 
formed by passing the initial spunbonded Web betWeen a 
pair of forming rolls having the con?gurations shoWn in 
FIG. 12 and having the tooth structure and siZes, and having 
the roll engagement and the Web movement direction (MD) 
Web tension as set forth in column B of Table II. And the Web 
having the physical characteristics corresponding With 
Example 7 of Table I Was formed by passing the initial 
spunbonded Web betWeen a pair or forming rolls having the 
con?gurations shoWn in FIG. 2 and having the tooth struc 
ture and the tooth siZes, and having the roll engagement and 
the Web movement direction (MD) Web tension as set forth 
in column C of Table II. 

[0086] In connection With the physical characteristics of 
the respective modi?ed nonWoven Web materials identi?ed 
in Table I, it is signi?cant to note the changes in cross-Web 
direction (CD) strength of the modi?ed nonWovens. With 
the exception of the carded nonWoven material represented 
by Examples 1 and 2, the CD strength of each of the 
nonWoven Webs decreased considerably as a result of the 
modi?cation of the nonWoven material in accordance With 
the present invention. The CD strength decrease Was greatest 
for the SMS material, ranging betWeen 35.2% to 63.7%, 
While for the spunbonded nonWoven material it ranged 
betWeen 14.2% to 43%. For the SMS material the CD 
strength decrease Was greatest When the material Was passed 
betWeen forming rolls having the con?guration illustrated in 
FIG. 6, and it Was loWest When the material Was passed 
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betWeen forming rolls having the con?guration illustrated in 
FIG. 12. For the spunbonded material the CD strength 
decrease Was greatest When the material Was passed betWeen 
forming rolls having the con?guration shoWn in FIG. 2, and 
it Was loWest When the material Was passed betWeen forming 
rolls having the con?guration shoWn in FIG. 12. 

[0087] The CD elongation capability of the nonWoven 
materials also increased for each of the materials, regardless 
of the forming roll con?guration through Which the non 
Woven materials Were passed. The greatest increase Was, 
again, obtained When the materials Were passed betWeen 
forming rolls having the con?guration illustrated in FIG. 6. 
Further, the modi?ed SMS nonWoven material exhibited the 
greatest increase in CD elongation capability, ranging from 
40% to 90%. 

[0088] Finally, and again except for the carded nonWoven, 
the CD load to elongate by either 10% or 30% Was remark 
ably reduced for the modi?ed nonWoven materials that Were 
subjected to the rolling procedures described herein. For 
both the SMS nonWoven material as Well as the spunbonded 
material the CD load to elongate Was reduced by from about 
68% to about 85%. It can thus be seen that the physical 
properties of the respective nonWoven materials have been 
substantially altered after the nonWoven Webs have passed 
betWeen the forming rolls. 

[0089] It Will be appreciated by those skilled in the art that 
although the present disclosure has made reference to the 
use of grooved rolls, grooved plates can also be employed to 
carry out the method herein disclosed. In that regard, the 
disclosure in the previously-cited and previously-incorpo 
rated U.S. Pat. No. 5,518,801, Chappell et al., illustrates and 
describes a pair of ?at plates having intermeshing teeth, and 
that can be utiliZed to effect the lateral extension of a ?exible 
Web or of polymeric material in the manner hereinbefore 
described. Similarly, although sometimes illustrated and 
described herein in the context of a continuous, moving Web 
of material, the method herein disclosed can also be prac 
ticed utiliZing materials in sheet form. 

[0090] Furthermore, although the foregoing discussion 
has been presented in the context of modifying a nonWoven 
by local expansion of the material in the Width dimension of 
a Web, the bene?ts of the present invention can also be 
obtained by local expansion of the length (MD) dimension 
of such Webs, instead of the Width (CD) dimension. In that 
instance the forming rolls can have axially-extending teeth 
and grooves on their peripheral surfaces, rather than teeth 
and grooves that extend transversely of the roll longitudinal 
axis as shoWn in the forming roll structure illustrated in 
FIGS. 3 and 8. Accordingly, it is Within the scope of the 
present invention to locally expand and modify the proper 
ties of a Web either in the Width (CD) dimension or in the 
length (MD) dimension interchangeably. 

[0091] Modi?ed nonWoven materials of the types repre 
sented by Examples 1 through 7 of Table I can be incorpo 
rated into various kinds of disposable absorbent articles, 
such as disposable diapers. As Will be hereinafter described 
in greater detail, those materials can serve as the outer 
surface of a backsheet of such articles, as a topsheet, or as 
part of a stretchable component that has at least one soft, 
outer, cloth-like surface. 
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Joinder of NonWoven Web With Film 

[0092] One example of a structural component of a dis 
posable absorbent article With Which a modi?ed nonWoven 
Web of the type hereinabove described can be utiliZed is the 
backsheet. That component is generally the outermost com 
ponent of the article and provides imperviousness to the 
passage through the article of liquid body ?uids or exudates 
that are intended to be absorbed by and retained in an inner, 
absorptive component of the article. A nonWoven modi?ed 
in accordance With the present invention can be joined to one 
surface of a solid, liquid-impervious, polymeric ?lm to 
provide a soft, cloth-like outer surface to the backsheet and 
to the article. Another embodiment of a backsheet can be 
provide desirable imperviousness to the passage of liquids, 
While permitting passage therethrough moisture vapor and 
also preferably air. Abacksheet having those characteristics 
is preferably ?exible, compliant, and has the desired soft, 
cloth-like outer surface, and can include a breathable poly 
meric ?lm that is substantially impervious to liquids but 
pervious to moisture vapor and also preferably air. 

[0093] Referring once again to FIG. 1, there is shoWn as 
another aspect of the present invention the joinder to one 
surface of a modi?ed nonWoven Web 5 at joinder station 13 
of a polymeric ?lm 11 to provide a composite Web 12 that 
can be utiliZed as a backsheet for a disposable absorbent 
article, such as a disposable diaper, or the like. Film 11 can 
be a polyole?n ?lm, preferably a polyethylene ?lm, and 
forms one layer of a composite backsheet that includes a 
liquid-impervious barrier ?lm and at least one layer of a thin, 
modi?ed nonWoven sheet that is attached to at least one 
surface of the ?lm. Suitable polymers for ?lms to be 
included in composite, disposable diaper backsheets in 
accordance With the present invention include thermoplastic 
polyole?ns, such as polyethylene and polypropylene, and 
mixtures thereof. Various types of polyethylenes such as loW 
density polyethylene, ultra-loW density polyethylene, linear 
loW-density polyethylene, and high-density polyethylene are 
suitable polyethylenes for backsheets. Other suitable ther 
moplastic polymers include polyesters, polyurethanes, com 
postable or biodegradable polymers, heat-shrinkable poly 
mers, thermoplastic elastomers, and metallocene-catalyst 
based polymers, for example those polymers available from 
DoW Chemical Company, of Midland, Mich. under the 
trademark INSITE, or available from the Exxon Chemical 
Company, of Bay City, Tex. under the trademark EXXACT. 

[0094] A particularly suitable ?lm 11 is a linear, loW 
density polyethylene ?lm that can have a thickness of from 
about 0.25 mils to about 5 mils, preferably a thickness of 
from about 0.25 mils to about 2.5 mils, and most preferably 
a thickness of from about 0.5 mils to about 1.5 mils. A 
particularly suitable commercially-available polyethylene 
?lm is identi?ed as No. 97060401, made by the Clopay 
Corporation, of Cincinnati, Ohio., Which is microporous and 
breathable. And although the ensuing discussion Will be 
based upon polyethylene as the ?lm material in the lamina 
tion, it Will be appreciated by those skilled in the art that 
other synthetic polymers can also be employed in making a 
?lm that exhibits desired liquid-imperviousness, including 
other polyole?ns, polypropylene, polyvinyl chloride, and the 
like, or blends or copolymers thereof. Suitable monolithic, 
breathable ?lms are also contemplated, such as, for example, 
those employing polyurethane materials available from BF. 
Goodrich & Company of Cleveland, Ohio. under the trade 
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mark ESTANE and from DoW Chemical Company of Mid 
land, Mich. under the trademark PELLETHANE, those 
employing polyamide materials available from Elf Atochem 
of Philadelphia, Pa. under the trademark PEBAX, and 
polyester materials available from E.I. duPont de Nemours 
& Company of Wilmington, Del. under the trademark 
HYTREL, from DSM Engineering Plastics of Evansville, 
Ind. under the trademark ARNITEL, and from Eastman 
Chemical Company of Kingsport, Tenn. under the trademark 
ECDEL. As used herein, “monolithic, breathable ?lms” 
contemplates solid ?lms through Which moisture vapor 
transmission occurs primarily by activated diffusion through 
the ?lms because of their molecular structure and molecular 
architecture, compared to microporous ?lms through Which 
moisture vapor transmission occurs primarily through aper 
tures, voids or pores formed in the ?lms. With such mono 
lithic ?lms, the vapors present on the side of the ?lm having 
the highest concentration of such vapors dissolve into that 
surface and then diffuse through the ?lm to the opposite 
surface Where the vapors desorb and enter the surrounding 
environment. 

[0095] Instead of a liquid-impervious and non-breathable 
?lm, as is frequently employed as a part of the backsheet of 
disposable diapers, or ?lms that are substantially liquid 
impervious but breathable as supplied, polymeric ?lm 11 
can advantageously be a precursor ?lm that is impervious to 
liquids, gases, and moisture vapor, but that can be made to 
be breathable by suitable treatment of the ?lm as described 
beloW. As used herein, the term “precursor” When applied to 
a polymeric ?lm refers to a polymeric ?lm that can be 
treated in such a Way that micropores can be provided in the 
?lm to alloW the ?lm to be simultaneously breathable as Well 
as liquid impervious. Additionally, as used herein, the term 
“breathable” refers to a ?lm that is capable of permitting the 
passage therethrough of moisture vapor and also preferably 
air, but that does not permit the passage therethrough of 
liquids to an undesirable extent. 

Imparting Breathability to a Precursor Film 

[0096] Breathability can be imparted to a polymeric ?lm, 
While maintaining its imperviousness to liquids, by forming 
micropores in the ?lm. The desired micropores are suf? 
ciently small in area to prevent the passage therethrough of 
liquids, but they alloW the passage therethrough of air and 
moisture vapor. Micropores can be formed directly in an 
otherWise solid ?lm in several Ways, including perforating 
the ?lm as disclosed in US. Pat. No. 3,881,489, entitled 
“Breathable, Liquid Impervious Backsheet for Absorbent 
Devices”, Which issued on May 6, 1975, to EdWard Wallace 
HartWell. Perforations can be provided by mechanically 
puncturing the ?lm, but that technique requires close toler 
ance control over the puncturing elements of the apparatus, 
Which over time might provide micropores of increasingly 
greater siZe as a result of mechanical Wear of the puncturing 
elements. Larger micropores could alloW the undesired 
passage of liquids through such ?lms. 

[0097] Another Way to enable the formation of micropores 
in an otherWise impervious ?lm involves substantially uni 
formly dispersing Within a thermoplastic polymer matrix an 
incompatible inorganic or organic material. The dispersion 
of the incompatible material can be effected by a mixing 
step, and the resulting mixture can be formed into a thin ?lm 
by extruding, casting, or bloWing techniques that are knoWn 




























