POLYMERIC WEB EXHIBITING A SOFT AND SILKY TACTILE IMPRESSION FIELD OF THE
INVENTION The present invention relates to a forming structure for making a polymeric web
exhibiting a soft and silky tactile impression on at least one surface. More particularly, the present
invention relates forming structure for making a three-dimensional polymeric web exhibiting a soft and
silky tactile impression that can be used as a body-fgcing topsheet in disposable absorbent.
BACKGROUND OF THE INVENTION It is extremely desirable to construct disposable articles,
such as absorptive devices, including sanitary napkins, pantyliners, interlabial devices, diapers,
training pants, incontinent devices, wound dressm s and the like, with a soft cloth-like surface feel to
the user's skin at any anticipated peH L& » s LR gslgng been Icnown in the disposable
articles art to construct absorptive den&smhm’ m&emmmﬂgmsmmfeel to the user, especially during
use. By having a soft, cloth-like body-facing surface that retains a dry surface feel during use, an
absorptive device gives improved wearing comfort, and minimizes the development of undesirable skin
conditions due to prolonged exposure toﬂ%ﬁlﬁtwﬁ%m\ﬂgg the absorptive device. While
woven and non-woven fibrous webs are often em -facing topsheets for absorptive
devices because of tbf% Iea ant Sﬁrfaqe efsettoelé {,nacrosco |caf;3/f ex anded three dimensional,
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characteristics allow the topsheet to acquire fluids, such as urine or mense pass to fluid into the
absorptive articl&SREE ABLEBE into the absorptive article, the fluid retaining feature of the topsheet
preferably prevents rewet, i.e., the movement of fluid back through the topsheet. Rewet can be a result

of at least two causes: (1) squeezinghauiQiroR RBSOFATH NG AN tenpressure on the absorptive

article; and/or (2) wetness entrapped within or on

It is extremely desirable to construct disposable articles, such as absorptive devices,
including sanitary napkins, pantyliners, interlabial devices, diapers, training pants, incontinent
devices, wound dressings and the like, with a soft cloth-like surface feel to the user's skin at any
anticipated points of contact. Likewise, it has long been known in the disposable articles art to
construct absorptive devices that present a dry surface feel to the user, especially during use. By
having a soft, cloth-like body-facing surface that retains a dry surface feel during use, an
absorptive device gives improved wearing comfort, and minimizes the development of
undesirable skin conditions due to prolonged exposure to moisture absorbed within the absorptive

device.

While woven and non-woven fibrous webs are often employed as body-facing topsheets
for absorptive devices because of their pleasant surface feel, macroscopically expanded, three
dimensional, apertured polymeric webs such as the commercially successful DRI-WEA VE™
topsheet marketed by Procter & Gamble Company have also been utilized. One viable polymeric
web of this type is disclosed in U.S. Pat. No. 4,342,314 issﬁcd to Radel et al. on Aug. 3, 1982.
Such webs have been shown to exhibit desirable fluid transport and fluid retaining characteristics.
Desirable fluid transport characteristics allow the topsheet to acquire fluids, such as urine or
menses, and pass to fluid into the absorptive article. Once absorbed into the absorptive article, the
fluid retaining feature of the topsheet preferably prevents rewet, i.e., the movement of fluid back
through the topsheet. Rewet can be a result of at least two causes: (1) squeezing out of the

absorbed fluid due to préssure on the absorptive article; and/or (2) wetness entrapped within or on



2 the topsheet. Preferably, both properties, fluid acquisition and fluid retention, are maximized. Said
differently, preferably a topsheet will exhibit high rates of fluid acquisition, and low levels of rewct.
Other macroscopically expanded, three dimensional, apertured polymeric webs are blown. For
example, US. Patent No. 4,463,045 issued to Ahr et al. on July 31, 1984 discloses a macroscopically
expanded three-dimensional polymeric web that exhibits a substantially non-glossy visible surface and
cloth-like tactile impression. Ahr et al. teaches the criteria which must be met with respect to the
regularly spaced pattern of surface aberrations in order to diffusely reflect incident light and thereby
eliminate gloss. Ahr, et al teaches that the surface aberrations in the web should exhibit an average
amplitude of atheBitaEo bttt arp oo At Aukjsitprrmdeidieraian rampigegbout 0.3 mils
(i.e., 0.0003 inghiesiffacmymaceatoihl ikpshreflotirtikatiabigerampsetsio ncdgnithe read lantewddnfDespite its
advancements,ip.gliminating gloss, the structure of the surface aberrations of the web in Ahr, etal. can
lack desired softness, As recognized in the art, for example is U.S. Pat. No. 4,629,643, issued to Curro
et al. (discussed bel érthgclgscl(() ?f aﬂes}i{r%g 59 nggajrigmtljstla(l)iﬁaayede;% tgg %'fyerﬁg% ctgvebsétaréjectu|re of each
aberration, which can be described as having the properties ofan Tarchthat behaves as a discrete
structural unit, FR8TatiFEr GetiEtiohS FRIE A %‘f@&ﬁ%?é%‘f’ﬂ@fi‘é@t%ﬁl'd’éﬁ‘é}ét%lfr’c?ﬁ? fhwlettaess
impression expetienceitdly thetise igsldinensiondDnedypraposddnsodiiibits tosibsprmkiythersoftness
impression (0 YRR &RE!El NS AISEaRGH IR AIKEMANERARIH SRRl 720,643 (

Curro, et al. '643) Curro, et al. '643 discloses a microapertured polymeric web exhibiting a fine scale
pattern of discRSfReS A SEPAHAR/AR CREEL TR SE IREEE SLHEEE PEAMO CHSTE 44 mum amplitude
and, unlike thereflets istidatighthisé tbeeblirlmiviietiods ableas eidrrshmitid dperafirecbstipnided that is
substantially ceipgiglamtalavithishennaxipumpanmplitdeaf sachosudace abematiamed adorming of
microapertures at the. maximum amplitude.of .ea face aberration ides.a volcano-like cusp
ith el shar B B o
skin is of smallBiteiiPhizhelRR ianeed rdSuimitsRi et neEsivalisRrEHePfo s tie unapertured
t'arch-like strumr@st‘;iaa@aﬁhjpﬂ%}hfﬁb adeb in wﬂamgmmm@ﬁmmmdxﬁmmmmet al. '643_
imparts superiqy tactile impressiop,iade sKRAS sHsebulthassemadiawhaskaLelaied to certain

fluid handling properties when used as a to%z?leet in abs rb(ilnt articles, For example, it has been

found that a wéB5E RERSEEHTHEEUTTE Y%t .eéﬁfﬁ?%ﬁg%ff SOHA S OPLAL A &R S €HREary pad can
permit an unaceeptatlthhigtpettivo ofanokrdvydet behathgies sritcreintristrabinit Mistisizidefizeiiog surface of

the topsheet aftef; iniialiydrainoipasses dhraughihadepahestdadsi.absaracby;the sanitary napkin.
In particular, it gppears that a web according to Cur '643 can be more

One proposed solution to improve the softness impression to the web of Ahr et al., was
disclosed in the aforementioned U.S. Pat. No. 4,629,643 ( Curro, et al. ‘643) Curro, et al. ‘643
discloses a microapertured polymeric web exhibiting & fine scale pattern of discrete surface
aberrations. Each of these surface aberrations have a maximum amplitude and, unlike the web
structure disclosed in A, et al. at least one microaperature is provided that is substantialiy
coincidental with the maximum amplitode of each surface aberration. The forming of
microapertures at the maximum amplitude of each surface aberration provides a volcano-like cusp
with petal shaped edges. It is believed that the resultant web surface that is in contact with the
human skin is of smaller total area and is less resistant to compressive and shear forces than the

unapertured "arch-like" structures taught by Ahr et al.

Although the microapertured film of Clirro, et al. ‘643 imparts superior tactile impression
to the skin of the user, it has some drawbacks related to certain fluid handling properties when

used as a topsheet in absorbent articles. For example, it has been found that a web as disclosed in




5susceptible to rewet under pressure. This is because when such a product is used as a topsheet in a
catamenial product, for example, absorbed fluid can be urged back out of the product through the
many microapertures of the topsheet. It appears that each of the mieroapertures in the structure of
Curro, et al. '643 can provide a pathway for fluid to escape from an underlying absorbent core in an
absorbent article under the pressure of 10normal wearing conditions. These pathways in the web
structures therefore cause decreased fluid retention and increased rewet in the absorbent structures.
g(tji Tgtrseat %ﬁ%&tblagf&h%@} f@t}mmj af _@wg{&é{%ni Esafitiempis tabptimmeinizesplibéss and

wet, can be found, for example,in U.S, Pat .8, ' al., on May 8,
2001. Lee dii@@sg %ugg(r%jﬁf?gseéiéﬁ'l’_eﬁslfé a%#l \t/% g(%}%r;[gs%r%gg ﬁ%ﬁéﬁ%gﬁ%en%é}r%bgﬁf%%m ressior¥
resistance of tnshigicrferyritrd neméne et swerehiherenigrat 8I9ﬁ?§?§0mﬂé@ﬂ &é%%a?gadécrease

the s:oftness abfrenvialpartisthermangire fydrofetming piogessasisolseahihcGuere, et al. '643 and
Lee 462 for makingmag RseanieAly seander es.dimensignaliapepisadtpRygRars webs results
in a formed film that must be dried after ydfofonnln . Due to the man
topsheet in a catamenial product, for exampqe, a%sor%ed A Can be urged back out of

the product through the many microapertures of the topsheet. It appears that each of the

microapertures in the structure of Curro, et al. ‘643 can provide a pathway for fluid to

escape from an underlying absorbent core in an absorbent article under the pressure of
10 normal wearing conditions. These pathways in the web structures therefore cause

decreased fluid retention and increased rewet in the absorbent structures.

Attempts at alleviating the shortcoming of Curro ‘643, i.e., attempts to both
maximize softness and reduce rewet, can be found, for example, in U.S. Pat. No.
6,228,462 issued to Lee, et al., on May 8, 2001. Lee discloses a compression resistant

15  web comprising rigid polymers. The compression resistance of the rigid polymers helps
reduce rewet, but the rigid polymers utilized tend to decrease the softness of the web.

Furthermore, the hydroforming processes disclosed in Curro, et al. ‘643 and Lee
“462 for making macroscopically expanded, three dimensional, apertured polymeric
webs results in a formed film that must be dried after hydroforming. Due to the many
20  interstices of the microapertures that can retain water, drying commercial quantities of
these webs consumes significant amounts of energy, and can require significant capital
investments in drying equipment. One example of an approach to effectively dry such
webs is disclosed in U.S. Patent No. 4,695,422 issued September 22, 1987 to Curro, et

al.

25 One further drawback associated with the webs disclosed in Curro ‘643 and Lee
*462 when used as topsheets on sanitary napkins is the tendency of the microapertures
to entrap fluid, such as menses. The entrapment can be in the microapertures themselves
and/or between adjacent microapertures. Fluid so entrapped remains at or near the
surface of the web, and can, therefore be in contact with the wearer's skin for prolonged

30  periods of time. This contact negatively affects the skin health of the wearer and causes

the topsheet to not have a clean appearance post-use.

Another attempt at making a soft, three-dimensional, macroscopically-expanded
web having an improved functional surface is U.S. Pat. No. 5,670,110, issued to Dirk, et
al. on September 23, 1997. The web of Dirk et al. utilizes fibrils achieved via a screen

35  printing roll.




70 interstices of the microapertures that can retain water, drying commercial quantities of these webs
consumes significant amounts of energy, and can require significant capital investments in drying
equipment. One example of an approach to effectively dry such webs is disclosed in U.S. Patent No.
4,695,422 issued September 22, 1987 to Curro, et 250ne further drawback associated with the webs
disclosed in Curro '643 and Lee '462 when used as4opsheets on sanitary napkins is the tendency of
the microapertures to entrap fluid, such as menses. The entrapment can be in the microapertures
themselves and/or between adjacent microapertures. Fluid so entrapped remains at or near the

surface of the I\_Q/eb,vglrngrg%n Ry erei];%r%lgt?v ntact wit 0]tffllneélv%/nearer sglc%n é {)P{olon ed 30periods of
time. This contact negatlvelgj/ anects the sklr’% Fof the Wearer and causesthid 18heR&et to not have

a clean appea‘?%ﬁlfé post-use. Another attempt at making a soft, three-dimensional,
macroscopically-expanded web having an improved functional surface is U.S. Pat. No. 5,670,110,
issued to Dirk, et al. dSdpgimberddbd BoFfidHdoiets of Diroetdbrutifids fibbilBalshieved via a screen

35printing roll -superior tactile impression and superior fluid handling properties.

Additionally, it would be beneficial to have a formed film web that has superior tactile

impression and provides for superior fluid retention and rewet characteristics.

Additionally, it would be beneficial to have a formed film web that has superior tactile

impression and provides for superior cleanliness for hygiene articles.

Additionally, it would be beneficial to have an improved process for making a formed
film web that has superior tactile impression and provides for superior fluid retention and rewet

characteristics.

Finally, it would be beneficial to have an improved apparatus and method of making a
forming structure for forming a formed film web that has superior tactile impression and provides

for superior fluid retention and rewet characteristics.

SUMMARY OF THE INVENTION

A method for making a forming structure having columnar protrusions extending therefrom, the
method comprising the steps of:

a) providing a forming unit;
b) providing a backing film;
c) providing a foraminous element;

d) juxtaposing the foraminous element and the backing film with respect to the forming
unit so that the backing film is interposed between the foraminous element and the

forming unit;
e) providing a liquid photosensitive resin;

f) applying a coating of the liquid photosensitive resin to the foraminous element;




However, screen printing is a relatively slow process for making commercial webs for consumer
articles. Accordingly, it would be beneficial to have an improved formed film web that has superior
tactile impression and superior fluid handling properties. Additionally, it would be beneficial to
have a formed film web that has superior tactile impression and provides for superior fluid retention
and rewet characteristics. Additionally, it would be beneficial to have a formed film web that has
superior tactile impression and provides for superior cleanliness for hygiene articles. Additionally, it
would be beneficial to have an improved process for making a formed film web that has superior tactile
impression and provides for superior fluid retention and rewet characteristics. Finally, it would be
beneficial to have arbiniprivetrgiperuigingrirhoathndvah thakonipe thrhetatpustiveterie fétforming a
formed film web that hasasspesiomtaktile impression and provides for superior fluid retention and rewet
characteristics. SUMMARY OF 1'H1i INVENTION A method for making a forming structure having

columnar protrusions)extarging: e iihthecmethed sampEisint.iiesiansall Surravidipg a forming
unit;

to a preselected value;
1) exposing the liquid photosensitive resin to light having an activating wavelength
through the first mask thereby inducing partial curing of the photosensitive resin to

form a monolithic slab of partially-cured photosensitive resin;
) removing the first mask;

k) repeating steps (a) — (j) one time with a different, second mask replacing the first
mask in steps (g)~(h) and a second thickness in step (h), the second thickness being
defined between the backing film and the second mask and being greater than the first
thickness, and, in step (i) inducing partial curing of a plurality of protrusions on the
monolithic slab such that they are joined to and integral with the monolithic slab, and

removing the second mask in step ();

1) immersing the foraminous element and partially cured resin thereon in an oxygen-free

environment;

m) exposing the foraminous element and partially cured resin thereon to light having an
activating wavelength to fully cure the partially cured resin, resulting in the forming

structure having columnar protrusions extending therefrom.

The method can further comprise the step of laser etching a plurality of apertures through the
forming structure to form an apertured forming structure.

BRIEF DESCRIPTION OF THE DRAWING

While the specification concludes with claims particularly pdinting out and distinctly
claiming the subject matter of the present invention, it is believed that the invention will be better

understood from the following description taken in conjunction with the accompanying Figures,

in which:




b) providing a backing film; c) providing a foraminous element; d) juxtaposing the foraminous clement
and the backing film with respect to the Miming unit so that the backing film is interposed between the
foraminous element and the forming unit; e) providing a liquid photosensitive resin; f) applying a
coating of the liquid photosensitive resin to the foraminous element; 5 g) juxtaposing in contacting
relationship with the coating of photosensitive resiné first transparent mask; h) controlling a first
thickness between the backing film and the first mask of the coating. to a preselected value;

FIG 1 is an enlarged, partially segmented, perspective illustration of a prior art polymeric
web of the type generally disclosed in commonly assigned U.S. Patent No. 4,342,314,
FIG. 2 is an enlarged, partially segmented, perspective illustration of a prior art polymeric
web of the type generally disclosed in commonly assigned U.S. Patent No. 4,629,643. ‘
FIG. 3 is an enlarged, partially segmented, perspective illustration of a polymeric web
made on a forming structure of the present invention.
" FIG. 4 is a further enlarged, partial view of a portion of the web shown in FIG. 3
illustrating in greater detail certain features of the polymeric web of the present invention.
FIG. 5 is a cross-sectional depiction of a cross section taken along Section 5-5 of FIG. 4.
FIG. 6 is a plan view of representative aperture shapes projected in the plane of the first
surface of a polymeric web of the present invention. Y
FIG. 7 is a top plan view of a sanitary napkin with portions cut away to more clearly show
the construction of a catamenial device of the present invention.
FIG. 8 is a cross-sectional view of the sanitary napkin taken along Section 8-8 of FIG. 7.
| FIG. 9 is a simplified schematic illustration of a single phase forming process of the
present invention.
FIG. 10 is an enlarged, partially segmented, perspective illustration of a forming structure
of the present invention. ’
FIG. 11 is a further enlarged, partial view of a portion of the forming structure shown in
FIG. 10.
FIG. 12 is a further enlarged partial view of a portion of the forming structure shown in
FIG. 11.
FIG. 13 is a photomicrograph of one embodiment of a forming structure of the present
invention. | |
FIG. 14 is an enlarged view of a portion of the forming structure of FIG. 13.
FIG. 15 is a photomicrograph of another embodiment of a forming structure of the present
mvention.
FIG. 16 is an enlarged view of a portion of a forming structure similar to that shown in
FIG. 15.
FIG. 17 is a photomicrograph of a portion of a web made on a forming structure of the

present invention.

FIG. 18 is an enlarged view of a portion of the web shown in FIG. 17.




1) exposing the liquid photosensitive resin to light having an activating wavelength through the first
mask thereby inducing partial curing of the photosensitive resin to form a monolithic slab of
partially-cured photosensitive resin; j) removing the first mask; k) repeating steps (a) - (j) one time with
a different, second mask replacing the first mask in steps (g)-(h) and a second thicicness in step (h),
the second thickness being defined between the baéking film and the second mask and being greater
than the first thielcness, and, in step (i) inducing partial curing of a plurality of protrusions on the
monolithic slab such that they are joined to and integral with the monolithic slab, and removing the

second mask in stepF@’; immersing the foramingus egem%nt nd pairtiaJ curegl1 |re§itr{|1 thereon in an
. , 118 otomitro ﬁ% aé)omon ¢} a‘iVC magae on 8 () a%StIUC ¢ 0 C
oxygen-free environment; if}’ xposmggf oraminous element and partiaily cured resin thereon to

light having amagsivéringiovavelength to fully cure the partially cured resin, resulting in the forming
structure having colummnan preteusigasyexiendingiherefiammihe methathg s éuiheticomprise the step
of laser etchiné aTg#iLl”g"t ogf apertures through the forming structure to form an anerrured forming
structure. BRI e IPTION OF THE DRAWING While the specification concludes with claims
particularly pointing GHE-hdF AREmERY ef &g e SR B OPYRE BResent invention, it is believed
that the invention wilFise Bsitecrundensioddifrorf theffoliopsmgdestaptantiiékén. in conjunction with the

accompanying Figu rf}ﬁ:‘r.iﬁb‘%qi Qﬂémaﬁc representation of a method from making a forming structure of the

present invention.

FIG. 24 is a photomicrograph showing an enlarged portion of a forming structure of the
present invention.

FIG. 25 is a photomicrograph showing a further enlarged portion of the forming structure
shown in FIG. 24.

FIG. 26 is a photomicrograph showing in cross section an enlarged portion of the forming
structure shown in FIG. 24,

FIG. 27 is a representation of a first mask used in a process for making a forming
structure of the present invention.

FIG. 28 is a representation of a second mask used in a process for making a forming
structure of the present invention.

FIG. 29 is a simplified schematic iltustration of a process for making a web using a belted

forming structure of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is an enlarged, partially segmented perspective illustration of a prior art
macroscopically-expanded, three-dimensional, fluid pervious polymeric web 40 formed generally
in accordance with the aforementioned U.S. Patent 4,342,314, Webs of this type have been found
to be highty suitable for use as a topsheet in absorbent articles such as sanitary napkins,
pantyliners, interlabial devices, and the like. The fluid pervious web 40 exhibits a plurality of
macroscopié surface aberrations that can be aperfures, such as primary apertures 41. Primary
apertures 41 are formed by 2 multiplicity of interconnecting members, such as fiber like elements,

e.g., 42, 43, 44, 45 and 46, that are interconnected to one another to define a continuous first




6 FIG 1 is an enlarged, partially seguiented, perspective illustration of a prior art polymeric web of
the type generally disclosed in commonly assigned U.S. Patent No, 4,342,314. FIG. 2 is an
enlarged, partially segmented, perspective illustration of a prior art polymeric web of the type generally
disclosed in commonly assigned U.S. Patent No. 4,629,643. FIG. 3 is an enlarged, partially
segmented, perspective illustration of a polymeric weeb made on a forming structure of the present
invention. FIG. 4 is a further enlarged, partial view of a portion of the web shown in FIG. 3
illustrating in greater detail certain features of the polymeric web of the present invention. FIG. 5 is a
cross-sectional depiction of a cross section taken along Section 5-5 of FIG. 4. FIG. 6 is a plan view

of representatfe 4P atirBetls 1Y) AR R IRRBIIA BrRoRiSh Sdrihess BB MEr web of the
present inventiomlane SRSy sigfacedi§. pash\hiewroftarsiankaide maphdriiovith portions! pottianly to more

clearly show theepustuetionshacatageniabierice R lin NERReDknY gBINY ifthGaiR i8R
cross sectional yiey of e santary, napkia taken glong section 880t G, 7,FIG. 91s a simpiifed
schematic illustration of & smgfe Hhase Torming process o%ﬁ]e préséntinention.

interconnected to one another intermediate the first and second surfaces of the web, and terminate

substantially concurrently with one another in the plane 56 of the second surface 55. In some

embodiments, the base portion 51 may have surface aberrations 58 in accordance with the

aforementioned Ahr *045 patent. '

As used herein, the term “macroscopically expanded” refers to the structure of a web
formed from a precursor web or film, e.g., a planar web, that has been caused to conform to the
surface of a three-dimensional forming structure so that both sides, or surfaces, of the precursor
web are permanently altered due to at least partial conformance of the precursor web to the three-
dimensional pattern of the forming structure. Such macroscopically-expanded webs are typically
caused to conform to the surface of the forming structure 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 depressions, or apertures), or
by a combination of both,

As used herein, the term “macroscopic” refers to structural features or elements that are
readily visible and distinctly discernable to a human having 20/20 vision when the perpendicular
distance between the viewer’s eye and the web is about 12 inches. Conversely, the term
“microscopic” is utilized to refer to structural features or elements that are not readily visible and
distinctly discernable to a human having 20/20 vision when the perpendicular distance between
the viewer’s eye and the plane‘ of the web is about 12 inches. In general, as used herein, the
primary apertures of a web disclosed herein are macroscopic, and surface aberrations, such as
hair-like fibrils as disclosed more fully below are considered microscopic.

The term “planar” as used herein to refers to the overall condition of a precursor web or
film when viewed by the naked eye on a macroscopic scale, prior to permanently deforming the
web into a three-dimensional formed film. In this context, extruded films prior to post-extrusion
processing and films that do not exhibit significant degree of permanent macroscopic three-
dimensionality, e.g., deformation out of the plane of the film, would generally be described as
planar. |

As utilized herein, the term “interconnecting members” refers to some or all of the

elements of a web, e.g., web 40 in FIG. 1, portions of which serve to define the primary




FIG. 10 is an enlarged, partially segmented, perspective illustration of a forming stucture of the present
invention. FIG. 11 is a further enlarged, partial view of a portion of the forming structure shown in
FIG. 10. FIG. 12 is a further enlarged partial view of a portion of the forming structure shown in
FIG. 11. FIG. 13 is a photomicrograph of one embodiment of a forming structure of the present
invention. FIG. 14 is an enlarged view of a portion df the forming structure of FIG. 13. FIG.15isa
photomicrograph of another embodiment of a forming structure of e present invention. FIG. 16 is
an enlarged view of a portion of a forming structure similar to fnat shown in FIG. 15. FIG. 17 is a

photomicrograph of a portion of a web made on a forming structure of the present invention.
apertures by a continuous network. As can be appreciated from the description of FIG. 1 and the

present invention herein, the interconnecting members, e.g., fiber like elements 42, 43, 44, 45,
and 46, are inherently continuous, with contiguous interconnecting elements blending into one
another in mutually adjoining transition portions. Individual interconnecting members can be
best described with reference to FIG. 1 as those portions of the web disposed between any two
adjacent primary apertures, originating in the first surface and extending into the second surface.
On the first surface of the web the interconnecting members collectively form a continuous
network, or pattern, the continuous network of interconnecting members defining the primary
apertures, and on the second surface of the web interconnecting sidewalls of the interconnecting
members collectively form a discontinuous pattern of secondary apertures. Interconnecting
members are described more generally below with reference to FIG. 6.

In a three~dimensional, macroscopically-expanded web, the interconnecting members
may be described as channel-like. Their two dimengional cross-section may also be described as
“U-ghaped”, as in the aforementioned Radel *314 patent, or “upwardly concave-shaped”, as
disclosed in U.S. Patent No. 5,514,105, issued on May 7, 1996 to Goodman, Jr., et al.
“Upwardly-concave-shaped” as used herein, and as represented in FIG. 1, describes the -
orientation of the channel-like shape of the interconnecting members with relation te the
surfaces of the web, with a base portion 51 generally in the first surface 50, and the legs, e.g.,
sidewall portions 53, of the channel extending from the base portion 51 in the direction of the

second surface 55, with the channel opening being substantially in the second surface 55. In
general, for a plane cutting through the web, e.g., web 40, orthogonal to the plane, e.g,, plane 52,
of the first surface 50 and intersecting any two adjacent primary apertures, e.g., apertures 41, the
resulting cross-section of an interconnecting member disposed therein will exhibit a generally
upwardly concave shape that may be substantially U-shaped.

The term “continuous” when used herein to describe the first surface of a
macroscopically-expanded, three-dimensional formed film web, refers to the uninterrupted
character of the first surface generally in the plane of the first surface. Thus, any point on the first
surface can be reached from any other point on the first surface without substantially leaving the
first surface. Conversely, as utilized herein, the term “discontinuous” when used to describe the
second surface of a three-dimensionally formed film 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 necessarily be reached from any other point on the second surface without substantially

leaving the second surface in the plane of the second surface.




FIG. 18 is an enlarged view of a portion of the web shown in FIG. 17. FIG.19is a
photomicrograph of a portion of a web made on a forming structure of the present invention, FIG.
20 is an enlarged view of a portion of a web made on a forming structure of the present invention. FIG.
21 is a plan view of a forming structure of the present invention. FIG. 22 is a cross-sectional view of
the forming structure shown in FIG. 21. FIG. 23 ig a schematic representation of a method from
making a forming structure of the present invention. FIG. 24 is a photomicrograph showing an
enlarged portion of a forming structure of the present invention. FIG. 25 is a photomicrograph

showing a further enIarGged portion of the forming structure shown in FIG, 24,
FIG. 2 shows an enlarged, partially segmented, perspective illustration of a portion of

another prior art polymeric microapertured web 110 formed generally in accordance with the
aforementioned Curro ‘643 patent. The mi'croapertured surface aberrations 120 éan be formed by
a hydroforming process in which a high-pressure liquid jet is utilized to force the web to conform
to a three-dimensional support member, As shown, ruptures which coincide substantially with the
maximum amplitude of each micropertured surface aberration 120 result in the formation of a
volcano-shaped aperture 125 having relatively thin, irregularly shaped petals 126 about its
periphery. The relatively thin, petal-shaped edges of the aperture of such a web provide for
increased softness impression on the skin of a user when compared, for example, to the web of
Ahr ‘045, It is believed that this softness impression is due to the relative lack of resistance to
compression and shear afforded by the surface aberrations having volcano-shaped apertures.

As mentioned above, although the microapertured film of Curro ‘643 imparts a superior
tactile impression of softness, it can also permit undesirable rewet when used as a topsheet on a
disposable absorbent article. The web of the present invention solves this problem by providing
for softness via surface aberrations that exhibit low resistance to compression and shear,
comparable to the web of Curro ‘643, and yet do not permit fluid flow via microapertures.
Therefore, one benefit of the web of the present invention is superior softness together with
minimal rewet when used as a topsheet on a disposable absorbent article, such as a sanitary
napkin.

FIG. 3 is an enlarged, partially segmented perspective illustration of a fluid pervious,

- macroscopically-expanded, three-dimensional polymeric web 80 of the present invention. The
geometric configuration of the macroscopic surface aberrations, e.g., primary apertures 71, of the
polymeric web can be generally similar to that of the prior art web 40 illustrated in FIG. 1.
Primary apertures 71 may be referred to as “apertures™ or “macroapertures” herein, and refer to
openings in the web that permit fluid communication between a first surface 90 of web 80 and a

econd surface 85 of web 80. The primary apertures 71 of the web shown in FIG. 3 are defined in
the plane 102 of first surface 90 by a continuous network of interconnecting members, e.g.,
members 91, 92, 93, 94, and 95 interconnected to one another. The shape of primary apertures 71
as projected in the plane of the first surface 90 may be in the shape of polygons, e.g., squares,
hexagons, etc., in an ordered or random pattern. In a preferred embodiment primary apertures 71
are in fhe shaﬁe of modified ovals, and in one embodiment primary apertures 71 are in the general
shape of a tear drop. Polymer web 80 exhibits a plurality of surface aberrations 220 in the form of
bair-like fibrils 225, described more fully below.




FIG. 26 is a photomicrograph showing in cross section an enlarged portion of the forming structure
shown in FIG. 24. FIG. 27 is a representation of a first mask used in a process for making a
forming structure of the present invention. FIG. 28 is a representation of a second mask used in a
process for making a forming structure of the present invention. FIG. 29 is a simplified schematic
illustration of a process for making a web using a bghed forming structure of the present invention.
DETAILED DESCRIPTION OF THE INVENTION FIG. 1 is an enlarged, partially segmented
perspective illustration of a prior art macroscopically-expanded, three-dimensional, fluid pervious
polymeric web 40 formed generally in accordance with the aforementioned U.S. Patent 4,342,314,

Webs of this type halfe Beerifoeisipne.adngpiysetiadiator yeeSisbihopshraenireailoscdsent articles
such as sanitafynapidasepaRiyiiermisalbhigldevices., areptitolie, bbaddyideeriopeiweb 40
exhibits a plurgliy of Q&&%&%%%Rl&n%‘éﬁfﬁg%%{?%g%ﬁ&%§.§h§5&%ﬂ P&%@?%‘éﬁ%ﬁéﬁ% reRimary

apertures 41. Primary apertures 41 are formed by a muftiplicity of interconnecting members, such as
fiber like elem&mrnging! edes theeofs Sifgwall porsonp 87 grisnhesredinBdhs d s ERCaRE R b define a
continuous firstirfusféice 56 wftlhe avépid o fdchifbentjvmalcmenthasis basdbporicmedigy, base

portion 51, locgiedin.RlaRgm2ehis b UHRES ReLERARY AR RREIRIBAS-ASieNARLToN, e.g.,
sidewall portlon.t?& attaw%(fegotd% 1 ach IoQ%gudlnal edge thereof, The adgvﬂalggaortlons extend generally
i

in the direction0F &GRSR TR SSXB S TRTERE 55 S5 SRl 40 SHHETT ¢ LBt RES 894Nl portions are

con
interconnectedayrsierépodher intermediate the first and second surfaces of the web, and terminate

substantially concurresdly witbiane-angtdgieianthie,laned Grefithaispeond; siuiasedfiadnsome
embOd'me”tSwé@‘%ﬁ%g%%??&%én%@/e NAYSFULRCE aiﬁ%éfaﬁl%ﬁoéﬁ, I&a%?o%?é%?r@&? Wit the
Anr ‘045 t cally

H T Ogmg n
aforementione patent. As used herein, the term "macroscop expanded" refers to

the structure of'® VB RIFREd TIPS PralnrdsPsRiats srffofadfors pharssr WeB Mkthas been caused
to conform to thedatifagewta thnet:dilnbasiopabforiming sptrincts regs aritrat3oth wigés, or surfaces, of

the precursor wel-are REHPanei-A e irddUsmiea) Rashpatiah ConierpanRee.PHhGREREUrsor web to
the three-dimensional pattern of the forming structure. Such macroscopically-expanded webs are

typically causdd 18 tonform to the surface of the forming structure by embossing (i.e., when the
forming structure exHiBitERHATEMCCBrpEseBnpTimEEPbIale BiofopneHSY BybrbYssihg (i.e., when
the forming streg;ussekhibitsngynatienneo kst primn atitytahfenialaarprassions 96 arertures), or by
a combination &fo{%gxﬂ;h mutually adjoining transition zones or portions, e.g., portions 87. In general transition
portions are defined 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. Interconnecting
members need not be linear, but may be curvilinear. The sidewalls of the interconnecting
members can be descﬁbéd as interconnecting to the sidewalls of adjacent, contiguous
interconnecting members. Exclusive of portions of the transition zones and portions including
hair-like fibrils, as disclosed below, cross-sections of interconnecting members transverse to the
longitudinal centerline between the beginning.and end of the interconnecting member may be
generally described as U-shape. However, the transverse cross-section need not be uniform or U-
shaped along the entire length of the interconmecting member, and for certain primary aperture
configurations it may not be uniform along most of its length. In particular, in transition zones or
portions interconnecting mefnbers blend into contiguous interconnecting members and fransverse
cross-sections in the transition zones or portions may exhibit substantially non-uniform U-shapes,

or no discernible U-shape.




As used herein, the term "macroscopic" refers to structural features or elements that are readily visible
and distinctly discemable to a human having 20/20 vision when the perpendicular distance between
the viewer's eye and the web is about 12 inches, Conversely, the term "microscopic” is utilized to refer
to structural features or elements that are not readily visible and distinctly discernable to a human
having 20/20 vision when the perpendicular distancg) between the viewer's eye and the plane of the
web is about 12 inches. In general, as used herein, the primary apertures of a web disclosed herein
are macroscopic, and surface aberrations, such as hair-like fibrils as disclosed more fully below are
considered microscopic. The term "planar” as used herein to refers to the overall condition of a
precursor web or filnFihkeis vfewhetiebiprtied nakeld ieyeThedhrmadiogsipit mdakeripriob 88 permanently

deforming the weninterg. thregs dirensianakio pagddfinebsthisngeite s hytides flins prior to
post-extrusion processing,and films that do not exhipit significant delggee'gf ermanent; macroscopic
three- dimensi BT e e C oy s oscribed as

planar.  As lA2aa Farefs, shEtdt i Chiteiin AHEfY nHEfh BErse Feranaritnrg et S et Bt the elements
of a web, e.g.,anehs&dt ik 10, pantions whwrhisimsebvedaicdtihadzdoprm arhe Grafperiviiag by a

continuous neygt/bh SEARRARRIAELaIS AT, descrRlion bflGd Aekkpresent invention

herein, the interconnecting members, e.g., fiber like elements 42, 43, 44, 45, an(i‘i 46, are inherently

continuous, Wifﬂomalfb%sﬂ?ﬁﬂ%%glﬁﬂ%]@% & &fertieAts BlEntil s iKtB BRe YREWE h mutually adjoining
transition portiovnsuirsdiithibé piresy cbineesind snénsldéfsicaruchady delbmdb ecbortkerafethence to FIG. 1
as those portiaas;, af tae e brisRasas kei\eeAGRBVSREiaEE R iNan:aRe lERk-REginating in the

first surface and extepding jato %h?uxsa%%fog}dsusfyag%%%ﬁa DS SEh%%fﬁ%CgfQiix?ﬁ‘ﬁe‘%%%i%?!_”temo””ec“.”g
members CO||6CtIV€|y orma COHI?I’IUOUS network, or pattern, the continuous network ot interconnecting

members defimtg ety splrmabes ppd ensins At nTiEs T e fhasritdicibrecting
sidewalls of thé&intertonsebtirg Nhmbers:elecindalistinioa discolitnfietis pattepniphsecondary

apertures, IntegeRRReLling MemRRESHR.deaaibed Metc.0eneiaiReiav il arieience to FIG. 6.
In a three-dimensional, macrosco,plcally-ex%anded wepb, the in erconnectlngng)e%ggﬁgrs may be
|

b, th
described as cHstMRSRECPRE NS dii SREmERa 8 FeL- S B HSHE PHISY B €3S "U-shaped”,
as in the aforemvetsidtan b eiufacs 20 S ardrmene “apdfardRreonedIeSSRaped” Tagadissiabed in U.S.
Patent No. 5,534x1405s isaued @psMayin/ dGR6H0: ook, iRtvah chipyanehecarsave-shaped” as

used herein, aql a5 pIFSERIEE In BIG. duslsseribes ths. rieielianafhe, shannglilie ghape of the

interconnectin%mem ers with relation to the surfaces of the web, wi ase portion 51 generally in
1

the first surfacd™®Bs ZTditmat Ryeeed frddamfunush rrsrrerssust e MASAYRE B S om the base
portion 51 in thiébdis@efieiofithe sobpaisusziiedblsittedinedlaarns. opérmgheinsddbstantially in the

second surface,gm, 10:Re6Ea dMhARIBRS CliBRtBIOMa e J¥ehh £.8 paiehifilrthogonal to the

plane, e.g., planesgeze,C Ofutrniecr ir}gt %Jsgr ce ?aoczrasnd intersecting any two adjacent primary apertures, e.g.,
apertures 41, RS ing Cross28ection of an interconnecting member disposed therein will exhibit a

generally upwardly ca¥catEdhgivesfeaith Bl bé BtibEka Ml #3-sdisdgscribed as protruding
from first surface 90 of web 80. As such, hair-like fibrils 225 can be described as being integral

with film 120, and formed by permanent local plastic deformation of film 120. Hair-like fibrils
can be described as having a side wall 227 defining an open proximal portion 229 and a closed
distal portion 226. Hair-like fibrils 225 have a height It measured from a minimum amplitude
Anin between adjacent fibrils to a maximum amplitede Ay, at the closed distal portion 226.
Hair-like fibrils have a diameter d, which for a generally cylindrical structure is the outside
diameter at a lateral cross-section. By “lateral” is meant generally parallel to the plane of the first
surface 102, For non-uniform lateral cross-sections, and/or non-cylindrical structures of hair-like
fibrils, diameter d is measured as the average lateral cross-sectional dimension at % the beight h

of the fibril, as shown in FIG. 5. Thus, for each hair-like fibril 225, an aspect ratio, defined as




The term "continuous” when used herein to describe the first surface of a macroscopically-expanded,
three-dimensional formed film web, refers to the uninterrupted character of the first surface generally in
the plane of the first surface. Thus, any point on the first surface can be reached from any other point
on the first surface without substantially leaving the first surface. Conversely, as utilized herein, the
term "discontinuous" when used to describe the segpnd surface of a three-dimensionally formed film
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 necessarily be reached from any other point on
the second surface without substantially leaving the second surface in the plane of the second surface.
10 FIG. 2 WHotR berdieeimaité d Hpintis @Pgléﬁ?%éﬁ?é’&?’?)@réﬁé@tf%oiﬂ(%‘if&filﬁ?f’t&% BBftion of another
prior art polymegiet micr aapertusetsesbidefdahipedigerboally. in accordance with the aforementioned
Curro '643 patent. Tﬂ,eﬁgﬂégea&%y iedsusfaceReratang. ket caRe farmed by g hydroforming

process in which a high-pressure liquid jet is utilized to force the web to conform to a

three-dimensiHEL I fE RSB PoRUSE SRS StelVBaY Fich BdireiaaSigsstamfibty with the
maxUnum angiitelte dhsiatkediicite prarta dettrouméd b ddtermatime 20rrasuinimtnatolindtion of a
volcano-shaped apgriHks ke Aavifgn alaively AhineEragwaiitshespad.petas sb26 akaw, its periphery.
The relatively }hin 1ég).etal-shag(%d e &%én?f the aapertur%iof such.a weh provide fﬁr increased softness

. . = d det fi . .
impression on ?ﬁ‘éé Kifi Of & user when co“r)ﬁ%grlea?r%? e%ﬁb%, t5 the web of Ahr 045. It is believed

that this softn@&aifirEsdidkadeie?ts trachamliadasnd of e SisteniiaddreaTHpRessien thd shear
afforded by th@@iﬂﬁ@@ﬁy&hﬁtﬁaﬁﬁmhﬁmagtymmgﬁmapmwmg _miASsmﬁ_smiﬁlmti above, _
although the microaperteted fim,of CHI0, 843 IMPRRS 3 SHPRIiCHIBRIS IPRSSion of softness, it can

also permit undesirable rewet when used as a topsheet on a disposable absorbent article. The web of

the present inVEHESHPLSH RIS BISBIERBY PR RSHRGd-etitress via surface aberrations that exhibit
low resistance to corfipréosiorcanitasthéder tonibafibble 235 e Waslivfctin detetgdBd Ardd/mt o not permit

fluid flow via migrpRRRItHIRE: Jhatefie sarabenafitridasnahigithepresertipyertian is superior
softness togetlf%er .vvithtrgg'nimal ewet é/ivh?n us({a% as at glsheet on a gisggﬁsalgde absorbent article, such

. ) ade accoraing 1o pre ridined dimensions of i S, .8, . .
as a sanitary nalf)xﬂ?, & IS an enla ?aeg, partially se men_teé1 pgrspectlve flustration of a fluid
pervious, macPESEEREARPESHSEA e Cerirkie! Wn?%h‘&%ﬁ‘i‘eﬁ Jim il 3SR e 8F frEp&¥ent invention.
The geometricearfigutatioensibihafimacmectipi ¢ Xuisfflle aldemationsiyeldorpeimenypapestures 71, of the
polymeric webyean hg genetally sinilaliedRateh dheRiar AR ARusitatedinplG. | Primary

apertures 71 may be referred to as_"apertures” or "macrqapertures” herejn, and refer to - openings in
the web that pSFHRE T8 CERFAEST TR b St gr?ll’lgfe(él? ARt %?%Véé%ﬁnénﬁd {afleégcond surface 85

of web 80. Thewrimerfilapéfires Pibdbrmed veds Bhbwieh2E30 teihe kighidefhathBkpRilEs102 of first
surface 90 by @i0eBlsLOHE hebgdp@biniaman saat pgirammbersy. .., members 91, 92, 93, 94, and 95

interconnected to ong, aNOLNGF G SARG-LPHMANLBREIIES LLASRIYSHISER (g, plane of the first
surface 90 may be in the sha%e of polygons, e.g., squares, hexagons, etc., In an ordered or random

pattern. In a prafEAELEé PR AKTAisE For g &t ot difidd 5B P PhotfifBer®Vals, and in one
embodiment pHifiafyfapsturstitldaneter, thegeaelatshape-otéotebdidroporPalyardike/Blri80 exhibits a

plurality of suriaee AR HIRRNZAR RS PERR bERIIKR IIRHSA30 s AeseliBRLmaT sidly Delow.

decreases to distal end 226. This structure is believed to be necessary to ensure the polymeric

web 80 can be readily removed from the forming structure 350, as more fully described below
with respect to FIG. 10,

As shown in FIG. 5, some thinning of precursor web 120 can occur due to the relatively
deep drawing required to form high aspect ratio hair-like fibrils 225. For example, thinning can
be observed at or near closed distal ends 226. By “observed” is meant that the thinning is distinct
whcﬁ vicWed in magnified cross-section. Such thinning can be beneficial as the thinﬁed portions
offer little resistance to compression or shear when touched by a person’s skin. For example,

when a person touches the polymeric web 80 on the side exhibiting hair-like fibrils 225, the finger




11 In a three-dimensional, mieroapertured polymeric web 80 of the present invention, each
interconnecting member comprises a base portion, e.g., base portion 81, located generally in plane
102, and each base portion has sidewall portions, e.g., sidewall portions 83 extending from each
longitudinal edge thereof Sidewall portions 83 extend generally in the direction of the second surface
85 of the web 80 and join to sidewalls of adjoining interconnecting members intermediate the first and
second surfaces, 90 and 85, respectively, and terminate substantially concurrently with one another to
define secondary apertures, e.g., secondary apertures 72 in the plane 106 of second surface 85.

PIG. 6 is a plan view of representati rimary aperture shapes projected in the plane of the first
surface of an aﬁﬁﬁ%ﬁ%aéfrﬁﬁﬁﬂlﬁ‘?@ﬁ%%&%?g@‘&%éﬁgﬁﬁ S nierSdpehigh atPssbRvaef web of the
present inventiai-li¥ ibela2spasting paiterd oftunvdithisiiapelhédiexampier shtelsdlmating pattern, is

preferred, the sPape OfENHMAN ARRHHIRS e &sOnod REHLEGRpfcksiBRAY @@agmgeéimﬁgwéabpolygonal or
mixed, and may be arraégd in an ordered%Pattern or in a random %%ttfe r}m E ’R in FIG. 6 the
ire Gat eren ?

interconnectin g RERIBAMREETy . Lo Al e A SRR TR g7 R e AP continuous,
with contiguougsifite rée melewtitabriel dnfesité iebrtinfyunddbeirometh ereln ?ﬁﬂmﬁvﬁ%fd]wm transition
zones or PortiQRsySie fz@ati@aﬁg%fskw@gmal isansitian paktiens Bietatipashhydhedargest circle that
can be mscrlbed ta ggbent Ip ar }?% acent apertures It |s understood that for certain patterns of
apertures the et dd Sircle e transmon portlons an ent to more than three adjacent
apertures. For |IIustréiﬁ?é“&Fb8§é‘§thﬁﬁ?e%’6ﬁﬁé‘?§fﬂ’?@b?ﬁé’ B 1B UR S S 2Deginning or
ending substaﬂmaﬁyeahé{‘m;}eﬂtm’&mﬁi@mﬁm&ﬁmmmnhmn&,n&%hsaﬁnmebmmy]mﬁmgmambers 97 and
98. Interconnegfing MAPLAETNREE ALRGHIRC ALY BIR¥RREHEI NG s SidanalIsHRS the

interconnecting members can be described as mg?egs:?on élctln to_the, sj ewal of adjacent, contiguous'
e

interconnecting AT Hb B E 10 8 GBS BIS'S S8 r’?ofoaﬁ‘ggl AOHIBREHY uamg hair-like
fibrils, as d|sc|@m@mmfmmchmwmwm@imgw@m@é@mmpm ebdiadengitudinal

centerline betweemihasheamins.angand atdherintersonnesingunarabearsnes be ganerally described
as U-shape. However, fne rans e asRsElanacednol ieunliosof thslianggalond he enire
length of the interconnecting member, and for certamn primary gpermre conflguratlons it may not be

uniform along ﬁ?ﬁ&n&zﬁs% @}fﬂﬂcﬁfb%ﬁf&%ﬂﬁ?u%lﬁﬁﬁ]s‘iﬁéﬁsiﬁ}?é%l §I5BHIB AL REF BT B ting members
blend into contiguxins frtenepnhiddiing rnesbaismanihtreasy ef seterassheeSlianstonsthdransition zones

Offpo[]tlons :nawmm %ﬁl?&&@c%q!ﬁxr&%raam{@m%&laaﬁ@%agwaQ@@g@g&ﬁi@ﬁ&swa@e 1% ThFIG-4is
a farther enlarged, partial view of the thr ensional polymeric web 80 shown i e
three- dlmen5|o‘ﬁ%%§ mnsﬁno%mhf@pr%géaé%gfy%gr fy %W R %moré\::urgé:r ilm, which can

be a single layer of eﬁmswwmwm%@é%ﬁd@w@mﬁﬁﬁ #Eshown in FIG. 4,
film 120 is a twadeyesdartinate: cormpesing iavinsblayebd Odaibel asseodmeblayeah B0 3xhisiminate

materials may heﬁ GXE \gﬁﬁ&&%ﬁ%&%@nlafzx@t@ﬁ%fga;fm%mge@mm@g%@%ﬂ cludingdilms

comprising skin | ayers. lle’it is presently preferred that, as shown in FIG, 4 lése%?Iymerlc layers,

e.g., layers 101%??8%?%”{@?%@&’?8“&&%?%?5@ bt AEH}%%%F%%WE Wrherdet® i %urface 106 it
is not presently: pelievedctietror s thntiab thiefoth 28 20d s in® e dsrwai b2 | agfaisaramypexteerdnfiirther toward

the second Surﬁaﬁ%ﬁ%@é@&m&(&m porfidfa26, MMM@HMQB@%@@@@J@@WS 220 in the
form of hair-like flbrlls 25. T &rf] ir- Ilke brlls ariﬁ%wedha trudedggcy(i q3| nz of he polymeric

web 80, generdfiST SH tHERE sur e b therso iZ6, Aand distrbution of hair-like fibrils

he 'num r Size, an
22% on ponmePﬁ?Wéb“B@@aﬁt braspPSelbtbfntiried BesEssi e 57pb AR reabibgy fpplications as a

flysheet in dispgsablie.plosorbgiahaxtjcles,dinsnfitaie perihathaisstligacfiotils2Berptiotryde.only from the
base portion 81,19, i1 S1Ac190, o6 BAYAMELS WeR A5 B EGSH R LhsiRpre. when

web 80 is usedpas a to sheet in a disposable absorbent article, the web can be_oriented such that the

hair-like fibrils PBiLTORMRE SRt RS P40nTRR: 5 LERABEE FRPPEESTERIARER A tha st e fibrils 225
do not obstructtflaigtodsthrouhoiratmoapertb®s 71. Moreover, having hair-like fibrils 225 with closed

distal portions 226 resls inredused rawst-ik. 165yee< amaunis elfuidopeingireiptieduced to the

surace of the topsiieet afet i hgen st pasees AMevan i opehee! 1 yaderhio absorben

center-to-center spacing can be optimized for adequate tactile impression, while at the same time




As shown in cross-section FIG. 5, hair-like fibrils 225 can be described as protruding from first surface
90 of web 80. As such, hair-like fibrils 225 can be described as being integral with film 120, and formed
by permanent local plastic deformation of film 120. Hair-like fibrils can be described as having a side
wall 227 defining an open proximal portion 229 and a closed distal portion 226. Hair-like fibrils 225
have a height h measured from a minimum amplituge Amin between adjacent fibrils TO a maximum
amplitude A. at the closed distal portion 226. Hair-like fibrils have a diameter d, which for a generally
cylindrical structure is the outside diameter at a lateral cross-section. By "lateral" is meant generally
parallel to the plane of the first surface 102. For non-uniform lateral cross-sections, tuadfor
non-cylindricalmstigetingeibof hedibdiketfibrist didmétéind dstimgastridg @isithe everagedateral
cross-sectionaldime peisstatofihanaiosdohnebdhe ikl oan shems iof Go D s ofakeach hair-like
fibril 225, an asgeegtsgat{io, d%gﬁ?_q as 1?1>nhi{/3g can be deter ined. Bﬁr-like fibrils 2 SFgan have an
aspect ratio hid of at least 05, The aspect PRSI BETS FE SR P RRETABIN AT IERE t about 2.
In general, beCAa8E FeP BEfFAPFETGISP A OF ety Th B dnRIPYRai o RteiiFips2 280 sin kel dunt to
determine, andviiegause the actual height may vary, an average height hays of a plurality of hair-like

fibrils can be determiﬂq}qc%g&ﬁ{émnj&% em@g%gfg&mﬁgm% %@E?Liwa% &&baggegman average

maximum amplitude A.",," over a%rede ermined area of we Likewise, for varying cross-sectional

dimensions, aﬁ%}]ﬁ@é’sh?ﬁﬁ’éﬁs% &%@m@ﬁ@f@ﬁ?ﬁﬁéﬁtT&%’]ﬂfE%ﬁ&? HistsERE SIS 225. Such
amplitude and tbthexd dimaedisid izl inreasuecimgnisnban déynadentyyoathy firgtivobickbwiiwin 8he art, such

as by COT%UtiFI&i?GQ, g&llaﬂngyr,?i%@mﬁm@emgt@@&em%oxhﬁgﬁoﬂ& f&}e@x&rage;spect ratio
AR,,,,g of the hair-like fibri 5 for a predetermined portion of the n be expressed as
havgi/d",g. qéggﬁlrﬁleénsoio%%vﬁna{%g gcﬁ)rﬁ%ﬁwé’g&%ﬁsﬁi% é‘g(ﬁ %%ﬁ%é?e%‘ff?‘géf Srmined based on
the Imown dimEAERIRY BT TbifTirgarteeiee Walle Bad §editrrepanfigtipsrataer-onadzmple, for a

forming structusebaiadesceartiagiolpresetaipired dinenaans el craeRIGISIONSy®. g, protrusions

2250 shown inyclGeadeh b s 80 MUSIL AU s B R0E2 RIS R IANG KNOW

dimensions. If precursor film 120 is fully and permanently deformed over protrusions 2250, then la and

d can be calcuf&te 8 S iRELEKkALRH BT rEhSBIR S ekaf Ak d s st abe thickness of the precursor
film 120, including prédiwredt aritld chrsermetelatethifibingyifdhdfpiegusendilproi2@isoiet fully formed

over protrusiong2edfdaeniie Neightiehhaindie Rilagawillhedess thanthe.aauespending height of

the protrusions 2250.1 In,one embodigent the diameter of hair-like fibrils 225 is constant or
S - web 120
decreases larith’ increasing ampﬁlﬁd% (amplitode Fﬁldc(:j CASas 8u§hr§%3%<m91 ma Oélggéeg'%%fljfcend 226). As

shown in FIG. Sr8fE%sivtp et tammeest topraisedys-liehbnlsrdanb it srdirhie fisten, of hair-like
fibrils 225 can Beensivaxiimamabpsalkyragdpendtdmigiandiferdatetaheiassapaettianal dinension

steadily decreaggp.ioadistakgnSaab plsSEHENINS Bhelieved 1n.Re NeCaISaNIQ ghsure the

polymeric web 8(? can be re_adilgl removed from the forming structure 350, as more fully described

below with resBReTtS PREHG 1 STHKE WHE RV RIC R SHERPHISTSY B REFLAFER 120 can occur
due to the relafivetyesrbdherdfonyii fasdgenristnbtiferprefsitg seposmaitiinh irblikeciby ifs 22Burkor example,
thinning can bexebsar vegrot@inR e wip 88 dradisiateaas 2@ nBYniobs&iveskidsmant that the thinning is
distinct when viewed i ified cross-sectign. Such thinnin n be.beneficial as the thinned
portions offer Ii%tfélgraé%%%%?é%%%%%m%raegg}gnﬁ %1? é%%g?\% e r%(%@%%}ésg% Bl}l}%aabggrl's%ﬁ%ng eisno.yllor example,
when a personHRSHED B Fem TR R Bl th didiseesamtditiae rairdirds fibrrSTon, the finger

density polyethylene (LDPE), linear low-density polyethylene (LLDPE), and blends of linear
low-density polyethylene and low density polyethylene (LDPE/LLDPE).

Precursor web 120 must also be sufficiently deformable and have sufficient ductility for
use as a polymeric web of the present invention. The term “deformable” as used herein describes
a material which, when stretched beyond its elastic limit, will substantially retain its newly
formed conformation.

One material found suitable for use as a precursor web 120 of the present invention is

DOWLEX 2045A polyethylene resin, available from The Dow Chemical Company, Midland, MI,




14 tips first contact closed distal ends 226 of hair-like fibrils 225. Due to the high aspect ratio of
hair-like fibrils 225, and, it is believed, to the wall thinning of the film at or near the distal ends 226, the
hair-like fibrils offer little resistance to the compression or shear imposed on the web by the person's
fingers. This lack of resistance is registered as a feeling of softness, much like the feeling of a velour
fabric. In fact, it has been found that polymeric wehgof the present invention can provide for a feeling
of softness equal to or greater than that of prior art polymeric webs, such as the web disclosed in
Gunn '643. It should be noted that a fluid impenmeable web having only the hair-like fibrils as
disclosed herein, and not having macroscopic apertures, can offer softness for any application in
which fluid pedi$veabilftimisirias regerirk teviiigushivkonecé Abddimenndithe prasemtlinientien, the
:nvention Ca”fﬁ%@ﬁ?ﬂlﬁ?@la@e&éﬁﬁ@%@ﬁ%ﬂ@?ﬁ&@ ﬁgﬁl}l{mﬂ@%&gmsﬁggmw @wﬁ!%rm?zession on at
east one surface, thereof, ilky feeling s of t exhibitin attern of discrete
hair-like fibrilstefi%e, %%%?2“%&%%5 cang-lﬂ%ép%?ﬁlg@@ Bé?ﬁcg% é¥ %%%%ﬁ%&%%& 5%%?8%%?% e web surface and
having a side atedR odeiiYhE &2bpen proximal portion 229 and a closed distal portion 226, the
hair-like fibrils maxirpupirkoters) c70samseationiate tnensiomat aEReaidsaithopensprastmal portion,
exhibiting a cigeg;ecional fiamslerdol, Bepieen AhauleQ Mistans (aRaul 4002 Ingh) to about 76

microns (about 0.003 inch), and can be at least 200 microns (0:004 inches) 130 microns (0.005

inches). The MATFUIE TR 20oa FRmRstse RS BT At BT R st layeEis FeifEpo b1 YBsorbent
articles, wherésgetops ieetvh aviergesflayerpeeméalietotiordes dipasn Siomakstrotiters psedesired, the
invention can pg, depcsibed23 ALolwRscWRRAMEAbIERG asfland:silli:tachiigdmpression on at
least one surface 90 h(fque,of thy %llk fe Iin?}%Jrfac %I%ng t ebwetl? exhibiti?g o%a?att rn (Pf discrete
hair-like fibrils™@ 95 SR P th& eSS RS BEISEPS HIbtRoted BTORSISH ! the Web surface 90
and having a sidesivalieg? haasm facknrspérbproxirmatpet o P2 dnan dnaeiwse Bidistas portion 226, the

hair-likp fibrilst@quﬁm&mammg ﬁ@sﬁosa@tiombmiammad SlhativeardQaniarnns (0.902 inches)
130 microns (0,082 SRl AN ANASRESh ARG AL RN Rk 1 B3 AlAEIEIN he web

80 further exhibits a macroscopically expanded, three-dimensional pattern of macroscopic surface
aberrations, e PrHFRRFR PEMEARLES FRoRU D ERSERE A thBHEBT, e TatroSBs i Ut A& Werrations 71
being oppositélynarientetd fnomarther&imiikentibiilge228, theatbi§thefprraheapdetsite soektend from a first
surface 90 to 3.eRcoRsUfAcRB3REROLYRRHEWERBD05 on WdBG0 A 8RideRSIDe tekthaair-like fibrils
225, which is the number %h@ir-like fi ril§igge§i per Hlnitf area of first surface 9(9&;?%” ‘b(riaagﬂimized for

. TECUISOr We or X €, I at the center-to-center spacin
use in absorb@REAFfciEs. A geReral. the Center-to-canter spacing can be optimized for adequate

tactile impressiirieHiailaf Bebonif bemselenBepiiviaRmifiper & arerentreptimsmitid. Currently, it
is believed thaidagasatad-tonedntahspdttagsohdbebtdbBtion bronstadbehmiotanisnEd26ub0.004 inch to

about 0.010 ingh).is qpiimal {8 LSedi.s2NHaRMRRKIBS: Minimizing entrapment of menses between

fibers improves the surface cleanliness of the sanitar nag)k'n,* which, in turn imfroves he cleanliness
and skin health of thd WRZFaFer we{’]r?%s)%%mé SRR &5 ai%%’%e%‘ﬂw BN HHGERE A%t the polymeric
web appears gendrzthrasenoign dnuFicas wWhikdheiputbidayerseninifialis deeeis hbdvietatibrils 225 is
disposed on theaneh argas.8d atie mierconnecingnembaisionhslddol enbkgadhe first surface 90 of
web 80. However, conceptually, it is.contemplated that "superposed thereon” I cover an
ebodimont (A ERaRs SR Rl es, DS MR R AR Sada a0
macroaperture§igs Prbeessisns srsiaivanec satsraie arifs rebisdde ahigfipnsihBrirdmiomiier

embodiments, &xais; ki@ diiptilsd22bydresdisposeds ottty aer tainpiedaidsminecdxegibnel eftaseb 80. For

example, a topshest fora.sapitaly farkinicamhavsaccrntialegiepaning.halilike diorils 225, and the

remainder of the tcipsheet being free frorP hair-like fiprils %25. i :
copolymers. Molecular weights of surfactants selected for the present invention may range from

about 200 grams per mole to about 10,000 grams per mole. Preferred surfactants have a
molecular weight from about 300 to about 1,000 grams per mole.
The surfactant level initially blended into precursor web 120 (or optionally the core layer

in a three layer laminate) can be as much as 10 percent by weight of the total multilayer structure.




Precursor web 120 can be any polymeric film having sufficient material properties to be formed into the
web of the present invention by the hydroforming process described herein. That is, precursor web
120 must have sufficient yield properties such that the precursor web 120 can be strained without
rupture to an extent to produce hair-like fibrils 225 and, in the case of a three-dimensional,
macroseopically-apertured, formed film, rupture to ferm macroapenures 71. As disclosed more fully
below, process conditions such as temperature can be varied for a given polymer to permit it to stretch
with or without rupture to form the web of the present invention. In general, therefore, it has been
found that preferred starting materials to be used as the precursor web 120 for producing the web 80
of the presentSmdetritrivetehibyifartdwyltetthamdzhighmed dHyakiol ersiotdeistics iddadidition, the starting

films preferablmﬂf@é%%ag?flaﬁuﬁ?aﬁrm@& Qfoﬁjcmﬁféglﬁé}ﬁéﬁef@Bﬂﬁgt&&fhﬁtﬁﬁﬁ&uﬁﬁ%&eb 1.|20 iE tlhe
present invention in e films of loy density polyethylene (LDPE), linear low-density polyethylene
(LLDPE), and blends oflinear. o“\?\?lP efé?f‘ya%%@eﬂ%ﬁ“ S%éa%lﬁ’é o%‘ge%ég?fﬁgf%t%‘i‘é?he (LDPE/LLDPE).
Precursor web' i3 iskigrstia it Seserra ereriaii B et 8 Sarmign Simidereiise as a
polymeric weafethe ypresenitinyeatanbylhege imodelomiphlpt hgiusdd hieseity desdrdbes a material
which, when s ;@&Q&%@@qua%g!astic limit, will substantially retain its newly formed conformation.
One material found suitable for use as a precursor web 120 of the present invention js DOWLEX
2045A polyethylene PESHRUL TSRS RS R D B TRl Frite SHEBTHBERDRAASRY: RiCH8USA. A film
of this materiativairtagnenthickonéstaot.20 adricrbssboaetiove agersileyiaidbobddedbasng BrMPa; an
ultimate tensilg,gt aiieast RiMBay@nlimataelaigatianehabieashizadh; snd-aiirnsiiemodulus (2%
Secant) of at least gS%Q.MPa %%%%g.of the. ca%gove measures det?rmlr][gq 1:glgcicordlngbto e%?'rtM D 882).

W, mbskm- mg g ons, can permit actives tq con sKin 1 a caf ?c .
Precursor web can pe a lamina two of more webs, and can be a co-extru aminate. For

example, precetefifen 1EDEafretfitpiicd AR SPEPSimsEh SRrAHFIER 2l 1ikp bRt SBY web 120 can
comprise threexpyerartivliercintheioneantestdayatdstietelr crhde fat acotedayas sanddae two
outermost layeys are.rafefrestJo as.skin layersdhoes kP HINe AL PEGGHISHER JaD srmprises a

three layer coextrudcd laminate having an overall thickness of about 25 microns (0.001 in.), with the
core layer havAs§s WhetdPe S L LIS BT 135 CPORE P BB FAPT*-and each skin layer having a thickness
of about 3.5 microns{:@60WSc b lF¢ emdralrdessgd assrs actopshaetireedmitafy papkims, precursor web

120 should haygianryeyerall dhicknassdsematimasielenadteaswalipenaf Bid8askahaut 10 microns
and less than %po t 100 migron% Th?tthi knegs ofbggecursorn\{veb Jﬁggncszta bn?e%peggxtl d’].?eglnicrons, 20

. ends are required, pe 'e% he above CI1 components ¢an i
microns, 25 microns, %qulcréﬁs; §m‘|crons 40 micron 5, 45 microns, or 60 microns. In general, the
ability to form RGeS BERSHAEE ferns/brbetotiemagelniorusiembrey et Brils 225 on web
BO is limited byxthecthickpdiss ainprefiursorbiveded20, thamasianisliinib isdehpsectitptdneler
center-to-centey,RRAGINGS AL NI AdRG RN ERAUIKE 0 -G AraoniRuldh & AiRat R HRP Wice the
thickness of pr 2curscc)(i we dlZg,Ztggx%r it 'glg%qé;%te ang c B}(ete 1threﬁ-digge&gié:)n%l §b formation
between adjackht PrOFHIEHE 2750 B 1ormimig Srutire 300" Ascis To8EY ors 1dfly below.  The
precursor web Be2dVprafafnsRs sonriades b nradtast 209 wikawtairahddisrleate ofvehisbre layer can
comprise a surfagctpibiadtitectheyasteedayers are initially devoid of surfactants. Preferred surfactants
include those from nan-gg ';?J%E%'J';?éy%é&l%'é“?e% &'&9Q?stgﬁﬂ%é{l{%éﬁ%a%i%'&XiﬁQ&ﬁ%%B&éXJ%‘&%S' carboxylic

acid esters, glycerol esters, polyoxyethylene esters of fatty acids, p yc%)l{éethylene esters of aliphatic

carboxylic acidSFEIsHRYE ShivGR BE UMK YARE R0 A STEgEy & PalREIS Tt 3§ 8I5SBbitol esters,
ethoxylate,d natueatidatshibitscandawesceseajly exleedtdr hottiynsicidspaar ofaylic@eaides,

diethanolaming,candgnsaies.: At el alieriereaidaliockLoRel¥mEES: Mplecularyveights of
surfactants select 1d fo& U[tbge Q/resent invention may range from about 200, grams per mole to about
A LK E flu et ¢o

10,000 gams pcexrc Hate: SR BRI ]f%h]iesd Gve a mo ecufz?l‘[rm\]/r\‘?gittj’}’?tr Fom gf)c?ustuﬁlf)ﬁg 0°about 1,000

grams per molaeb of Curro *643).
FIG. 7 is a top plan view of a sanitary napkin 20 with portions cut away to more clearly

show the construction of the napkin 20, including topsheet 22, which can éompﬁse a'polymei'ic
web 80 of the present invention. It should be understood that the polymeric web 80 of the present

invention can also be utilized in other absorbent articles such as pantyliners, interlabial devices,




The surfactant level initially blended into precursor web 120 (or optionally the core layer in a three
layer laminate) can be as much as 10 percent by weight of the total multilayer structure. 17
Surfactants in the preferred molecular weight range (300-1,000 grams/mole) can be added at lower
levels, generally at or below about 5 weight percent of the total multilayer structure. The precursor
web 120 can also comprise titanium dioxide in the pglymer blend. Titanium dioxide can provide for
greater opacity of the finished web 80. Titanium dioxide can be added at up to about 10 percent by
weight to low density polyethylene for blending into the precursor web 120 material. Other
additives, such as particulate material, e.g., calcium carbonate (CaCO3), particulate skin treatments or
protectants, o?‘é?fé?»ﬁﬁ%’é%ﬁﬁsd&ﬂ??é‘ge% vicgsolavad diespes aptibalikeorels e 8ayers of precursor
web 120. In sandersodadirtientsseneibsBionce nuptisiitg peht patédearisbter; whitgwasedeiiibskin-contacting
applications, canpe Mkﬁ%vs‘ﬁ&zﬁf?&@W%&%&ﬂﬂ&ﬁd&%g%ﬁ%%&iﬁﬁ%@@ch?ﬁﬁlanef Specifically, in

some embodiments, formation_of hair-I| | e flbrlls % n ex part cul E Cmatte c%t gr near the distal
ends thereof. TherefOf & WRHPLE oo &4r distal ends 226

Py en SER acelgcxaf’z% ator near
to permit directgkincppracvwitht Serire sklifrceé@ a@@fmgdvrm‘e?ﬁm'éfﬂﬁle@{%@ interdedtapsKiFitcontacting
applications. aqjAdag: RIGEUEIOLIERDLZE: CaReherReacasERduRiBg AR IAntiensl Rreedures for

producing muleyet (e o convEionsl sorruRen N B Ecpment Where ayers
etS o dc

comprising blengs are requite e above de omponents can be fast dry blended
and then melt mlxed"‘rheﬂ‘i‘é“é%ﬂ?r@@? b HourratEipeD, A RdioLR e (HEEACHRRITFRF occurs in the
extruder, the peieftirear benfirsthdhyiiedtet, ancked deranettionixedline capreainrpouinding extruder

followed by repglietization. g gﬁga(ﬂ% fxtrysion. Ruitable metRedsanmaling prgeHer web 120 are
disclosed in U.S. Pat. No. 5,

20,875, iss to Wnnk et al, on and U.S. Pat. No,
6,228,462, issUBHCRORIBE Whigh %Cﬁlﬁffﬁ%%ﬂea%fﬁm leén?srfﬁht of %%Zf‘c'r%vr‘f?é” g Wiih |m%corporated
herein by refemapigie, 20 is wrmuiamemmwrﬁvm@n'dm"@rMM@@@H@W@%&F@&% #d utilized as a

topsheet on a gAAREHR] SRVIERIGHEN SR IRaRItRLY Rapkin.oF be exammpiepanmlmeric web 80 of the
present invention e |b|t|ré? ¥ @ﬁgr%sqon%rgﬂdaeép%g&ed three-dimensional pattern of macroscopic
surface aberrafions Ih the fonn of primary apertures /1 combines softness properties with excellent

fluid rewet properties’. @O%Hiﬁg@d’]ﬂ ﬂ]ﬂsf‘é\f@é‘r Bl AN SOPRT A AGHS DrERsdoRiE 2 the web of Curro
'643). FIG. v?ni&xadiompiﬁmmb\mb’aﬂsammw1mmnknn,201wﬂhmmmnsb@msm formbweticlearly show

the constructiog.qf 'ih@ é&@y%&&%ﬁ?@&w&em leééa sém@ﬁlae AqRlysnesis web 80 of

the present mvengb oulg‘ be understo%d th E@g péﬁ r|c %O f the. resent |wentlon can
also be utilized W et‘?%r RS S RS P ATty iners er Sbial evices; " °
has a periphery 30 which is defined by the outer edges of the samtary napkm 20 in which the

longitudinal edges (or "side edges") are designated 31 and the end edges (or "ends") are
designated 32,

Sanitary napkin 20 preferably includes optional sideflaps or "wings" 34 that can be folded
around the crotch portion of the wearer's panties. The side flaps 34 can serve a number of
purposes, including, but not limited to protecting the wearer's panties from soiling and keeping the
sanitary napkin secured to the wearer's panties.

FIG. 8 is a cross-sectional view of the sanitary napkin taken along section line 8--8 of
FIG. 7. As can be seen in FIG. 8, the sanitary napkin 20 preferably includes adhesive fastening
means 36 for attaching the sanitary napkin 20 to the undergarment of the wearer. Removable
release liners 37 cover the adhesive fastening means 36 to keep the adhesive from sticking to a
surface other than the crotch portion of the undergarment prior to use. In addition to having a
longitudinal direction and a transverse direction, the sanitary napkin 20 also has a "z"direction or
axis, which is the direction proceeding down through the liquid pervious topsheet 22 and into

whatever fluid storage core 24 that may be provided. A continuous path between the liquid




IS diapers, training pants, incontinent devices, wound dressings and the like. It also should be
understood, that the present invention is not limited to the particular type or configuration of the
sanitary napkin 20 shown in FIG 7, which is simply a representative non-limiting example. As
shown in FIG. 8, the sanitary napkin 20 has two surfaces, a body-facing surface 20a and an opposed
garment-facing surface 20b. The body-facing surfage 20a is intended to be worn adjacent to the body
of the wearer. The garment-facing surface 20b is intended to be placed adjacent to the wearer's
undergarments when the sanitary napkin 20 is worn. The sanitary napkin 20 has two centerlines, a
longitudinal centerline "I" and a transverse centerline "t. The term "longitudinal”, as used herein, refers

to 'a line, axis BrUNBCHRACH thanp e sngiaveanitaysrrri g aidetriatcia pemerdindangnddiith (e.g.,
approximatelyiparele|diexwov eitieabplranetrhipkhbisetts atklandiig Weasersintgpdeftanthright body

halves when the SapH3RAARKIA BRINRISkDE 1R0ES "Hﬁ‘é%}{?ﬁ%?éhglﬁé IiS IRk ARR&H herein, are

interchangeable, and refer to a line, axis_or direction which lies within the plane of the sanitary napkin

20 that is gendf&l BeliredidiEr s WAGIAREF BiFdlfon.  As shown in FIG. 7, the sanitary
napkin 20 comprisestaliuidheensidustcpstadt@dvalpictesder darpsngenddlyi8g @vespresent
bsorbent core 2 g Eotes the e Boniois (oAREer o2 A s I imoervioL
absorbent core ositione een the li ervious topsheet.22 and the liquid impervious
backsheet 23, FIE P St A IR SA 2 e h A 50 RASE Do RROR S SR e fined by
the outer edgeBcsietrebedpritessy fepribeizb REPHHiEH RN Bbbitial et wapls Cine atgexly are
designated 31 @l tierend adgasshedsendsie)ititecdasigantacyadds of hSatitarmnapkinadpreferably

includes optional SIfGHaRS, QiS4 ek G LA RGHALWIHRE CrOlERRAIRRLL (e wearer's

panties. The side flaps 34 can serve a number of purposes, including, but not limited to protecting the

wearer's pantid® FSHEOmRGoAY rIEprrtvee nR ARy KapkG T e el s PR dnatoe B fites.  FIG.
8 is a cross-sewtibnt@k yrevwsofitkretsdnitdrsespap kirfigken plonglsdotipndind 8m ot dEiehidliAs can be
sheen in MG. 8%%‘%&@5&#5&%@%&%%@&%@%&@}%% ahesive ggﬁﬁe{am 'fil_l_%awso%@,fi@r attaﬁhing
the sanitary napki t undergarment of the wearer, Removable release liner over the
adhesive fastelr%)il;\eger‘ﬁegg%aé agg%digeeﬁgtﬁreocﬁs céagi%/eeugr%rén%1 é‘%ll}; m%‘?’%‘% Sur %ﬁ c})lﬁﬁlér‘%?gzhniﬁe crotch
portion of the (deigarmedifiprichdouaiae frusdanid A privefasiorditdfinal direction and a transverse
direction, the sanitarypsigpésiia ¥€b alsef hapreséz diraciianOsetiiseihiahyatitendiie etiesspsaaeeding down

through the "%&%@%@%ﬁ@&é@?@%&@%&&&@ WHAe VRl Md-SIaas SRV6: 30t may be provided.

A continuous path between the liquid ) .
forming structure 350 prior to rewinding the web into roll stock for further processing. The three-

dimensional structures of a polymeric web, e.g., polymeric web 80 shown in FIG. 4, are formed
by forcing the web to conform to the forming structure 350, which rotates about stationary
forming drum 518. Forming structure 350 is described more fully below, but, in general, itisa
three-dimensional form to which the precursor web 120 is forced to conform.

Precursor web 120 can be extruded and chilled immediately prior to being fed directly
onto the surface of forming structure 350, or it can be fed from a supply roll, as shown by supply
roll 501 in FIG. 9. In some embodiments it is preferred that the temperature of the precursor web
120 be elevated sufficiently to soften it and make it more conformable to the forming structure
350. The temperature of precursor web 120 can be elevated by applying hot air or steam to the
web or by passing the web through heated nip rolls, prior to subjecting it to the forming process.

In the process described in FIG. 9, precursor web 120 is fed in a substantially planar
condition in the machine direction (MD) from a supply roll 561 onto the surface of forming
structure 350. Forming structure 350 rotates at a speed such that the tangential surface velocity of

the forming structure 350 substantially matches that of the linear velocity of precursor web 120 in




19 pervious topsheet 22 and underlying layer or layers of the articles herein permits fluid to be drawn
in the "z" direction and away from the tapsheer of the article into its ultimate storage layer. In some
embodiments, the continuous path will have a gradient of increasing capillary attraction, which
facilitates fluid 'flow down into the storage medium. In FIG. 9 there is shown single-phase web
process for debossing and drying (if necessary) a egntinuous polymeric web 80 of the present
invention. By single-phase is meant that the process uses only one three-dimensional forming
structure. By continuous is meant to distinguish the described process from a batch process in which
individual, discrete samples of web are made, often referred to as hand sheets. While it is recognized
that webs of thie prebientimsemtionticadubesstbivinionensedoessiytbetied strubstasislisdarad for the
continuous Pregess. @eARNMRRRIPESS is the preferred method for commercially making a
polymeric web of the resent mven&)o&(}Furéher whil %mces Odescr %rr#; rf%%gt to FIG. 9 is
rils

At
primarily designed to OFm MACrosco |caﬁ'y %(Cf)an%gn we ﬁaar{}fjng arr 225 and primary

apertures, e.gSiafEpRbLPIBPITED BU 1&4%%%%@&%&?%‘9&?%%%’&&@6% be utilized to
form a web haiviaghom s iiaie e Busis Ashaigh sl iydhothifying ihectormini sthacturentbehave only

protrusions 22,0, hsr'fé@'m@racdz%?é% éﬁhg&%ar&éﬁd}ﬁﬂ&\ﬁﬂ%@&&%@&ﬁ@rﬂﬁg@@r@ fydroforming

process on a sin lé three-dimensional forming structure 350 and can also be anne nnealed andior dried on

the forming strFER: Fes=ErIsRRTS V§W?f§?ﬁ§?ﬁé‘%g BSHPOTRIEEK FSPREHRST BrRLESIRS® The
three-dimensionealvstructanestef $2hdhymeriadietrpesegl, spotyand nrwestr SObSREWANINIRKG tiorare formed

by forcing the weglaqlggpgqmﬁlg@l;@gd‘ qmimg@f&gﬁkcgﬁqiﬁgewhiﬁfé soRalasaboptistationary forming
drum 518. Formrni% re &5%3 51235 descriped more il 1&21 below.. beustpﬂfs‘h%% neral, lfhgcqffect of
n

three-dimensioha ol?'m o Wh € precursor we orced (o co Precursor web 120

can be extrudebratddri ﬁé%ll?rﬁ’rﬁ?é’d‘r"aﬂﬁéWﬁﬁ@?’tWBéﬂ‘ﬁj’?@d“dWéWﬁﬁ‘éeéﬁ?fa%@EﬁCW|ng structure
350, or it can be:fedufsam @ Rupily stalthasishowih ty suplty fivh15E% ind46 pSminy sperererbodiments it

s preferred thal e EmPEIaIyS, B S AIECHTS0RE.A20.06 ElEBIes T fo sofien it and
e

make it more conformable tg forming structure 350. The temperature of precurs %web 120 can be

elevated by apFRGBEE G EImMIE 1Tl FE R Pt thisThEs RFSTEHh R AR nip rolls, prior
to subjecting itftontine foring i doasesursor Webthid jsrersesssuoidss dritielpmor iGhigh pressupdistieb 120 is

fed in a su bstajariﬁihylpr@m&em&t&mﬂam poaching givestion: @Miaaﬁmsm Anstappbyirglidisonto the

surface of formifg, %Sﬁfuﬁ?wfel%% SN SHYEIG 2P0 (RIAIRS. A Rupardauch hatiihe tangential
surface velocrty SFthe forming structure 350 substantially match es that of the linear velocity of

precursor web 120 in® 5ty ﬂﬁ‘é‘?ﬁa?@FﬁHBc@iWéEﬁﬁFf"%‘iﬁ RSl @R g e IR SISANM Y BrOER8S the web is
substantially st&tiningbpthetathee-tikdditminZgSmdctunei8Be). apertures 71. In another embodiment,

additional liquid (or fluid) jets can be used to form the three-dimensional web structures in
multiple stages. For example, a first fluid, such as water, can impinge precursor web 120 to form
macroapertures 71 in a first stage, and following the first stage, a second fluid, such as hot water
or air (optionally in combination with a vacuwm chamber) can impinge the partially-formed web
to further form the hair-like fibrils 225 in a second stage.

In the process described in FIG. 9, liquid jets 540 and/or drying means 590 can be
replaced by re-heat means. Re-heat means refers to means for directing streams of heated gases,
such as air, such that the heated air, alone or in combination with vacuum from vacuum chambers
520 or 555, is sufficient to cause precursor web 120 to conform to forming structure 350. Re-heat
means are known in the art, for example as disclosed in US Pat. No. 4,806,303 issued to Bianco et
al. In general, a re-heat means comprises an air blower and a heater as well as a nozzle to direct
forced, heated air onto the surface of a web. In one embodiment the air exiting the nozzle can be
between 220 and 305 degrees centigrade and the precursor web 120 can be moved under or across

the heated air stream at about 25 meters per minute. In one embodiment vacuum can be




Once precursor web 120 is adjacent to and being "carried on", so to speak, the forming structure 350,
precursor web 120 is directed over stationary vacuum chamber 520 which is interior to forming drum
518. Although the hydrofonniug process described herein can be accomplished to some degree
without vacuum chambers, in general, vacuum chambers aid in better three-dimensional web
formation as well as liquid removal. As precursor wgb 120 passes over vacuum chamber 520, the
outwardly-exposed surface of precursor web 120 is impinged upon by a liquid jet 540 discharged from
high pressure liquid jet nozzle 535 between a pair of stationary liquid baffles 525 and 530 which
served to help localize splashing liquid. The effect of the liquid jet 540 is to cause thc precursor web to
conform to fonmimgjsttuttbret 350mAdiprdeemboriweliscdformistonfermingastrdionidae8560 both the
hair-like fibril;225 angd, theoRkMar Y-BREAHIRS & HaniRearmedd As BimaR:ARaEkRS 71 form, vacuum
from vacuum c amber%o aids in removing excess liquid from the web, and, in some cases aids in
forming precdﬁgﬁ\ﬂe% ?ﬂgﬁﬁ%aas‘structure 350. As precursor web 120 is passed under the
influence of high pré¥sire lisjpidfarbrothior. Haphrisert hatBrofteaL 6 e BreomHer the forming structure
350, thereby being:farmeshinia tweesdinansienal: mraaresoopically-expended polymerizoweb 80 of the

present inveniiof. ss< i RIAEEESAgaaHbed MIRIGIEIGHCE ibbdMict Rl \ple iibidet 540 s
t and'the

described as forming both the hair-like fibrils 225 e primary apertures 71, In angther
embodiment, SAAHBHECKEIRFIG HItha PREtEressss BARAUEIRS AR HHAHR B2 e RefBTRIR0ED structures
in multiple stagiastifohexample vatfipsipiitics, sgcthabnsatentaah irmpmgeprecmrselonseh 120 to form
macroaperturgs.J.if & fifst Sirg o and fakowing theifirststags ssseronddlpichesisicasdiot water or air

(optionally in combination with a vacuum.chamber). can.impinge the partially-farmed web to further
form the hair-I%& }%@ﬁ%"ﬁ%‘?f?‘%’%‘%@&ﬁﬁ& %%“gwe O}Ifr%ni’ﬁlé1 g&%‘%&%é&?%@%}/ﬁ&g& %ﬁoﬁ]id jets 540
and/or drying freesssrpoor inprdimgeplarastiyvre H8at means. Re-heat means refers to means for
directing streams of heatedigasefr§UaR a6id(E SWehcthatiher heatedmin ddn e gr, imeamibination with
vacuum ffom Yaek!ditd Haets, 380 Alenagds SHIGISHLLR-6RYSE RIREUIRQL ek 120 to conform

to forming structure ‘means are known in the art, for example as disclosed in US Pat. No.

4,806,303 iss§EgFto Biskrlisvet et AopRrmratashreiRa e d Poth BB ER S Hilller and a heater as
well as a nozzie:torgireed tppeedhéraatael thig Wb itheos adsibestofichenywiihdnt ombreshefordierent the air

exiting the nozgle canbeheiivesine20uaind 380 Hegreaskertigmananshadaiesunser web 120 can be
moved under gr across the h ateﬂj ir stream at about 25 meters per mir(wHIe. In oneimerqﬁgdiment
4 g

vacuum can b&*5% e_té}l%%?ﬁce. 3 gatsgaé%f?éersna?-?gr f ‘lé’el Stliménts where f(érfﬁggt means replaces
liquid jets 540 fibmArigsretsisshotlcdpd S THUNELCAy SHiR T B MRAPEEFIf USSHRE P éxample as
annealing means-@iduihsihiQroag fraanserature of the impinging fluid at first and/or second stages

can be adjusted independently, depending on the dwell time over which each impingement acts

and the temperature of the precursor web 120 to form both macroapertures 71 and high aspect
ratio hair-like fibrils 225 independently.

For making webs suitable for use as a topsheet in a disposable absorbent article, precursor
web 120 can be a polyolefinic film from about 10 microns te about 100 microns in total thickness.
For such precursor webs 120, high pressure liquid jet 540 is typically water at a temperature from
about 15-95 degrees C, operated at a pressure in the range of about 200 psig to about 1200 psig
and a water flow rate in the range of about 18 liters (4 gallons) per minute to about 62 liters (14
gallons) per minute per 25.4 cross-machine direction (CD) mm (1 inch) of width of the precursor
web 120.

After passing beyond the high pressure liquid jet 540, (or jets, as discussed above),
polymeric web 80 of the present inventién can be dried while still on forming structure 350. For
example, as shown in FIG. 9, polymeric web 80 can be directed, while still on forming structure

350, under the influence of drying means 590. Drying means 590 can be any of means for




Without being bound by theory, it is believed that by adjusting the precursor web properties, the
vacuum dwell time, i.e., the time precursor web is adjacent vacuum chambers 520 and/or 555, anclior
the level of vacuum, i.e., partial pressure, it is possible to form web 80 on the apparatus shown in FIG.
9 in a east process without using any liquid jets 540. That is, by suitably adjusting the precursor web
properties, e.g., thickness, material, temperature, vacuum alone is sufficient to form a web 80 that
conforms to forming structure 350. In a cast process precursor web 120 is extruded directly onto the
surface of forming structure 350 such that web 80 formation can occur prior to cooling of precursor
web 120. In general, therefore, one fluid (e.g., water or air) or more than one fluid (e.g., water, air)
can be directednovingpingevins ciiitiuids Enmpmyivenoriconsures taidor wabdiAgginwrmetor more stages. It
is believed thatyfes theupaplastic, prackisarwebs &20yias drtemperatidre:af e ppecursor web
approaches its, migling pains, I More.asi Se(ehas Wiowt PR {0 form, avet protrusions 2250 of
forming structure 450. owever,l%f ?ormlhg macrdapertures it is more desirable o Have relatively high
strain rates an@BRFERPFaToCASRIFEZsA & fiF ROFRIRGH PR IMRIE At FEerrbraneidsirable to have
relatively low stiaiing ates si8d gifiy pietie. S0E cardintlygred & tiroe Siagedsunpapeocesssthe temperature
of the impinging fllid At first ARA/Qssecand s@aescab bs adiupiesndersdantivmdepgnding on the

dwell time over which each impingement acts and the temﬁc%erature of the precursor web 120 to form
|

both macroapdi#EE Bt ACA LP SRt ARG AT RL FiSrts Y8 e B dEhRP 2150 s8¢ fhaking webs
suitable for usk@bza tapditredicn a digpbsabieddrsbybent article, precursor web 120 can be a

polyolefinic film fromaautrbfsmicransitaianeul AQmicrons ibteiakibisimessbosmsaheprecursor
webs 120, high pressure liquid.jet 540 is typically wat a temperature from about 15-95 degrees C,
operated at a Brr%g%%?élefﬁl ?ﬁ'egrgﬁég% a ng%“%g%‘ .gef‘fE%B‘Sﬁt‘? f%ﬁﬂ%gll (g R WA é’rsﬁglw rate in the
range of about1Bditehs discparbinshorboranrtients QBBULED Heikefin 1sneis) REThifeRPer 25.4
cross-machinergireet oiin{ GE) raspactivinfolhiab wiiditires. tMeeprechrseypeliy 20und ondfeslfassing beyond
the high pressyre, i iGEa40.{(QEiSIScaS SeHSSELANRNSY:, RYVRGHSE. Wk fQuek-the present

invention can be dried while still or forming structure 350. For example, as shown in FIG. 9, polymeric
web 80 can heUREUEE R ATIE" SEHPEPS 120 PR RIFTAth FE S0 1 RRFEF B g TBHER B §RMEY means 590.
Drying means Wétouareibe tamd bF thesamndtfio beDoved thv dirry; donasioabpolf diyylids frbaregsolymeric webs,
;s;:ch as radiar};xbﬁﬁmi&gafe@\&ﬁmhmme%ms ‘%Mimh@r Pﬂig(?one;lﬁélzi,twammﬁe @rying, gnﬁl the
ike. In general, a drying medium 6 nbe utili uch.as hea ir, ultrasonic waves, and the
like. A. stationgﬂre V‘\’/%Qéggﬂr?lsg egn%)tl)néé)tgagg %{ﬁr%t%ﬁé%ﬁ?zgégr%%é? ?ﬁoaﬁtfﬁ?ia ;7%33%??5% a partial pressure
inside forming ing femy i iy Ao e By edh B ddsgHiee «ia A ITEY FeBRF ST PSS eric web 80
and into vacuursighaorpenshs dBeftles.5 TOgamtkh 8Oveaer, ids difiizeld ttontbial lyricomtarrbaty liquid that
gets removed and.dees RakeRistvacy MchambeRaR Batlies Bl ane 380-canalso serve to
localize and direct heﬁt or he]atetd air ugfgd fgr dl;élp%a . 1Ustig19r§ h_ﬁated, r {r;gummerdyjm gOO has an
additional benSHPFSF A R BTG e B BT B e Srese Rt InVeRton. Brior Al MatrdSLapie i Expanded,
three-dimensiomehp &iyninarieusetss Fouts s890ie e drivsbe Wmhilail mdhtifmedCurro '643, are
dried in a sepagaienpe@ees&aftagiming yooeavetiocm theimespactivedogwiagsstitieityesahT hese webs

are typically woud 0e:H4ll 1@ elaraas wbnasdsd ot uehnrarseinargl dispasgble artictes, for

example. One problem associated with prior art webs is the compréssion setting that occurs during
winding and stSFERREHRAHE EBERGIBERa BY e shining Berelas st sifdbedifersishlf polyethylene
webs can expewiénbe, dnseooddiarydppstidizationecivengimessiiickniiocksd ! thvoolapged; wound state
of the web, It hag hegn.feund gratly first annealing three-dimensional polymeric webs by subjecting

them to elevated temggratU{es focrw%bskgfluent.ﬂt)l e,.thlﬁ o(Psi%[]yed %%c%}pressA%%eset is reduced or

prevented altogether. neb%oﬁér?gil, RowevBr itis difficiit o SUiée e6ri SREG2 st%r%eésrnecqaﬁisite

temperatures ditsemoé remtivdiyiage stigcakeborhatics S1 andrivharelive b resiibietrkd to annealing
temperatures, thesreh tendsutatlasedhasthseaisimensional structure formed on the forming structure.

For this reason, therefore, dying.the /e While alon e fouwing.sislie ipYidgaa,sianificant

processing benefit by permitting processing with sufficiently high annealing temperatures to anneal the
web, while at t%t%m%imgﬁrgmalﬁcw ARG AR RIE TSRV Be DEHE®N the time of
drying, the polymenussdeantdniberdiickiness obthdgwelzebut]lGn Igeherak fotipobfel&fimicawebs, a
drying/annealing temperature of between about 50- 250 degrees C is sufficient. After polymeric
web 80 passes the drying (or dryingiarmealing) stage of the process it can be removed from the
forming structure 350 about roller 610 and is thereafter rewound or fed directly to subsequent
converting operations.




A forming structure of the present invention, such as forming structure 350 referred to with respect to
FIG, 9, is necessary for making a web of the present invention. The forming structure is sometimes
referred to as a forming screen. FIG. 10 shows a portion of a forming 23 structure of the present
invention 350 in partial perspective view. The forming structure 350 exhibits a plurality of forming
structure apertures 710 defined by forming structutg interconnecting members 910. Forming structure
apertures 710 permit fluid communication between opposing surfaces, that is, between forming
structure first surface 900 in the plane of the first surface 1020 and forming structure second surface
850 in the plane of the second surface 1060. Forming structure sidewall portions 830 extend generally
between the IR EHERIHEUIPLELIN o B BF R ORTITG &‘?’uéih“ré"ga%éﬁ‘a“%‘"tl’f‘fége 850. Protrusions
2200 extend mmwm@mm@gmmm@wmmwmwwmnar pillar-like forms.

A Compar'SO%@&f&c&%w%ﬂ@ﬁ Mﬁé&ﬁx&@x@%@x‘t&@ﬁﬁ@ﬁ@ﬁ@@ﬂ@ﬁ affeumbagestructure 350 with
polymeric w (E) SO of the nt in entl%n Th is,.the three- g] en @% %r%trugon%ﬂ%%o and
g I8 ace a

depressions tae%%"ﬂﬁ 638 81rsr‘n|?1t8’e§ rucqd e %?6nﬁgve flgne to-one cgrrespondence to the
hair-like flbrllé'@%@f?dlﬁﬁ‘?ﬁaﬁfmﬁ@ﬁf??c seap eetire §5 O Hespias i Wetscse! tHeFone-to-one
correSpondemmsmaﬁrﬁgsaﬂytﬁee heexteptiliagiedenmningatyisitre3H0 Heterminesthe overall

dimensions of{he acxe(} 5018.50 LB RLESANLIAERIP R HENGHOAIEMiNaaFe Detween plane of
the first surface 1 ane of the second surface 106 of th@’é)m meric web 80 need not be the

same as the é‘i’é‘i’é’i’i’c%“&f@t%é‘é‘ﬁ e AN S e L R o B B S ane of the second surface
1060 of forming structune 860y FHifsGsbecae. thendisthneentral tduespoijenesrié fpaiing0, as shown in

FIG. 5, is not %&%@W@&%&%@k%%@%ﬁaﬁeﬁf@%i&g aﬁmguﬁ@&&g daediiekness being the

perpendicular dlstance en the plane of th flr rf ce 1 102 ane of the second surface
1060 of formnli’grfmfFﬁ) ureﬂ?ﬁo% ({gpreff}gs BB U z parfial e;t)%%s%ecﬁ\?e vgevf/1 of the forming

structure 350 siswmeRi§Ee, @W%ﬁ@%@%&%ﬁlﬁ?@’mﬁﬁl AW SRS B HhefirlEE 80 in FIG. 4.
Protrusions 2%@mwh&m&d&bymﬁmﬁm&eﬁﬁmmmImwmeﬁabdﬁnﬂla‘lfomxﬁgsmﬂaw 900 to a distal

end 2260. As g n%’ae'sﬂhé‘&émfa%&@ IG5 agw&&%'@ebls% &EQ&%&R%@%&Q:&%M‘&F a height hp

measured from a minimum amplitude measured from firs surf ﬁg]e 900 @%gf; cent protrusions to

distal end 2268° @?@Pﬁﬁéﬁﬁeﬁ%@ﬂ’?ﬁﬁ e frgarried% %@Lﬁ“@@ Cc?%cﬁg fnch) and can be
at least aboutppGmeidr ons §abodn0t 00 Birsemy, sathg é;amnb‘ebaqwl@aébgﬁmof@@ ﬁﬁé?@‘f@e(é‘i!?@ut 0.006

inch), and canResatieRstrakolt 2R RicE06(ezauit: OQtiReb3oamsicaBbaatieastatout 381
microns (aboql;rQ f015 inch). Prggblj: 10NS 22 225(% Y6 ¢ ng@e eter onan é%hnigl Rgenerally cylindrical

structure is the ou?sf’é’ewalame er. For non-uniforny cross- ectlons and/or non-cylindrical structures of

protrusions 22X5uniegAtetep aﬂ’éhﬁfé&g{ﬁ%&%fh@ﬁWé’i‘ﬁ‘@@%r‘B%@ng%‘&Wfﬁﬁ‘ltﬁ‘?r?}é‘?fs%w of protrusions at
‘A the height hpspfiitegrensusions R0 &s showrutaéd @60 2{ Pnoingsiontdadpter dp can be about 50

microns (about 0.002;06h);,; anghGan-Ne-alleashaRAPLRA view of the forming structure 350 shown

in FIG. 10, and compares with the similar view of polymeric web 80 in FIG. 4. Protrusions 2250

can be made by methods described below to extend from first surface 900 to a distal end 2260.

As shown in the further enlarged view of FIG. 12, protrusions 2250 can have a height hp
measured from a minimum amplitude measured from first surface 900 between adjacent
protrusions to distal end 2260. Protrusion height hp can be at least about 50 microns (about 0.002
inch) and can be at least about 76 microns (about 0.003 inch), and can be at least about 152
microns (about 0.006 inch), and can be at least about 250 microns (about 0.010 inch), and can be
at least about 381 microns (about 0.015 inch). Protrusions 2250 have a diameter dp, which for a
generally cylindrical structure is the outside diameter. For non-uniform cross-sections, and/or
non-cylindrical structures of protrusionsb 2250, diameter dp is measured as the average cross-
sectional dimension of protrusions at ¥ the height hp of the protrusions 2250, as shown in FIG.

12. Protrusion diameter dp can be about 50 microns (about 0.002 inch), and can be at least about




66 microns, and can be about 76 microns (about 0.003 inch), and can be at least about 127 microns
(about 0.005 inch). Thus, for each protrusion 2250, a protrusion aspect ratio, defined as 1tp/dp, can be
determined. Protrusions 2250 can have an aspect ratio hp/tip of at least 1, and as high as 3 or more.
The aspect ratio can be at least about 5 and can be about 6. In one embodiment, protrusions had a
substantially uniform diameter of about 66 microns)gver a height of about 105 microns, for an aspect
ratio of about 1.6. The protrusions 2250 can have a center-tocenter spacing Cp between two adjacent
protrusions 2250 of between about 100 microns (about 0.004 inch) to about 250 microns (about 0.010
inch). In one embodiment the center-to-center spacing was 179 microns. In general, it is believed that
the actual distéreertnstansermirorbriiatéancioro (rlietb A8 Banehyiad wrbtdbliesisierst Himension) should be
greater than tM&Snﬂ‘(@bﬂMﬂ(ﬂ@ﬁ&&@f Precuisacipelind2d e syreradecqupie gdetotatations of precursor

web 120 bet een ent protrusi o ral,e hp of each
individual pr(\;\':hrﬂ %na%aé%é] tﬁc?afvlgr 9%%%%\'/%%1282 r%g&%%%&g?ﬁgﬁﬁg |tg)f@oﬁ‘fépé?g)tf:§}s%gss 2250 can be

determined byideterfiriat-a fORHERM B 1AM ARV AR SRRPGEPR Cic™a M a protrusion average
maximum amplitodediperacuweives mpredsterminedifreal pifarnoiigstréfchire B850l dlheigite, for varying

cross-sectiongl gigeNaisoa) EYQ{@?@CPFQHH%Q&QPWQ%rpgﬁﬁﬂdﬁ@@’b@ﬂﬂﬁgw&@ﬂé%a plurality of
protrusions 2250. Such a%é/)!)tude and other dlmensmnﬂsr(’)ne suremg)nt& )]c(% be m?dbe Qy any method

known in the AFEETRHAE R WERSHLTE? 44 Ce&t CANRING MiICroscopy an &d°data processing.
Therefore, an &férage ﬁﬁbe@&%%{tm@mh@?ﬂ%ﬁgg?dﬁ@h%@nm?@‘mﬁ%ﬂ?ﬂ'@fé?rﬁﬁﬁ@ﬂ portion of the
forming SthCtbtf&&éQa@amhﬁl@w epSedas Hp baidp 1a: Tbecainensiensipeandotidifosmprotrusions
2250 car be 1RGOy des !;”“ PRl RN IR SRaE InalloRs ol Daki iakiguaing structure

350, as disclofed more bélow. In one embodiment the diameter of protrusions 2250 is
constant or detFEREE &Gt frie @sgr o Aefom AL S BHATPETE 128 PRV ERANASRES the diameter, or
largest lateral grossiaeetidhal dimension, of protrusions 2250 is a maximum near first surface 900 and

steadily decreases tg,d| ﬁﬂé&%@@ﬁc Ihist ﬁsrgiﬁtw%ﬂ'éa@@lm&uppmgﬁqasamgﬂv@@swe that the
polymeric web 80 Ca\i‘ﬁ e readil oved from bac E‘QH{S“QQ structure E% Formlng structure 350

can be made 8YEHY RIS BratAr 8 B PR P A e Bt SRS S G fite necessary
dimensions tonte&ikecs W@b%ﬁﬁ@ﬁf@é@ﬂtt}ﬁ&’/émmﬁn%“ GT%@%W%W%E@W%@%SS temperature
ranges experigpGed Ry foreabgnstsicittee Sothihnsactenste. modwissfof atipastabeutioniPa, more

preferably at sl et ONLER e Pielecabl 2t lePol oo AN OTR pERiErBRlY ot loas

about 100-200 IviPa, ahd more preferably at least about 25 400 MPa, a yiel stref?l%B of at least about

2 MPa, more ﬁ?éf’er%‘!ﬁﬁ/a&ﬁ]é‘ag? M%Wﬁ’fﬁﬁr}ﬂé‘?&aw&’?ﬁ%ﬁnﬁf I‘@%‘EtbsYBlBﬂf“fﬁm 2 ore
preferably at |éatt aboutil & hitPemmmta adshseimiat briewkcof waréittalsbtartowsireferably at least about

5%, more pref@ﬁ@ﬂ@%&d@ﬁ%&@@@sﬁe&@%@ b?hﬁ%rb@@ibfx@dﬂﬁ} tl&&&x@@ﬁﬂ%&d@&dﬁ@@@m@fraﬂo
protrusions for&p Et)etter vsvtg%tgb en %delillﬁg’ss%b rm?‘ DN ralgl the fQJ“}”@%B&*&S‘{ﬁ? increases, as long

as it has sufficiént stra ea (i.e., nottoo not to reak. For modulus and yield

strength data, BEARIESEAA e Hete RARTER 6?%%@8%&6%8%@%@%5&@“%0% be tested at
standard TAP Rdrpanpdiinns e, sl dirivaté mird 00%deninute. Dimensional stability with respect to
thermal expansion '%yﬁg@éﬁ%xlﬁmytﬁgmmmmﬁ%gm asdescriaedaith respect to FIG. 9,

because for some process conditions the for lﬁg structure 35Q/formin drum15t181|nterface can be
compromised W?ﬁésﬁmﬁ%%%Fgoﬁﬁg§§ oSS EBRIrART ng’t éﬁ%ﬁé f6tming drum 518. For
batch processirgiofighdlymeivs. witsiufithe 2356 sermivirestiorrdimenthon A8 Gabiieydis not a requirement.
However, for 3&%&@&%@@&%@359%i&rﬁ@ﬁ@ﬁﬁﬂ}é&&ﬂﬁb@n@%ﬁﬂﬂgﬁlﬁb{ﬁﬁiﬁ@thﬁ made of a material

suitable for the processing em ratur ran ro&e§s afuredpnges are affected by process
conditions mclB@?mé the' ?egr%%eaﬁ%rxgao ﬁ\lljl jeme rl w%ﬁgt 540, and the temperature of forming

structure 350, which Belie Hestes 3?&"@5&%%1‘6 Ofr"}‘gé%?ﬁ?l ’fPﬁ‘ O [ AASE PRERSRG laminated,

co-extruded filmpsdfarusetia weks:fotidispasalbledbsorbest tarficiest (hesntfims fisagimg@liickness, t, of

about 10400 ”&%fé’lﬁ%ﬁ&@é@%ﬁ@ﬁ%@%g@é gm@m}%gﬁg&m&@m 9 degrges C can be used.
e

The drying/annealing air temperature can or | ener roc emperatures
can be varied tRP8UGHYLE E%ﬁﬁ&%"?&ﬁé@%ﬁﬁ%ﬁff%gﬁga[hlédf) Orlrlltgﬁléff\ﬁlaé f"ngb1 rqé?s?%anﬁt invention,
However, the témpéﬁdﬁﬁ@m@m@e@mb@%ﬁé@té%mmef@/@éﬁwléﬁdﬁﬁhﬁhw’ates depending
on film thickness, film type, and line speed.




In a preferred embodiment, protrusions 2250 are made integrally with forming structure 350. That is,
the forming structure is made as an integrated structure, either by removing material or by building up
material. For =triple, forming structure 350 having the required relatively small scale protrusions 2250
can be made by local selective removal of material, such as by chemical etching, mechanical etching,
or by ablating by use of high-energy sources such as electrical-discharge machines (EDM) or lasers.
Acid etching of steel stmetures as disclosed in the aforementioned Ahr '045 patent, is believed to be
only capable of making protrusions having an aspect ratio of 1 or less. Without being bound by theory
it is believed that acid etching steel in small, incremental steps may be result in the high aspect ratios
preferred in a f0frivARY sticidterengh thet [sreisdart AN i sroroRreleRb g lesg eted fiB BiEeresulting
protrusion(s) weiiehing SeveriyrnmeVeu 1o xeraplyshiasiabahaprr Hiadiledrth is Redicsfrrently known
oy the Inventols,of i present IEPIDAau1e, MARLAUAAID Blshas wHM bk, 045 to form

the generally cy rotrusions 2250 of the present invention having the requisite aspect ratio.

Likewise, fomﬁﬁﬁ‘%ﬁ’@ﬁ@&%&%éﬁé’é%ﬁc@@&%ﬁﬁﬁﬁﬁs omehetrad € A lmmfeH dHPBom” shaped
protrusions. |nnfihaing thntesinetuanid ietehiag arldneledtiop adigertisean asbrebheshapgecis expected

due to the natyye.f the, maletaliemeyaldaRea Ny Malariakwonidanah bedsmaxadideposited only in
a general aligned, e.g., vertical manner. Therefore, it is urreréyg' to make met%_formlng
structures 350'SHRR B TSP SHONHHRE &R, Fﬁ%%ﬁﬁeéﬁ%%tét? 1if}g]or R&Edions 22 Sflon of a

prototype forming «tt0tumen880 made of steel and having protrusions 2250 made by a conventional
EDNL1 process is shommdikibh&s Sablidyanth idpdol@ diritacphatamicieeanh afadotonagratucture 350
and FIG. 14 is a further enlarged view th fofgfgi@gbstru%q@ }an . §s§t§1§'§&%%@ N FlG. 13, a steel
forming struct&%ﬁggsgééﬁcggﬁ?}ggﬁeg%caﬁo EDM ’prec?éléss%os(%ore ior?tegral 6rotrusions 2250 having

distal ends 2268ute FHamips dueahs RstReh ey R g soRIREEed U s PR TRSESSbns 710 generally
similarly shapegimihosenshowmndre Bi5thS fdrtaivederm 8$8caarbetgaencosiiGSol@namdvtids the structure

is less than idegl formaking fopshesisifanabsaheniaticiesbacauserliihesarmaticakiconstraints of
both the funning structure 350 prior to the EDM process, arggl the EO %ri%%?e;% éggeelf. Specifically, as

can be seen, fiPQEHTHEE BB BPTOTH g BRE R Tt e RN G Thambers 9T0'iS only one protrusion
"wide". Also, asreeasshe saperifnEIGE3PinetEHRsHum eIt Al EtRIaEN I wrthwlidetss of EDM,

gaps between RipiRiH R SeASoRnGa B TRStHid Oy QX ATHALE 050, A8 trperdtFrs@stipthdrom the EDM
wire being orieqied sI9PY, Ak RAIBLSLIAMANG LesReal VG [ATAIPG. NGRS IBLciEquAgCting members

910 shown. Theretore, for commercially successful production of webs suitable for topsheets in

disposable absBRERH L PSRRI aTABH T Lrtiete far Fra0urPIR e TesLoraeFgss st B egBEble.
However, it is dlecmtisat,sddaibi Ghépedrprotsims 2R vy treréhdisedsdspedtratios can be

formed. The prgipusions.2200:af the ferminansiiethiqeahemi-intflte. 238 Lgves @vanarage height hpan
of about 275 micron§ 0.011 inch), and an aver %ﬁgi mQter f about %pﬁlﬂ of akgl%ut 00 microns
0

(0.004 inch), d&fPTRG B oa SRR E LR SaR PSSt RIS e S abours 2 (Kiote that the Torming screen

shown in FIGS w389 theipissanpityestipp e Haie path o SBR HHYESeasd B9 EOMSPERE sides. In practice,
it is only necesgaryHa;farn guratspsiantenieadsiger film thickness, film type, and line speed.

In a preferred embodiment, protrusions 2250 are made integrally with forming structure
350. That is, the forming structure is made as an integrated structure, either by removing material
or by building up material. For example, forming structure 350 having the required relatively
small scale protrusions 2250 can be made by local selective removal of material, such as by
chemical etching, mechanical etching, or by ablating by use of high-energy sources such as
electrical-discharge machines (EDM) or lasers.

Acid etching of steel structures as disclosed in the aforementioned Ahr ‘045 patent, is
believed to be only capable of making protrusions having an éspect ratio of 1 or less. Without
being bound by theory it is believed that acid etching steel in small, incremental steps may be

result in the high aspect ratios preferred in a forming structure of the present invention, but it is




In another method of making forming structure 350, a base material susceptible to laser modification is
laser "etched" to selectively remove material to form protrusions 2250 and forming structure apertures
710. By "susceptible to laser modification" means that the material 27 can be selectively removed by
laser light in a controlled manner, recognizing that the wavelength of light used in the laser process, as
well as the power level, may need to be matched t@ghe material (or vice-versa) for optimum results.
Currently known materials susceptible to laser modification include thermoplastics such as
polypropylene, acetal resins such as DELR1IND from DuPont, Wilmington DE, USA, thermosets such
as crosslinked polyesters, or epoxies, or even nietals such as aluminum or stainless steel. In one
embodiment @ TeasishgsherwarearoBesiarE) HRRSHnSCHY 1Eata 6 proRee FgPRlample, a
polymeric maigsigbsueh A& RfddRytheantyatpiovided il tepytindricedfdrmhas adbaght mdterial having a
central longitugligal. axjs.. A, QH a1 SHIEAE S0 ANEl AR IBaRY SRS R QIR BYIas:3Ackianer surface

defining a thickness of the base material. A moveable Iif?’er source can be digthed generally

orthogonal to {REHIGREEHEhE e AFEC PRGBS |RLSM EEUPERTSHT Qo&élsrﬁgvé%ﬁt_fe in a direction parallel to
the central longittidirieingxidditthétheselhsterisiiobhd sbytwidvicaisivaselplziériztaeas be- t6ihted about
the central longiiigingd axisopiile:the lasarsouEsn Mmashings « Biebasuibeaesstisface of the base
material to remove selected portions of the base material in.a pattern that defines a plurality of
protrusions. Ecriecr:rf? %ﬁ@le og%%n'c%’ir?t réa_ r‘?’é’“é‘gﬁ%%‘i?‘é‘%%ﬁ“n’?n ormafn réljfﬁlg_lré-llﬁ<eeparotrglsio’r?l:sél 2250, as
disclosed hereiprisymasvinJhreftardiissuredip Spana tedrre 161y

ftiRaF et IRL BiNdrical base
material as thegyinrddealbasrpatetaine bS] thdaelative movements, i.e., rotation and laser

movement, can be SyNGRGNIEG,SHERI AP SAED SEmRlsts selrlien ey ndiicalionse material a

predetermined pattern of protrusions can be formed.in g continyous process similar to "threads" of a
screw.  FIGPs by é“ﬁ%VGPGﬁ??&r%B%BWCSﬁéSS%’ﬂ@%HS% gnﬁ%% |(ri)nhjér# %foge ’fso?%h?’r}amslﬁ%?%e 350 of the

present inventigh. fEGogBrisian3sh knbBidviévs ofufietadrrdsdivisimiliaforoingifygwaetiie 350 of the
present inventian. ALRgo iy Mine. SEUCHEE SR Ra St dhd Yeed sibfeattithd SnarpMasiesby firat forming a
polymer layer having formed in depressions hich as shown. 3ee genetalysdeardrop”
shaped and wolT ?g%r {éualg%s_g:zg@ﬂ é’%’ﬁg‘r{b‘“’g %ﬁgﬁéﬁrgﬁzry ap%ertures 71 in web 80 of the present
invention. The @8 pfessrisasstios JAM sracralnaity siearhdiosshesar B idhing P aepiE&ions first. The
polymer layer haviagicEm®ssiars] 7,10 thexsire ¢olasatso beddonedtity trachetintpatiqiidtphotosensitive

resin such as g Yy-light:curaRle.Rahmes (hratah A RRRI RIAlE, MASKinG RYR608 apiderlying
support layer (not shownﬁnsuch as a foramjin us.woyen bacbln .Shut blg m f(I%Xlienrs, support
layers, masking P5Er&"aHg TRMAuPHSE btﬁé@‘eggw & KNow ¥ making paper-making

0]
&S S W I RnGWa tn the art o
belts and are disetbsettmcnBetinampdes, SYMOBIYRUBBTHSIR O St5% 35S AUYERY2, 1994; and
U.S. Pat. No. 45529430 issnegdéadrokhansennidy tbpd985sfanii ks Baiin phddd538ssued to
13outllier et al. c%]r‘gsaﬁﬂi f}brzegignqmg,%%g Mlttﬁeﬁ%p@t%ﬁed%%m the EDM wire being oriented slightly

off parallel from the respective forming structure interconnecting members 916 shown.
Therefore, for commercially successful production of webs suitable for topsheets in disposable
absorbent articles, the forming structure shown in FIG. 13 may not be acceptable. However, it is
clear that suitably shaped protrusions 2250 having the required aspect ratios can be formed. The
protrusions 2250 of the forming structure shown in FIG. 13 have an average height Dpay of about
275 microns (0.011 inch), and an average diameter of about dpgy, of about 100 microns (0.004
inch), defining an average aspect ratio of ARpay, of about 2.7. (Note that the forming screen
shown in FIGS. 13 and 14 is a prototype, and has been processed by EDM on both sides. In
practice, it is only necessary to form protrusions on one side.)

In andther method of makiﬁg forming structure 350, a base material susceptible to laser

modification is laser “etched” to selectively remove material to form protrusions 2250 and

forming structure apertures 710. By “susceptible to laser modification” means that the material




being hereby incorporated herein by reference for the teaching of structures, resins and curing
techniques. As disclosed in the 13outilier '598 patent, for example, one suitable liquid photosensitive
resin composition is comprised of four components: a prepolymer; monomers; photoinitiator and
antioxidants. A. preferred liquid photosensitive resin is Merigraph L-055 available from IvlaeDermid
Imaging Technology, Inc. of Wilmington, Del. Atter the polymer layer is cured to have depressions
710 the polymer layer is laser etched to form protrusions 2250 having distal ends 2260. Laser etching
can be achieved by known laser techniques, selecting wavelength, power, and time parameters as
necessary to produce the desired rE)t§otrusi_o _dimensi?ng. In the forming stHl%tture o( FIG. 16,
protrusions HAUECAR UL JERERgRY I B BT AP A AR A TRIR R Giamerter 4 of 85 microns (at 'A
height hp) and lmtaspeutiratiscappofkabowtPagthe pordrefbreavasadischo sutr e svecin one
embodiment ;deRregsiaRsvéLh) sanbheriaesuR. CDeRan e aRdNasRteteysinns isanother, by a
separate process. For example, depressions 710.can ref ' MR AY e "blank” that
is subseq uerfﬂ%/g}éosaéllg Ir‘ﬁ%%?n‘?%h frﬁ(ég.\,aétfcc:%%lﬁﬁ, %%pﬁg\?eo %%{?gé?%ﬁg}%?ﬁ?ﬁﬁgﬁ the Ian%flﬁa%gas between
depressions PulpninVGirairgtap SRSy, heriis sirbetiressberprhedsss o YRS -goRffler on a support
layer can be piser ashiss Withiibe stypnkisiaer being apart of forming structure 350. However, in

another embodiment, the cused polvRer saR-Re remeyed-fom Hhe SHPReRHIAYES Aadsised alone. In
this case, it may be desirable to only partially cure th(?gp(c)lémer, remove thgngg ort Iag/er 903 and
a struc

finish fully cufitiGHHEPlSohIHIEP ARG MFETe! siohag RE-80) SRS i ure shown in FIG. 15
is shown in thesphetomicrageapiste! BIGSINT i pQuEIGrige;gn phisteniieksgraistPefa portion of
web 80 showipg,hairdikgdibiils 2 25rand apexkue Hladths: Afds.a iurbesprlasgatuiewof web 80
showing in mpre,detail hair-like fibrils having closed.dist eb 120 for
the web 80 sﬁ%gi&ﬁcﬁtﬁ%ﬁc@?lb'f%f}ﬁofoﬁgv%gger%ué%%u rgcr_% theS%l r%%%?r%%%(%%%%%%%m%%ﬁ%ﬁvlex 2045A
precursor filminpditectionpretiel toythi e it Grakas ohiar Jat BertiBhs bt WEKESOEde in batch
processes ongtheridsmi greisted aiaishoventia biGSHAS andvbilcthnimseesciosehpdbitgwdetails of hair-like

fibrils 225. Thg polymerwehs, 80 sRRWRINEGS LR RRRAVBRHNA M SRE tekesial 1 ot shown)
generally in a pentahexagon shape, each haying a projected areabiqhthe fir%s,ug&n%rgg é)f about 1.4
square millimBt&re: tﬁ&%ﬂ%ﬁﬁ&%@%@ﬁoﬁﬁ‘ﬁ%y& ﬁpe?{ﬁtr%ssm?f%% Suchihar the open area primary
apertures 71 aligyidjeptetiivah@2fifsestistieedderisuBiteess bt leestrrreeifda rhe web 80 exhibits
about 4,650 hgifstilanfibris 225 RemsekaARGeRinateraf disiiswfase Serareatae,(@bout 30,000
hair-like fibrils 225 per square.inch). Thi i ir=like fibri ' reed to as the
"density" or "é'iévé%nﬁ’gﬁ%ﬁ%?’ﬁﬁiﬁ | %ml n&s%z;grg? %%%&%@ﬁ&%g%gr&ﬁ%%? g?trrﬁ%liéggﬁbrils per unit
area of first sPfEREIOEEETY Skt Fota el SPEER TR ISRISE: SFRUE H8%EHiBhs of polymer web
80 correspondngetapsitnahyuapanuressitidoaittredistibaterty the area when calculating density. In
general, the densityigdeierniRed Ry theAvaraas senteiiosaenties spRsing efthepsstrersions 2250 on

forming structure 350, which is t.150 microns.(0.006 inch) for.the forming structuce.shown in
FIGS. 13 andtﬁl.’rese“{if%eﬁté(ffévaép 't%% Saaflp%nr\ﬁrr%eéjrv\ll\%gﬁjp ) c%)%u%%lsl%ﬁ??m/ug t%?l suitable for use as a
topsheet on acdisposatsidraprissbFedpreies @ eesiiishry nagitiey) Lhotd TRvE L TRNERY of hair-like
fibrils 225 of aflamst Ahduhe 2HQrpeavisg) tate Ciatimnéiardado ut d yhidDperosguarecinctly. The density of

hair-like fibrils.225 can b ' ¢ 15.00Q.0¢.5qL8¢6 Jach), and can
be about 3100‘%%%5 usé?? %gﬁgh@[%?r(%%o%%%%ﬁ%ﬁg %%%%ar%@%@ %csén out 3875 per
|

( ea

square centimBieFEsHdueaEop0 B 5EIPREITAoRS ThRATD &iANEFor So% &Y BE difficult to determine
exactly where dtstssianicivet S0bbginseatitce hagiedersijosa il b hapiprerimatedosypadRing total area of a
predetermined,RQrion RiROMIISENERS0ARGSHIaCting QuldiepareaO ifilutosy ppepies 71 as
projected in the first zurface 90 of that S(ledoelﬁarminegs o%:ﬁgﬁcg Qsea%rea% 1% Sr%rrm&%égres 71 can he
based on the WF&% REETERe ?ﬁ%r depregiions eHIE)OO orming structure 350. By "projected area" is
meant the areSustesuitacerwaRpprdeeasing Wwistams PAraerss Mara e 9t tan be
imagined by apaleayt donexarppies-askan bk sicarpliofdre aUifadey. No. 5,334,289 issued to

Trokhan et al., on August 2, 1994; and U.S. Pat. No. 4,529,480 issued to Trokhan on July 16,

1985; and U.S. Pat. No. 6,010,598 issued to Boutilier et al. on Jan. 4, 2000, each of these patents,




FIG. 19 is a photomicrograph of a web 80 made from a 25 micron (0.001 inch) DOWLEX(r) 2045A
precursor film 120. As shown, the web 80 of FIG. 19 comprises discrete hair-like fibrils 225, each of
the hair-like fibrils 225 being a protruded extension of first surface 90. Each of the hair-like fibrils 225
has a side wall 227 defining an open portion 229 (as shown in FIG. 5) and a closed distal portion 226.
The hair-like fibrils 225 shown have a height of abagit 211 microns, and a diameter at V2 their height of
about 142 microns, resulting in an aspect ratio of about 1.5. The web 80 of FIG. 20 comprises
discrete hair-like fibrils 225, each of the hair-like fibrils 225 being a protruded extension of first surface
90. Each of the hair-like fibrils 225 has a side wall 227 defining an open portion 229 (as shown in FIG.
5) and a clos&eingiaesaby drerspersss rraniiritersi P s iR oh iR B SR 8K %% pect ratio AR of
atleast 1. techhiydifferediegobetmeierBtielincbi 86 shicaneinmblG e kditaielR0ids that the precursor

film 120 used, o make;the. oo lMEsGWED AR i FiGmeR-Was Roogueudrddaums layer 30
polyethylene F

ilm comprising calcium carbopate in one of the .outermost layers. ifically, the
calcium carbcﬁ’?&?ﬂ%ﬁg’rﬁaﬁgﬁ]ﬂﬁgaﬁﬁse %3@%%6?%%%28}#0%%&%8@%%8}%F]S‘}(A?o?rrﬁ% tﬁg%crst surface of web
80 after formauieitet¢ freir-MieTiorild ResnT hechorlp f2//aes ESHpiEER g8y ethylene in the follow order; (1)
ExxonMobil NTX-I34 at-akqiétydMejneaied cehdd pmasonvinbildponeiod kydr atiaboutité volume
percent; (3) ExionhoplL.ExachaPaR &t ARoHL 32 B ME PSRRI AN LAl AU Blig welaht

percent Ampace ith calcium carbonate blended in as a master batch and 43 weight percent

ExxonMobil LI-EDgnesneleniRg iFavateasioRIHe Bt CaR3rRmSITI OepRsre e PRULoS AR 075 film 120 had
a starting thickressiof dheitads mitrofsr(0e30icimetvf FIG. Oherimteiostingeandvenexpaghed result of
using a CaCQRIRE Bland.fora skin layeuakore apsassii:daQais 1he denpatianofspaions of
roughened outer surfaces 228 at Or near the distal end 226 of hair-like fibrils 225 as can be seen on
the web showPFRS™2 These regions of relatively greater surface roughness 228, which have less
surface smoothnessTiragiocasdisdspbithey s irfrsesnbadaperisiRPErEorfdcE @0 PpPAHEE R3F a more
cloth-like appeakaBcadue iRdtsdRheEmbIRY lesspand BReyergenise spfirandnsiity tactile
mpression. Without belng bound bulneeiikis eivedhat e elallvalisougiagned surface texure
of hair-like fibri da

of the distal end$ 5 gives greater texture that is experienced as ngtness to the skin

e
of a person tobEiAtAECsE feares Sy BER G BEEREBEtHEE{ 12 HsRReHAb tRE¥8fmation of
roughened outetistfasedaicdane arth golistalos rc @RE 08 andd ikeufitsrilsio Mlidha vepnatt of deep
craving precuaf e gyas heieiBacwelAle PRSI lakagSlbly g pariculat
matter, nths GaSe CECOS, cayses, sfess concentafions i re fim hignd iogl gv fge to surface
discontinuitiesRPTHEISTE Bt TraXhRUM Strain, 1.6.. at the point of maximum draw of hair-like fibrils

225, the surfaerifiheffe uynsFaemesinmrradapre e idsi by Ba e spBhailer on the

surface of the hagrlike fibrils 225. Therefore, in one embodiment poiymer web 80 can be described

as having hair-like fibyilg g2p 1y Qﬁ%e%ﬁ%ﬁ%s@u%@%%ﬁ{ e digtalerdARd thereof exhibits regions
of relatively greater surface roughness 228 than the, renllaining ort'oné.ig%.usi?%cgf grent additive
particulate maﬁ}é’rt,"ﬂ’}ér?%’@i’gﬁ§f3g1l?§léﬁ\?8ﬂ/lgrg£?e}Féﬁr?é’ 2B a@ésf’ &8hprovide for other
benefits. For estamipishapditichibate 2Kimtramtiweiis Siprotéctanteromisasd dsgeinsy Hctives can be

used. Importanty, Wehs-30 eomising paricaiatamatinkdaasmmitactives dedetvered tthe skin of a
wearer of an aficle us Zzslqéé\’%eb 80 {n-a very direct and.eflicient Mannek 45, 9eas Rk bisrglieved that

. To Own 1 .
any non-diffusingingre fﬁar%cu ate and non-
2045 A precursor film 1246,

FIGS. 19 and 20 show greatly enlarged portions of webs 80 made in batch processes on

the forming structure shown in FIGS. 13 and 14 to more closely show details of hair-like fibrils
225. The polymer webs 80 shown in FIGS. 19 and 20 have primary apertures 71 (not shown)
generally in a pentahexagon shape, each having a projected areaAin the first surface 96 of about
1.4 square millimeters. The spacing between primary apertures 71 is such that the open area
primary apertures 71 as projected in the first surface 90 is up to 65% of total surface area. The
web 80 exhibits about 4,650 hair-like fibrils 225 per square centimeter of first surface 90 area




particulate) blended into the melt of a polymer of precursor web 120 can be exposed upon strain of the
polymer near the distal end of hair-like fibrils 225. Specifically, actives such as skin care 31 agents
can be localized substantially at or near distal ends 226 which can be the primary skin contact
surfaces for web 80. Other known methods of imparting localized strain to polymeric EIms can also
serve to expose non-diffusing ingredients in layers2for example, embossing, ring thermovacuum
forming, and other known processes can provide for localized rupture and exposure of active
ingredients of polymer films. Other methods of making forming structure 350 include building up
the structure by way of localized _electroplating, 3-D depasition processes, or photoresist techniques.
One 3-D depcf%"ﬁB’rgPyP(gegg’é e S A BB EEs RN Eﬁr‘i&"??‘giﬁiﬂ%f”igagfg}‘@é b5 dgrdbhy in which
layers of powdereedretahaldelrifit op teplotiirédd fardiwshkip RiSeud oweverts iésrebievéd that
sintering procgaaﬁﬁa’ﬁ@,yml}ﬁrlms&t%i&f@ﬁ@l&f&@@wap&@ﬁs@@{ot@mmmﬂmé@smimﬁha three
dimensional st{lucture Dy use of an g&)wrlaﬁ{n%’sk over a ergxlrjésdﬂ oto§%n5|t{§/<% resin, < such as the
UV-curable po f/:r%e PUisciosed above Uringris SHecti curing onol the pe portlons ?aa liquid resin

exposed to UWhkgtelpuatng Wll‘iigh@%%ﬁfébF@W@Féﬁ?ﬁ#ﬁﬁ@“%&yﬁéﬁ}‘ﬁmmg@ﬁm‘émﬁfwd resin can
then be washeghahly (g pgthsioiadasoynthertu etlpnrtisss whise iHgubd: iesimitiddsquable polymer can

be placed on %lggjquf r %ﬁmﬂgumrgsgg@gmt@%m@kness and appropriately masked and UV

light-cured to selectlvely cure the portions to be protrusions 2250 and to not cure the portions that will

be the apertures 710t velifvsA i@ rabmms dir 8l ot e PSR fuBInim e R A IRL$50 as shown
in FIGS. 21 and 22irantiesfoorhedftoin (e, peiyitnerizakivnsbiuid baveouraisiy pOiyimediin

air- permeablem%m%@ae@m 1%3%5@@5&%%&@@@% n@@o@l@@ﬁﬁﬁ@@ ih0 Wit herifirghe illustrated

embodiment ah q X Ia ere%l% ered arra% derstood th a% before, a
atr-like % can € abow g%? e cent eter uﬁ% é)eﬁ % are 1nc
variety of shapes an oreAtaions & apertu Jcanbe s ustrates & cross sectional

view of that poafdis efors AP ges sru A BB S oW -1 R wE take Avdi s AR E 3822, Machine
direction reinfoxgingstrantised? Qlanclemsselisgaiio merinfoinctgr stiantashd i thayeestitiuitiin both FIGS.

21 and 22. TO@&L@%&Q@&W%&%&%@&%@ﬁs-‘egxgs%&(@mé dalgueh eoa?,?rgm@mymcmg strands

410 combine to form a foraminous woven element 430. One_purpose of the reinfgrcing strands is to

strengthen the ?f%‘)ﬁﬁfe%)?)ﬂl?ﬁ%?ﬁ“ﬂ?ﬂﬁﬂﬁﬁo%ﬁmW@eé‘gﬁ’ %Q&%%&@W?&%ﬁ‘btr%ﬁ%ﬂe&?émaﬁflo and 420
can be round apdtoanThesprowrdedndbedistpvaiea i aidahictaronsdpartich The @ «durable resin has

cured. Any convapionpfilamentsize e e peRieat e avacapbeidisedo althaugh, in general, the
more open the weflve g&e efter. A more,open weave gc%elrla%axergg ults in bet%ec[ air flow through the

apertures 710 erairf oywprméecfts me%ett{enlealne ‘more ecsonomlcawﬁe oforr orming When- forming

structure 350 |§ﬂﬁ’é’é]d‘t(93f6ﬂ¥f"éep@9ﬁﬁéH%W%HW%IWWBR}%% &b 1pk Sﬁépeﬁfﬁ&dlment terming

structure 350 48fkis.a metal screen, such

FIG. 19 is a photornicrograph of a web 80 made from a 25 micron (0.001 inch)
DOWLEX® 2045A precursor film 120. As shown, the web 80 of FIG. 19 comprises discrete
hair-like fibrils 225, each of the hair-like fibrils 225 being a protruded extension of first surface
90, Each of the hair-like fibrils 225 has a side wall 227 defining an open portion 229 (as shown in
FIG. 5) and a closed distal portion 226. The hair-like fibrils 225 shown have a height of about
211 microns, and a diameter at 2 their height of about 142 microns, resulting in an aspect ratio of
about 1.5,

The web 80 of FIG. 20 comprises discrete hair-like fibrils 225, each of the hair-like fibrils
225 being a protruded extension of first surface 90. Bach of the hair-like fibrils 225 has a side
wall 227 defining an open portion 229 (as shown in FIG. 5) and a closed distal portion 226. The
hair-like fibrils 225 shown in FIG. 20 have an aspect ratio AR of at Jeast 1. '

The difference between the webs 80 shown in FIGS. 19 and 20 is that the precursor film

120 used to make the polymeric web 80 shown in FIG. 20 was a coextruded four layer




32 as is commonly used on household doors and windows In one embodiment the metal screen is an
18X16 mesh bright aluminum screening having a filament diameter for both machine direction
Filaments 420 and Cross direction filaments 410 of 0.24 mm, available as Hanover Wire Cloth from
Star Brand Screening, Hanover, PA, USA, having. As shown in FIGS. 21 and 22, protrusions 2250
extend from first surface 900 and have distal ends32260 that are generally rounded in shape In another
embodiment, as shown in the photomicrograph of FIG. 26, the distal ends can be generally flattened
into a plateau. The forming structure shown in FIG. 26 is a flexible polymeric forming structure formed
by a two stage process of polymerizing a UV-curable resin. One two-stage method, for making
flexible polymetietoiaffgrs s ,‘%Eﬂh&gafﬁ@ﬁﬁﬂfﬁ&%ﬁﬁ??&@ﬁ&wﬁpﬁ?ﬁﬁé}éﬂﬂ-za is
described witkatcifatensenie Fisad@ad Hivatmetiyoer desdnibbeltobmeen thatkegsforfitsigustrercelires 350

o promusion B et o e I 23 The mathad described herem
. In the preferred embodiment iljustrated in FIC the method ibed herei
makes continGJ¥ Bféﬁféd#@?‘?fﬁﬁ@%ﬁb@{{ﬁé 7395tf% h %krjgg%l%%?ﬁﬁcg?tfh%ggké&%o t|’§vtgoxfa\?(t—:'gs?usglscirr:gea o

photosensitiveirgsin 16 womstRITERt 60 ExonMobil fBreaifiPiLA BrehEntdresirepRtdfic framework
which delineaigs:the,preseleaied -patiempsaf therrelatiehidargeodapeariaris £ h0nand vetatively fine

protrusions 2250 51 (o/INg S{yeli 360,81 Beligd UG G 2511 Mot padiciarly the
method comprises a two Stage resin castlng process Including the s e§s of; a. Applying a backing film

to the WorkingTé‘eﬂ*éé‘éS@ffﬂr‘FéﬁﬁilP?@ wfEdipe B iRy 73 rerens (& et to the baeldng film so
that the backing filmdadnterpaseshbetepencthesthraimingaelEhiBhbandifthe sdrdalisyolinit; c. Applying a

fﬁiﬂggg ('Ji]fltuhiﬂe %%%%iys%@fii%%aogh@f%g&a@@frmgﬁaﬁeﬂoaﬁem%&mmmh@m Goaalling the
e coating to a preselected vaJue, e. Juxtaposing in contacting relationship with the
coating of photBSaHLHi @rigéeiﬁbfﬁ]%lzsﬁ?%%%a{ﬁerissﬁeﬁgo o%“gg%oue glrc\[g fg(éég%?%erf? é)a"fé@ns where the

opaque regiorslgefivaaprevdicc el CoNUSEBnEM GG tepextisnsr b

surrounding surfaces, such as first surface 90, provide for a more cloth-like appearance due to its
inherent low gloss, and an even greater soft and silky tactile impression. Without being bound by
theory, it is believed that the relatively roughened surface texture of the distal ends of hair-like
fibrils 225 gives greater texture that is experienced as sofiness to the skin of a person touching the
surface. Without being bound by theory, it is believed that the formation of roughened outer
surfaces at or near the distal end 226 of hair-like fibrils 225 is a result of deep drawing precursor
web having therein particulate matter. It appeats that possibly the particulate matter, in this case
CaCOs, causes stress concentrations in the film blend that give rise to surface discontinuities. At
the points of maximum strain, i.e., at the point of maximum draw of hair-like fibrils 225, the
surface of the film (i.e., precursor film 120) breaks up, exposing particulate maiter on the surface
of the hair-like fibrils 225.

Therefore, in one embodiment polymer web 80 can be described as having hair-like
fibrils 225 in which at least a portion near the distal end 226 thereof exhibits regions of relatively
greater surface roughness 228 than the remaining portions. By using different additive particulate
matter, the regions of relatively greater surface roughness 228 can provide for other benefits. For
example, particulate skin treatments or protectants or odor-absorbing actives can be used.
Importantly, webs 80 comprising particulate matter permit actives to be delivered to the skin of a
wearer of an article using web 80 in a very direct and efficient manner.

fn general, it is believed that any non»diffusiﬁg ingredient (particulate and non-
particulate) blended into the melt of a polymer of precursor web 120 can be exposed upon strain’

of the polymer near the distal end of hair-like fibrils 225. Specifically, actives such as skin care




E Exposing the liquid photosensitive resin to light having an activating wavelength through the mask
thereby inducing at least partial curing of the photosensitive resin in those regions which are in register
with the transparent regions of the mask; and g. Removing from the composite foraminous
element/partially cured resin substantially all the uncured liquid photosensitive resin; 33 h. Repeating
one time steps a-g with a different controlled thickmess (e.g., a greater thickness, such as a thickness
corresponding to hf2 in FIG. 22) in step (d) and a different mask in step (e), the mask in step (e)
comprising both opaque and transparent regions where the transparent regions define a preselected
pattern corresponding to protrusions 2250; i. Immersing the foraminous elementicured resin in an
oxygen-flee mvitomhe}wdueﬂtSabsa“waiélﬂ‘baﬂ??éﬂtﬁtﬂéﬁ%@%&%ﬁ&ﬁ‘ PERSHEHY the forarninous
element/partiglly, et ke sinveol ntdiasing an raativatiTgmpatsisnglizdhsoug b tvéymraisk thereby

inducing Mil %Lllnn of the 1Q,h(gtosgenS|It1|(\)/ne J%ﬁé&g@@%‘cﬂ%'& tgﬁgn@egagﬁtegnmggmgg@yucture
nt t

The exact apparatu or equipm used In the practice of reser}t i a IS |rmmd":1ter|al so long
as it can, in fa@imlééhﬁs@ﬂ’%@lﬁ%ﬁ&é‘%@?)?%émqwgf?ﬁﬁw% TORIRg s R'5F the following
description, ofgoeirotdinarvy iskitdudthef antywidtk Banable to select appropriate apparatus to perform the

steps indicated ab%ﬁwfm&t@t@Uﬁgambegﬂngmte@sm@mmmme daecuseslinzthe practice of
this invention to construct a formin structutre mrt)tgeessfcgrm an.e ntqeeﬁg elt is,shgyn in schematic
outline in FIGYD%2st ?RPé’tﬁ%’?ﬁ: gﬁ%séeor?t})on wi escri ed in ter rms of that a?paratus The

first step of th@mmowamﬂym@ra%a@km‘g ﬁlﬁ?@&%@%ﬁtﬂ&%ﬁftt&@ﬁ?@%ﬁﬁi% it In FIG. 23,
forming unit 6&%&%&%&&1%@%@6@ 6l2.aid isindicatadeas Beinga, tiicsievelsbaent; it is preferably a

rotatable drurm, fhe, diameler.of s, [gunindunlkl PANdLE koahace,srlvaledionaaayenience. i
diameter shoil I(11xat:rfe it enough so that the backing EIm and the foraminous elem nt are not unduly

curved dur|ng@h’é@ﬂﬁé@é‘“%’ﬁhﬁ(s?ﬁ%%éﬂ@?@@amzﬁbﬁvﬁt AL PP R RRE B5E Sl dent distance of
travel about itmsUNaseiseiighthdisacessame stépsucan ibefacksrpishe anishhromemitig unit 613 is
rotating. The Ig t?eQBLQ EQ&%'@@/ ‘1’1@1& @l ﬁﬁﬂ%ﬁt@%ﬁ@cmlfwliﬁtﬁkgE{uﬂmXﬂotﬁmﬁmMng structure

350 being cons ructed. orm| is rata Y 8,9y Nsihat HystatedsQetenally, and
preferably, wdt @Hrf&’?:g’eé‘l S 1|§eﬁ‘fuéﬁtt?ﬁe actl\yatlﬁéurvs%a%elen th, Pré?eratﬁy, forming unit 613

is provided Wltturahbaméfrf@r tﬁlsbfﬂpﬂgcﬂfia’tﬂlﬁa@lxtﬁﬂ frBsdqE ﬁﬁ%ltﬁ‘tat‘ﬁ’é}ooﬁtbc”?o%eéscgﬁﬁtact with working
surface 612. Bagiginadijmba sabelifarexampiasadtiesiveljesedimedibenorkinigrsti#fice 612 or

forming unit 613 . can, be 1grgwd Xgmmgagestﬁggpget%gag}backmg film 653 to working surface 612
through the mﬁrtﬂence of a vaguum applied througpmegcttraht of cI%seI . SDa. %ed sn%a&lrsog[lces across

In another embodxment a flexible g structure Swhin
and 22 can be formed from the polymerization of a UV-curable polymer on an air-permeable
backing screen 430. First surface 900 defines apertures 710 which, in the illustrated embodiment
are hexagons in a bilaterally staggered array. Itis to be understood that, as before, a variety of
shapes and orientations of apertures 710 can be used. FIG. 22 illustrates a cross sectional view of
that portion of forming structure 350 shown in FIG. 28 as taken along line 22--22. Machine
direction reinforcing strands 420 and cross direction reinforcing strands 410 are shown in both
FIGS. 21 and 22, Together machine direction reinforcing strands 420 and cross direction
reinforcing strands 410 combine to form a foraminous woven element 430. One purpose of the
reinforcing strands is to strengthen the flexible polymeric forming structure 350. As shown,
reinforcing strands 410 and 420 can be round and can be provided as a square weave fabric
around which the UV-curable resin has cured. Any convenient filament size in any convenient
weave can be used, although, in general the more open the weave the better. A more open weave
generally results in better air flow through the apertures 7 10. Better air flow results in better, i.c.,
more economical, hydroforming when forming structure 350 is used to form a polymeric web,

such as polymeric web 80. In one embodiment forming structure 350 430 is a metal screen, such




34 working surface 612 of forming mitt 613. Preferably, backing film 653 is held against working
surface 612 by tensioning means not shown in FIG. 23. Backing film 653 can be introduced into
the system from backing film supply roll 631 by unwinding it therefrom and causing it to travel in the
direction indicated by directional arrow D3. Backing film 653 contacts working surface 612 of forming
unit 613, is temporarily constrained against workirg surface 612 by the means discussed hereinbefore,
travels with forming unit 613 as the latter rotates, is eventually separated from working surface 612,
and travels to backing film take-up roll 632 where it is rewound. In the embodiment illustrated in
FIG. 23, backing film 653 is designed for a single use after which it is dis ardedi. In an alternate
arrangement2HAERRTR R EE SO HIRK R SRHARAR ?i%jgse%eqfht’}’a%te%ﬁén ABICER Series of return
rolls where it i83lé ansthrghappropriaterands busesk loews dapetiri(e nbarrshga/iedsis, and the like
are not illustraiggLin bG.23-Fhefensiiansiihe bacicinafila b3 listapietackihecwarking surface 612
of the formin%ﬁgit 61B3 ag%to facili teo‘r,(eernﬂ/ §of r}p(\e’igartially cured forming structure 350 from the
forming unit. A cer(”grrlf‘f/lgl’lefgﬂ)le,’sm’oo ﬁ’p anar material such as pol ethallene or polyester
sheeting. Preferably\stewakiHeSiifh 8% 34 ieaaeTt ottt Spi &t SHecrd Hbmiaptut 0.01 to about
0.1 millimetera(@ampdhinko that Fbgcsasnahsien nfstape proceserisntbelmztaposingndf héoraminous
element 601 t%J%%u@%gﬁ&ﬂgoﬁM&.@éﬁﬁ&ﬁtwaydmﬁ thehastingdimdsipiespesed hetween the

foraminous eﬁement 601 and the forming unit 613. The foraminous element 601 is the material about
which the curfBmRosESPFRESEhesmiiY: %%h%ﬁi?ﬁbﬁ@“ﬂ&?&%ﬁ%ﬁ%?g“n%é“ﬁ% 1S4l Wire screen 430 as
illustrated in FigSp2dkantpRRrEdraend Navinblpobester filaments are suitable. Screens having mesh
sizes from of about g {oraboul3Q-iamenisaer Leninetaharrewalieuha BIe wesaanscreens are

sutable as arg screens of other, mofecomplex yeayes, Flaentsaying eieiayd or oval cross

sections are prETEFSH RIRSUGH Advantageous. it is not necessary that the filaments be transparent to

light of the acticaatiprs brasie mekrytferming SevaEF 189 dradns: FIPARMRBLY BlatvemiesaPR Erovided by
woven and nQryasseRsfalrins, papasmnakifigeipbtiessthesnopiasiosiefiindy tiadrtfiertike. The precise

nature of the %%9@&9&%%&%%% srlested Anchils dimensipns-wilkbe distalsd Rydhgmsg:in which the
forming structure 350 will be placed after it is constr%cted, Sln%e the fQ,rmlnsgnsftructL%rr{la 350 constructed
e

by the apparatReMETS el FaRc bae R RO P B AR S R Y PN O alement 601 is also

an endless beltdfarmiedofoniessrpishesnbyssidpilveesgEamsr edeverridlgingenyarordeietning. 35 As
illustrated in FiG.23 faraminoss rigsment&istrayels indheidirctiominsicatso diyoeitegtional arrow D1

about return 1ol G314t VL, /1, aRouLRINI0 k61 Sand akoub Ialids (alln Gd.a0d 615, Other
ndt

guide rolls, refirs rcrﬁ!s, Iveé means, support rolls and the like can be utilized as necessary, and some
are shown in FREe 2SN ESFRERERSES BV MSEERS Slixtaposed backing Elm 653 so that backing film
653 is interposed betweanfdnambadie dlemetht 60diapshfarrmhgfomitng18itThe specific design desired

for the forming strucyire 350 wilkditatadhe axastmetbesaiindennsiien irithe preferred

embodiment, foraminous element 601 iéléo}aced in d'irect COQE‘?}Q?Q eglf‘}g%” with backing film 653.

interposed between oTaminous element an 1;1

c¢. Applying a coating of liquid photosensitive resin to the surfaces of the foraminous
element;

d. Controlling the thickness of the coating to a preselected value;

e. Juxtaposing in contacting relationship with the coating of photosensitive resin a mask
comprising both opaque and transparent regions where the opaque regions define a
preselected pattei*n corresponding to depressions 710,

f  Exposing the liquid photosensitive resin to light having an activating wavelength
through the mask thereby inducing at least partial curing of the photosensitive resin in
those regions which are in register with the transparent regions of the mask; and

g. Removing from the composite foraminous element/partially cured resin substantially

all the uncured liquid photosensitive resin;




When the liquid photosensitive resin 652 is applied to foraminous element 601 from source 620, the
resin 652 will be disposed principally to one side of foraminous element 601 and foraminous element
601 will, in effect, be located at one surface of the forming structure 350. Foraminous element 601 can
be spaced some finite distance from backing film 653 by any convenient means, but such arrangement
is not usually preferred. Resin source 620 can be 3nozzle, or any of known means for depositing
liquid photosensitive resin, including extrusion, slot coating, and the like. ~ The third step in the
process of this invention is the application of a first layer of coating of liquid photosensitive resin 652 to
the foraminous element 601. The first layer of coating is the Ia)(erg]waﬁznwill ultimately comprise the
portion of forming struBRRFEIBE 66 SRIFSERAE BIHRUTF ST SA P SUSh (- &ufEEEE 1020 and 1060,
respectively (shown astitnéss FEiGh 22)thikknesechrsspoedng tyhirtHE it sisatdiandsan be applied to

the foraminous element 801 is,sWilable, EpmhexaAmHeRqIHiebRGaRhepigackia supply viscous liquid
resin. It is necessary thag Ii(arueid 1%hotos nsitive resin 652 be ea/&glleyaa ergLileeg[c%%ragt?g]the width of

; ons where ir arent regions -
foraminous element 607 Bri6Fto EUrng an at the reqursite quantity of matéerial be applied so as to
enter the openings of threrfenendingdeBifariletBol as the design of the forming structure 350 requires.
For woven foraminqusielgsme hétednuckdernicat/cthel raisc orogeavier poitsiofrisudven screen
structure, are preferabl{yvjaqe%%g a&%\{\lj&ﬂﬂ&@&?&dﬂmnﬁ'm, so that it will likely not be possible to
completely encase the whole of each filament with photosensitive resjn: but as much of each filament

as possibie should be Exesigdhe forasiieun ReBHERREHLIFVEIBSRE IER Baev?]@aaai?ﬁt’sv@?éiéted from the
many available commeveialtygit ieyughehmaterititsssodihjng Sihevers of ehbetgrengifrossslink under the
influence of radiation, ysuaily WiRviglekdWalghtielgrenses containing more information about liquid
photo-sensitive resins include Green et al, "Photocross-linkable Resin Systems”, J. Macro-Sci. Revs.
Macro Chem., 021 (2),187-273 (1981-82); Bayer, "A Review of Ultraviolet Curing 36 Technology",
Tappi Paper Synthetiese@erRrprss. (s epirpse) rsegn ghempcies 2Aithoraseat SEFMRAIS, "Ultraviolet
Curable FlexiplenGaatingsng ds pb&patae, bahsigse ratfe2Be(drebyntidrBlioAlkfive préiceting three

SR R Tere0es mshesialy i sferiaddigid abggosensitve resins are

references arc incorporated h
included in thgiﬁc/)l%r?gr;pﬂ L 055 series of resins ma

g y MaeDermid | ing, Technology Inc.,
Wilmingtion, [BRPrYRHE epRgaatus wlﬂ‘?@“ﬁ‘&)@i‘%?@ﬁﬁﬁ‘%ﬁ@ﬁ??@@%ﬁﬁ e'|dn‘3/rréna(lic?)nrllegl1st 0c%nﬁtro.lling the
thickness of thepeeatingith apreseibottd mafties AHdiyinselaciew Ve dorrEspERYERhe thickness

desired for theyforming SteHebd e a3 hahweanirsiangisRep R S2rfaseshERtan thd 060, respectively.
That is, the thickness h.ﬁllgesdgshc%\é/eq in FIG. 22 When the forming structure 350 is to be used to make

t . : o
the web 80 sultaBie for Use &3 a tefn% Yeet in a disposable absorbent article, it is preferred that hfl be

from about 1 rum to Hisdliststenaf BsierecestHefapiE bR Es SHRi s ks 8gitefiicker forming
structures 350Canthishuaan he B mmithidkgomthickées workiugyshitable awbansifored onbrgiling the thickness

can be used. Ilysirated . RIG 23.i5,i06 Meg.0f BiRdoihb dimibeclsaranss batweendig roll 641 and
forming unit 613 can be controﬁed mecharyscgilzll};b%/ means not §how . T etqllj@,blarék%?%nﬁ?nctlon with
|

mask 654 and ARG iHER o 6AT FeFRTE T HRe SO R P ﬁ%}lusi%l photosensitive |

0 SMO0 ive resin 652 and
to control its thickie §gaminous element are not unduly curved during the process. It must also be large

enough in diameter that there is sufficient distance of travel about its surface so that the necessary
steps can be accomplished as the forming unit 613 is rotating, The length of the forming unit 613

is selected according to the width of the forming structure 350 being constructed. Forming unit

613 is rotated by a drive means not illustrated. Optionally, and preferably, working surface 612
absorbs light of the activating wavelength. Preferably, forming unit 613 is provided with means
for insuring that backing film 653 is maintained in close contact with working surface 612.
Backing film 653 can be, for example, adhesively secured to working surface 612 or forming unit
613 can be provided with means for securing backing film 653 to working surface 612 through

the influence of a vacuum applied through a plurality of closely spaced, small orifices across




The fifth step in the process of the invention comprises juxtaposing a first mask 654 in contacting
relation with the liquid photosensitive resin 652. The purpose of the mask is to shield certain areas of
the liquid photosensitive resin from exposure to light. First mask 654 is transparent to activating
wavelengths of light, e.g., UV light, except for a pattern of opaque regions corresponding to the pattern
of apertures 71 desired in the forming structure 3584 A portion of a suitable first mask 654 showing one
pattern of opaque, Le., shaded, portions 657 and light-transparent portions 658 is shown in FIG. 27.
Note that FIG. 27 shows a measuring scale superimposed thereunder. The smallest increment of the
scale shown is 0.1 mm, The light-transparent portions 658 of first mask 654, i.e., the areas that are

not shielded SRS HER/AMR RIRPESIF S - OIFEEPEHE T IILR Sr 5DEF AERRE BROTBE ensitive resin

that will be curetidotiGrm treiaurgrestingonskenbard™@i G3of forming structure 350. Likewise, the opaque
portions 657 of first gaagk.Ghd 69 tespORSJaRatRekIRewpRassINSIHl iefifaeming structure 350.
First mask 654, cap, therefare, have opaque portions 657 corresponding.to the pattern of
hexagon-shaﬁ‘%‘&m & gé%,%#g% o?f%uf}nrbgstttr%c Ure g%ﬁ ds?f%%\?ﬁ W]ﬁg%%%%ﬁﬁ%a%agﬁ%vagé?nai-shaped
depressions Prekisigdiin G55 FrTAISV NS HERIT bhoE FRIPEE HEDTES S P TEORs A FFITFIG. 15. In
general, for azfeimsiRg:sthyclitr380 tishanmafotiasatiztifeon seras avitb fehset inics tisposable
absorbent artiglg, {he. opaae NOHiANG, Aas.ob lktmastifodehould beelasuitaRiesiAR shape, 37
and spacing to provide the necessary structure of apertures 71 for web 80 such that it exhibits
desirable fluid#fEHP pPBGRFEE™ L SEFHask 654 can be any suitable material which can be provided
with opaque and trahspasshbdegoibspatrbielia B3 thecking il 65 bifkexipledfitrre isinsisiusble. The flexible

film can be palygsigholethyienenarn crlinlesisArammothansuiialies Matetiahe henGpague regions

can be formedla any convenient means suc asdxﬁhoo raphic or gravure processes jlexographic
endless belt traveilm about a series of returh rolls whe s cleane &s ét%pjog ate ahd reused.
processes, and NKjet OF fotary screen printing processes, First mas an he an endless loop or

belt (the detaileesssmyiarivaraerns: SHéssplisori Bakisesupiifatittehindiée Supphy FarrtitPtransverse the
system to a takebgical meitieisab whiehtis ehdwg dntie iR sirat cmi shind k54 fidlitels in the

direction indicgigd by diresiang &yggw&hﬂg HRSARGe AP AT Whe s idsRigughhinto contact with

the surface of liquid photgsensitive resin 652, travels to mask guide rgll 642 jn the yicinity of which it is
removed fromAESRIETRAY FRYFEERTTR HHL 38 ?'c?gﬁ]i;’é?ﬂb%oﬁﬁ%gﬁfﬁ ﬁg’%ol?{f%’ia%#’tr% thickness of the
resin and the haxkaed8itiésos trdeafromko drprapyineuitd il apout 0.0tHe abpuiP dredlstetie process of this
invention comggisasiexposing the liquid photosensitive resin 652 to light of an activating wavelength
through the first mask 654 thereby.inducing at least partial curi f the resin in those regions which
are in register with ti%ct?gtcﬁ’gpgtreé)n%frt%eg%or?g%gé{%“‘ |%%%s?%%ﬁ%%%g%ﬁége%éQ’ﬁft]gbe fully cured in
this step, but ReEREEHABAPEA T bAGHRAEIS B dpBet] Peuirrr daifenewaslrBsShape during
post-light-- exposuiestdpsisyekitasiwabhifogaivay clemsctiedis ésimpagatiestivdiliedow. In the
em_bogggem 2&1&%&%%23 ﬁ%%%éeé?%@ﬁ&aﬂlﬁk&éﬁim&ﬁ%% @J@malzlamg&%eﬂqmsphoto?ensitli(\/e y
resin , and mas rm a unit traveling together from nip roll. the vicinity of mask guide
roll 642. Interrﬁ@@?ﬁf@gﬁ‘? ?Sﬁ%}li”gnd rﬁ%egﬁsgu‘f%‘é ?%ﬁ'eé%ﬁ%%némﬁ?%gﬁ i(s)uﬁ%b catt’%arel‘bné\éﬁ\émngwhere backing
film 653 and foresniiroutanieadrbariE0e ahpat 3 fjuntal SR O g eNiBEIS It d Pibtosensitive resin
652 is exposegkiaight afan astivedingniyavelien gitras supphied/By BXpRSK ERVANMIGE Mulkposure lamp

655 is selected, o RIOIde Lhdminatan pUmAH WA gHRvEIPRIN MUENGRIRGR.GHARO Of the liquid

photosensitive resin. That wavele gth is a characteristic_of the liquid photosensitive resin. In a

preferred embbRffTEP Y BEm IEARFGHEE HRbIERERd DS IaFE8 SR R VNG S ource. Any
suitable sourceasbdpmvidetionysuchuainmensery:bries, pelsactkien e dotrodddessidng. ladrescent
'imﬁs’ can begisgd, The p&a%%ﬁﬁfﬂbﬁ%_@%yﬁmwg%ﬁm@t ngﬁédﬂmt@%ﬁﬂ&iﬂ;\é@smlﬂa&%m@sed to light
of the appropriate wavelength, cyring is induced in the exposed portions of the gesin,, Curing is
generally manFeSie¥HY ghg igli?i%oé'ﬁ%’ﬁ %tf“t‘hngeré%séﬁ” fn%ﬁﬁ%ﬁ%g%e% areas. %I%ﬂ'vg?récgl&ethe unexposed
regions remairfoffios Shetirmépngneratied iy nerisria Hisiter inlliGh2ddpe s 8RR degree of 38

endless belt, foraminous element 601 is also an endless belt, formed, for example, by seaming

together the ends of a length of screening.




curing required in the exposed areas. The absolute values of the exposure intensity and time depend
upon the chemical nature of the -esin, its photo characteristics, the thickness of the resin coating, and
the pattern selected. Further, the intensity of the exposure and the angle of incidence of the light can
have an important effect on the presence or absence of taper in the walls of connecting members 910
through the thickness hfl of forming structure 350. Accordingly, the light can be collimated to achieve
the desired degree of taper, The seventh step in the process is removing from the cured or
partially-cured composite of foraminous element/partly cured resin 621 substantially all of the uncured
liquid photosensitive resin. That is to say, the resin which has been shielded from exposure to light is
removed from the systéistirdtie BhBadmeoshemmen icravds nthe gotation dctidinity of mask guide
roll 642, first miaskoabidrandinasksing:tiln 6581 aw, physieallyse paraig t-fas the sompasiie comprising
foramMous elgmen Bt bifte AR BAI% GHIBH 632 feh, naPIRGSIGOfigramipous element

601 and partly cured resin 621 travels to the V|C|n|§llof first resin removal shoe 623. A vacuum is

applied to ond"SFFARTSFIH et FENEPAIS PN FamETAPE Rl s S thi W Eatetantial quantity of
the liquid (unduckid) fhobc3entithedasgfiis fSiripidaphadbthecofmposites Astttne @rmposite travels

farther, it is brgyght lﬁﬁ@ﬁtlbe'f‘ﬂgHﬂ@Mff&H&%&ﬂd‘é&ﬁ@@M@(@h@%ﬁﬁ@u@§H’(‘) washosiationdain 625 at

which point the co site is. hor with water or other su Ie liquid.to emove more of
the remalnlngl?l(;iﬁ Eﬁﬁnc & tgeé}r]éle.'t\f\ll vg errgélé {ﬁrmﬁf’suéhan‘rrﬁeen %rom C}@egflnsfﬁem through resin

wash station §paisFiBRselTtia Wés?@@lﬁ%ﬂfé@@breferably primarily water or an aqueous solution at a
temperature above sneutikibndegiesskitive rofirseanshrasinr RS BreG260{aromthird, etc., as

necessary) cag,pe kseehIQLy @%ﬂ«ﬂ%@‘a‘éﬁ‘&s‘éﬁ E%ﬁb%&ﬁwc!‘oﬁé%%g JF%Q&%&'&& 1%&?&?6‘65 thg process. (A

second curing station in the form of a second | |g ht source 660 and an air-displacing medium, such as

water bath 6368 SRGHIITERS! BR-0neiEHdr (RsatdaR #he ﬁmlﬁ%cgt%fg%eém’e BEE 0 At this stage
of the procesgtommnakingfonntidigestrorctoae 36 iiedisstbefentafking ffinst Sidyenthe composite now

comprises eS%@MlMJﬁlE@ﬁE"B&%cﬁ'&%%@&@ms anduihapadialiv-cuwad, tesin g2l that tepresents the
portion of form| structure 350 corglg)s kfs)ﬁr}ig 031 ct| Iemengs 910, firs surface 900 a}nd second

surface 850 aft epre 1ons teqﬁlls 0 S?Irlﬁlpro rﬁ%iérr‘f uﬂ’f%ﬁ e partlally -formed

forming structe&iBsEdrberbienm protru5|ons 2250 the process is essentially repeated in a second
stage, and with a setanglifaisK 656 peiastTghfinst-mackiohdapplicalibe bEtofiest Bigp @ightistarts with

partially fned [DURIRG RkUEiME~denaieckon AOAIREIC 2R Advneingn Iereaigp dicared by

directional arrow D1 about return roll 611 u 9 over, and about forming unit 613 and about return

rolls 614 and &8 B %@f%%“%ﬂﬁoﬂﬂfﬁ%%ﬁg“%‘tﬁfrﬁ“%ﬂég S&H?}Brﬁ?éghgt@ﬁb&&&l%ﬁfsogﬁ& the like can
be utilized as fistassargndndizomidArensHotinrésrFilel BhPardalifi fofHed 2o rmimgestmigtere 603 is

juxtaposed bagkingchle @éﬁ&eateaa laagkéragpﬁmcﬁés ﬂaaﬂtﬂ@maﬂea@wemmr&ia%y formed forming

structure 603 and f?rmln H % pecqlc deS| S|red or the for ?lstrldcture 350 will
can CUS@ VISCO TES 15 nec SS C}'}lo rme d formlng

dictate the exact method o Juxtaposmon epre%lerrgd em o iment, p Sartial

structure 603 RYfIREERHIHK Hﬁl@éﬁ%&ﬁﬁé{amgvpémswwm ‘B%&Tﬂ‘ﬁine%’el%%kﬁ% i 653 can be the
same backingdilingrefé fiedhtorgpesiio ysdytip ofhefiist istagei«fsthe processe openings of the

foraminous member 601 as the design of the forming structure 350 requires. For woven
foraminous elements the knuckles, i.e., the raised cross-over points of a woven screen structure,
are preferably in contact with the backing film, so that it will likely not be possible 1o completely
encase the whole of each filament with photosensitive resin; but as much of each filament as
possible should be encased.

Suitable photosensitive resins can be readily selected from the many available
commercially. They are materials, usually polymers, which cure or cross-link under the influence
of radiation, usually ultraviolet (UV) light. Referenees containing more information about liquid
photo-sensitive resins include Green et al, "Photocross-linkable Resin Systems", J. Macro-Sci.
Revs. Macro Chem., C21 (2),187-273 (1981-82); Bayer, "A Review of Ultraviolet Curing




In the ninth step of the process a second coating of liquid photosensitive resin 652 is again applied as
discussed above to partially formed forming structure 603 from source 620, the resin 652 being
applied to fill the depressions, i.e., depressions 710, of partially formed forming structure 603 and, in
addition, apply a coating above the level of partially cured resin of partially formed forming structure
603. As before, partially formed forming structure §03 can be spaced some finite distance from
backing film 653 by any convenient means, but such arrangement is not usually preferred. The
second layer of coating is the layer will ultimately be cured to form the protrusions 2250 of forming
structure 350. If uniform heights of protrusions 2250 are desired, it is necessary that the second layer
of liquid photbesbraiptye FeemhBBZ Dadeisn Goappied aetods Thd WRITP: ofpdrtamimilerorming
structure 603 eQuiSIieGuantiyioCphntesansitisetseBibte a0 Dug AARR 280ks enough so as to

il the openings,afihe,eariialidarmat intaning iichyie 0% andiaiancy fibiaprgselected thickness
correspondi é%\to the desired protrusion, ht, such as a thickness. corr%% gh? %? |stance ha of
uitable

FIG. 22. WheHYRS RIS AR AYSEE fget BieaRb it ke el OF use as a
topsheet in aldigpestohacidesdrbeftiartichonitDs, 3féfed@®t that ha be from about 1.1 mm to about 2.1

nun thick. As befOf%@H&@&ﬁh'ﬁép@%‘;} J@fhﬁqméﬁdimgst&mﬁmmgweﬁummme&aﬂh@uﬂing the use of
nip roll 641. The telnth 5{?& therg)S 0cess | Iuesé(r)%tﬁc)i in Cale%%&g@({em S| %r?gggi&gﬁ second mask
qU|d

656 in contacatﬁ‘fegS fiof With fife <econd T ayer o photosensmve resin before, the

purpose of thergpizesid 59 bS%’Pﬁe@%éﬁ%%ﬂ?ﬁfﬁ@qmlﬁ%f%ﬁﬁﬁWe Tediifsm exposure to light.
A portion of aussitablerfiusinsvasis 664 shomiagionerpatteroairo piiue beusshadekk poridbns 657 and

ght-transparg AOI9NS. AP IS AIANR D EieR Nale 0B Aol 19 388G, 28 Shows a

measuring scale supermégose ereunder. The smallest increment of tht e shown is 0.1 mm. 40
As shown in Bt bEslo Ay ATaREss %bﬁ’aﬂ‘éa%né&f\?gﬁﬁﬁ W&ff@f@re ?mh“t1 e.g., UV light,
except for a patteureot 3t anspararve fegiothcB 58tokeesponding to the pattern of protrusions 2250

desired in the formim&é&%&neé&%&e&im&ﬁgmme%m&@a ofsesend mest_e@é‘?ﬁe i.e., the areas
e eSS RN ACNENRO LA 205 68/ S300RRILINS SLeRsaLigIC prOosensitve

resin that will be cur here ore, etrans arentregions o secon mask 656 correspond to the

preselected p@ﬁéml@?%é( m%%@@@&ﬁd?ﬁﬁﬁ@%ﬂ%@%é%mﬁ@@ can,
therefore, haviaipatier mobikanspakens fgicnsdeingitio sely-GRaoe tospotslds dmﬂs;ewhich spots or

dots have a one-to-qpegGarre B%QSBQ%JQM@M%}{ &%ﬁ@ggmm,&ga%@me@wm protrusions,

such as those shown in FIG ap hTth%[P mttern of I'Sréact arent Tegio Q]fls tosﬁ@?G can, of
course, be otﬁ%?‘%%éeéa‘é‘??dwﬁgt?&ﬁ%mdgﬁeﬁ g SAthe partic use of forming structure 350. In
general, for a foteingasibaiteuBEOUe Y fappHL ﬁ%e%@@“f&?%%‘ta@ﬁ%%éﬁn a disposable
absorbent artiglgssihenttananaien e ginnntssiof second igask&pbiehouitthetipagsuitable size, shape,

and spacing to provide e Resessan.aIriSiIE ALLFTUSIONS A2ALIANERAR sy that it exhibis

desirable tactilé | properties, suc erceived softness. In one embodiment, transparent regions 658

of second maBREHE L & SEh EH s SYAFPSha SIS RAL GP 2 BRIFTES ‘rﬁté%ﬁ%ﬁ §E§8§§jﬁ%p§’r‘% ona
center-to-centighdistapaenopaboutci8s sheenoind 1k 27uhifortmidficiTg vl 38TRS wansparent

regions 658 pgf, SAUAIS FRRURSIEr (RNAME? HALRET FAALRNESNIm is 0.1 mm.

The light-transparent portions 658 of first mask 654, i.c., the areas that are not shielded

from the activating light source cotrespond to those areas of liquid photosensitive resin that will
be cured to form the connecting members 910 of forming structure 350. Likewise, the opaque
portions 657 of first mask 654 correspond to pattern of the depressions 710 of forming structure
350. First mask 654, can, therefore, have opaque portions 657 corresponding to the pattern of
hexagon-shaped depressions of forming structure 350 shown in FIG. 21, or the pentagonal-shaped
depressions 710 shown in FIG. 13, or the teardrop-shaped depressions 710 shown in FIG. 15. In
general, for a forming structure 350 used to form a web 80 for use as a topsheet in a disposable

absorbent article, the opague portions 657 of first mask 654 should be of a suitable size, shape,




Second mask 656 can be the same material as lust mask 654 such as a flexible film in which the
opaque regions can be applied by any convenient means such as photographic or gravure processes,
flexographic processes, and inkjet or rotary screen printing processes. Second mask 656 can be an
endless loop (the details of which are not shown) or it can be supplied from one supply roll and
transverse the system to a takeup roll, neither of wigjch is shown in the illustration. Second mask 656
travels in the direction indicated by directional arrow D4, turns under nip roll 641 where it is brought
into contact with the surface of liquid photosensitive resin 652, travels to mask guide roll 642 in the
vicinity of which it is removed from contact with the resin. In this particular embodiment, the control of

the thickness BTHaciBs P mpiacehejRsecsios IURSE fHePRaER Dok emsl madbridigxhibits The eleventh
step of the prdegssiedampfice sragainsexposing the liquid photosensitive resin 652 to light of an

activating Wave'e”9%&%&19&‘5&@%%%%99Qum‘é‘?ngéﬁaﬁQﬁﬁ‘é‘lpéfaml&é@%mogi%ﬁ%ﬁﬁ’si” in those

regions which are in register with the transparent reglons of second mask 656, that is, protrusions

2250. In the efABBATHAERE st ARETAE RS BEm S ARy AR B Fakraledimbl R Cstructure
603, liquid phothsensitveeiodine652clanesisecand iraskiles 6 radidoinT ke dhqunittienvealingeogether from
nip roll 641 to #hgvisinity sfnask: e selh 84dotniapnediateniprolefdd axd-mask guide roll 642 and
positioned at & Incgtion yhere backing fi 6o and partally formed pnning st g 603 are il
juxtaposed foPmlng Gni. ) |qU|cfa%otose SIVeTesin 652 1S exposed to |g?1t of an agtlvating
wavelength ad3tisitsabrexposarcpisipren st heppfsrerlisd foatreeanmyesbaf famsrs, is selected
to provide illunningtiem primaeily rlithisidieotveielengiiwidni e CassescHingaddhs iguid photosensitive

resin. That wayelgnoihisa.chamaledstic.olibe baushatintasepaiiearesin. A5 befienn a preferred

embodiment the resin is Uv-gtght curable and exposure Iam% 55isa UV Iiét;ht source (in fact, is the

same light sofRAATISAE e PrEar < SRtErEP IREnBrs e S8 YAsTRBRACASE &Y A& 4 &@EFibed above,
when the liquitighibtoSehisitivés resimed e owdettwilipht shithéndipprefbielre syiodiemgtihe curing is

induced in thegyrAsethPAIQNS fiibec-sasifd e firgdsimaniesiaddyR salilifisationyof the resin in the
exposed areas. Comg/:gg%lexltxf,swe wpexposed regions remain fluid (or %@élg-%red in the case of the
i parti

previously-cured portions of aﬂ‘f ormed erﬁ?ﬁan%??tfgﬁrés%si%g intensity of the illumination
and its duratiopbefejsastivepsit (heteagierf #t i Fegtrlegtitiaeatodstmerk 434 trrebibsolute values
of the exposuradiniap sitgaardrtishedepeniot wporit e s hemisathat sreiofgiecresiniiés photo

Characteristicsa&ﬁaﬂe&l@%§ ghstheresinceating. Aud the Naltera.aeiected: Eidbethe intensity of the
7
&

exposure and the angle of incidence of the light can have an imporfant effect on the presence or
absence of tap@PiRHe HERe ’8?%8"6%5?‘?5%?6‘%%83%%3 ﬁ?ﬁgﬁﬂﬁ%gé%%géf’%ﬁﬁﬁfh flimator can be

utilized to redssecrpeEtng Bkhie Vashiogrva TRt et &sin atissprbedhydy dy dincrarpdvimg from the
partially-cured;fRERiRE in FIG. 23, backing film 653, foraminous element 601, liquid photosensitive resin 652,

and mask 654 all form a unit traveling together from nip roll 641 to the vicinity of mask guide roll
642. Intermediate nip roll 641 and mask guide roll 642 and positioned at a location where backing
film 653 and foraminous element 601 are still juxtaposed forming unit 613, liquid photosensitive
resin 652 is exposed to light of an activating wavelength as supplied by exposure lamp 655.
Exposure lamp 655 is selected to provide illumination primarily within the wavelength which
causes curing of the liquid photosensitive resin. That wavelength is a characteristic of the liquid
photosensitive resin. In a preferred embodiment the resin is UV-light curable and exposure lamp
655 is a UV light source. Any suitable source of illumination, such as mercury arc, puised xenon,
electrodeless, and fluorescent lamps, can be used.

As described above, when the liguid photosensitive resin is exposed to light of the
appropriate wavelength, curing is induced in the exposed portions of the resin. Curing is generally
manifested by a solidification of the resin in the exposed areas. Conversely, the unexposed

regions remain fluid. The intensity of the illumination and its duration depend upon the degree of




structure 350 substantially all of the uncuMd liquid photosensitive resin. That is to say, the resin which
has been shielded from exposure to light in the second curing step is removed from the system. In the
embodiment shown in FIG. 23, at a point in the vicinity of mask guide roll 642, second mask 656 and
backing film 653 are physically separated from the now partly cured resin 621 which now includes
partially- or substantially fully-cured resin of the copgpleted forming structure 350, i.e., having both
depressions 710 and protrusions 2250. The partly cured resin 621 travels to the vicinity of first resin
removal shoe 623. A vacuum is applied to one surface of the composite at first resin removal shoe 623

so that a substantial quantity of the liquid (uncured) photosensitive resin, as well as cured "protrusions”
adjacent dep,@g‘gmgujzg_@'m the SHRBRPE dURE M bsolute values of the exposure intensity and time

depend upon the chemical nature of the resin, its photo characteristics, the thickness of the resin
coating, and the pattern selected. Further, the intensity of the exposure and the angle of incidence
of the light can have an important effect on the presence or absence of taper in the walls of
connecting members 910 through the thickness hfl of forming structure 350. Accordingly, the
light can be collimated to achieve the desired degree of taper.

The seventh step in the process is removing from the cured or partially-cured composite
of foraminous element/partly cured resin 621 substantially all of the uncured liquid photosensitive
resin. That is to say, the resin which has been shielded from exposure to 1ightl is removed from the
system. In the embodiment shown in FIG. 23, at a point in the vicinity of mask guide roll 642,
first mask 654 and backing film 653 are physically separated from the composite comprising
foraminous element 601 and the now partly cured resin 621. The composite of foraminous
element 601 and partly cured resin 621 travels to the vicinity of first resin removal shoe 623. A
vacuum is applied to one surface of the composite at first resin removal shoe 623 so that a
substantial quantity of the liquid (uncured) photosensitive resin is removed from the composite.
As the composite travels farther, it is brought into the vicinity of resin wash shower 624 and resin
wash station drain 625 at which point the composite is thoroughly washed with water or other
suitable liquid to remove more of the remaining liquid (uncured) photosensitive resin, which is
discharged from the system through resin wash station drain 625. The wash shower is preferably
primarily water or an aqueous solution at a temperature above about 115 degrees F.

A second resin removal shoe 626 (or a third, etc., as necessary) can be used for further
removal of residual un-cured resin at this stage of the process. (A second curing station in the
form of a second light source 660 and an air-displacing medium, such as water bath 630, is shown
in FIG. 23 but is not used in the first stage of the process.)

At this stage of the process for making forming structure 350, which is the end of the first
stage, the composite now comprises essentially foraminous element 601 and the partially-cured
resin 621 that represents the portion of forming structure 350 comprising éonnecting elements
910, first surface 900 and second surface 850 and depressions 710.

The next step is to form protrusions 2250 on the partially-formed forming structure 350.
To form protrusions 2250, the process is essentially repeated in a second stage, and with a second

mask 656 replacing first mask 654. ' '

Therefore, step eight starts with partially formed forming structure, denoted as 603 in

FIG. 23 advancing in the direction indicated by directional arrow D1 about return roll 611 up,




composite. Note that in the second curing step, second mask 656 does not limit curing of resin only on
portions corresponding to first surface 900 of forming structure 350. The second curing step actually
cures "protrusions” uniformly across the entire area of partially cured composite 42 603, However,
only portions of cured resin over connecting members 910 join to connecting members 910 at first
surface 900 and become essentially integral with ft¥%e previously-mired resin portions. Thus, in the
vacuum and water washing steps, the portions of cured resin corresponding to "protrusions” that are in
the adjacent depressions 710 are simply removed to prior to a final light-exposure for final curing, as

described more fully below.  As the composite travels farther, i is brought into the vicinity of resin
wash showe P@@%ﬂ’?@%ﬁ“@t@ﬁ&ﬂd&%ﬂ% %ﬁ?éﬁ\kéi%a%go%%'tﬁes {():%h:%pgtlshﬁreg%%rgﬁc%gﬁly washed
with water orretferdilsjtixblentiguidstonemaisansibstisn talljealtioedrs rererairirgdigieq@ncured)
photosensitivg sesin.Fag, well Bsany eHiesisasiy Raldermsnoatpsdae dirisharhiesmingastructure 350,
all of which is discharged from the system through resin.wash station drain 6. ) cling or
disposal. Forbé%{ﬁ%ﬁg% T EdHe ﬁ%ﬁrﬁgﬁﬁ)%@ gégré?]e \Qé%nlgglf%ﬁ%%rgt@g%fﬁf?ﬁ%ﬁr%%iong of the
depressions &té- Werstredifiswenjersigeredfrder fé%?ﬁ%%&‘%?éﬁﬁ/"ﬁ% At tbratg TR derlying
foraminons mempesiianth fiasbered stiedave!, ohaidhesiondspreferishuins0¥ficimedoprevent the
unwanted cutgd MAIRIRkIQNAST Al Biccing ileS SUbRIaNKall 3 Ohtheayicuiakiasitia removed and

the remaining resin is In the final form for forming structure 350, the remaining resin is fully cured by a

second light S87e8 Batjsuste fapiy s 8% G BRRFEE fhedium, such as water bath 630. The oxygen
free medium ensurds thatiokygenidoasaos Ftedeteonits tidditploystightetring Bfithe remaining
urr:cured rﬁfgﬁ%%)(ﬁﬁﬁ&é@f&@é@’eg%?eg& g&a@al?g@ﬂﬂaﬂ?%é@&ﬁearmtcﬂw@wmmmfn-f Aj‘
shown in FIG. 2; ries of guide can be used as.r y-forme
forming structité g%%% Tals agpvgéég? lligélbﬂe élgpée ﬁ%)%é\?é% rﬁe[s:)srlg%%zieb?gf a%%%ﬁ%%%iﬁ?l %%ation can be
used, includirigrusiepKPheasihdnidisenramy foivivg 1BeisiHg st efapet brédifﬁﬁ’ﬁtﬂ%‘@f%myshallow, e.g.,
25.4 rim deepgowatblothaigytitiess03wei gbiord etfitial fexpdSureins theresittcabtivetind light 660

ensures complete uring of iheSRsiRn i baudensd and: dusable.conlitiofeement s no

usually preferred.

The second layer of coating is the layer will ultimately be cured to form the protrusions
2250 of forming structure 350. If uniform heights of protrusions 2250 are desired, it is necessary
that the second layer of liquid photosensitive resin 652 be evenly applied across the width of
partially formed forming structure 603. A requisite quantity of photosensitive resin to form
protrusions 2250 is enough so as to fill the openings of the partially formed forming structure 603
and to over fill to a preselected thickness corresponding to the desired protrusion height, such as a
thickness corresponding to distance hf2 of FIG. 22. When the forming structure 350 is to be used
to make the web 80 suitable for use as a topsheet in a disposable absorbent article, it is preferred
that hf2 be from about 1.1 mm to about 2.1 mm thick. As before, any suitable means for
controlling the thickness can be used, including the use of nip roll 641.

The tenth step in the process illustrated in FIG. 23 comprises juxtaposing a second mask
656 in contacting relation with the second layer of liquid photosensitive resin 652. As before, the
purpose of the mask is to shield certain areas of the liquid photosensitive resin from exposure o
light. A portion of a suitable first mask 654 showing one pattern of opaque, i.c., shaded, portions
657 and light-transparent portions 658 is shown in FIG. 28. Note that, although difficult to see,
FIG. 28 shows a measuring scale superimposed thereunder. The smallest increment of the scale

shown is 0.1 mm.




The above-described twelve-step, two-stage process continues until such time as the entire length of
foraininous element 601 has been treated and converted into the forming structure 350. The finished
forming structure, denoted as belted forming structure 351, can then be used in a web forming
process, such as the process described with reference to FIG. 29, for example. Therefore, in
general, curing can be done in stages, so that first4@ negative mask having UV blocking portions
corresponding to forming structure apertures 710 (having UV blocking portions in a pattern of
teardrops, for example), can be used to first partially cure the polymer by directing a UV light source
orthogonal to the mask for a sufficient amount of time. Once the polymer is par iiall cured in the
unmasked areas, a 4e#sHa MBSk HoMpdiRg s ORISR BT @IS@%@%&E@%‘:’ % ﬁ%%ta?'éht spots or dots
can be placedbeiyieexcthieidightsounfeamehiiverpsirtiaffScores pipaferthd petppimer is again cured by
UV-light to fully,cyre ihe postigesRihenelymetdhas wilthertienipusions 256k <oge the protrusions
are fully cured, the remaining uncured polymer (and partially.cured polymer) ca oved to leave
a forming strdEfE}féfﬁa’\ﬁn8’%%%&1%}%56%%%?%%%{5%%1 those ‘é?{%l%\/rl]glrﬁ%%%cf%efggr@l’%?ﬁocedure
described canios obEdufopistotetypingetin it sHbbestrinEheriare e Sxamwisrat B8ample of Formation of
Belted Forming, Susiiese condpenforning stluatara®biosinywiotinsols S MePHhmiag made according to
the process dstggghgﬁ?%@.g&%%n%s&%%e?&}%@L%re?ﬁaayagmmam@m Suelement 601 was an |

8X16 mesh bri um screening available from Hanover Wire Cloth Star B%r’%f Screening,
Hanover, PA. cTtse s rpiS Fasokp PR PRt 8 B TRT (09 P1R EREET FRERE &L RS Y inches) wide
and comprisesbsaipveniechsetdiamenispeashsitamdrshseinyifi RS RE didAdtefef about 0.24 ram.

The SCfee”i“rg;éfé@ﬁ kaﬂ%f&ﬁémg% peiaesddeng @f’%@xfﬁ}l’é@?ﬁ%ﬁ@ﬂﬂ:" aﬁ?@aa@palﬂ&las&%ahiﬁw a ls%\;vn
seam, The backing film was a Q.1 ram (004 | ick hiaxially clear po il @vailable as
ltem No. R04ﬁﬁfgﬁgﬁﬁcﬂgﬁﬁn\g§?§pﬁ%ﬂr§féﬁ%ﬁe§s§ Qic])%ﬁ?ngﬁﬁe’v%aagmgi %&?ﬁ%ﬁphgtosmsitive
resin was XP@2003vebsriehssad ftenshostae Daismsrgus AT T edRls RSP IR IYIRFRRS 6Sh, DE, USA
USA which wag ysed ahi0esb dempes aturaiaskane|\dhdran sheiny anutadde tay necessary

structure of protrusions 2250 for web 80 such that it exhibits desirable tactile properties, such as

perceived softness. In one embodiment, transparent regions 6358 of second mask 656 are each
circular with a diameter of about 65 microns, spaced apart on a center-to-center distance of about
188 microns, in a uniform spacing of about 3875 transparent regions 658 per square centimeter
(about 25,000 per square inch).

Second mask 656 can be the same material as first mask 654 such as a flexible film in
which the opaque regions can be applied by any convenieﬁt means such as photographic or
gravure processes, flexographic processes, and inkjet or rotary screen printing processes. Second
mask 656 can be an endless loop (the details of which are not shown) or it can be supplied from
one supply roll and transverse the system to a takeup roll, neither of which is shown in the
illustration. Second mask 656 travels in the direction indicated by directional arrow D4, turns
under mip roll 641 where it is brought into contact with the surface of liquid photosensitive resin
652, travels to mask guide roll 642 in the vicinity of which it is removed from contact with the
resin. In this particular embodiment, the control of the thickness of the resin and the Jjuxtaposition
of the mask occur simultaneously.

The eleventh step of the process comprises again exposing the liquid photosensitive resin
652 to light of an activating wavelength through the second mask 656 thereby mducing curing of
the fesin in thése regioné which are in register with the transparent regions of second mask 65'6, '
that is, protrusions 2250. In the embodiment iltustrated in FIG. 23, backing film 653, partially

formed forming structure 603, liquid photosensitive resin 652, and second mask 656 all form a




The first mask was a 0.1 mm (.004 inch) Color Clear Film, 787N, available from Awn of Chicago IL,
USA and was printed with teardrop pattern as shown in FIG. 27. The first mask was created by inkjet
printing the pattern directly onto the Azon Color Clear Film. The forming unit comprised a drum
about 108 cm (42.5 inches) in diameter and about 71 cm (28 inches) wide. It rotated with a surface
velocity of about 41 cm (16 inches) per minute.  41For the first cast, the photosensitive resin was
applied through a nozzle to a controlled overall thickness of about 1.7 mm (0.067 inches), with the
thickness being controlled by the spacing of the forming unit and nip roll as described above. The
exposure lamp, i.e., lamp 655 discussed above, was a UV light system VPS/1600 system, Model No.
VPS-6, purchasittefrling Peeshoniion b Aid iotho Aysip ef reskhavitsanh &1 20iRImRABCOBA. The
exposure lampyas plases ahaiiodBandldbinichas)t i tnnihe Virak alskaftich 56 :ekposute was

controlled by a quartz aperture (Opfi - I Ipsss G v ideiformn ight density across
the exposed a??(%all %ﬁ’ﬁlgg ﬁﬁ%&%ﬂﬁg@ﬁ%si gr?é?%%%{g%ﬁf%?n%&ﬂnch% f/{hts)m fIhe surface of

the mask, andP¥HICRPeseR st b aoratTBEIRE HSAFIHE SHRRUSA QYBBRUF 08 12 inERES o the direction
of travel (i.e., afpotidhenpésipmegynobiosmringdiomaie)lThadighpriagiboitatdd vewlretor is optional
but helps collipate the.light.foshetiencuripg sasalution. tiauaherhé Blama ariaghy hexagonal
honeycomb collimator that was 38 &u%‘ 5 inghrgisgntqflle i.e. .38n trersoQ1 JURE Qacxé;gtgea honeycomb
structure).  AHEPIETHITTRER ay&PWAS BXP6sed to dﬁ’é’ﬁt,‘t e first mask' was separated from the
composite of padtiaplyeeia S8i aHY lisktapscrés fssiis hasnlidserrentadddbhipdsiecy an
aqueous solutipmof-wateudtategaienrs/per minute), Mr. Clean(r) (0.065 gallons/minute) and Merigraph
System W6200 defogmer (0,089 gallons/minyie) Al 3JS0ReTaNR ahaRaYs dde degrees F through 4

sets of showers, each comprising a 28 inch wide manifold of 17 nozzles. Three showers sprayed from
the top of the é@?ﬁﬁ%@tﬁéf%ﬁ%’éﬁe%‘rﬁ RdpgdniRe &P ?%W(@nﬁl%fttéﬂﬁgl the E5Mmposite was partially
cured, which mesitstthap theliiitatastod fresinwaberapdeifacardchnrrsdrdheluprstdree, e.g., lamp 660
desg”bed sbo}/egiam%mﬁ@ib« shaompasiiecomprisnghn fist-aaateftasinr panscpmprised the
teardrop shaped depressions 71 forming structure 350..The first cast of resin |hited a thickness
above the foral AU BIEHERT! gcé)g Utl% I%‘rt%s%ogé% }Ir?%‘ﬁb’?’*ﬁ‘ neamglrtslg ?gé%nrgﬁmc%(r@p%site was run
back over the fbyrsrer offtinsessive inibeirk e tEetn dhs AhgUUST TRESH RS HEEPIHE E5 & bhotosensitive
resin was appligddearyevesh thicknessnfaboctR: nesn (6 @Fdtdnthes)risibichatizgatoet 0.24 mm (0
010 inches) thigker{nan fhe.flishapricalian ol esifk-/\-seaend pask aasHset dadsecgnd mask

having a patter_nap?ssmaﬁ ransparent circles 0.0t8 O.pOB inches) in d'amcgé%rf nd Spaced 1S0.18 mm
(0.007 inches) Reifftes 5 e lvof B e ITRETATHINHIE R au IR SRSt T EIE " 58,

of the protrusions 2250. As mentioned before, a light collimator can be utilized o reduce

tapering of the walls.
The twelfth step in the process is again removing from the partially-cured forming
 structure 350 substantialty all of the uncuréd liquid photosensitive resin. That is to say, the resin
which has been shielded from exposure to light in the second curing step is removed from the
system. In the embodiment shown in FIG. 23, at a point in the vicinity of mask guide roll 642,
second mask 656 and backing film 653 are physically separated from the now partly cured resin
621 which now includes partially- or substantially fully-cured resin of the completed forming
structure 350, i.e., having both depressions 710 and protrusions 2250. The partly cured resin 621
travels to the vicinity of first resin removal shoe 623. A vacuum is applied to one surface of the
composite at first resin removal shoe 623 so that a substantial quantity of the liquid (uncured)
photosensitive resin, as well as cured “protrusions” adjacent depressions 710, is removed from the
composite.b Note that in the second curing step, second mask 656 does not limit curing of resin
only on portions corresponding to first surface 900 of forming structure 350. The second curing

step actually cures “protrusions” uniformly across the entire area of partially cured composite




The composite was cured again by light source 655 as described above and subjected to the showers
624, as described above. After the showers removed substantially all of the uncured resin, the
composite was post cured by directing a post-cure UV light at the composite, e.g., from source 660,
while the composite was submerged in 2.5 cm (I inch) of water containing 36 grams of sodium
sulfite/gallon of water. The sodium sulfite is optionaf, but is a good oxygen scavenger. The post-cure
UV light source was placed about 20 cm (8 inches) from the composite. The resulting belted
forming structure 351 exhibited columnar-shaped pillars (i.e., protrusions 2250) having a substantially
unifolin circular cross-section extending from the first surface. The protrusions each had a height about
105 microns, &0 AN RLHROGEBE FhrsIES L AL CR AR L EBRTE P Loy 8PR585t% 188 microns.
The belted fowtinbestpitt fes8StfadSoad diti beraiy exdailbittiyl iungfol wittebe dropestiapedidespressions 710.
Photomicrographs,of TRRreseRialive.nerinns shihe helitdopmina sl masepyiigprocess
described above are sho;gvtrpJ itn FIGS. 2d4-26,C ote th%t,plr gusslilg S are se (r;nlegrstbiarllgeng{al extensions of
the first surfad® B’fofﬂlél?%srmlﬁgarset%ﬂc BrE RIS TEBEREVed (6 ve due o the pSR/mer being only partially
cured in the fitightstenpeuest fdippiseass, 2 Aessiivadipetsdlharedtformation of the protrusions.

Variations on the methaéefieiming-aiiamngisinctise iofthe perse bt inveniibnhotiliziéig the
phOtOSE”S'“V%n'EF}%é’ﬂfSJIA:EH‘QaE&%%?&&?i?&ﬂ@ﬁ%%ﬁ%% 8@9&%&%&?&%&@@@%&%@@ the scope of

the present invention. For example, in one embodiment, the above described twelve-step process can
be modified by kAt FRER MR HEHe b SR B HED LR BES BRIRGREWpletely
transparent. lrethisembedimentedikthmochimue pasivéthérifisstddymrinpsosatingp 068Podf UV-curable
resin is partially,citesl 494208 admanclithic islabn edspartialin-seraskresis sF ke yampadning steps of the
process are c%rried o%n as deﬁcribe aho el |e %ut?‘iengctgln? g%rryﬁtiﬁ)gcg\ta%(r)gtlru%ieorgsi 0225 by use of
second mask ?é.sallh RIS Hanner, a f%%lﬁg Sirlictiire 18 Tormred havin pro rSions 2250 but having no
depressions 7ROddDspsieui TR Y- thave et 1sE Y Areler Yy &@éﬁgﬁﬁéﬁ@é@églgﬁ%h as by laser
etching. Othenimathaadsaf makmghiosming SHudatiesiel e paianplaiatcitnnroaamplee resins, such
as therma"y'CLH{‘%%%-ereX‘ﬂl‘&%HLﬁob\L%s'BeﬂQﬁ) or UV-curable resins can bc partially cured (i.e., partially
polymerized) into "slabs" of material, the partial curing being sufficient to handle the slabs in a process

of wrapping the slabéfﬁ?ﬁf&}béﬁ?l'i‘ﬂﬂu?’cﬂ} ¥ the aeured Sestn b KRR er RS BYEBREIRRABBIRG, or by piecing
discrete slabsfintbfamdmpletecstivrdrcabfohmreteniertiaihicifedweshy earsdnd fgliseured, thereby
forming a unitggy, fuliv-suretacolindiical sieave okpelyariigad anmtesiahthsh canrbateafter by laser

etched, for example, tg form depressions 710 and/or usions 2250, The benefit of such a process
is that the cyliﬁﬁ%ﬁﬁ%r%%ﬁﬁ%%onﬁaﬁa self?l%t%?ée(?gf# ?gﬁ%?é’%‘%? \?V%R%ﬁ?ﬁ%gn eed to make a seam.
Thus, unlike am8BicBFERSHEHOTIHEEE AT RS S5 ™S #ifing structure so made is
inherently seamless.AAelditianaliG.intlhdeisabiayeksrdf €L abldresinacaquied aiguigs thea predetermined
manner such that layersbenipgAiariag.Materal RIRPestes canRe e RNERIL0fe poatorming

structure having yarying material properties.throughout its thielmess, for example. additional
processing ste‘:ﬁ?ﬁgﬁﬁ%ﬁ}“b‘éa’bgé‘?féﬁ% ié?%Bdglﬁﬁi? %/Lﬂétén%f&ff (%%é%%%%l%%&ﬁws ect{%lﬁfggﬁgllgi/ers of
partially-curediresirsihitsealigperirg Précendapsidnaboiecvn weighitAbe fasl srmemerdgiional

variation on theyneshed ahamkingademmsirangilicturndyr useeah partially-putestd slabsionianaterial on a
cylindrical form, the partially-cured slabs can be layered, with the outer-most layer being a layer having

condition.” .
formed thereon protrusions 2250. Thus, ) ) )
The above-described twelve-step, two-stage process continues until such time as the

. entire length of foraminous element 601 has been treated and converted into the forming structure
350. The finished forming structure, denoted as belted forming structure 351, can then be used in
a web forming process, such as the process described with reference to FIG. 29, for example.

Therefore, in general, curing can be done in stages, so that first a negative mask having
uv blocking portions corresponding to forming structure apertures 710 (having UV blocking
portions in a pattern of teardrops, for example), can be used to first partially cure the polymer by

directing a UV light source orthogonal to the mask for a sufficient amount of time. Once the




46 upon fully curing, the fully cured resin need only have depressions 710 formed, e.g., via laser
etching, to produce the final cylindrical forming structure.  One advantage of making a forming
structure by use of partially-cured "slabs" of material placed on a cylindrical form is that the cylindrical
form utilized can be part of an overall support structure for the forming structure. For example, the
partially-cured slabs can be layered over a foramiggus member, such as a metal or polymer screen
member. Once fully cured, the partially-cured slabs can become adhered to the foraminous member,
which is then a unitary part of the forming structure and can provide for strength and durability for the
forming structure. Further, the partially-cured slabs can be laid up onto a relatively rigid _but
air-permeableohiegabr b KA e g‘h‘&‘f?ﬁ‘f’&rﬁ‘lﬁaﬁ’léﬁ?ﬁ?ﬁ%ﬂﬁ‘iéf@ﬁﬁsw&‘gagﬁ'pﬁﬁﬁsﬁlﬁd rigidity to
the forming sipaeianey-Metalbaneyconbstubtpies;dfortexartiplbgitarnise prdbidedintaedar forms,
such that upopfilly cyiingthe nastiallvacurersiains.of matesial dibsoinak stiusyes-aselatively rigid,

cylindrical, air-permeable forming structure.  Other m%tlﬂogzjusr %f rpal&iggﬂfgrrﬂggﬁgtructures are
contemplated? %Eﬂﬁ?ﬁ&%ﬁﬁ a%{‘?ﬁgll?ﬁﬁ%nflésé nﬁﬁfﬁe, W |Ch et.ﬁe o.rr'rﬁng structure 350 is cast in
a negative impigssidmamitalbured] pridrsmevestemrorccroripreie HutBstiatee stiiltas a
polymeric suhgirate c3m hedasammachined 1o fmmithediegadive @ibédrmibg wtdiiure 350, i.e., a mold
having the internal shape of formi tryctur ..Once laser machined, a polymer could be directly
cast into the %8‘%% %%%Pgéﬁigﬁ%/?gﬁbﬁ%gxré? ffée agents, and the like, as is known in the art). The
resulting forming structure 350 would have the positive shape of the mold. Alternatively, the
laser-machined molg:aeilel diavenbiiii ofBéherBimabyeeleatiaplating, for example, a metallic forming
structure 350. Also, forming structures could be formed by way of electroplating techniques, in which
successive layers of material are built up into a suitahle form One of the advantages to making
forming structure 35%81’??%%8%%88&%@%%%% egr%é?]ﬂzfg%aﬁ%asdfﬁ%c%é? ﬁ%f%gg%r%ed with respect to
FIGS. 15 and @du2dstibret with wepaqingFsE-2atuleray iraln GanpogPiensy Siivedasd $dbntinuous belt,
much like a papenBaking.Rellis sisadhinata:ab e Menianeds Dok tur 2821 satentsSuch a continuous
belt is referre%tagoherq;t%s%%sgr%élble "belteg;';ﬁ%%%@&ﬂ%%ﬂ%%eﬁ%@?&ﬁe&ﬁ 424%@96@5 that the

framing structure S 1 A of ggcg%st?ﬁﬁous, xible band of material, much like ? onveyor belt or
papermaking e, 24 eBpwesks BoRe RSl gt B G Ph e AR B St CRTPEI S % the forming
structure of the presertlisvestion varcbetutilizeda afpaperarakine Betndhipape aritsiiFprocesses for
making texturgg PaARGLesHCh as tissue paper. 47 FIG. 29 shows in simplified schematic
representation one embodiment of a process for maki olymeric. w j tion using a
flexible belted forminpg‘%?ﬁ?&rﬁﬁgggﬁésﬂg gf%n 'r?,(%gf ghq%)(’?{rr%ﬁy a@?rﬁ%%ﬁ?%%%%?é@%g%é %%ntinuous
belted membessdiaiol & RIATHEIEHH8 s FEwiy: Y4TSR g?&‘.’?li’ﬂﬂqué{%‘f"B’glfed forming structure
351 is guided vekdaimingsvam $262008hilpuanhdembing Mudbe:bidibeiterTieimilgsstructure is
supported by farming, drupy:518,and, RIREHIeRN HLL20HS HRRRHEM RBfARg sucture 351, The
formation of web 80 on orming structure 351 proceeds the same way as described above with respect
to FIG. 9 and f8#AAEEFUm 350. Therefore, precursor web 1.20 can be subjected to liquid jet 540, (or
jets) as well as dryingméatsB08:or Wrying)eitfriadirepinddns FimolaVery sl cess described

schematically i,f1G, 29udRyingveansS98raniatpingiiumibls isrpiinaihbecanss: deying (and/or

annealing) is provi %egiﬁfor elsewhe{e in the ro| e%%toatged&(ﬁr&?g farefully below. Therefore, in the

embodiment d&&&H lfllvkljt%%%ﬁﬁl_ ct16°H1G 28, drying means 590 can be replaced by re-heat means
to further form precufSrovaing Po: comprised A Sram RS AIGH eI BA G PEH SPLARE Bhd the
process is essgnizdiyhenbiauitkdr e qpiecess alinsuel dopiocé sisliqidyels Bdiand orgying means 590

are replaced by re-heat means as deseribekaborgiRracures fimud2Ois hegtesbhorrheat means

that, together with vacuum if necessary, conform éprézcu,rt or vtyfe%kfmlzq)t% fo&rmo frugture 351. Because
no liquid is useXSAHCHREE A5 HH IS AREEE R R S G TG S 18DS disclosed herein can be

eliminated.  spacing of the forming unit and nip roll as described above.

The exposﬁre Jamp, i.e., lamp 635 discussed above, was a UV light system VPS/1600
systemn, Model No. VPS-6, purchased from Fusion UV Systems, 910 Clopper Road, Gaithersburg,
MD, USA. The exposure lamp was placed about 35 cm (14 inches) from the first mask and the




As can be seen in FIG. 29, belted forming structure 351 does not simply rotate on forming drum 518
but is guided onto and off of forming drum 518. As belted forming structure 351 is guided onto forming
drum 518 it is preferably dry. After belted forming structure 351 is supported by forming drum 518, or
concurrently therewith, precursor web 120 is guided over belted forming structure, 351 and
hydroformed as described above. After passing dddng means 590 the belted forming structure 351
and a three-dimensional, aperrured, formed film web 80 of the present invention are guided off of
forming drum 518 together. That is, polymer web 80 is intimately in contact with and supported by
belted forming structure 351. This permits further processing, such as drying or annealing, if
necessary, (CTRITPRASSHIRMERS DBRAREPHEE SBLa:f CHPH BT b IR BERE ¥ ing structure
351. In this mahnensipolyme thwelp@edcan ef teresiurdhcy reatensinond withib bt colldpsing, tearing, or

oth gr\g/i_se ﬁﬂg{ﬁ@@_ﬂ&ﬁﬁg}%ﬂ%\@t@%ﬁ%m wﬁﬁ@@éﬁ@ﬁ%gfﬁtﬁt&wé@&%ﬁw Bﬁlhéﬁéﬁtf web 80 are
guided in the direction indicated in FIG. 29, i.e., the machine direction, to a thr -air drying means
800. Throught A7 IR FHARRE E5! ’é(finz%véﬂf%'r@r'h% A rggﬁ{ﬁgea'rﬁ%ggl%a%%ﬁ%%gﬁ 29, but can be
in any of othdigkhwswrolimatestfiejliratnsomppm utskn sod oo fhrdigkb rbeHsee @ which is forced
through polymgsiwveh) &bznd heltes formioy stkagirEndRYctme Hatnduyingof i welfl Hlowever, other
drying meansinaoggsggﬂrﬁ_gng@}nenq 3 ‘%%&%E@Eé@&%ﬁ@ﬂg'Qﬂ}étq{éﬁi.ng or limited orifice drying techniques

common in the papermaking industry for drying paper webs. Drying means shown in FIG. 29
comprises rotating PeIBHS ArSiFg iR B XASHAEY i IS Ha RS 8P AR FBRMEric web 80 are
supported by @ypagtelstiparB0R-eucdyiesp luidhsustiad e weforsbe throubhcbeltestifbying structure 351

and polymerig weh 80nFiich Sish 186 Sicsaneieised:fiombaostsidetatbradnside of drying drum
802, as shown in FIG. 29, or, it%

be | the inside to the outside. In ei figuration, th
point 5 hat (TEPLREEES ARG B8O e RLELED W A D B ARy CLERored on bolt

g of polymeric web ¢ _ . remaing fu suﬁrﬁeosrted on belted
forming strucifer @8l 4 Bty pighavisth eiehepramsisEEmAd now idnaanifltriidistarescdmtgnt, drying drum

rotation velocifhai plabel atjusieRras hecenseaik menturenatiesirate. drying of polymeric web 80 prior
to being guided off of JY{AGANReemodBENG SEU,AQRLARNANE:R AU A 808 to aid i

fluid flow through polymeric web 80 and belted forming Structure 351, Additignally, fluid removal

means can b& SRIFEIbIAATETE BytRePra MO SeHfrdrE pEIABHHETS B Fiuit FERBVEI means can
include a simpleedraimpiiforompgsidaihe BEDgastrf cesin absocimuitstd hethredremsbansii drpipions as is known
in the art to reﬁﬁ(ﬁé@ﬂﬁﬁﬁ%}i}iﬁ%&ﬁ@e TRl Ng-aRRAMBILE « BiMiAg Sivive 303 &aRuhave a positive
D e s SR A KRS Mg (A Slacs ldorming ot 802

e
prior to repeaﬁnéniﬁe piocess of s ppor‘ﬁﬁ belted for Ing structure 351. Liquid removed can be
simply capturderineRtissePBhms ieithe AeRRS S IS TR RIBSHS: STREARe BYRLSIRIHY 718 ¥3vater recycle
system. OnsaidaatymerieaviiGesanthielte chio (OTHistesgtubicBois abeuy Oitfedno(f.6Tdrying drum
802, polymerig, weh 80,5, saRied g nslieadgrming shushis R0kt SeRakiRRoINt 830. From

this point polymeric web 80 may be, if necessary, subjected to dgltio.al rying, suc by radiant
heat drying mE&fEE R8s of ARalfRBsERE YT eﬁﬂi@%@ﬁ“&ﬁ%é“‘ﬁg%s 15(‘9{11 %rﬁﬁdtfe}_lc eg %C%é)g‘l?ional drying
means, such as:f¢y&ed iashayymtprrecmts g 0on Ry ieabuenderamtyihgmiediisiis  dhitable under the
processing conditiong,cashesiizechas NRGESSEEN: loueRsIsad Bataaly smevicaumititia sufficiently dry
prior to final processing jnto rojl stock and belted.formi r IsRulficiently,diyto avoid
introducing mé}?gt%lf)év n é%igsigriﬁsecf%?go%ﬁ‘éﬁ'r iée%%%%ﬁggg?%%%%% &%%t@% 80. Sufficiently dry means

olymeric we
dry enough sueki Wﬁéﬂﬁ?é&%ﬁ?@%&s@ﬁ?@%&?@ﬁ’%&g b ST S amiTBBwW in the
polymeric wehsaneerain]mitie thottisiated submerged in 2.5 cm (1 inch) of water containing 36 grams

of sodium sulfite/gallon of water. The sodium sulfite is optional, but is a good oxygen scavenger.
The post-cure UV light source was placed about 20 cm (8 inches) from the composite.

The resulting belted forming structure 351 exhibited columnar-shaped pillars (ie.,
protrusions 2250) having a substantially uniform circular cross-section extending from the first -
surface. The protrusions each had a height about 105 microns, a diameter of about 66 microns,

and a center-to-center spacing of about 188 microns. The belted forming structure 351




MCGI 49 What is claimed is: 1. A polymeric web (80) comprising a polymeric film (120), said web (80)
exhibiting a soft and silky tactile impression on at least one side thereof, said polymeric web (80)
comprising a precursor web (120) having a first thickness and a pattern of discrete generally columnar
protruded extensions (225), each of said generally columnar protruded extensions (225) being a
protruded extension of said precursor web (120) agg having a side wall (227) defining an open
proximal portion (229) and a closed distal portion (226), and wherein said precursor web (120) is
thinned at or near said closed distal ends (226) of said generally columnar protruded extensions (225),
wherein said generally columnar protruded extensions (225) have a largest lateral cross-sectional

dimension at saddipedxienbibiest Heiorpaordjopshanpd daprynerally Bulvmineespbteided extensions (225)
have an aspeeipraligflepderst Orhanteyherain satthwehd8s) fuhercanpiisesinacioscopically

expanded, thr&%v&'l'%%@%‘f‘%n%%%%k%&%ﬁ%%%@ss %rce% &%Qs@xg%?&&@m&fa\%here'” said

lateral cross-sectional dimensions steadily decrease to said portion (226). 3. The web (80) of

claim 1, wherdite g sRshus 2B o€ ?Heﬁwﬂw%@mﬁﬁ?rp%ﬂ%ﬁ&lp SBRsI225) decrease
in thickness wih fircregsifthapnsiitude dfisdivcgen eftal iproekirm néthp postusieds.extensions (225). 4. The

web (80) of claim 1, ywhar&io it %ﬁ%ﬁ%ﬁ&ﬁ%ﬁ%ﬂfg&%@ﬁ% SXIRNSIARS f2<4midNave.ap average
center-to- Cent%r Sf?otgsle!‘]ngltgefxre%m-gl%%léE)g'o%(e)s lacs:ggglsci a ox21e5 gan g l;r?a e Qt"t%%ﬁdle%%rtlngg fo oojﬂg InCh)

scope of the present invention. For example, in one embodiment, the above described twelve-step
process can be modified by eliminating the first mask 654, or by simply having mask 654 being
completely transparent. In this emﬁodiment, all the resin deposited in first layer, or coating, 652
of UV-curable rc;in is partially cured to form a monolithic “slab” of partially cured resin. The
remaining steps of the process are carried out as described above, including the formation of
protrusions 2250 by use of second mask 656. In this manner, a forming structure is formed
having protrusions 2250 but having no depressions 710. Depressions 710 can thereafter be
formed by a separate process, such as by laser etching. »

Other methods of making forming structures are contemplated, For example, resins, such
as thermally-cured (e.g., vulcanizable resins) or UV-curable resins can be partially cured (i.e.,
partially polymerized) into “slabs™ of material, the partial curing Being sufficient to handle the
slabs in a process of wrapping the slabs onto cylindrical sleeves. Once wrapped, either by spiral
wrapping, or by piecing discrete slabs into a complete cylindrical form, the partially-cured resin
can be fully cured, thereby forming a unitary, fully cured, cylindrical sleeve of polymerized
material that can thereafter by laser etched, for example, to form depressions 7106 and/or
protrusions 2250. The benefit of such a process is that the cylindrical form of the forming
structure can be achieved without the need to make a seam. Thus, unlike a typical belt-making
process that involves a seaming step, a forming structure so made is inherently seamless.
Additionally, individual layers of curable resin can be laid up in a predetermined manner such that
layers having differing material properties can be arranged to form a forming structure having
varying material properties throughout its thickness, for example. As an additional Erocessing
step, it may be beneficial to apply layers of uncured curable resin between layers of partially-
cured resin in the layering process described above.

Further, as another optional variation on the method of making a forming structure by use
of partially-cured “slabs™ of material on a cylindrical form, the partially-cured slabs can be

layered, with the outer-most layer being a layer having formed thereon protrusions 2250. Thus,




5. The web (80) of claim 1, wherein said silky feeling side of said web (80) exhibits at least about 1500
of said generally columnar protruded extensions (225) per square centimeter. 6. The web (80) of claim
1, wherein said precursor web (120) comprises a multilayer web. MCSLLP 50 7. The web (80) of
claim 6, wherein said precursor web (120) comprises particulate matter in at least one layer. 8. The
web (80) of claim 1, wherein said generally columigr protruded extensions (225) are substantially
cylindrically shaped. 9. The web (80) of claim 1, wherein said generally columnar protruded
extensions (225) have a substantially non-uniform lateral cross section. 10. The web (80) of claim 1,

wherein said generally columnar protruded extensions (225) exhibit an average diameter of at least
100 microns (lg)_@(mllm@ﬁ;r}g, the fully cured resin need only have depressions 710 formed, e.g., via laser

etching, to produce the final cylindrical forming siructure.

One advantage of making a forming structure by use of partially-cured “slabs™ of material
placed on a cylindrical form is that the cylindrical form utilized can be part of an overall support
sMcﬁre for the forming structure. For example, the partially-cured slabs can be layered over a
foraminous member, such as a metal or polymer screen member. Once fully cured, the partially-
cured slabs can become adhered to the foraminous member, which is then a unitary part of the
forming structure and can provide for strength and durability for the forming structure. Further,
the partially-cured slabs can be laid up onto a relatively rigid but air-permeable membrane, such
as a honeycomb membrane that can provide support and rigidity to the forming structure. Metal
honeycomb structures, for example, can be provided in tubular forms, such that upon fully curing
the partially-cured slabs of material, the final structure is a relatively rigid, cylindrical, air-
permeable forming structure.

Other methods of making forming structures are contemplated, including creation via a
molding technique, in which the forming structure 350 is cast in a negative impression mold,
cured, and removed. In one embodiment, a substrate, such as a polymeric substrate can be laser
machined to form the negative of forming structure 350, i.e., a mold having the internal shape of
forming structure 350, Once laser machined, a polymer could be directly cast into the mold (with
appropriately-applied release agents, and the like, as is known in the art). The resulting forming
structure 350 would have the positive shape of the mold. Alternatively, the laser-machined mold
could have built up therein by electroplating, for example, a metallié forming structure 350. Also,
fonning stfuctures could be formed by way of electroplating techmiques, in which successive
layers of material are built up into a suitable form.

One of the advantages to making forming structure 356 from a flexible polymeric
material, such as the material described with respect to FIGS. 15 and 24-26 is that the forming
structure is flexible enough to be utilized as a continuous belt, much like a papermaking belt is
used in the above-mentioned Trokhan ‘289 patent. Such a continuous belt is referred to herein as
a flexible “belted” forming structure 351. By “belted” is meant that the forming structure is in the
form of a continuous, flexible band of material, much like a conveyor belt or papermaking belt, as
opposed to a relatively rigid tubular drum-shaped structure. In fact, the forming structure of the
present invention can be utilized as a papermaking belt in papermaking processes for making

textured paper, such as tissue paper.




11. The web (80) of claim 1, wherein said generally columnar protruded extensions (225) exhibit an
average diameter of between 50 microns (0.002 inch) and 130 microns (0.005 inch). 12. A disposable
absorbent article comprising a fluid pervious polymeric web (80) of any of the preceding claims. 13.
The disposable absorbent article of claim 12, wherein said macroscopic surface apertures (71) are
oppositely oriented from said generally columnar prptruded extensions (225). 14. The disposable
absorbent article of claim 12, wherein said article comprises a catamenial device. 15. The disposable
absorbent article of claim 14, wherein said catamenial device comprises a sanitary napkin (20). 16.

The disposable absorbent article of claim 15, wherein said polymeric web (80) comprises a topsheet
(22) of said sanitarFiapRifgpein sigplified schematic representation one embodiment of a process for

making a polymeric web 80 of the invention using a flexible belted forming structure 351. As
shown, belted forming structure 351 can be a continuous belted member guided and held
tensioned by various rollers, e.g., rollers 610. Belted forming structure 351 is guided over
forming drum 518. While on forming drum 518 belted forming structure is supported by forming
drum 518 and precursor film 120 is supported on forming structure 351, The formation of web 80
on forming structure 351 proceeds the same way as described above with respect to FIG. 9 and
forming drum 350. Therefore, precursor web 120 can be subjected to liquid jet 540, (or jets) as
well as drying means 590 (or drying/annealing means). However, in the process described
schematically in FIG. 29, drying means 590 on forming drum 518 is optional, because drying
(and/or annealing) is provided for elsewhere in the process, as described more fully below.
Therefore, in the embodiment described with respect to FIG. 29, drying means 590 can be
replaced by re-heat means to further form precursor web 120.

In one embodiment, liguid jets 540 are not used, and the process is essentially a liquid-
free process. In such a process liquid jets 540 and or drying means 590 are replaced by re-heat
means as described above. Precursor film 120 is heated by reheat means that, together with
vacuum if necessary, conform precursor web 120 to forming structure 351. Because no liquid is
used in this process, no drying is necessary, and the drying steps disclosed herein can be
eliminated. ‘

As can be seen in FIG. 29, belted forming structure 351 does not simply rotate on forming
drum 518 but is guided onto and off of forming drum 518. As belted forming structure 351 is
guided onto forming drum 518 it is preferably dry. After belted forming structure 351 is
supported by forming drum 518, or concurrently therewith, precursor web 120 is guided over
belted forming structure 351 and hydroformed as described above. After passing drying means
590 the belted forming structure 351 and a three-dimensional, apertured, formed film web 80 of
the present invention are guided off of forming drum 518 together. That is, polymer web 80 is
intimately in contact with and supported by belted forming structure 351. This permits further
processing, such as drying or annealing, if necessary, to take place while the polymer web 80 is
still supported by the belted forming structure 351. In this manner, polymer web 80 can endure
much greater work without collapsing, tearing, or otherwise deforming in a negative manner.

Belted forming structure 351 and polymer'web 80 are guided in the direction indicated in
FIG. 29, i.e., the machine direction, to a through-air drying means 800. Through air drying means

can be in the form of a rotating drum as shown in FIG. 29, but can be in any of other known
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configurations. Drying means 800 preferably utilizes air which is forced through polymer web 80
and belted forming structure 351 to effect drying of the web. However, other drying means are
contemplated, such as the use of capillary drying or limited orifice drying techniques common in
the papermaking industry for drying paper webs.

Drying means shown in FIG. 29 comprises rotating porous drying drum 802. As belted
forming structure 351 and polymeric web 80 are supported by drying drum 802 a drying fluid,
such as air, is forced through belted forming structure 351 and polymeric web 80. Fluid, such as
air, can be forced from the outside to the inside of drying drum 802, as shown in FIG. 29, or it can
be forced from the inside to the outside. In either configuration, the point is that the fluid effects
drying of polymeric web 80 while web 80 remains fully supported on belted forming structure
351. Drying drum dimensions, fiuid flow rates, fluid moisture content, drying drum rotation
velocity can all be adjusted as necessary to ensure adequate drying of polymeric web 80 prior to
being guided off of drying drum 802.

Drying drum 802 can have a vacuum chamber 808 to aid in fluid flow through polymeric
web 80 and belted forming structure 351. Additionally, fluid removal means can be utilized to
remove liquid removed from polymeric web 86¢. Fluid removal means can include a simple drain
in forming drum 802, but can also include active removal via pumps as is known in the art o
recycle water back to the hydroforming apparatus. Drying drum 802 can have a positive pressure
chamber 810 which aids in removing excess moisture from the surface of forming drum 802 prior
to repeating the process of supporting belted forming structure 351, Liquid removed can be
simply captured in container-804 and removed appropriately, such as by draining into a water
recycle system.

Once polymeric web 80 and belted forming structure 351 are guided off of drying drum
802, polymeric web 80 is separated from belted forming structure 351 at separation point 830.
From this point polymeric web 80 may be, if necessary, subjected to additional drying, such as by
radiant heat drying means 840, and likewise, belted forming structure may be subjected to
additional drying means, such as forced air drying means 850. In all cases, other drying means as
suitable under the processing conditions can be utilized as necessary to ensure that polymeric web
80 is sufficiently dry prior to final processing into roll stock and belted forming structure 351 1s
sufficiently dry to avoid introducing moisture into the interior of hair like fibrils 225 of polymeric
web 80. Sufﬁcicntly dry means dry enough such that post-manufacture moisture related problems

such as mold or mildew in the polymeric web are minimized or eliminated.
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What is claimed is:

1. A polymeric web (80) comprising a polymeric film (120), said web (80)
exhibiting a soft and silky tactile impression on at least one side thereof, said polymeric
web (80) comprising a precursor web (120) having a first thickness and a pattern of
discrete generally columnar protruded extensions (225), each of said generally columnar
protruded extensions (225) being a protruded extension of said precursor web (120) and
having a side wall (227) defining an open proximal portion (229) and a closed distal
portion (226), and wherein said precursor web (120) is thinned at or near said closed
distal ends (226) of said generally columnar protruded extensions (225), wherein said
generally columnar protruded extensions (225) have a largest lateral cross-sectional
dimension at said proximal portion (229), wherein said generally columnar protruded
extensions (225) have an aspect ratio of at least 0.5, and wherein said web (80) further

comprises macroscopically expanded, three-dimensional macroscopic apertures (71).

2. The web (80) of claim 1, wherein said lateral cross-sectional dimensions steadily

decrease to said distal portion (226).

3. The web (80) of claim 1, wherein said sidewalls (227) of said generally
columnar protruded extensions (225) decrease in thickness with increasing amplitude of

said generally columnar protruded extensions (225).

4. The web (80) of claim 1, wherein said generally columnar protruded extensions
(225) have an average center-to-center spacing of from about 100 microns to 250

microns (0.004 inch to 0.010 inch).

5. The web (80) of claim 1, wherein said silky feeling side of said web (80)
exhibits at least about 1500 of said generally columnar protruded extensions (225) per

square centimeter.

6. The web (80) of claim 1, wherein said precursor web (120) comprises a

multilayer web.
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7. The web (80) of claim 6, wherein said precursor web (120) comprises particulate
matter in at least one layer.
8. The web (80) of claim 1, wherein said generally columnar protruded extensions

(225) are substantially cylindrically shaped.

9. The web (80) of claim 1, wherein said generally columnar protruded extensions

(225) have a substantially non-uniform lateral cross section.

10.  The web (80) of claim 1, wherein said generally columnar protruded extensions

(225) exhibit an average diameter of at least 100 microns (0.004 inch).

11.  The web (80) of claim 1, wherein said generally columnar protruded extensions
(225) exhibit an average diameter of between 50 microns (0.002 inch) and 130 microns
(0.005 inch).

12. A disposable absorbent article comprising a fluid pervious polymeric web (80)

of any of the preceding claims.

13.  The disposable absorbent article of claim 12, wherein said macroscopic surface
apertures (71) are oppositely oriented from said generally columnar protruded

extensions (225).

14.  The disposable absorbent article of claim 12, wherein said article comprises a

catamenial device.

15.  The disposable absorbent article of claim 14, wherein said catamenial device

comprises a sanitary napkin (20).

16.  The disposable absorbent article of claim 15, wherein said polymeric web (80)

comprises a topsheet (22) of said sanitary napkin (20).
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17.  The disposable absorbent article of claim 12, said disposable absorbent article

further comprising an absorbent core (24).




