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The present invention relates to a nethod for making three-di nensional,
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in a di sposabl e absorbent article, such as a diaper, sanitary napkin,
panty liner, i nconti nence pad, or the like. Mre particularly, the
present invention relates to a 15 nethod for nmaki ng such webs which al so
I ncl ude an i nproved, functional textured surface so as to be suitable
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BACKGROUND OF THE | NVENTI li. ﬁ DIMENSIGN
. MACROSCOPICALLY-EXPANDED WEBS
HAVING IMPRO FUNCTIONAL SURFACES

10 FIELDOFT NTION
The present invention relates to a method for making three-dimensional,
macroscopically-expanded, fluid pervious webs particularly sunited for use-in a
disposable absorbent article, such as a diaper, sanitary napkin, panty liner,
incontinence pad, or the like. More particularly, the present invention relates to a
15 method for making such webs which also include an improved, functional textured
surface so as to be suitable for use as a topsheet on such a disposable absorbent
article.

CKGROUND OF THE INVENTION
20 It has long been known in the disposable absorbent article art that it is

extremely desirable to construct absorptive devices such as disposable diapers,

catamenials, sanitary napkins, bandages, incontinent briefs, and the like, presenting

a dry surface feel to the user to improve wearing comfort and to minimize the

development of undesirable skin conditions due to prolonged exposure to moisture
25  absorbed within the article.

Recently, formed film materials having improved surface characteristics
have been developed to provide the desirable fluid handling characteristics of
formed film materials as well as visual and tactile characteristics which are
perceived as less plastic-like. Materials of this variety are described in greater detail

30  in commonly-assigned, co-pending U.S. Patent Application Serial No. 08/494,273,
filed June 23, 1995 in the names of Ahr and Thomas, entitled "Absorbent Device
with Improved Functional Surface”, the disclosure of which is hereby incorporated
herein by reference. |

Although formed film webs provided with surface texture features as

35  described therein are capable of providing desirable visual and tactile attributes, the
process exemplified therein relied upon the use of pre-formed formed film materials
as the substrate upon which the fibrils were printed and cured. Since the printing
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process for producing formed film materials with improved functional surfaces
10  which permits greater flexibility in terms of the surface features which may be
provided and consequently a greater range of visual and tactile properties.

It would also be desirable to provide an improved manufacturing process for
producing formed film materials having improved functional surfaces which may be
practiced readily, reliably, and economically.

15 o _ _
SUMMARY OF THE I ION
The present invention provides a process for forming a three-dimensional,
macroscopically-expanded, fluid pervious web having an improved functional
surface comprised of a sheet of polymeric material having a first surface and a
20  second surface. A plurality of discrete deposits of a water resistant resinous material
having a pre-determined open time are deposited on the first surface of the sheet.
The deposits of resinous material are drawn upwardly from the first surface of the
sheet to form corresponding fibrils during the open time. After resinous material has
cured, the sheet is fed onto a forming structure having opposed surfaces such that the
25 sheet is in contact with the forming structure. The forming structure exhibits a -
multiplicity of apertures which place the opposed surfaces of the forming structure
in fluid communication with one another. A fluid pressure differential is applied
across the thickness of the sheet which is sufficiently great as to cause the sheet to
‘rupture in those areas coinciding with the apertures in the forming structure and to
30 conform with the forming structure while substantially maintaining the orientation
of the fibrils.

The printing and drawing steps are preferably accomplished via a screen
printing roll, and the fluid pressure differential preferably comprises a high pressure
jet of liquid.

35
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Figure 6 is a schematic diagram of an apparatus suitable for forming the
20 surface features of fluid pervious webs according to the process of the present
invention. |

DETAILED DESCRIPTION OF THE INVENTION

While the present invention will be described in the context of producing
25 materials particularly suited for use in disposable absorbent articles, more
particularly in the context of sanitary napkins, the present invention is in no way
limited to such applications. To the contrary, the present invention may be practiced
to great advantage whenever it is desired to produce three-dimensional,
macroscopically-expanded webs not ‘previously obtainable using prior art web

30 forming processes. | _

As used herein, the term "absorbent article”" refers to devices which absorb
and contain body exudates, and, more specifically, refers to devices which are
placed against or in proximity to the body of the wearer to absorb and contain the
various exudates discharged from the body. The term "disposable” is used herein to

35  describe absorbent articles which are not intended to be laundered or otherwise
restored or reused as an absorbent article (i.e., they are intended to be discarded after



of. the fibrils. The printing and drawi ng steps are preferably

acconplished via a screen printing roll, and the fluid pressure
differential preferably conprises a high pressure jet of liquid. 35
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article of the present invention is the catamenial pad, sanitary napkin 20, shown in

Figure 1. As used herein, the term "sanitary napkin” refers to an absorbent article
which is worn by females adjacent to the pudendal region, generally external to the
urogenital region, and which is intended to absorb and contain menstrual fluids and

10  other vaginal discharges from the wearer's body (e.g., blood, menses, and urine).
Interlabial devices which reside partially within and partially external of the wearer's
vestibule are also within the scope of this invention. As used herein, the term
"pudendal” refers to the externally visible female genitalia. It should be understood,
however, that the present invention is also applicable to other feminine hygiene or

15  catamenial pads such as pantiliners, or other absorbent articles such as incontinence
pads, and the like.

General Description of the resentative Absorb icle
Figure 1 is a plan view of the representative absorbent article, sanitary
20 napkin 20, in its flat-out state with portions of the structure being cut-away to more
clearly show the construction of the sanitary napkin 20 and with the portion of the
. sanitary napkin 20 which faces or contacts the wearer, oriented towards the viewer.
As shown in Figure 1, the sanitary napkin 20 preferably comprises a liquid pervious
topsheet 24, a liquid impervious backsheet 26 joined with the topsheet 24, an
25  absorbent core 28 positioned between the topsheet 24 and the backsheet 26, and
attachment means 30 for releasably attaching the sanitary napkin 20 to a wearer's

‘undergarment.

The sanitary napkin 20 has two surfaces, a body-contacting surface or “body
surface” 20A and a garment surface 20B. In a similar manner each component
30 comprising the sanitary napkin 20 may have a body surface designated by the
reference number for the component with an appended A and a garment surface
designated by the reference number for the component and an appended B. The
sanitary napkin 20 is shown in Figure 1 as viewed from its body surface. The body
surface 20A is intended to be worn adjacent to the body of the wearer while the
35 garment surface 20B is on the opposite side and is intended to be placed adjacent to
the wearer's undergarments when the sanitary napkin 20 is worn. The sanitary
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such as depicted in Figure 4; and Figure 6 is a schematic

di agram of an apparatus suitable for formng the 20 surface features of
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absorbent artipcl definedeby, thé biftbr ciges ofithe Sihdrarytrapkift 20 s GhicH ke RhfiGidinal edges
are designated 23 and the end edges are designated 25. A central region 31 is
disposed between two end regions 33. The end regions 33 extend longitudinaily
outwardly from the edges of the central region 31 about 12% to about 33% of the
length of the sanitary napkin. A detailed description of a sanitary napkin having a
.15 central region 31 and the two end regions 33 is contained in U.S. Patent 4,690,680,
issued to Higgins on September 1, 1987.

While the topsheet, the backsheet, and the absorbent core may be assembled
in a variety of well known configurations (including so called "tube" products or
side flap products), preferred sanitary napkin configurations are described generally

20 in U.S. Patent 4,950,264, issued to Osborn on August 21, 1990; U.S. Patent
4,425,130, issued to Desmarais on January 10, 1984; U.S. Patent 4,321,924, issued
to Ahr on March 30, 1982; and U.S. Patent 4,589,876, issued to Van Tilburg on
August 18, 1987. The disclosures of each of these patents are hereby incorporated
herein by reference. Figure 1 shows a preferred embodiment of the sanitary napkin

25 20 in which the topsheet 24 and the backsheet 26 have length and width dimensions
generally larger than those of the absorbent core 28. The topsheet 24 and the
backsheet 26 extend beyond the edges of the absorbent core 28 to thereby form at
least a portion of the periphery 21. Figure 2 depicts in greater detail the relationship
between the various components of the sanitary napkin view from a cross-sectional

30  perspective. '

The representative absorbent article, sanitary napkin 20, is described in
greater detail in commonly-assigned, co-pending U.S. Patent Application Serial No.
[Serial No. to be inserted when ascertainable], Attorney's Docket No. 5877, filed
November 22, 1995 in the names of Christon and Ahr, entitled "Water Dispersible

35 and Flushable Absorbent Article”, the disclosure of which is hereby incorporated
herein by reference. Suitable test and analytical methods for measuring various
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'single use, and, preferably, to be recycled, conposted or otherw se
disposed of in an environnental ly conpatible manner). A "unitary"”
absorbent artiyg@aqsfdhers to absorbent articles which arg-f0¢ddBobsp!
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they do not require separate mani pul ative parts like a 5 separate hol der
and pad. A preferred enbodi nent of a unitary disposabl e absorbent

article of the present invention is the catanenial pad, sanitary napkin_20,
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conprises a liquidep i mpEgyef dpctional Surface’,ithe disglesurs of iwhish dksheet
26 j oi ned with herebyinperporated héreinchy @ferenatsor bent core 28 positioned between .
the topsheetis 24 and FigareRAGdpINE B gréfter dtsll a topsheet 40 manufactured in accordance
: with the process of the present invention which is particularly well suited for use as
a topsheet or acquisition layer in a sanitary napkin or other absorbent article, such as
topsheet 24 depicted in Figures 1 and 2. |
The material selected for the topsheet is preferably machinable and capable
20 of being formed into a sheet such as sheet 42. Since the topsheet 40 is to be used in
consumer products which contact the human body, the material utilized is preferably
soft and safe for epidermal or other human contact. Preferred materials are
polymeric materials including, but not limited to polyolefins, particularly
polyethylenes, polypropylenes and copolymers having at least one olefinic
25  constituent. Other polymeric materials such as polyester, nylon, copolymers thereof
and combinations of any of the foregoing may also be suitable. While sheet 42 is
shown as a film, the sheet may, if desired, be in the form of 2 nonwoven,
microporous membrane, foam, etc. A presently preferred film material comprises a
polyethylene film commercially available from Tredegar Film Products of Terre
30  Haute, Indiana, under the trade designation X-10038.

' If desired, conventional amounts of agents may also be added to the
polymeric matrix of the sheet 42. It is often desired to add agents to increase the
opacity of the sheet. Whiteners, such as titanium dioxide and caicium carbonate
may be used to opacify the sheet 42. It may also be desired to add other agents such

35  as surfactants to impart a hydrophilic nature to the sheet 42. The sheet 42 may
comprise a multilayer polymeric film such as those disclosed in commonly assigned
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| ongi t udi nal edges
when used to describe three-dimensional webs of the present invention, refers to

webs, ribbons, and films which have been caused to conform to the surface of a
three-dimensional forming structure so that both surfaces thereof exhibit a three-
15 dimensional pattern of surface aberrations corresponding to the macroscopic cross-
section of said forming structure. The surface aberrations comprising said pattern
being individually discemible to the normal naked eye, i.c., a normal naked eye
having 20/20 vision unaided by any instrument that changes the apparent size or
distance of an object or otherwise alters the visual powers of the eye, when the
20 perpendicular distance between the viewer's eye and the plane of the web is about 12
inches. The term "fiber-like” as utilized herein to describe the appearance of webs
of the present invention, refers generally to any fine-scale pattern of apertures,
random or non-random, reticulated or non-reticulated, which connotes an overall
appearance and impression of a woven or non-woven fibrous web when viewed by
25  the human eye.

As can be seen in Figure 4, the web's fiber-like appearance is comprised of a
continuum of fiber-like elements, the opposed ends of each of the fiber-like elements
are interconnected to at least one other of the fiber-like elements. In the
embodiment disclosed in Figure 4, the interconnected fiber-like elements form a

30  pattern network of pentagonally shaped capillaries 72. The web 70, which exhibits a
fiber-like appearance, embodies a three-dimensional microstructure extending from
the web's uppermost or wearer-contacting surface 75 in plane 76 to its lowermost or
absorbent pad-contacting surface 78 in plane 79 to promote rapid fluid transport
from the uppermost surface 75 to the lowermost surface 78 of the web without

35 lateral transmission of fluid between adjacent capillaries 72. As utilized herein, the
term "microstructure” refers to a structure of such fine scale that its precise detail is
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15 capillaries 72 formed by the interconnected sidewall portions atlows for free transfer
of fluid from the first surface of the web directly to the second surface of the web
without lateral transmission of the fluid between the adjacent capillaries.
This preferred formed film web is further provided with a multiplicity of
fibrils 54 or "hairs" on the non-apertured portion of its body facing surface. These
20 fibrils 54 improve the surface wetness characteristics of the topsheet 24 by
separating the wearer's body from any bodily fluids that may remain on the body
side surface of the topsheet 24A. Similarly, this separation from a wearer's body
improves the acquisition rate for bodily fluids. The fibrils 54 also provide the body
surface 24A with a pleasant, velour-like tactile feel.
25 The fibrils 54 preferably comprise a water resistant resinous material such as
CA-105, which is commercially available from Century International of Columbus,
Ohio. The fibril density can vary between about 500 fibrils per square inch (77
fibrils per square centimeter) to about 11,000 fibrils per square inch (1700 fibrils per
square centimeter). Preferably, the fibril density is between about 3000 fibrils per
30 square inch (450 fibrils per square centimeter) and about 5000 fibrils per square inch
(775 fibrils per square centimeter). Fibril length can vary between about 0.003
inches (0.07 mm) to about 0.04 inches (1.0 mm). Preferably, the fibril length is
between about 0.004 inches (0.1 mm) and about 0.01 inch (0.3 mm). The Applicants
have found that choice of fibril length and fibril density allows the rewet
35  characteristics, the acquisition characteristics and the tactile feel to be varied to
achieve a desired balance of these characteristics.
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serted when ascertainable], Attorney’s Docket No. 5877 filed November 22, 1995
in the names of Christon and Ahr, entitled "Water Dispersible and Flushable
Absorbent Article”, the' disclosure of which is hereby incorporated herein by
15 . reference) have been found to be suitable for use with the CA-105 water resistant
resinous material described above.

Preferably, such fibrils are formed from a material which is generally
hydrophobic in nature, or from a material which is rendered hydrophobic by known
methods. This provides a wearer-contacting surface (the ends of the fibrils) which

20 tends to repel fluids and provide a "dry" tactile impression, while the remainder of
the web retains its hydrophilic characteristics to provide for enhanced acquisition
properties. Such fibrils are described in greater detail in commonly-assigned, co-
pending U.S. Patent Application Serial No. 08/494,273, filed June 23, 1995 in the
names of Ahr and Thomas, entitled "Absorbent Device with Improved Functional

25  Surface”, the disclosure of which is hereby incorporated herein by reference.

The formed film web is preferably treated to form a web such that the body
surface of the web provides a structure which exhibits a surface energy less than the
surface energy of the intermediate portion. In a preferred embodiment, the treated
web exhibits a plurality of regions of comparatively low surface energy which

30  define surface energy gradients where they interface with higher surface energy web
surfaces. For example, a silicone resin having a low surface encrgy can be applied
to portions of the body surface 24A providing such regions of comparatively low
surface energy. Webs having such surface energy gradients are fully described in
U.S. Patent application Serial No. 08/442,935, filed on May 31, 1995 in the name of

35  Ouellette, et al. the disclosure of which is incorporated herein by reference.
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10 the disclosure of which is incorporated herein by reference.

Alternatively, if desired, the area provided with fibrils 54 may be of any
desired shape, pattern, or coverage area and of either uniform or non-uniform
density.

Figure 5 depicts in much greater detail the physical structure of a typical

15  fibril 54 such as depicted in Figures 3 and 4. Fibril 54 preferably comprises a shaft
portion 55 which extends from a base 57 to a tip 56. In formation, the resin material
is deposited as base 57 and drawn upward to form shaft 55. The resin material
abruptly separates from the resin remaining on the screen roll 110, forming tip 56,
which is preferably slightly rounded. Fibrils are preferably constructed and arranged

20  such that their respective bases 57 are spaced at least slightly apart, such that the
underlying substrate therebetween is at least slightly exposed for acquisition
purposes. In addition, the number and size of the fibrils must not be so great as to
likewise obstruct the capillaries of the topsheet itself.

The resin material utilized to form the fibrils preferably cures or hardens

25  quickly -after the fibril has been formed to the desired height and/or configuration.
In this fashion, the fibril is "locked in" before the resin can begin to collapse back
downward toward the base 57 and the fibril loses its shape. This relatively short
cure time, or "open time", is also conducive to comparatively higher web speeds as
it ensures the fibrils are cured (i.e., the "open time" elapses). before subsequent web

30 handling operations are undertaken. As discussed below, process techniques may be
utilized to provide a reduced open time for a given resinous material.

If desired, the masking capabilities of the topsheet 24 can be enhanced by the
addition of a dye or filler to the resinous material from which the fibrils 54 are
made. Suitable masking agents include titanium dioxide and calcium carbonate.

35  The fibrils 54 themselves, as well as the fillers aid in the masking of bodily fluids
absorbed by the topsheet and the ‘underlying absorbent core. The masking agent
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fluids through the capillaries. The provision of fibrils so oriented is made possible

by the process of the present invention, as described below.

The Process
25 The preferred method for applying the resinous material to form the fibrils

54 is by a rotary screen printing method. It is to be understood, however, that other

methods of printing or spraying such resinous projections are contemplated by the

present invention. Such methods include spiral spraying, mist spraying, or line

spraying, gravure printing, and flexographic printing. Rotary screen printing is the

30 most preferred because the method is capable of producing the sizes and densities of
fibriis desired and can also be performed at high web line speeds.

Referring to Figure 6, which illustrates a suitable resin application apparatus

100, the process for producing a three-dimensional, macroscopically-expanded web

having an improved functional surface comprises the following steps. The substrate

35 102, having a mutually opposed first side and second side, is unwound from a parent

roll 104. The substrate 102 is fed to a printing station 105 comprising a backing roll
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body temperature above its melting point. Alternatively, resinous materials in a liquid
state at room temperature may be utilized. For example, prepolymers comprising

15  chemically reactive end groups may be utilized. In this case, after depositing the
resinous material onto and into the substrate 102, a subsequent curing step is
necessary to convert 2 liquid prepolymer into a solid state.

In the preferred embodiment of the process, the resinous material is heated to
at least its melting point, causing the resinous material to be flowable.

20 The substrate 102 is transported, at a transport velocity, relative to the
printing roll 110 and the backing roll 108, through the nip defined by the printing
roll 110 and the backing roll 108. The flowable resinous material is disposed in the
cells of the printing roll 110. The substrate 102 is transported through the nip in
contacting relation with the cells of the printing roll 110. The printing roll 110

25 rotates about its longitudinal axis at a peripheral velocity, thereby applying the -
flowable resinous material from the cells of the printing roll 110 onto the substrate
102. Preferably, the coating weight of the resinous material 200 on the substrate 102
is between about 0.005 grams per square inch and' about 0.075 grams per square
inch.

30 Referring again to Figure 6, the web velocity and the tangential velocity of
the screen roll 110 are substantially the same. This means that the CA-105 resin is
printed on the web 102 rather than being wiped across the web surface. By control
of the screen pattern on the screen roll 110 and of rheology of the CA-105 when it is
in its melted state, the CA-105 is printed as the fibrils 54 described above. The

35 holes in the screen are small enough and the resinous material is of sufficient
viscosity that the resinous material will not flow through the holes in the screen on
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15 limited to, a screen printing roll and a Gravure printing roll. In a preferred
embodiment of the claimed invention, a screen printing roll is used. A screen
printing roll is well known in the art, as illustrated by U.S. Patent No. 4,628,857,
issued to A. Robert Coningsby on December 16, 1986, the disclosure of which is
hereby incorporated herein by reference. Gravure printing rolls are also well known

20  in the art as illustrated by U.S. Patent No. 4,634,130, issued Feb. 17, 1988, to Sheath
et al. and incorporated herein by reference to iflustrate the general state of the art. A
presently preferred print roll comprises a screen with a hexagonal interlocking mesh
pattern having an average aperture diameter of 0.035 inches.

If desired, the printing roll 110 may have zones which do not print,

25  hereinafter referred to as non-printing zones. As printing roll 110 preferably
comprises a screen printing roll, the screen may have impermeable bars which block
transmission of the resinous material through the screen at the positions of the bars.
The areas of the printing roll from which resin is applied to the substrate 102 are
referred to as the printing zone.

30 The non-printing zones may be generally longitudinally oriented, parallel to
the axis of the printing roll. This arrangement produces generally cross machine
direction oriented zones on the substrate 102 which do not contain fibrils. This
arrangement may be utilized if desired to trim the resulting web into individual
topsheets for disposable absorbent articles with the non-printed areas located at the

35 margins of the absorbent articles, etc.
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described herein, the printing roll 110 and the backing roll 108 are maintained in

slightly spaced relation so as to avoid unduly compressing the substrate material.

20 The printing roll 110 is preferably heated to prevent premature solidification

of the melted resinous material. A print roll temperature of about 250°F has been

found to work well with the resinous material and process conditions described

herein.

A suitable resinous material is a hot melt resin blend that is available from
25  Century International of Columbus, Ohio, under the designation CA-105.

The resinous material may be externally heated by known means (not
shown) to maintain the material in a liguid state and at the proper temperature and
viscosity. Typically the resinous material is maintained at a temperature slightly
above the melting point. The temperature is considered to be at or above the meliting

30 point if the resinous material is partially or wholly in the liquid state. If the
temperature is too low, it may not transfer from the printing roll 110 to the substrate
102, or subsequently, may not be suitable for printing. Conversely, if the
temperature is too high, the material may not be viscous enough to be suitable for
the printing process. However, the temperature should not be so high as to damage
35  the substrate 102. For the embodiments described herein, the preferred temperature
of the resinous material is from about 190°F to about 250°F at the point of
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In a preferred enbodi ment of the present invention, at |east portions of
t'he body surface 24A of the topsheet 24 are hydrophilic so as to help
liquid to trapeferss t hrough the topsheet faster than i fPQI/RS5ANH!
surface was not hydrophilic. Such a drophilic surface helps to

di minish the likelihood that bodily fluidswill flowoff 5 t he t opsheet
rather than flowing into and being absorbed by the absorbent core. In a
preferred enbodi nent, surfactant is applied to the body surface 24A of the
t opsheet 24 (e. g. by extrusion coating or spraying) before the
fibrils are pri mpplitatitietocthe substrate 102 Thisnehperating. is albove tigciielting beineofrthe t he

t opsheet can be I ' t
sueh 6. i s desoriReeribhtd ER10s edion walirlal ot elow (at ariich ExBABEANIY"

di scl osure of mﬁif(Yﬁc‘P%asPﬁHcﬁcﬁ%"ﬁat ed herein by reference.

Al ternatively, if degoblsh aif i@y aptivhally beprdeidedirbin ahialiicoblingDsysteinyl 1de ThE any

desi red shape, f_@i '

noneuni 1 orm S 8BbiE e b o6 ALbARP oMbty BRE e Slepetl Mﬂ%%r:ggsat?er
detail the physrwubmm@msefm@qwremﬂ@lsrmmpcifrgmthqmntmg Gt ed
in Figures 3 ande4mﬁdhdddxe56‘ecﬁﬁeﬁ®éﬁlﬁhié"6ﬂﬂﬁ&¢mm&‘ﬁf&1densureﬂiérd AN 55

whi ch extends from a base 57 ti [ n natiQ the resin rial
i s deposited as W% §Pa° %}\ﬁ" rﬁﬂ%ﬁ Mm 5 areT1fEc mgﬁ“’e
mat er i al mlmmyelxelmkmgedl 10% cant becchilled to ﬁ'ecmT thierrgsinoustrhaterial inte n
rol | 110, fofoM Rpe ddsitedfibril conﬁgdmidr‘lh Guide¥ofté 28 &dVdaRber 381 120 My Bl @fitized

Fespecti ve baseds B iETE b tedll, °C] P00\ 200 T LR that Che
under | yi ng subst r at e Follewisgapplisstion of the fibsls34 tl thy skeey obmpiosaldthegextured
acqui sition web 201 is fed around idler roll 205 and onto the surface of forming drum 210 about
. which a forming structure 211 continuously rotates at substantially the same speed
15 as the incoming web. The web of film is driven by the forming drum 210. The web
201 is oriented such that the fibrils face away from the forming structure 211, and is
of the general configuration of sheet 52 as discussed above with regard to Figure 3.
The sheet 52 depicted in Figure 3 is therefore an intermediate configuration wherein
the fibrils 54 have been applied but the sheet is still in a generally planar
20  configuration prior to the macroscopically-expanding and aperturing process. It
should be noted that the two portions of the process (the fibril application portion
and the macroscopically-expanding and aperturing portion) may be accomplished
one after the other in an essentially continuous muiti-phase process or may be
accomplished sequentially with an intervening storage/handling period. In the latter
25  version of the process, the sheet 52 in the general form of Figure 3 may be wound
into a roll after the curing of the fibrils is completed and stored, to be later fed onto
the forming structure to complete the formation process.
Forming structure 211 comprises a macroapertured surface, such as a
patterned network of pentagonally-shaped capillaries, and is preferably constructed
30 generally in accordance with the teachings of U.S. Pat. No. 4,342,314, issued to
Radel and Thompson on Aug. 3, 1982, the disclosure of which is hereby
incorporated herein by reference. Forming structure 211 is comprised of a plurality
of individual photoetched lamina. The apertures in forming structure 211 may be of
any desired shape or cross-section when the forming structure is fabricated using the
35 laminar construction techniques generally disclosed in the aforementioned patent.



purposes. In addition, the nunber and size of the fibrils nmust not be so
great as to Ilkevm se obstruct f the topsheet itself.
The resin material utilized to fof MHShEHEEDHASSBEENef er abl y cures or hardens
25 quickly after the fibril has|been RERLABEDto the desired hei ght and/or

configurati ofoezsiss! N this fashion, The fTbrit—s"I ocked paruddeheee t he
resin can begin to coll apse back doynward toward the base 57 and the
fibril loses its shape. This relatively ort cure time, or "open
time", is also conducive to conparatively higher web speeds as it

ensures the fibrils are cured (i.e., the "open tinme" el apses) before
subsequent web 30 handl i ng operations are undertaken. As discussed bel ow,

process techni ques Ty fdming drum/210 lpta&ab? iﬂélﬁ&'ésdﬁl ﬁ}téhrﬁﬂljcﬁﬂa@d)%mhﬁx{m for
a given resino e e n
capabilities om%dp‘??lggfs %fe%aigp %%"q‘ 'th? ng\;ng ichn?ﬁ.?w of a
dye or filler t Aepatkof slatienany, A rsqu)mnpmnmae i doinic gwuhrthe
made. Sui t abl ebepigli andaeﬁmbﬁ tHeNdcti@f dhiaiB& 200 S quéata £ edttrior

car bonat e. ?5 ‘B‘%g?‘gf FI 554the elvlg ﬁ@‘ l@e%l%:gﬁgrg e{tlisggeallg in

t he maski ng” of I tenie t

under | yi nggabsmefmhiy Dmvsiedmsr&xlapplgmageﬂmd pressure differeaiialnd thalaminate

PF(I)-/ ch126/ gogﬁéwg.b g(r)]ldas it passes O\éerthe vacuum cmllaer In the lllustratel k gaﬁmﬁéh Celn%y ?0 t he
provi des

t opsheet Q dp '&%% pﬁ\%‘fﬁl ﬂgwe#*gémm igyid nazale
Fibrils 54 preikﬁrwhich dmhugeajjetof&aqmdr mhlmewm supstantial iy amifornsin taeross|
properti es o | it dirire i BE W6 20P. Ekafipich f Rieuithis ARk ggﬂfgﬁﬁ?ﬁ&foﬁﬁ Pt ant

to deflection t owar d g ce when cont ac wearer in

“use. If the flﬂ’ﬁepg'sc'bﬁ“maﬂs gh'Press‘{'Sc}‘q“éiadW a!‘hé‘“é\"ﬁ@cfn S5 BatarNasi on
bet ween t he we#685,428)dsstddotofCunroost al. lonBepiembkrt 22, 1987; 4,778,644, issued to Curro

et al. on October 18, 1988; and 4,839,216, issued to Curro et al. on June 13, 1989,
the disclosures of all of these patents being hereby incorporated herein by reference..
15 The water jet causes the web 201 to conform to the forming structure 211
and apertures the web 230 in the areas coinciding with the capillaries in forming
structure 211. The pressure of the liquid stream, the tangential web speed through
the fluid pressure differential, and the temperature of the liquid stream are preferably
selected so as to achieve sufficient conformity of the web to the forming structure
20  without causing detachment of the fibrils or excessive distortion of their orientation,
or compromising the integrity of the sheet itself. Processing conditions which have
proven satisfactory for manufacturing webs of the above-mentioned preferred
materials are a water temperature of about 130°F, a water pressure of about 500 psi.,
and a tangential speed of about 340 feet per minute of the forming structure. Of
25  particular importance is the selection of a water temperature sufficient to soften the
film material for easire formation without overly softening the resinous material
which comprises the fibrils, and hence causing excessive distortion or loss of the
fibrils when subjected to the fluid pressure differential (high pressure fluid stream).
As discussed above, the surface energy and surface tension characteristics of
30  the film material and the resinous material are preferably selected so as to provide a
suitable degree of bonding between the respective materials so as to enable the
fibrils to survive the formation process (being subjected to the fluid pressure
differential) in substantially their original orientation.
As depicted in Figure 4, as the film material is subjected to the fluid pressure
35  differential as it passes over the forming structure the material stretches to some
degree. Consequently, even if the fibrils are applied to the intermediate or precursor
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substrate is dimnished and increasingly "wet" tactile inpression may be
encountered. Collapsed fibrils if too great in nunber may al so prove to
inpair fluid acqui sition by bl ocking apertures or pores in the
substrate. 10 Fibrils 54 extend generally outwardly fromthe
wear er - f aci ng wo'ohasies of the topsheet 24, as depicted gPeFASRPE/2006IN
Figures 3 and 4. In a preferred configurati,gn, a majority of the
fibrils extend generally perpendicularly outwardly fromthe surface of
t he web, although at |east sone of the fibrils may extend outwardly at

vari ous angles. 15 As depicted in Figure 4, a nunber of the
fibrils 54 are present on the film surfaces which formthe capillaries
72 of the fornmedsteet 52 ive genetallyMmiform fashigra (wittc tdgard tp, pastemhdednisity/spasingk aend

outvardl y from t g d&ugeaeat{gaﬁ SleBUEE of 6. SR chises the ABs!BEMGPRL Y | ©S-

Such fibrils proVi racteristic erve to
obscure one's vi & @9‘94’%}"6 ql?é"eémef%ﬁaﬁég%fép layshisgeinn than ng
el ements 20  of therspadigpofirhe fibsilst locatezl on/\dit iieat the wedtergomading sorfacei A8e | This
obstructing the GE cliracteristic ok'lﬂ\éi?o fiGh! &e%é%%nﬁﬁ@é h'saﬁﬁﬁau&r ffiform
provision of Tibrils so oriente |s na pos cess of
t he present mveH‘!"fethe“é’yﬂb'%‘rﬁe Visea-¥ig the “‘@#H@mﬁg while reducing

The preferred nethedkikelihsodathat yhenfibrils docatedl imothe dapillariesaivill andwly robkthect fthddri | s
54 is by a rotaré%nﬁﬁﬁg e&égél ng nethod. It is to be understood, however,

t hat ot her prlntlng or. sprayi ng such resinous projections
are contenpl ated by tFrllowing appligafionofithe,dyid prssuredifierestielto dke Webs Il{!ﬁiélﬂSpl ral

sprayi ng, m b Sﬂi’nﬁéﬁknﬁ&l ﬁl’acfokd@plcally-expiﬁde’ﬂy ap@tur€ll’ ¥éb 230 [ irethoved , fraih Ghe

f | exographic pri d
because the net h%’kl S cap a‘%] %&gﬁgﬁﬁgl #\th{]ﬁleld%é@gz%gcp&%s %?5&‘
fibrils desired B hsanxha%ow@eutpgwm weaessmgwpgﬂhtomlw jnnan ghpoehent article.
Referring to Fi gmmﬁtlvdﬁlﬂi&hpe}dnuﬂwwtzﬁﬂnﬁywwlﬂ&ﬂtﬁtb(ﬁirltt[brpﬂbéslsmg,tmlilas

appar at us e | h

nmacr oscopi caélﬁy %gggﬁm cpeggj% gésmﬁﬁ%%ag%%ag@tr%v% ﬁ?ﬂn@@??hé)sp sur%‘ace
conprises the>fo suphaas slrying, er shakisg o o repove refidyah

opposed first si fe forimthtion prRIGEssTaYalsol tie underikias] from a parent roI I 104.

The substrate 102 is f£d&Qr3 Miid Plebddfe &beleh®dl to forf WP Flrk 2RE: Be BB AR O !
already been applied has been found to further enhance the visuat and tactile
properties of the resulting web. More particularly, the use of a fluid pressure

20 differential subjects the fibrils to a degree of bending and flexing, i.e., it "works" the
fibrils, such that their resistance to bending under an external force is at least
somewhat Jessened, at least some of the fibrils are at least slightly permanently
deformed adding some randomness to their appearance, and the acuteness of any
abrupt corners or ends of resinous material is also at least slightly reduced. The

25 combination of resinous material printing of fibrils and forming the resulting film .
through the use of a fluid pressure differential thus provides a resulting web with a
softer, more pleasing visual and tactile impression, and a greater degree of quietness
under in-use conditions, than would be otherwise obtainable through the use of
either process alone. The resulting process is also capable of being operated as a

30 continuous integrated process, lending itself to suitable operating speeds and
capacities for production of large quantities of such formed films in economical
fashion.

While particular embodiments of the present invention have been illustrated
and described, it would be obvious to those skilled in the art that various other

35 changes and modifications can be made without departing from the spirit and scope
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108, a print'roll 110, and a feed roll 106. The backing roll 108 is

j uxt aposed with the printing roll 110 to forma nip therebetween. The
printing rolhmﬁ$gsﬂ?s a plurality of cells disposed apetiisdshdost
periphery. In a preferred enbodi nent, th backing roll 108 conpri ses

a backing roll rotatable about its |ongitudinal axis. 5 Resi nous
material is delivered to the interior of the print roll 110 by a delivery
mechani sm (not shown) such as those well known in the art.

Tension control devices and tracking devices (not shown) well known in the
art may al so -bef thedfivention.hitSis fiepeforesintehdedto @ovetdn ithe sppendedredaims aHrsych o

transver se. w afoar PSR ARpA daify QIR A bR indiigE" (0P T e

material is provided to the print roll 110 in a liquid state. If the
resinous material is in a solid state at roomtenperature, it my be heated

to a tenperature above its nelting point. Alternatively, resinous
materials in a liquid state at roomtenperature may be utilized. For
exanpl e, prepolyners conprising 15 chemcally reactive end groups nay be
utilized. In this case, after depositing the resinous material onto
and into the substrate 102, a subsequent curing step is necessary to
convert a liquid prepolyner into a solid state. In the

preferred enbodi nent of the process, the resinous material is heated to
at least its nelting point, causing the resinous naterial to be flowable.



20 The substrate 102 is transported, at a transp '
relative to the printing roll 110 and the backi ng roﬂ“lma ﬂ)m“!ﬁﬂl;mlll

the nip defined by the printing THIS%H X i@ BeEN he baickl*ngcro
The flowabl e resinous material is di spos Pi e cells of the
printing roll widen3fde substrate 102-1 : hr ough PEEUSH63006}

contacting relation with the cells of the _printing roll 110. The printing
roll 110 25 rotates about its |ongitudi néP axis at a peripheral velocity,
t her eby applying the fl owabl e resinous material fromthe cells of the
printing roll 110 onto the substrate 102. Preferably, the coating

wei ght of the resj r'ls 200 on the substrate 102 I s between
about 0. 005 gramﬁm h and about 0.075 granms per square

inch. 30 1. ReX process forefgmming & shriee-gimensionalf inacroscbpicall ysoipanded pfluitthe
tangential velocity %rvious web HBvis rigﬁrﬁinéf&vgd IRaRha aﬁ%a&w/ E

sane. This nmeans that the -105 r _printed on b

rather than being wi ﬁ@ﬂpﬁﬁggg§ F@‘\%}é’ﬁlyﬁff‘l"d’(‘,‘g?mg A P°lyeﬂ‘5\’lﬁ'lﬁ Phe
screen pattern on theaidcshestrhavingla fifk0 surfite aihd rahodbmigsurfate, tsaid frdeckd beingen it
S inits nelte db?'ﬂfe sofid is printed as the fibrils 54
descri bed above. The ofes Tn screen are snall enough and the
resinous material is®f s@fiptingaplurality of digcrete depesits ©of awaterresistant resirous
material will not flow thnmteghl, pleferitly @ silicone résin, oasaidTirfturface of said sheéQ
?)Z:/T/Z ?Jégg / 20061 preferably 'via a screefx printing roll, said resinous m%%rial having a its
own. The doctor bl ade for Peesdetermined opemiimeinaterial to fill up the screen

hol es (b)  drawing said deposits of said resinous material upwardly from said
first surface of said sheet, preferably via said screen printing roli, to
form corresponding fibrils during said open time;

() cu:ihg.said'resinous material, preferably via an air cooling system;

(d) feeding said sheet onto a forming structure having opposed surfaces
such that said second surface of said sheet is in contact with said
forming structure, said forming structure exhibiting a multiplicity of
apertures which place the opposed surfaces of said forming structure
in fluid communication with one another; and

(e) applying a fluid pressure differential, preferably comprising a high
pressure jet of liquid, more preferably comprising a high pressure jet

" of water, across the thickness of said sheet, said fluid pressure
differential being sufficiently great 10 cause said sheet to rupture in
those areas coinciding with said apertures in said forming structure
and to conform with said forming structure while substantially
maintaining the orientation of said fibrils.

2. The process of Claim 1, further characterized in that said fibrils are provided
at a density of between 3000 fibrils per square inch and 5000 fibrils per
square inch.

3. The process of either Claims 1 or Claim 2, further characterized in that said
resinous material is hydrophobic.

4, The process of any one of Claims 1 to 3, further characterized in that said
sheet is hydrophilic.
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such that a nmeniscus of material hangs down fromthe scree
backi ng roll. As the screen roll and backing roll rot H‘“ﬂ»@“ﬂm‘lmm
contacts thé substrate at the p

freni scus of resinous naterial transfen&h AS BEEN creen hol es onto the

substrate. AgddiBams’ €en and web sep r at e, REFLACERt r act f on OFcT/US9628dNesi on
of the resin material for itself and for the screen Surface cause a portion

of the resin to be pulled upward awaywofromthe substrate until the
separation di stance exceeds the elastic limt of the resin material,
causing the material to rupture and formthe upper end of the fibril.

The point of rupture may be controlled by using a 10 hot wire/hot ribbon
111 placed at Bhe d&b¢ pasesticftaapooc fof Cllaimsd tord, Hurtheg charhdterized imthst said  t he

ggfm ngfroll 1I‘0§pt 3fegin\'§mu¥ dl%h@fl?%;rull% i fges redh{gﬂﬁlt per a%dt e
shape. %?ﬁﬁ:ﬁ&ﬁpﬁ?@@h “l“!f’ Figure 6, the process

according to the present invention may utilize a variety of types of

t |'1'sgll0 irg
1478 L S92 T ol 0 Sk
cl ai med inventi on, &“@@rﬁ%‘smmﬁbw{EYBelP%‘n&M“@&Ef% sheet ontp sgidt i ng

roll is well known formidgestaicture wRil s4id opén thhehbslelapsédS. Pat ent No. 4, 628, 857,
i ssued to A Robert Coningsby on Decenber 16, 1986, the disclosure of whi ch

IS hereby i ncorporated herein by reference. Gavure printing rolls are
al so wel | knowd- 20 The prasessaftany ong jof Claimstlctly G funthes chavagterined g that s€d4 130,

i ssued Feb. 17, 198@brilsGexiEndautwardly fréth saild. first Ghrfalte 6F 0 stieeCat 104s 01DODY
reference to |IIustFn%Lgsthe general state of the art. A presently

preferred print rollconprises a screen with a hexagonal interlocking nmesh
pattern having an average aperture di aneter of 0.035 inches.

| f desired, the.priThe pgbces df ah} dnewy Cléline 1707, Fuitir CharfierRll i thab said 25

prererably | conppvieR meRplihiti ARl e Seoih St htiEel A gipbity

i nper neabl e bars V\/m ch bl ock transm ssi on of the resi nous nmateri al
through the scleen The phitefast dny @6 of lCliilie 1De & ﬁmherchibaex%easmshhe

Cetorred (o as (he %’#%{% e, 4P sl e 5% BAMGBA By Moty - 1,

general ly | ongi t udi Haiferym patiem fleasity. parallel to the axis of the
printing roll. This arrangenent produces generally cross nmachine

di rection ori ejoed 480 GRocall Iy YR CHifis 0% Y afbr dBarblbish Hh Aot i 1 -
fluid pressure differential causes said sheet to be drawn downwardly into
said apertures, such that capillaries are formed in said sheet, said capillaries
containing a plurality of fibrils extending therein.
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arrangerment may be utilized if desired to trimthe resulting web into

i ndi vi dual topsheets for disposable absorbent articles with the

non- prlnted areas | ocated at the 35 mar gi ns of the absorbent articles,
etc. WO 97/ 23133 '

PCT/ US96/ 20061 wo 97723183 1 BCT/US96/20061
Alternatively, the non-printing zones nay be generally circunferentially
oriented, resulting in nmachine direction oriented zones of the substrate
102 not havi ng the resinous nmaterial printed thereon. If desired,
several repeating units of the well aﬁing zones with and wi thout the
resinous nmaterial nmay be juxtaposed 5 together to forma resulting web
which is relatively wide in the cross machi ne direction. The resulting
web is then cut in the machine direction at positions correspegiyding to
the desired zones to produce roll Pk for use igab?ter productA on.

This arrangenent provides the benkfits of eco A n ki ng

di sposabl e ab eé. 10 | A doctor ade 112 is used to
insure that the SLETHES —mat-er ES—evel —=—dEtered=acQSKthe entire
application fac 4#ﬁ>1ﬁ+ﬂ%+ng-ﬁm4-444L- he-dacum;iﬂzuEL_ Pr s
hel d stationary a.'th rinting rpll 110jis rotated, allomﬁngﬂ\ A doct or

bl ade 112 o:mn he interi r surfEce of the printing rdly {110 and
force the resifoys, material |{nto the individual cells of 'thelprisging
roll 110. The_gc g_n_g"_gglnljng_ oll 15! 110 preferably has a #hilckhess of
approxi matel y no:? mllimeters.

{
] : 25
\ i 28A
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The backing roll 108 is snmooth and can either conprise a rotatabl e backing
roll (either driven or freely-rotating) or a stationary surface. For the

enbodi ment described herein, the printing roll 110 and the backing
roll 108 are maintained in slightly spaced relation so as to avoid
undul y conpressyangn/3es substrate material. 20 The precrrussg200si
110 is preferably heated to prevent premature solidification of the
melted resinous material. A print roll tenperature of about 250[err]F has
been found to work well with the s§eshynous materi al and process
condi ti ons descri bed her ei n. ' A suitable resinous materia

is a hot nelt resin blend that is available from25 Century International
of Col unbus, Chio, under the designation CA- ﬁ?. The resinous
material may be externally heated by/&fow ahs (not shown) to
maintain the material in &Q+eu d st e proper tenperature and
viscosity. Typically the reérﬁgh\_ i

slightly above the nelting poi
at or “above the nelting~3S8 -;rpm»ﬂ
wholly in the liquid ¢gtage., | t enpo (&Y
transfer fromthe printiny fo | 110 to the subst®g
subsequent |y, nay not \be .Etﬁ.ble for jnti

i s nai
< perakure is considered to be
iqos aterial is partially or
e st

g low, it may not
5102, or
ely, if the

tenperature i s too hidgh, At er | s—eﬁgtgh to be
suitable for NN Y NQNJap gnpersipag e shoul d not
be so high as to damage' 35 TS . or t he jenbodinent s

descri bed herein, the\yp eferre s of thd regrf8us materia

is from about 190[err]
97/ 23183
PCT/ US96/ 20061
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application to the substrate 102. This tenperature is above the nelting
poi nt of .the . af orenenti oned CA-105 resinous material but bel ow that at
which a significant |oss of viscoelasticity occurs.

Cooling air may optionally be provided froman air cooling system 114. The
5 cooling airwmmgrBmwinecessary to insure that the resinous nRERU$6/20061

already applied to the substrate 102 has solidified before the web is
renoved fromthe printing roll 110, .e., to reduce the effective
"open time" of the resinous materi al g?? nsure the open time has

el apsed before further manufacturing Sg are acconpl i shed.

Al ternatively, backing roll 108 can be chilled to "freeze" the resinous
material into 10 the desired fibril guration. CGuide rolls 128 and
dancer roll 129 nmay be utilized imain the desired web tension.
Fol | owi ng application of the fibri & sheet of material, the
textured web 201 is fed arou i 205 and onto the surface of
form ng drum 210 about whichfa form ng strjucture 211 conti nuously
rotates at substantially the sanme\speed 15 as ghe incom ng web. The web of
filmis driven by the form ng drumg210. The ‘ 201 is oriented such
that the fibrils face away from theyorm ng rugture 211, and is of
t he general configuration of sheet 3 S :

Fi gure 3. The sheet 52 depicted \n Figure 3"!5 therefore an

i nternedi ate configuration wherein © the fibrils 54 have been appl i ed
but the sheet is still in a general o\ anar 20 configuration prior to the
macr oscopi cal | y-expandi ng and apert & ipe\ process. It shoul d be noted
that the two portions of the process (thé\fibril application portion

and the macroscopical | y-expanding and aper\ portion) may be

acconpl i shed one after the other in al bntial ly conti nuous

mul ti - phase process or may be 2 y ed sequentially with an

i nterveni ng storage/ handling periyi. Iatt§3 25 version of the
process, the sheet 52 in the gene gire 3 may be wound

into aroll after the curing of tig IS conpleted and stored, to be

| ater fed onto the for ~ ete the formation
process. Form ngy st r uRL dl_2Z~ rrp fjSses gy macr oapertured
surface, such as a ]

1]

opmd




patterned network of pentagonally-shaped c PWM@EH preferably

const ructwa 3A3183eneral |y in accordance with | /US968200p0t . No.
4,342,314, issued to Radel and Thompso 1%9 3‘9 942,; the .
di scl osure of which is hereby i ncorporpted 'h gNn % rlefler ence. '

"Formi'ng structure 211 is conprised of a plufality of—Hndi vi dual
phot oet ched | am na. The apertures in formnfg structure 211 y be of
any desired shape or cross-section when the*~ormng—strocture is fabricated

" using the 3hapkimd0 has tvapastdrliads, @dorigimblitiabesnterlind Eant b)trals stk seteriife t he

I%fC(':I)'/r Eggg} '2882 ‘i'n{%at%&rx‘ t"longitudina.l"y\é% l?ng%l%%gg, refers to a line, axis or direciié)n in the

The f or mi ngpldneof 2i0sanitefenapikiy 20rthatidcgenerally alignetavith (e aappoximatetym
chanber ZZOlelgho} 2 vQﬁﬁEPﬁlﬁ{fé WhidlPbis QR8s Eta??bgt‘ﬁe\zéﬁerﬁﬂtotlgﬁ agm‘ﬂ&g bb&f M ng
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central région 31 and the two end regions 33 is contained in U. S. Pat. No. 4,690,680,
issued to Higgins on September 1, 1987.

While the topsheet, the backsheet, and the absorbent core may be assembled
in a variety of well known configurations (including so called "tube" products or -
side flap products), preferred sanitary napkin configurations are described generally

20 in U.S. Pats No. 4,950,264, issued to Osborn on August 21, 1990; U.S. Pat. No.
4,425,130, issued to Desmarais on January 10, 1984;U.S. Pat. No.4,321,924, issued
to Ahr on March 30, 1982; and U.S. Pat. No.4,589,876, issued to Van Tilburg on
August 18, 1987. The disclosures of each of these patents are hereby incorporated
herein by reference. Figure 1 shows a preferred embodiment of the sanitary napkin

25 20 in which the topsheet 24 and the backsheet 26 have length and width dimensions -
generally larger than those of the absorbent core 28. The topsheet 24 and the
backsheet 26 extend beyond the edges of the absorbent core 28 to thereby form at
least a portion of the periphery 21. Figure 2 depicts in greater detail the relationship
‘between the various components of the sanitary napkin view from a cross-sectional

30  perspective.

_ The representative absorbent article, sanitary napkin 20, is described in
greater detail in comxhonly-assigned, co-pending U.S. Patent Application Serial No.
08/561,989 ", Attorney's Docket No. 5877, filed
November 22, 1995 in the names of Christon and Ahr, entitled "Water Dispersible
35 and Flushable Absorbent Article", the disclosure of which is hereby incorporated
herein by reference. Suitable test and analytical methods for measuring various
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PCT/ US963 2004dillaries 72 formed by the interconnected sidewall portions allows for free transfer
of fluid from the first surface of the web directly to the second surface of the web
without lateral transmission of the fluid between the adjacent capillaries.
This preferred formed film web is further provided with a mult1phc1ty of
fibrils 54 or "hairs" on the non-apertured portion of its body facing surface. These
20 fibrils 54 improve the surface wetness characteristics of the topsheet 24 by
separating the wearer’s body from any bodily fluids that may remain on the body
side surface of the topsheet 24A. Similarly, this separation from a wearer's body
improves the acquisition rate for bodily fluids. The fibrils 54 also provide the body

surface 24A with a pleasant, velour-like tactile feel.
25 The fibrils 54 preferably comprise a water resistant resinous material such as a hot melt

resin blend which is commercially available from Century International of Columbus, Ohio
under the trade description CA-105. The fibril density can vary between about 500 fibrils per
square inch (77 fibrils per square centimeter) to about 11,000 fibrils per square inch (1700

fibrils per square centimeter). Preferably, the fibril density is between about 3000 fibrils per

30  square inch (450 fibrils per square centimeter) and about 5000 fibrils per square inch

(775 fibrils per square centimeter). Fibril length can vary between about 0.003

inches (0.07 mm) to about 0.04 inches (1.0 mm). Preferably, the fibril length is

between about 0.004 inches (0.1 mm) and about 0.0! inch (0.3 inm). The Applicants

~ have found that choice of fibril length and fibril density allows the rewet.

35  characteristics, the acquisition characteristics and the tactile feel to be varied to
achieve a desired balance of these characteristics.
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degree of qui hydlephoblc in nature, or from a material which is rendered hydrophobic by known

methods. This provides a wearer-contacting surface (the ends of the fibrils) which
20 tends to repel fluids and provide a "dry" tactile impression, while the remainder of

the web retains its hydrophilic characteristics to provide for enhanced acquisition

properties. Such fibrils are described in greater detail in commonly-assigned, co-

pending U.S. Patent Application Serial No. 08/494,273, filed June 23, 1995 in the

names of Ahr and 'Ihomas, entitled "Absorbent Device with Improvéd Functional
25 Surface ", the disclosure of which is hereby incorporated herein by reference.

_ The formed film web is preferably treated to form a web such that the body
surface of the web provides a structure which exhibits a surface energy less than the
surface energy of the intermediate portion. In a preferred embodiment, the treated
web exhibits a plurality of regions of comparatively low surface energy which

30  define surface energy gradients where they interface with higher surface energy web
surfaces. For example, a silicone resin having a low surface energy can be applied
to portions of the body surface 24A providing such regions of comparatively low
surface energy. Webs having such surface energy gradients are fully described in
U.S. Patent application Serial No. 08/442,935, filed on May 31, 1995 in the name of

35 Ouellette, et al. the disclosure of which is incorporated herein by reference.
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and described, it would be obvious to those Sdtet—mtte—art that various

ot her 35 changes, and, nodi f.i cati ons can be de wi.thout departing fromthe
spirit and s Cg%gldes a clean angdry) appegranee by prow%ng a\gd}tﬂ)nal opacﬁy to thegtopsheet
PCT/ US96/ 20064s a whole, and particularly the upper surface thereof. 18 of the

ventton 111 PR e OhIPYe 8Bt Mrlligihin et ) et
i nventi on. properties, length, and thickness so as to be at least somewhat resistant to deflection
5  toward the web surface when contacted by the wearer in use. If the fibrils collapse
too readily, the effect of separation between the wearer and the fibrous hydrophilic
substrate is diminished and increasingly "wet" tactile impression may be
encountered, Collapsed fibrils if too great in number may also prove to impair fluid
acquisition by blocking apertures or potes in the substrate.
10 Fibrils 54 extend generally outwardly from the wearer-facing surface of the
topsheet 24, as depicted generally in Figures 3 and 4. In a preferred configuration, a
majority of the fibrils extend generally perpendicularly outwardly from the surface
of the web, although at least some of the fibrils may extend outwardly at various
angles. ' ' )
15 As depicted in Figure 4, a number of the fibrils 54 are present on the film
surfaces which form the capillaries 72 of the formed film web 70. More
particularly, such fibrils extend outwardly from the sidewalls and toward the center
of the capillaries. Such fibrils provide a masking characteristic, i.e., they serve to
obscure one's view downwardly through the capillaries and into underlying elements
20 of an absorbent article, without unduly and excessively obstructing the passage of
fluids through the capillaries. The provision of fibrils so oriented is made possible
by the process of the present invention, as described below.

The Process
25 The preferred method for applying the resinous material to form the fibrils
'54 is by a rotary screen printing method. It is to be understood, however, that other
methods of printing or spraying such resinous projections are contemplated by the
present invention. Such methods include spu'a! spraying, mist spraying, or line
spraying, gravure printing, and flexographic printing. Rotary screen printing is the
30  most preferred because the method is capable of producing the sizes and densities of
fibrils desired and can also be performed at high web line speeds.
Referring to Figure 6, which illustrates a suitable resin application apparatus
100, the process for producing a three-dimensional, macroscopically-expanded web
. having an improved functional surface comprises the following steps. The substrate
35 102, having a mutually opposed first side and second side, is unwound from a parent
roll 104. The substrate 102 is fed to a printing station comprising a backing roll
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the disclosures of all of these patents being hereby mcorporated herein by reference..

The water jet causes the web 201 to conform to the forming structure 211
and apertures the web 230 in the areas coinciding with the capillaries in forming
structure 211. The pressure of the liquid stream, the tangential web speed through
the fluid pressure differential, and the temperature of the liquid stream are preferably
selected so as to achieve sufficient conformity of the web to the forming structure
without causing detachment of the fibrils or excessive distortion of their orientation,
or compromising the integrity of the sheet itself. Processing conditions which have
proven satisfactory for manufacturing webs of the above-mentioned preferred
materials are a water temperature of about 130°F, a water pressure of about 500 psi.,
and a tangentihl speed of about 340 feet per minute of the forming structure. Of
particular importance is the selection of a water temperature sufficient to soften the
film material for essier formation without overly softening the resinous material
which comprises the fibrils, and hence causing excessive distortion or loss of the
fibrils when subjected to the ﬂuid pressure differential (high pressure fluid stream).

As discussed above, the surface energy and surface tension characteristics of
the film material and the resinous material are preferably selected so as to provide a
suitable degree of bonding between the respective materials so as to enable the
fibrils to survive the formation process (being subjected to the fluid pressure
differential) in substantially their original orientation.

As depicted in Figure 4, as the film material is subjected to the fluid pressure
differential as it passes over the forming structure the material stretches to some
degree. Consequently, even if the fibrils are applied to the intermediate or precursor
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pervious web having an improved functional surface, said web being comprised of
a sheet of polymeric material, said sheet having a first surface and a second

- surface, said process comprising the steps of:

(a) printing a plurality of discrete deposits of a water resistant resinous material
on said first surface of said sheet, said resinous material having pre-determined
open time;

(b) drawing said deposits of said resinous material upwardly from said first surface
of said sheet to form corresponding fibrils during said open time;

(c) curing said resinous material;

(d) feeding said sheet onto a forming structure having opposed surfaces such that
said second surface of said sheet is in contact with said forming structure, said
forming structure exhibiting a multiplicity of aperture which place the opposed
surfaces of said forming structure in fluid communication with one another; and
(e) applying a fluid pressure differential across the thickness of said sheet, said
fluid pressure differential being sufficiently great to cause said sheet to rupture in
those areas coinciding with said apertures in said forming structure and to conform
with said forming structure while substantially maintaining the orientation of said
fibrils, wherein said fluid pressure differential causes said sheet to be drawn
downwardly into said apertures, such that capillaries are formed in said sheet, said
capillaries containing a plurality of fibrils extending therein.

The process of claim 1, wherein said sheet comprises a polyethylene film.

The process of claim 1, wherein said printing and drawing steps are
accomplished via a screen printing roll.

The process of claim 1, wherein said resinous material comprises a silicone
resin.

The process of claim 1, wherein said fibrils are provided at a density of between
about 3000 fibrils per square inch and about 5000 fibrils per square inch.
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materi al which is higher than the temperature of said high pressure jet of liquid.

10. The process of claim 1, wherein said curing step is accomplished via an air
cooling system,

11.  The process of claim 1, wherein said curing step is accomplished by delaying the
feeding of said sheet onto said forming structure until said open time has elapsed.

12.  The process of claim 1, wherein said fibrils extend outwardly from said first
surface of said sheet at least about 0.004 inches.

13.  The process of claim 1, wherein said polymeric material exhibits a critical surface
tension of at least about 34 dynes/cm.

14.  The process of claim 1, wherein said discrete deposits of said resinous material
are provided at a substantially uniform pattern density.

-16. A process for forming a three-dimensional macroscopically-expanded, fluid
pervious web having an improved functional surface, said web being comprised of
a sheet of polymeric material, said sheet having a first surface and a second
surface, said process comprising the steps of:
(a) printing a plurality of discrete deposits of a water resistant resinous material on
said first surface of said sheet via a screen printing roll, said resinous material
having a pre-determined open time; _
(b) drawing said deposits of said resinous material upwardly from séid first surface
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great to cause said sheet to rupture in those areas coinciding with said apertures
in said forming structure and to conform with said forming structure while
substantially maintaining the orientation of hid fibrils, wherein said fluid pressure
differential causes said sheet to be drawn downwardly into said apertures, such
that capillaries are formed in said sheet, said capillaries containing a plurality of
fibrils extending therein. '

-16.  The process: of claim 15, wherein said sheet comprises a polyethylene film,

17.  The process of claim 15, wherein said resinous material comprises a silicone
resin.

18.  The process of claim 15, wherein said liquid comprises water.

19. A process for forming a three-dimensional, macroscopically-expanded, fluid
pervious web having an improved functional surface, said web being comprised of
a sheet of polyethylene film, said sheet having a first surface and a second
surface, said process comprising the steps of: |
(a) printing a plurality of discrete deposits of a water resistant resinous material
on said first surface of said sheet via a screen printing roll, said resinous material
having a pre-determined open time, said resinous material comprising a silicone
resin;
(b) drawing said deposits of said resinous material upwardly from said first surface
of said sheet via said screen printing roll to form corresponding fibrils during said
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conprises water. 19. A process forr fermng a*th ree- 1l retrstoner
nmacroscopi cal | y- expanded, fluid pervi ous web havjnp a'ng gﬁ@g&d
functional surface, said web being conpri2ed of b Ehelet J R
pol yethylene film said sheet having a first surface anfl a_second
surface, said process conprising the steps of: (R) printing a
plurality of di sgdpffméleposits of a water resistant reskHrets—materted
on said first surface of said sheet via a screen printing roll, said
resi nous materi aic) curing saig sesinausamatedalada an sireeglingrevstemne, sai d resi nous
material conpris

deposits of sai ddd? gesca?j }1 uésé K?ragit%g ?21 aufgv\"ﬁ/alﬁék{}u?“r"oerﬁasvg} cfﬂ%) ogé@“%%ggh& that
of said sheet visaidsecbrscsurtace of isaidi sheet isl in aoptaicd with saidr fesping ditrugture,bsaid s

ggreinn?i Sr‘rgl d forming structure exhibiting a multiplicity of apertures which placé“the opposed

surfaces of said forming structure in fluid communication with one another; and
(e) applying a fluid pressure differential comprising a high pressure jet of water
across the thickness of said sheet, said fluid pressure differential being sufficiently
great to cause said sheet to rupture in those areas coinciding with said apertures
in said forming structure and to conform with said forming structure while
substantially maintaining the orientation of said fibrils.

20. The process of claim 1, wherein said capillaries each include sidewalls and a
center surrounded by the sidewalls, and wherein said plurality of fibrils contained
within said capillaries extend outwardly from the sidewalls of said capillaries and
toward the center of said capillaries.
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(c)v curing said%resinous material via an air cooling system (dﬁﬂMPcoP\‘
feeding said sheet onto a formng structure having opposed surfaces such
t hat sai d second surface of said sheet is in contact with said
form ng structure, said form ng structure exhibiting a
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of apertures which place the opposed surfaces of said f ';”'\ i 8
structure in fl uig(??mmnl cat worLDWITENLECINA TV ORGANFATION A ppl yi ng
a fluid pressure differe
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(54) Title: METHOD FOR MAKING THREE.-D[MENSIONAL MACROSCOPICALLY-EXPANDED WEBS HAVING IMPROVED
FUNCTIONAL SURFACES

(57) Abstract

The present invention
provides a  process for
forming a three-dimensional,
macroscopically-expanded, fluid
pervious web (70) having an
improved functional  surface
comprised of a shest of
polymeric material having a first
surface and a second surface.
A plurality of discrete deposits
of a water resistant resinous 75
material having a pre-determined
open time arc deposited on the
first surface of the sheet. The
deposits of resinous material
are drawn upwardly from the
first surface of the sheet to form
comesponding fibrils (54) during
the open time. After resinous
material has cured, the sheet
is fed onto a forming structurc
having opposed surfaces such
that the sheet is in contact
with the forming structure. The
forming structure  exhibits a 48 p 93
multiplicity of apertures which
place the opposed surfaces of the )
formmg structure in fluid communication with one another. A fiuid pressure differential is applwd across the thickness of the sheet which
is sufficiently great as to cause the sheet to rupture in those areas coinciding with the apertures in the forming structure and to conform
with the formmg structure while substantially maintaining the orientation of the fibrils (54). The printing and drawing steps are preferably
accomplished via a screen printing roll, and the fiuid pressure differential preferably comprises a high pressure jet of liquid.




