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EXHI Bl TI NG SURFACE ENERGY GRADI ENTS
FIELD OF THE | NVENTI ON The present invention relates to a web
which is suitable for use as a fluid transport nechanism In

particular, the web is designed to facilitate fluid transport in a
preferential direction fromone surface toward another surface and resi st
fluid transport 10 in the opp03|te di rection.
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One viable prior art solution to the aforementioned problem has been to utilize
a covering or topsheet on the exposed, wearer-contacting surface which comprises a
web of formed, apertured thermoplastic film: Commonly assigned U.S. Pat. No.
4,342,314, issued to Radel et al. on August 3, 1982, the disclosure of which is hereby
2s  incorporated herein by reference, discloses a representative formed film of this variety.
Such webs utilize capillary fluid transport to conduct fluid away from one surface
(wearer-contacting) into and through the web via three-dimensional capillaries formed
into the material, and then into the underlying absorbent structure. In order to address
consumer concerns with regard to plastic-like appearance and feel, webs of this variety
30 have been developed which include an interconnected structure of fiber-like appearance
in the interest of generating a more cloth-like, aesthetically-pleasing appearance. In
addition, apertured, formed thermoplastic film webs have been developed which further
include microscopic surface texturing (microtexture) and/or microscopic apertures
{microapertures) to further enhance the visual and tactile impression of such webs.
35 Representative film webs of this variety are discloses in commonly assigned U.S. Pat.
Nos. 4,463,045, issued to Ahr et al. on July 31, 1984, and 4,629,643, issued December
16, 1986 to Cutro et al., the disclosures of which are hereby incorporated herein by
reference.
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once it reaches the capillary interior.  Fluid which wets and remains on wearer
contacting surfaces contributes to a “wet® tactile feeling or impression, and to the
extent that such fluid may be colored or opaque also contributes to a "stained” visual
impression. Surface textures naturally occurring in the material of the web or imparted
25 thereto in formation further increase the likelihood that residual fluid will be trapped or
retained on the wearer-contacting surface rather than entering capillary structures for
transport away from the surface.- Thus, surface topographies which contribute to
desirable visual and tactile impressions when dry can also tend to retain residual fluid
on the exposed surface and thus reduced desirability under in-use conditions.
30 . : . .
Accordingly, it would be desirable to provide a web with enhanced
effectiveness in transpomng fluid away from one surface which is initially contacted by
a fluid.
More particularly, it would be dmb!e to retaln-v:sua! and tactile properties of
35 webs having fibrous or otherwise textured surfaces while promoting more rapid and
more complete fluid transport away from the wearer-contacting surface and into the
interior of an associated absorbent article.
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havi ng surface to aid in small scale fluid movement toward apertures or capillary entrances for
20 transport away from the first surface. Such webs also preferably include small scale
surface energy gradients normal to the first surface within a capillary structure to aid in
moving fluid away from the first surface and into the capillaries for capillary fluid
transport. - .

The present invention also pertains to absorbent articles which preferably
25 include & topsheet, a backsheet secured to the topsheet, and an absorbent core
positioned between the topsheet and the backsheet, wherein the topsheet exhibits

surface energy gradients according to the present invention.

30
- BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed that the present invention will be
better understood from the following description in conjunction with the accompanying
3s  drawings, in which like reference numbers identify like elements, and wherein:
FIG. 1 is an eniarged, partially segmented, perspective illustration of a prior art
plastic web of the type generally disclosed in U.S. Pat. No. 4,342,314,
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PCT/ US95/ 674 Jonwoven web illustrating another preferred embodunent accordmg to the
FIG 2 is an; E\Q-.Inﬁ&ged partially segnented perspective illustration of a

preferred astic web of the present invention having a surface
energy gr adi ent ; FIG 9lsaﬁlﬂhcfenlarsed, meewmtome 6°fthen°nwovenweb

of FIG. 8.
FIG. 10is a greatly enlarged simplified schematic cross-sectional illustration

20 similar to FIG. 2 of a macroscopically expanded, microscopically apertured three-
dimensional web exhibiting a surface energy gradlent according to the present
invention;

FIG. 11 is a further enlarged, pannal view sumlar to FIG. 6 of the web of FIG.
10;

25 FIG. 12 is an enlarged, cross-sectional view of the web of FIGS. 10 and 11, but
showing in greater detail the orientation of the surface energy gradients in relation to
the web;

FIG. 13 mawewgenerallys:malartotlutofFIG 9, but illustrating a further
embodiment of a composite web according to the present invention;

30

FIG. 14 is a top plan view of a sanitary napkin with portions of the sanitary
napkin cut away to more clearly show the construction of the sanitary napkin;

FIG. 15 is a cross-sectional view of the sanitary napkm of FIG. 14 taken along
section line 15-15;

35 - FIG. lélsatopplanvwwofthetopsheetpomonofasamtarynaplnn
embodiment made according to the present invention;

FIG. 17 is a top plan view of the topsheet portion of another sanitary napkin
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napkin with porti Qs 434231 issied taRadel et al. ommhﬁsi 3; U9s2ehy dieiostrecofowhial lis/

cross- sect i onal vitisroey aeohibruid el s HARFGS,, The fuid nervipus platc i 80 bitis o
section |ine 15- 13nultipligity of apertures{(&g., ma4ﬂbwmham\ﬂpmw tah@“mb‘m)'e@ﬁ
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present invent |oon Flr% IS a, 'Eog"gcggow et v Ol of ”Eci.%%iﬂ et
portion of anot heP“ngHPg‘ﬁ?y‘Wﬁmm earer-contacting
element comprises a base portion (e.g., base portion 51) located in plane 52, and each
base portion has a sidewall portion (e.g., sidewall portions 53) attached to each edge
thereof. The sidewall portions preferably extend generally in the direction of the
second surface 55 of the web, with the intersecting sidewall portions of the fiber-like
25 elements interconnected to one another intermediate the first and second surfaces of the
web, terminating substantially concurrently wtth one another in the plane 56 of the
second surface 5S.
The term "fiber-like", as utilized herein to describe the appearance of plastic
webs, refers generally to any fine scale pattern of embossments or apertures, random or
30 non-random, reticulated or non-reticulated, which can provide an overall appearance
and impression of a woven or nonwoven fibrous web when viewed by the human eye.
When describing the elements used to form the web, the term "fiber-like" is utilized
herein to describe the appearance or shape of the elements. As utilized herein, the term
"macroscopically expanded”, when used to describe three-dimensional plastic webs,
35 ribbons and films, 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 the three-dimensional pattern of said forming structure, said pattern being
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Each of the fiber-like elements exhtbxts a wbstantxally uniform U-shaped cross-
25 section along its length. In the case of a primary fiber-like element, its cross-section
comprises a base portion located in the wearer-contacting plane and a sidewall portion
joined to each edge of the base portion and extending generally in the direction of the
absorbent pad-contacting surface of the web. The sidewall portions which intersect
one another are joined to one another intermediate the wearer-contacting surface and
30 - the absorbent pad-contacting surface of the web, thereby forming a capillary network
interconnecting the opposed surfaces of the web. '
‘One drawback associated with the use of topsheets compnsed of plastic is that
despite their superior fluid handling characteristics some: users are very reluctant to -
. place a topsheet which they readily perceive as plastic by virtue of its glossy appearance
35 in contact with their skin. To reduce the gloss on the web's visible surface, i.e., that
portion of the web which is visible from directly overhead, it has been learned that the
inclusion of 8 microscopic pattern of surface aberrations which are not discernible when
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the topsheet and thereby absorbed y the absorbent core. Suitable methods of applying
surfactants_a_re described in U.S. Pat. Nos. 4,950,254 and 5,009,563, both issued to
25 Thomas Osbom, the disclosures of which are hereby incorporated herein by reference.
Despite the effective functioning of the surfactant treated prior art fluid-
pervious ‘web 40 in topsheet applications for disposable absorbent articles such as
sanitary napkins, there can be certain perceived drawbacks associated with topsheets of
similar construction, For example, treating the entire exposed surface of the topsheet
3o with a surfactant creates a very wettable surface which, when placed into contact with
the wearer's skin, may cause the topsheet to stick to the wearer's skin. This in turn may
create a hot, sweaty, and/or sticky sensation for the user which may be viewed as less
desirable by some users.
In addition, although capillary web structures of the foregoing varieties are
3s  effective in transporting fluid, their effectiveness is limited in that such capillary
structures can only move fluid once it reaches the interior of the capillaries. Fluid
which wets and remains on wearer contacting surfaces contributes to a "wet" tactile
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pad- cont act i nﬂ’mséyr fﬁ (ﬁjotlyanu&),tceﬁalheet %%fh meéhsyl of .t helate (1 qrsmxipe have
poly (vinyl chloride); polyester; polyurethane; compatible polymers, compatxble co-
polymers; biodegradable polymers; and blends, laminates and/or combinations thereof.
25 Fﬂmsmadeﬁ'ommchmatmalsmaybeplasﬂcnudthhmtableaddmveslmownmthe
art. OtherMesmaybeaddedtoaehwvethedemedphyﬁcal characteristics.

The fluid pervious plastic web 80 exhibits a nmluphctty of apertures or fluid
passageways (e.g., apertures 71) which are formed by a multiplicity of intersecting
fiber-like elements (e.g., elements 91, 92, 93 94, and 95) interconnected to one

3  another in the first or wearer-contacting surface 90 oftheweb Eachﬁber-hke element
comprises a base portion (e.g., base portion 81) locat,_ed in plane 102, and each base
pottion has a sidewall portion (e.g., sidewall portions 83) attached to each edge
thereof. The sidewall or intermediate portions 83 extend generally in the direction of
the second surface 85 of the web. The intersecting sidewall portions of the fiber-like

35 elements are intérconnected to one another intermediate the first and second surfaces of
the web, and terminate substantially concurrently with one another in the plane 106 of
the second surface 85.
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residual fluid 012153}&? mﬁ[}Of surfalcg ﬁnde us !rEEa &sslé i) of which
are hereby incorporated herein by reference. More recent publications in this area

25 include Cheng, ¢t al., Colloids and Surfaces 43:151-167 (1990), and Rotenberg, et al.,

Joumal of Colloid and Interface Science 93(1):169-183 (1983), which are also hereby
incorporated herein by reference.

As used herein, the term “hydrophilic® is used to refer to surfaces that are

wettable by aqueous fluids (e.g., aqueous body fluids) deposited thereon.

30 Hydrophilicity and wettability are typically defined in terms of contact angle and the

surface tension of the fluids and solid surfaces involved. This is discussed in detail in

the  American Chemical Society publication entitle.: Contact Angie, Wettability and

Adhesion, edited by Robert F. Gould (Copyright 1554), which is hereby incorporated

herein by reference. A surface is said to be wetted by a fluid (hydrophilic) when the

35 fluid tends to spread spontaneously across the surface. Conversely, a surface is

considered to be "hydrophobic" if the fluid does not tend to spread spontaneously
across the surface.
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25 Tllustrated below in Table 1 is the inverse relattonslup between contact angle
and work of adhesion for a particular fluid (e.g., water), whose surface tension is 75
dynes/cm.
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A (degrees) s A tcosA  Wergem?)
0 _ : 1 2 - 150
30 0.87 1.87 : 140
60 0.5 1.50 113
90 : 0 1.00 75

120 0.5 05 38



As utilized B Sigdsagt he term "fluid passageway" is intended tppTRIRGOFAFSS
encl osed or at least partially enclosed structures or channels which may

communi cat e fluids. The termfluid passageway is thus intended to
enconpass the terns "aperture", "chanhdl ™, "capillary", as well as
other simlar terns. 5 In a particularly preferred enbodi ment,
the interconnected_sidewall or I nternmedi ate portions 83 term nate
substantial ly condd?rent | y Wit h-&%& another i%1#he ploane 106 of the

second surface 85180 formapertures 89 in thegsecond surfacg 85 of the
web. The capillary networks 99 formed by the interconnected sidewall or
I nternmedi ate portions 83 allow for the free transfer of fluid from
the first or wear és-depictedcini Tighle 10 as sher Wade of @dissionhef avpartigilae cuitfacet dectdases
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her ei n by referenasmnénénrface S sald to be metted by a fluid
(hydrophilic) when the 35 fluid tends to spread spontaneously across the
surface. Conversely, a surface is consi dered to be "hydrophobic" if

the fluid doe®# not tend to spread&por@%@dﬁﬂﬂ@(ﬂ cos A% t he surface.

where: -
30 dF is the net force on the fluid droplet,
dx is the distance between the reference locations "a" and *b",
G is as defined previously, and
A(a), and A(b) are the contact angies A at locations "a" and "b", respectively.

3s Solving equation (1) for cos A(a) and cos A(b) and substituting into equation
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The contact angl e depends on surface i nhonbgeneities (e.g., chem cal and
physi cal properties, such as roughness),,contam nation, chem cal/physi cal
treat ment of or conposition of tﬁg solid surface as well as the -
nature of the liquid and its contam nation. The surface energy of
the solid aligggqfluen es,.fhe contact angle. As 5 the surface energy of
the solid de § ntact angle increases. As the surface

energy of the solid increases, the contact angle decreases.

The energy required to sewat d;EQv{ag: ,E?;pl(w(gﬁ?idq)]s&rface (e.g., afilm

or fiber) is expressed by eq

(1) WG 1+cosA) wher e: Wis the work of adhesion
measur ed isn er g/ crBqeaatidn (3) can be simplified to quation (#): sur f ace tension of the

|l iquid nmeasured in.dyne/cm and 15 Ais the liquid-solid contact
angl e nmeasured in degrees i ven Ilg’?l d, the work of adhesion
increases with the cosine of th@li q@ﬁﬁ #) -dW(b)) contact angle

(reaching a maxi num where the contact angle A is zero). Wor k
of adhesion is on usefu nder st andi ng. -and..quant |, f he |,
surface energy ch 56‘?@? aé‘??fféthﬁa‘d:frﬂ? %E B\%&Pﬁéb‘ \Glg’gg 2t hod
whi ch couled cleatly depicted in dquatibn (4), cahwthedmeotlmmpwnmﬂ éffectthahehanges in the

char acteristi vore E‘E ! Egﬁ

"critical sur ce ‘%ﬁ?\fs&!‘%gmﬂ&h Scusggg&esxownwxl on %Ett rhggft

W A Zismanforse colloid Sci.8, 194 (1953), and in Zi snan, {
Advan. Chem M&erdefaﬂed\lansaﬁaon&mm@hyﬁcal ﬁaafd mﬁEm eﬁm anidy

o5 O R Eh el i, VOl oAbl .
cont act argl edited by Portney KuGhatteree(d985); and Gapillari iedry andiPrattice; Ind( Eng |
water), whosehay f6190 619997 W‘A 5M7gchwartz, wlﬁbhnﬂ%/ lfe?éby mcorporated herein by
reference.
Accordingly, the force expenenced by a droplet will cause movement in the
.~ direction of the higher surface energy. For sumphclty and grapluc clarity, the surface
20 energy gradient or discontinuity has been depicted in FIG. 4 as a single, sharp
discontinuity or boundary betweén well-defined regions of constant but differing
surface energy. Surface energy gradients may also exist as a continuous gradient or a
step-wise gradient, with the force exerted on any particular droplet (or portions of such
droplet) being determined by the surface energy at each particular area of droplet
25 contact. |
As used herein, the term gradnent" when applied to differences in surface
energy or work of adhesion is intended to describe a change in surface energy or work
of adhesion occurring over a measurable distance. The term "discontinuity" is intended
to refer to a type of "gradient" or transition, wherein the change in surface energy
30 occurs over an essentially zero distance.  Accordingly, as used herein all
"discontinuities” fall within the definition of "gradient".
Also, as used herein the terms "capillary” and “capillarity" are used to refer to
* passageways, apertures, pores, or spaces within a structure which are capable of fluid
transport in accordance with the principles of capillarity generally represented by the
3s  Laplace equation (5): |

(5) p=2G(cosA)R



30 A (d\é’&ﬁé’@%’!}‘s cos A | +cos A PGH/US9S/07430

(erg/cnierr]) _ 1 2

150 30 0.87 13 1.87 140
60 - 0.5 1.50 113 90
0 1.00 s 75 120 : -0.5
0.5 3 V\D 96/ 00548

PCT/ US95/ 07430 Where: " 11

150 -0.87 pis thecapﬂlary pressur@; 13 10

180 -1 Rxsthe mtemal jus df the capillary (capillary radius As
depicted in Table 1, as t qs ﬁg %fl on oF gyéalp%lla?ul alru )SSIH ace

decr eases (exhi bit ﬂéﬁ)ﬁ‘% 3bo¥e. energy of the particular
surface), the contsact angle. of the fluid on the surface increases,

and hence the fluid tends
area of contact. The reverAs‘g ?gfﬁwyﬁ sr&'r%f ?g%loeﬁ’é‘ gﬁfpermof

gi ven surface decr easGhenui Aftertreati Fext. (1971 ppTR3-118, whish i liereby mq:orporated herein by
therefore, influencesreference, foiﬂ@@%é%&ﬁe'dﬂﬁ@ns&%@ﬁ&e&rhot& xll %%sure For A

surf ace. r n congext of the
i nvention, surface erﬁa?@;a;thec"gg ggal B’F‘Pﬁ’F REFSSYIE OP % of fluid
found to be usefulo i nnq@rthe’rMpllhwaencd, measpillmyWal!smﬁﬂbelaf@hydmphdxuaimﬁ(es<80°)

droplet of fluid 110 d
regions 113 and 115 hawk“ﬁJal PMI‘I ng ceackagr?é{m es%?es‘r'\@'ca@wfo{ to have a

di fferent cross- eaningful walugy smsnmmme&ﬂarsermms@eamwmm) the capillary

situation illustrat ecbrbggu&ldge,eﬁe&regl on 113 exhi bits a conparatively
| ower surface energy thanl;ﬁg on 11 and hence, a reduce

wettability for the fluid mmtamﬁmﬁe?s‘x@esmmwésm
droplet 110 15 xsprcpimhra)rmmatxmtordngmnk(fbt}heagtadlm ehgmselves twith déspgdtefo the

contact 9, 9100 L1 bl 3 s, G2 R b s LGN TR0
be noted that alt hougamcyhﬂg.rthpmm pnergy: gradipats podxmtmtanesmd located in relation to the
lie in a plane, the QapillaisSuchihat fid YAAGE RABEbE thedirstH? ppét sulBG witiut R6ntacting
linear, instead . at least one surface energy gradient or discontinuity and thus experience the driving
20 force agcompanying the gradient. Fluid moved to or otherwise present at a capillary
entrance .will . preferably contact at least one Z-direction gradient or discontinuity
present,.in-the capillary itself near the capillary entrance, and thus experience the Z-
directipn driving force to drive the fluid into the capillary where capillary forces take
over to move the fluid away from the first surface. In a preferred configuration, the
25 capiga:_i_ﬁ preferably exhibit a low surface energy entrance length and an otherwise
higher surface energy capillary wall or surface such that the surface energy gradient or
discontimuity is a comparatively small but finite distance below the first surface. In such
a logation the discontinuity or gradient is positioned such that fluid in contact with the
- first surface at the edge of the capillary or over the open end of the capillary will have a
30 lower surface or, meniscus which will extend downwardly into the open end of the
capillary where. it will contact the discontinuity.

By way of further explanation of this principle, FIG. 5 depicts a droplet 110 of
a,fluid which is located over a generic capillary or fluid passageway. This
representation is intended to be sufficiently generic as to represent the concept

35 expressed herein without being limited to a particular web material, design, or
construction.. Analogously to FIG. 4, the capillary is formed so as to present surfic-
113.and 115 having different surface energies (indicated by the different cross-hai<.



""‘representl ng the extent of droplet/surface contact regardl ess of the shape

of t lvpo ssisolaeCe. 20 Droplet 110 thus experiences gcf,%g;s?oqﬁoenergy
i mbal ance and hence an external force : due to the differnces in the

rel ative surface energies (i.e., the surface energy gradient or

di scontinuity) between regions 113 and 115, which can be represented by the
equation (2): 25 (2) dF = G [cos A(a) cos
A(b)] dx where: 30 dF is the net force on'the fluid
dropl et, for illustrative purpodes)i sAs ireF1G. 54, athe suifsieveneryyt dfesurfate 1 eNeeal @cat i ons
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PCT/ US95/ 07 vy fdfked 8o angle A such that thg

(2) yiél 8| gdr %‘aﬁaﬂgﬁﬁ a sharp departure from the interface with suxzfgof ll3d|:Sur@ce
[ (W a)/ G 11S; orf thelnthes handl,)h}ls glxxomparatively higher surfacEgnergy imcdniparisemwitle

S|rrpI|f|e Sdyation (4): _ (4) dF =
(Wa) Bﬁ@?q i nportance of ‘the differential in
surface ener gy %&mqnmm ‘%ﬂ‘f’a%éhe droplet 110 is located averjand extends n
equati on (pajtiallsntothé bﬁrﬂbé%ﬂthﬂcﬂfmﬁﬂ nCsoabitioh fiere tHeadurfabeba@sioni N t he

magni t ude of % e d|f Igﬂtt‘o%es'alnerou eﬁ%%s' on.ﬂ%)w d have onfﬁ‘he

magni t tde
droplet Whlch is within the capillary fonns a meniscus 117, with its edges in contact

-with the capillary wall in the region 113 having hydrophobic "surface energy (
characteristics. The surface energy gradient, discontinuity, or transition between -
surfaces 113 and 115 is particularly determined so as to contact the lower portion of

15 the droplet in the vicinity of the edge of the meniscus 117. The orientation of the
droplet and depth of the meniscus of the droplet are determined by such factors as fluid
viscosity, fluid surface tension, capillary size and shape and the surface energy of the
upper surface and capillary entrance. -

At the instant when the droplet positions itself over the capillary entrance and

20 the lower edge of the droplet contacts the Z-direction surface energy gradient,
discontinuity, or transition between surfaces 113 and 115, the meniscus 117 which is of
a convex shape reverts to a concave-shaped meniscus such as meniscus 119 depicted in
dot-dash line form. When the meniscus changes to a concave form such as meniscus
119, the fluid wets the capillary wall in the vicinity of the upper region of the

25 hydrophilic surface 115 and the fluid experiences an extemal force due to the surface
energy differential described above in equation (3). The combined surface energy and
capillary pressure forces thus act in concert to draw the fluid into the capillary for
capillary fluid transport away from the first surface. As the fluid droplet moves
downward into the capillary, the comparatively low surface energy nature of the

30  surface 113 at the upper region of the capillary minimizes the attraction of the fluid to
the upper surface and minimizes drng forces on the droplet, reducing the incidence of
ﬂu:dhang-uporresxdueonorneartheuppersurfaee o

Water is used as a reference liquid throughout only as an example for discussion

purposes, and is not meant to be limiting. The physical properties of water are well-

3s  established, and water is readily available and has generally uniform properties
wherever obtained. The concepts regarding work of adhesion with respect to water

can easily be applied to other fluids such as blood, menses and urine, by taking into
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Sci ence and Technol ogy, Voluge 7, Absorbency, 15 edited by Portnoy K
Chatterjee (1985), and Caplllarlty Theory apd Practice, Ind. Eng.

Chem 61,10 (1969) by A M Schwartz, which are hereby incorporated herein
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the change i'h sﬁp’fgg °s‘°§§gre%ﬁ‘iﬂ\“8ﬂ!f\g8f&§rﬁ'§§§@ﬁ°@§i Itli,‘efgﬁ??e energy
di st ance. Accmdjwngd ﬁaﬂn&m&d‘ flmdefmhd surface 85 miylbe thensameuast thatsof thel |
within the defi effrred embodiment, the sifface’Ghetdy Shd WWdrk o
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capabl e of fl wﬁtemedmepom@rssport in accordance with the principl es of

((:g)pl |1 Srl tyég?gg;akl)% [ Rresenii ed@%sg@ceenergygmfgnt orme uat i on 2_

PCT/ US95/ 07430 relatively low surface energy adjacent the porti: n of the web whxch will b8 placed

wher e: _ acen tdand i thd Rkith Ww%@xsssklﬁﬁ (1e the first surface 90% Asd ghe
I nternal radius Iary (capillary ra and .
and A are as d yMsu rface energy portion locat away from Gontact with the wearer's

skin (i.e., the sidewall or intermediate portions 83), the web 80 will be capable of
20 moving a drop of liquid from the portion of the web exhibiting the relatively lower
surface energy to the portion of the web exhibiting the relatively higher surface energy.
The motion of the drop of liquid is induced by the contact angle differential between
the lower surface energy portion and the higher surface energy portion which results in
an imbalance in surface tension force acting on the solid-liquid contact plane. It is
25 believed that this resulting surface energy gradient, which enhances the fluid handling
properties of the web 80 of the present invention and which makes the web well suited
for use as a topsheet on an absorbent article, such as topsheet 22 on absorbent article
20 illustrated in FIG 14.
In addition to the enhanced fluid handlmg properties, by designing the web so
30 that its relatively lower surface energy portion can be placed in contact with the
wearer's skin, the adhesion between the skin and the web is reduced by decreasing the
capiilary force generated by occlusive body fluids located between the first surface of
the web and the wearer's skin. By providing a structure with reduced adhesion
between the wearer’s skin and the web, the sensation or impression of stickiness
35 associated with adhesion to a plastic web topsheet is also reduced.
The potential for rewet is also reduced by having a topsheet with a surface
energy gradient according to the aforementioned description. As use forces tend to



5 As noted in Penetration of Fabrics by Emery |.. Val ko,
found . m“&ﬂf@&ﬁ [11 of Chem Aftertreat. Text. (!M?”m@ﬁo 83-113,
whi ch is hereby incorporated herein by reference, for A = 90, the
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of a hydrophilic tur A < capi |l l ary phenonena to
occur. Al so, ﬁoﬁﬁé Rl duid @{m‘xﬁl@ﬁ&mmwwﬁowoo theepad (e-8., squesrgd Byngf ul
“val ue, since zempression framecthe @bsorient capetommde/thmﬁnst huarfage s:fltlmtdpslﬁ):t)t fh

capi Il ary undesi4tle %ng?%ﬁ%? Tesisted bey rfacepo?"tné""&[%ﬁf?eet Y@%ﬁt haé'

|rrportant as the presence o |ents I'S
particul-ar or reativelylaw ssffaqmaﬁmwm méuvgrvaen attempts tnanake|its aeay\out bf thespect

to the 5 pad tiecdghithe an@shmatdpemf the capillaries or fluid
passageways thense the s eper
gradients or di scoﬁﬁﬁ ?mgr'%alfl%f:oo%gtﬁ#&é%f rngﬁe ?"3&9%3“ to ed%mg
capi |l ari es sfomes pfathef sugface eusagy, gradiestsdef the topshest; rElUICbls mpmmstllaf"ﬂ!e
\éV' t hOU: CO“E aGlreédiﬁsP htoward thétseédha%h?ﬁ&e%ﬁﬁiéft@ﬁsﬁeﬁw the & é‘il&?lggn th

i scontinuity_.an S experience AN rce acc e
gradi ent. Fl u#(?mrrﬂ\?e@ r@F"&Pﬂ@'\XPﬁ‘ Friaty 3“&!1“&“ i $NCERYy O £ the s:c}/ewaﬂ
entrance wol | ppnmheoﬁﬂlbyopsheetmwardthelabmbemmz direction gradient or
di scontinuity f
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drive the fl uifBPqrEant t@ emember thatrthe wppercandsjower doyndsoef any sughegradient areoverd
to nove the fkaatﬁbemeiﬁearfotdne aﬁdth&tlé%é ?e“%ibns lof 11 vpébewmsewerface defines -

enir ance | engRaiE Sy Sl B 5ot B sdfy ocihe nireplgpidhphie  *
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ledge of t Pe C djotwitistanding the foregding, Mdis P reseﬁtl refeh%dftﬁwthé apper \&\x}fhcefﬁvmad?»of
the  capPtP Wﬁ%ﬁéﬂ*ﬁwﬁ%ﬁ% °W&§f¥m‘@' Pyl ydfopRBE, 5" ©
By way of 2 ur Prder temaximize the drivingiforce nppm tol the icowingsfluid aind minimizer the| et
110 of dvérhilivetalility bf the weafetlcSitadtingsudacdeneric capillary or fluid
passasensy. TS o iGN Sl iy B IS0 ol
limted to a p.lperﬁmalllmntmgstlonmpaﬂl gtleatedhydrgﬂ)obmity and/or reducedr coefficient of
113192051 | il Bl ok S Sl o8 bl UG ol
cross-[er?} reduceif not eliminate topographical surface featires presentm
discussed above, such surface features aré an important physical feature with regard to
visual and tactile impression. Moreover, such ¢oatings typically have a smooth, glossy
finish which accentuates the sweaty, sticky, plastic-like feel of such webs.
- Without wishing to-be bound by theory, surface topography is believed to play
30  a major role in not only reducing the negative visual and tactile impressions normally
associated with such webs, but also in the handling and/or transport and retention of
bodily fluids. Accordingly, fluid pervious webs according to the present invention
preferably are constructed so as to preserve the physical surface topography of the
initially formed web ie, whemn the surface feutures sumve the gradlent-generatmg
35 process.
FIG. 6 is an enlarged partial view more clearly depicting the onentauon of
regions 98 on the first surface 90 and in the capillaries of the formed film of FIG. 2. It
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for illustrative purposes). As in FIG 4, the surface energy of surface 113
is at a predet ermi ned | evel which isltonparatively |ow in conparison
with that of surface 115, ' such that surface 113 is regarded as
hydrophobi c. Accordingly, the droplet edges in contact with surface
113 wi || exhi bi tshquideheanated:that withcregard dntFAGt 6amsywish Aubseqient figires, the size 8nd
dropl et edges rr%a @orsh &xsdwm\teus&nféxagg&&t@d 'n{‘l-@sbﬁxﬁ&:?a Kﬂcﬁ#&é ﬁﬁfﬁr%ﬂﬁ

Sur f ace JI o\r,/t e ot er @g Krpara er s
energy in corrpar‘?%rﬁﬁ he randomness ang icré deposxtxonso tre4t entg exceed the
si tuation depi ctlﬁtitatloanGgra'ﬁhxctdeplcﬂomrﬂnétheﬁ&Othe dihistratidns cheeeire arecinténded b

partially into txﬂ&f@ﬂ% ahg "no?flmh B}thck{ﬁ{gya:tﬂ?% @8&%&' pnc%e{neﬁd‘es are

surface tensi'on orces an es are gm

equi | i bri um Theprefsrbly gl inteoip bhé"en smaller regiops whichyaredno pmallpad-vapdam to
capi : : ary folr lms Be f&m dai&ilgwﬁmm fliasteaivfs By r? réﬁfrence the surfuté fextube
capillary wall i.n on ayin 0

characteristics. 'I‘h% {?ng‘i"'??‘&‘g fﬁfﬁ‘ ?"g%gﬁrﬁl b
bet ween - shswnﬁml?fﬁs 215 mdd?)is_ dsﬁrpnsirbyltbum etyaldsfeeeme)rma tmorqaeomm
contact the |0 [ lﬁfesd [

of the meni sgu\é\/Ei ﬁg&o%%lxtt%%doaﬁbg theL Méﬁ%ﬁglog?ﬂa% ogie of the

meni scus of the %Wteére determ ned by such factors as fluid
viscosity, fluid surfEReutficsénergy gediiintd 6fithe fﬂei&t inventihaherefore ekist rea aniqﬁace

The Phstant  wherfelHerHPE R 1B St ebfles o o Bloel Y ORT porvioys web mpde .

and 20 the | ovscordanns Rerewithe disodepiated: ém geeates detedl - FIG. &t the rsurfacer aesgy

engr%&gr?ﬂl gnt, ad:entsar 'cBthﬁMted‘B&f&ﬁﬁbsﬂekioﬂm@S?m&rﬁw E&Pﬁ&vﬁéﬁ
shaﬁe%“ @enoggdu'pém‘%go@asofﬂwe°°@¥€§r$a?9 comparafiygly higher
l'i ne fﬁr mf | V\hgn suffecerenergyC UTherbforyg @ach fegmncmmmmtéscx sarface energy gmdxeacusxts
119, the ui

of the 25 hy #‘?l c%g‘lgjyr#n é%ﬁuaﬁ#&ﬂfhm?% g’(%erl éirllécjée&gﬁﬁ{gx naI
force due to thepé surface enetgycgragd erusfkemem%nrecnrs@rqblve S%BW?“M“
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forces thus act |Pfaconcert to draw the fluid into the capillary for
capillary fluid ¥ avvay fromthe first surface. As the fluid droplet

noves downwar Notatatsot inFIGa6i the adepictioh of thenthickeess Vt!| of thevsusfacef envegy
f
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's used as a refgr et Caldn b the'fafiBO B8 the SPokradhy 3 tRAB! Gn'LLad! GHAE "
regions 98 are formed by a coating, the thickness "t" is the thickness of the coating.
Where the regions are formed by altering the chemistry of the web material, the
thickness "t" would be less than or at most equal to the film gauge or thickness.

30
At each gradient, a droplet contacting both surfaces experiences a driving force
which imparts some degree of motion to the fluid and reduces the likelihood of fluid
stagnation or hangup, particularly on surface topography. Although the regions 98
could be applied in a predetermined pattern, the regions 98 are preferably randomly
as  oriented on the web surfaces, with the randomness. increasing the likelihood that the
surface energy gradients will be properly positioned so as to affect any particular
droplet or quantity of fluid. Randomness is desirable not only across the first surface of
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Without wnshmg to be bound by theory improvements in fluid pass-through

25 characteristics are believed to be realized by a reduction in residence time of fluid on

the upper surfaces of the web, as well as the movement of fluid from the upper surface

into the capillaries for capillary fluid transport. Therefore, it is believed to be desirable

for the initial fluid contacting surface of the web to facilitate small-scale movement of

fluid (as opposed to larger lateral movement across the web surface) toward the nearest

30 available capillary and then rapidly downward into the underlying structure. The

surface energy gradients of the present invention provide the desired Z-direction

driving force, as well as the X-Y dnvmg force to unpart the deslred small-scale fluid
movement. :

: The plurality of small-scale surface energy gradients exhibited by such webs are

35 believed to be beneficial from a fluid-movement perspective. The small-scale gradients

aid in the lateral or X-Y movement of fluid droplets formed on the web surface which

might otherwise be disposed so as to straddle an intercapillary land area or surface
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t opsheet 22 on absorbent article 20 illustrated in FIG 14.

In addition to the enhanced fluid handling ptbperties, by designing the web
so 30 that its relatively |ower surface energy portion can be placed in
contact with the wearer's skin, the adhesion between the skin and the
web i s reduced -bycensavitypresegt emihe upper wesurface where thedluidemightiotherwise be trapped
occl usi ve body f| y¢ gSleksp dalated inGisViBEH ' : t d
the wearer's skin. @y %ﬁovﬁng a‘ﬁgtr%ﬁ@&@g@gﬁgﬁﬁggﬁilgggn%cmﬁg@
bet ween the wear efM&! $¢&', SUFiaee RErg)ogradients Qb A8, SUAFeOPL AngAP 8gb pftructure
stidcki gess 35 aspreferailetavd arh avedigesspaing ovliictpisashdlier teln thepvbagd intercafilfuvy
reduced.

topsheet with a s?ﬂ’f‘%y&‘ &%‘gﬁéjﬂ?ﬂ?%ﬁe&@ %@%W%ﬁgiﬁx ahaY blen

af orenenti oned de%ﬂ?ﬂlaﬁﬁﬁ-on. As use forces tend to WO 96/ 00548
PCT/ US95/ 07430 In addition, the regions 98, which are smaller in their surface-wik6 extent than

force the collectgd fluid to.rewet,or be squeezed.oul, Qf.f.he e.0. ..
squeezed by . e xgits fed StshE Hohich stam dRRAR br Bofily Hoid AR Pheky pyect
surface of the tothehdreplet, strga, or rivulet yofdbedilyafitid twwodestabilizing Fdrcésedue 3o shed
by the first sprf : : \ . rdedcahtl y | ow
surface ener 93 toﬁgﬁtgg{h&éﬁh%?ﬁl& ﬂ%"%%ﬁgﬁ'@ 0 lﬁ?atkoé |ts,t\i/\ﬁgﬁyo t .of the
5 pad through the ope he £ (SPp-eY cBtadients of the type herein, %Mrﬁ‘,’“’d
]1: luid i sf ablhe t 0 mivastagdonsly be emblogéd ofich-capillahkstrudtire ; s ﬁxckﬁﬁ:gghé surfages %f such
orces of the sur n . shee ved in
the "2 o $ERr8 55 Rpeilindnial Crimtal, RS  boceliahe e BBY Chreseh,
surface energy grigvinsionst is preferableito empley bioth seallseale 3o¥ surfaesygnergy gradients and
rel atively hi ghersnsiisesle 7-GRBAGH surfacé Bfergy Siadieats ofthﬁ%%éibﬁg‘s%riﬂéd {ohiehieve

t opsheet toward the . absojbept core., .« W regard tqQ the.
surface energy grBHieH ‘%‘I‘rg?‘ﬁ’é %ﬁ%@éﬂi‘ draplet sayilihriun qnd; thus irumize Sesidgnce
toI remenber Lhat tithe ang (hang-ap corl residue balthel uppér fegions WETthe rwebl e Accondingly, the
relative with re . ls O

i nterface defi nezﬁg&“‘é&M@gﬁé‘n“e’*“&?‘86@3@%@%@‘%&%2‘“@% I f é‘ﬁ%ent
si des of the hydr¥ph8mctienality ephimitedto the interigreafithe, fivid passegeways,cbus is/preferably

gradient may ge eéﬁf@}dd&b%stmvmm:ﬁ ¥Ahe Bfst irfiRe VT the web andl KGthACthe Thid
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necessarily PasHBeRWSabl i shed with regard to a hydrophobic surface and
a hydrophili c surface.Accordingly, in capillary web structures of the present invention the surface

energy gradients provide a synergistic effect in combination with the capillary nature of

the structure to provide enhanced fluid transport and handling characteristics. Fluid on
2s  the first surface of the web encounters two differing, complementary driving forces in

its journey away from the first surface and toward the second or opposing surface of

the web, and typically further onward into the interior of the absorbent article. These

two forces likewise combine to oppose fiuid movement toward the first surface of the

web, thus reducing the incidence of rewet and increasing the surface dryness of the
3 web.

By way of a representative illustration of the synergism of the present invention
vis-a-vis the combination or superposition of capillary and surface energy effects,
capillary webs according to the present invention have been found to exhibit a unique
combination of properties viewed as important from a consumer perspective. More

3s  particularly, capillary webs according to the present invention have been found to
exhibit good acquisition, dryness, and masking characteristics, which will be defined
hereafter.
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according to the present invention, more particularly with regard to appropriately sizing
25 and positioning the surface energy gradients for proper fluid handling. Such factors

include the magnitude of the surfice energy differential (which depends upon the

materials utilized), migratability of materials, blo-compattbllxty of materials, porosity or

capillary size, overall web caliper and geometry, surface topography, fluid viscosity and

surface tension, and the presence or absence of other structures on either side of the
30 web.

Preferably, the regions 98 of the web 80 have a work of adhesion for water in
the range of about 0 erg/cm2 to about 150 erp/¢m2, more preferably in the range of
about 0 erg/cm2 to about 100 erg/cm2, and most preferably in'the range of about 0
erg/cm2 to about 75 erg/em2. Preferably, the remainder of the web surrounding

35 regions 98 has a work of adhesion for water in the range of about 0 erg/cm?2 to about
150 erg/cm2, more preferably in the range of about 25 erg/cm2 to about 150 erg/em2,
and most preferably in the range of about 50 erg/cy2 to about 150 erg/cm2.

SUBSTITUTE SHEET (RULE 26)
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first surface,of i
PCT/ US95/ 07 4270 Company\%iﬁ&!ng %cts Division, of Waterford, NY, under the desi%:atxons uv

the web, but al s@30PadnUM&380GDH. (in prapertionss by Hweight| of 400 Aparts; tn 7g? \Partsny
particul ar respectively. When such a silicone blend is utilized on a formed film such as depicted

in FIGS. 2 and 6, coating application levels of about 0.5 to about 8.0 grams silicone per
square meter of web surface area have performed satisfactorily, although other coating
25 levels may prove suitable for certain applications depending upon the nature of the web
material and surface, the characteristics of the fluid, etc.. The surface energy of the
silicone release coating on the first surface of the apertured formed film is less than the
surface energy of the polyethylene intermediate portions which may have been
subjected to the corona discharge treatment and/or treated with a surfactant.
30 ’
Other suitable treatment materials include, but are not limited to, fluorinated
materials such as fluoropolymers (e.g., polytetrafluoroethylene (PTFE), commercially
available under the trade name TEFLON®) and chlorofluoropolymers. Other materials
which may prove suitable for providing regions of reduced surface energy include
3s  Petrolatum, latexes, paraffins, and the like, although silicone materials are presently
~ preferred for use in fluid-pervious webs in the absorbent article context for their
biocompatibility properties. As used herein, the term “biocompatible® is used to refer
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Alternatively, another approach to generatxng webs with surface energy
gradients according to the present invention involves dip coating the intermediate
portion 83 of & corona discharge- and silicone-treated web 80 with a wetting agent

35 (e.g., an aqueous solution of a surfactant such as Pegosperse® 200-ML) such that the
intermediate portions 83 have a relatively higher surface energy than the corona
discharge- and silicone-treated first surface 81 (regions 98) of the web.
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found to exhibit yanypl $td6nd material, so that during the aperturing process, the first layer 103 of the
film fractures first while the second layer 101 of the film stretches to a greater extent to
form the lower portion of the web. The first surface of the finished web is thus
comprised of the first material, while the intermediate and lower portions of the
30 finished web are comprised of the second material exposed following the fracture of the
first material, with a boundary between the two materials located in the capillaries and
slightly below the first surface of the web as illustrated in FIG. 7.
The finished web thus exhibits a surface energy gradient from the first surface
to the second surface defined by the interface between the edge of the first layer 103 (a
3s  "region" corresponding to those of FIG. 6) without the additional steps of treating the
first, intermediate, and/or second surfaces with additives or coatings. Note in FIG. 7
the irregularity of the edge of the first layer 103, which corresponds to a random



conbi nati on of properties viewed as inportant froma consuner perspective.
More 35wqesrops4sul arly, capillary webs according to the pERYSS0743aventi on

have been found to exhi bit good acquisition, dryness, and masking
characteristics, which will be defined 24 hereafter. WD 96/ 00548
PCT/ US95/ 07430 20 .

I n general, acquisition'is a reflection of the degree to which the fluid
transport web s -of does not.interfere with fI | d_pass- ough.
| npr oved acquii'§'ia?‘f°o°g‘?hee sur{a?’a?"@@t&'%@t k‘geﬁf'%{ﬁ' ﬁwﬁﬁig drﬁ ?gfoé'slghg ofgythe

i npedance of fiistswfapeefthe Iwebug'he fiest andaselcomislayers heramtdssdnbedmauéncsqsawted | ui d

driving forceg, x?‘lﬁx'@ a?nﬁth‘éﬁ?& bh@&f Inbréinte r? 5 'ﬁrﬂt(ﬁot sh5wn)
Dryness is a | ection g‘h ee {o |c t ransport

structure res Pfu‘F'ﬂ"e g‘ﬁl’)?l’t XP@'@WBQ%SMGPWSHSW’W"‘
essence, the dﬂgéﬁlmbphmahlgcshrthdfe&netgywbamctmms intamediate these @f ehenspperisdsy/e f or
quideowin sf&ér?l direction. Masking reflects the

cl eanl i ness o sur e after fluid pass-through, further defined as the

degree of . coI B ¢fenring nowctoRISH § apd, 9 therg lts}mfnetipmmye wiew\f] another t he
size or ext enéinmdxﬁ\ﬂﬂ ofGh fsll %Fﬁk)ﬁfrﬁd:el& QOO di -accordance with the prédeht ﬁva‘xhonas

surface energ a give | ruct.ure decrease ormy
the masking a F‘WF%QQ HF"C?%Q g‘glf" %rp&%"" Sp APIWRVER ¥ a’e%ﬂ%n‘gﬁ%f‘s
reductionun pnefemb&y mmpnseﬁefpnimom&necﬁbers Z%nmheresugtable ﬁlpnmmehdemnunah

acquisition lad Shoddy | {Pr f

gi ven capi l | ary vve sta%uct ufe&gp‘g’ %g rﬁ?dnbfbga e? rgﬂ‘éagda& oﬁl ng
and dryness chrlysthylene; bi-camponest fibers, pr, combinations g F%FE an dfibetss a%1i entf
principles Ofwélh&mﬁeﬂtper Ilmtﬂlo papendii@fibrdusinbiterialy. f ace ener gy of the._

oha ne o ht ghertd SRRy cu?éi‘?g; 19 3 "0 P Boply Brmeefs i €
| ocati on of t sesong sutfaceoxlower 206.h The Brsy surface 305 cmwduﬁ'pmmesmd surface
dryness, and/ gde Bpakintipmedifte 6&%'2%‘7' The Tiret sbiface 205 Préfer. hm,(

of .
sacrifices in the nin ers l e a

e hods Tar dmwﬁ%%@%%r ﬁem@%@g’m‘] woﬁ"ﬁqéa PRferttiy, s ar
descH)bed f regons@l@zexlﬁm deﬁmpdrauwlytlbw soifdde\ehierly antt priféiably comprise bh:lvo\l/ov

A nunber o q{;@,ﬂ?j

accgrdl ng toIo lnven ron rrg'rce par I cu ar#ow Wr%ﬁgtoﬁéw

res t
appropri agel y%b%gfﬁgﬁ GH 2 ands. tAGM@? 23 PM&%FM%t@ f or
proper fluid ﬁeﬂdirfawzoﬁmhemmfaeezoa of thie nonwoven web 202.

Preferably, the regions 210 hav_e a relatlvely low surface energy and a relatively
low work of adhesion as compared to the fibers of the nonwoven which have a
relatively high surface energy and a relatively high work of adhesion. Accordingly, the
25 treated nonwoven web 200 exhibits a plurality of surface energy gradients defined by
the boundaries of regions 210, ie., the mterfaces between regions 210 and the
surrounding fiber surfaces.
Surface treatments for generating regions 210 may be applied to the first
surface 205 of the nonwoven web 202 by techmqua known in the art such as screen
- 30  printing, gravure printing, spraying, dip coating, etc. The nonwoven web 200 may be
apertured by techmques known in the art such as needle punching, hydroentangling,
ringrolling (rolling between mterengaged, cormgated rolls), slitting and tentering,
embossing, etc..
For configurations wherein the web has defined apertures, the surface treatment
35 210 is preférably applied to the first surface of the nonwoven web after the aperturing
~ operation is complete. Altematively, the surface treatment 210 may be applied to the
first surface of the nonwoven web prior to the aperturing operation.



|ncI ude the {’gé‘gde of the surface energy differential \A/ng}&sg%%nds

upon the lals utilized), mgratability of materia
bi.o-conpatibility of materals, porosity or capillary size, overall web
cal i per and geonetry, surface topography, puid viscosity and surface
tension, and the presence or absence of other structures on either side of
the 30 web. Preferably, the regions 98 of the web 80 have a

wor k of adhesion for Asedegictédnin FIG. 9,hehe! REBnship oD ML r&x&fsgim’t@rtﬁé sbrface
about

b 0 /
2r S;J En{lgr r ]er tg ocg‘%’gﬁfa]p%go éfe"ag% r‘ﬁde vr’&"]a& %B?fa Pﬁ%&@"ﬁ'@%ﬂfﬁm the unpst r"éffﬂj’& oft
about 0 er giecwﬁérls]behmdmlhe atbimepogtaotrhspeet] of fhe gireseatbinyentiohe Neteathader
of the web sur rﬂwﬁﬁmt 35a ”i;‘g %csmﬁatafew:he g.aﬂ %ﬁ* RfBaid% 46 biiface "

th f abqut |
prgf ;?leeyol ﬁat ﬁaéeq"sngg ¢ @F&@Wﬁ?ﬂ%ﬁf §\90\Y? b, 1pagt ﬁ‘goﬂ'f‘érﬁhf

and nost pref er aiifage itreatnient ra&nlgp:caﬂ inlRIGE 9518 aupllgry plaralityt of discrete particles,

gz:.?_; Bg,igg/r 6]7 430 drop}ég, %Wgﬂ:%ﬁl@? which coat portions of ind:.idual fibers rather than 3 fm'dging or

Preferably, t henmlﬁuseofétheéibm which would asclugel thesintenfities porest ks disqusredraboves
regi ons nﬁﬂtﬁtj’ R5Rs A e QéneFaIﬂSn WER piSrality dffimall 3B4E serfacd RAklgy ©

erg/cnferr] to ab iﬂ m)re eferabl |n the range
of about 25 '%r gﬂ?ﬁf MB@M‘%@"@ H‘°"°m°“t¥
preferabl y in the raAQedﬁarlyldepmte&&h EIG;;/Q:ls[the p@netratuabuﬁﬂ:e:kdﬁaoert@hmﬁmunt@

T %ﬂc ﬂp@% d
SUI’ f ace ener 8 %éte ggg%roglﬁﬁ\éimwgg r gg‘én%ﬁ\%ﬁnﬁ%ﬁgﬂ& Sﬁ
of pol yet hyl ene"‘ig@né%i‘? agcanespirated near the rsamﬁmﬁ&ﬂéselftthpér%émﬁtﬁ

into andape[] tur@@bvﬁ%amnﬁgﬁmmlolhheﬂm- -ﬁﬂeﬂiaﬁxeeb ach:eveapeﬁ?hhﬁﬁhﬁﬂogoﬂ?a
CcCOor ona | SC arg enel a 1.N C eacnl Q

0 Bar ! S NAE" %6 i AaEL tnodE i Hesnber s 4B e BGE by, Brectihny, S8aa{ P10

4,456, 570 i ssuecbncemmedneihﬁ:ed'a'stedmfad:e 205rangdecreas®, in feﬁuqncnﬁuicm&iﬁ ,sming)

| ssued 10 ThOMBgyflindbasi ”d:ﬁuﬁheéﬁ m the Sl 16 SR IYNSurfibe RAkry Of

t hese patents bei ng | ncorporate rern re erence

pol yet hyl ene nefF8ioR, Wdsh eF‘E%Im"FRi °§B?’3¥1 &rahants, Jre,Bensrasedost O pedr thefirstsi n
or t opi csurfage 209 Ifor greatdr effeétace fluide nBN hedrathe Higstasurfatat Ok hyerageyer

surface energy i C red
formed filn *‘gr nﬁ;}g' 8“’3"9@%(’?% ‘Y’gﬂg" ‘#"E %g%%ymrggﬁbﬁ&ﬁﬁ w
surface treat nemrass sy !ﬁﬂ energyahanethat exhibited biylgwen regions af the web mareri tﬁg}hﬁf

M dl and, M chi g@Romisirfagd! € as Syl -OFf 7677 to which a crosslinker

avall abl e as Sy1- 0T 040, | e g BL.285H o bl 55 ' o eBBELS €©

apertured nonwoven structure having discrete apertures comparatively large in relation

25 to the interfiber spacing, the principles of the present invention are believed to be

applicable with equal effect to non-apertured nonwoven structures with sufficient

effective porosity to permit the desired fluid pass-through characteristics. This

applicability is believed to be due to the non-occlusion of the interfiber capillaries such

that sufficient fluid passageways remain open for fluid transmission to the underlying

30 structure. In a structure having discrete apertures comparatively large in relation to the

interfiber spacing, non-occlusion is less important but still believed to be advantageous.

Although the foregoing discussion has focused on a true nonwoven substrate, it

should be understood that the concepts of the present invention could be applied to

woven or hybrid woven/nonwoven substrates in similar fashion. In doing so,

3s  recognition of the degree of porosity present in the interwoven structure is necessary to

extrapolate the foregoing discussion regarding the porosity and interfiber capillary
spacing of the nonwoven webs to interwoven structures.
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resistance to f uﬂGnPﬁlr%rLecr}Lss-s%Qt?o 5‘123 Jf%ﬁg g;'the macroscopic structures of FIG.
11, more clearly depicting the presence of regions 390 on the upper surface of the
25 structure. As shown in FIG: 12, under some circumstances the regions 390 may at
least enter the interior of at least some of the microapertures 325 (as indicated at 391).
This tends to further reduce the surface energy of the upper surface of the web in
comparison with the intermediate portion having unobstructed microapertures. In
addition, partial or total coverage of the interior of microapertures on the uppermost
30  portion of the formed film with the regions of low surface energy further reduce the
likelihood that fluid will be trapped inside the microapertures, thus enhancing the
feeling of dryness experienced by the wearer. o
As depicted in FIGS. 11-12, the relationship of the regions 390 to the surface
topography (including microapertures 325) is believed to be an important aspect of the
35 present invention. Note the intermittent or discontinuous nature of the regions 390
with regard to the surface direction of the web. As discussed above, this results in the
generation of a plurality of small-scale surface energy gradients at the interface between
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. 14 and 15 Indeed, the surface energy gradient properties of the present
25  invention are particularly useful in combating the tendency of fluids to accumulate in
and around the microstructures present in formed films such as depicted in FIGS. 10-
12. This leads to webs having improved clothlike characteristics without sacrificing
apparent consumer dryness.
While much of the foregoing discussion has focused on unitary (one structural
30 element in the Z-direction) fluid pervious webs of a single lamina or layer of material, it
is to be understood that the principles of the present invention are believed equally
applicable to unitary (one structural element in the Z-direction) fluid pervious webs of
multiple laminae or layers which have been joined into 2 composite structure. Whether
such multi-laminae structures are of multiple layers of materials of similar physical
35 characteristics (i.e., plural film layers, plural woven layers, or plural nonwoven layers),
such structures may also include the family of hybrid materials comprising layers from
diverse physical families of materials, such as nonwoven/film composites,
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foam materials of this variety are described in U.S. Patent Nos. 5,147,345, issued
30 September 15, 1992 to Young et al., and 5,397,316, issued March 14, 1995 to LaVon
et al., the disclosures of which are hereby incorporated herein by reference.

In addition to the formation processes described above, the surface energy
gradients according to the present invention may be applied to film, nonwoven, or
composite structures which have been subjected to other mechanical processes, such as

35 creping, straining/activation by rolling with corrugated rolls or otherwise. Such
mechanical process may be either alternative to the processes described hereinabove or
‘in addition to such processes, i.e., sequentially either before or after such processes.
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punchi ng, hydr odhflude Rads, Jampons,, sanjtary| napkigs, HagoRtinent pads, and the
| nt er engageds cm%mdsw&gésuﬁlwmmﬁﬂgb t FHelterm Mdisposable” is usediberein 109,
etc.. 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
limited use, and, preferably, to be recycied, composted or otherwise disposed of in an
environmentally compatible manner). A “"unitary" absorbent article refers to absorbent
30  articles which are formed as a single structure or as separate parts united together to
form a coordinated entity so that they do not require separate manipulative parts such

as a separate holder and pad.
A preferred embodiment of a unitary disposable absorbent article made in
accordance herewith is the catamenial pad, sanitary napkin 20, shown in FIG. 14. As
3s  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 other vaginal discharges
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structure haudjwtmémemeWanswwl at ion 25 to
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bel i eved to be
transverse centerline *"T". The term "longitudinal®, as used herein, refers to a line, axis

25 or direction in the plane of the sanitary napkin 20 that is generally aligned with (e.g.,
approximately parallel to) a vertical plane which bisects a standing wearer into left and
right body halves when the sanitary napkin 20 is worn. The terms “transverse® or
"lateral" as used herein, are interchangeable and refer to a line, axis or direction which
lies within the plane of the sanitary napkin 20 that it generally perpendicular to the

30 longitudinal direction. FIG. 14 also shows that the sanitary napkin 20 has a periphery
30 which is defined by the outer edges of the sanitary napkin 20 in which the
longitudinal edges (or "side edges") are designated 31 and the end edges (or “ends")
are designated 32.

FIG. 14 is top plan view of a samtary napkin 20 of the present invention in a

35 substantially flat state with portions of the sanitary napkin 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 20a oriented towards the viewer.
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5 5,356, 405, &ihe¢ 1615wifiRIG. 14.S Asccahbe SeenisEIG. di5, e saaitanpmapkin @0 préfetably
Sept enber 7, 19 , 4 ' ,
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Fi brous st ruct ubadergasmaaicpfshe weamr. ; Remapuablerrpleaserlingrs:37rroversthe pdhesive fastening
inter-fiber gapnlehy 360 tiscitih@sive forh sticking tod fuifate Bher than ithe Gbt¢h gortion
struct ures. | G .18 is an enlarged partially segnented,
perspective i1 GEthespdesgangentpriariause. 10" i nensional , f1 ui d- per vi ous
formed-fil mweb enbo@Thertopshest 22Hhas ar first mirfaice 22atand 1, second surfage 32b pbsitioned

I ndi cated as 310Q;: Leal ' | ' . .rﬂgﬁer b
310 is generall deg%?f%ﬁﬂ{ﬁﬁ%?WW%@@cf’%ﬁ%ﬁﬁ%éﬁ%ﬁgﬁ%ﬁ%rt r\eég in
accor dance o ppmate dlyid transporttiom the topsheet gy the iacquisition layer. g Ahe seeonded
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surface or lands 28 o surisce 234 of the backsheet 23.
25 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
downwardly through the topsheet 22 and into whatever fluid storage layer or core 24
that may be provided. The objective is to provide a substantially continuous path
between the topsheet 22 and the underlying layer or layers of the absorbent article
30  herein, such that fluid is drawn in the "Z" direction and away from the topsheet of the
article and toward its ultimate storage layer.
The absorbent core 24 may be any absorbent means which is capable of
absorbing or retaining liquids (e.g., menses and/or urine). As shown in FIGS. 14 and
15, the absorbent core 24 has a body surface 24a, a garment facing surface 24b side
3s  edges, and end edges. The absorbent core 24 may be manufactured in a wide variety of
sizes and shapes (e.g. rectangular, oval, hourgiass, dogbone, asymmetric, etc.) and
from s wide variety of liquid-absorbent materials commonly used in sanitary napkins
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A preferred embodiment of the absorbent core 24 has a surface energy gradient
25 similar to the surface energy gradient of the topsheet 22. The body facing surface 24a
' of the absorbent core and the portion of the absorbent core 24 immediately adjacent the
body facing surface 24a preferably has a relatively low surface energy as compared to
the garment facing surface 24b which has a relatively high surface energy. It is
important to note that while there is a surface energy gradient within the absorbent core
30 24, the surface energy of the wearer-contacting or the body facing surface 24a of the
absorbent core is preferably greater than the surface energy of the garment facing
surface 25b of the acquisition layer 25. This relatlonslnp is preferred in order that fluid
‘may be pulled or driven from the acquisition layer into the absorbent core. If the
surface energy of the body facing surface 24a of the absorbent core were less than that
35 of the garment facing surface 25b of the acquisition layer fluid in the acquisition layer

25 would be repelled by the absorbent core, thus rendering the absorbent core useless.
| The backsheet 23 and the topsheet 22 are positioned adjacent the garment
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96/ 00548
"PCT/ US95/ 07430  The backsheet 23 is impervious to liquids (e.g., menses and/ogjurine) and is

nonwoven/ fi | nm noprefersbly andtinfaetureds fromi Ga thifi plfticCABE although hothert @exiblesliquidie
surface impervious materials may aiso be used. As used herein, the term "flexible” refers to
materials which are compliant and are more readily conformed to the general shape and
2s  contours of the human body. The backsheet 23 prevents the exudates absorbed and
contained in the absorbent core from wetting articles which contact the sanitary napkin
20 such as pants, pajamas and undergarments. The backsheet 23 may thus comprise a
woven or nonwoven material, polymeric films such as thermoplastic films of
polyethylene or polypropylene, or composite materials such as a film-coated nonwoven
30 material. Preferably, the backsheet of the polyethylene film having a thickness of from
' about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mil). Exemplary polyethylene films
are manufactured by Clopay Corporation of Cincinnati, Ohio, under the designation
P18-1401 and by Tredegar Film Products of Terre Haute, Indiana, under the
designation XP-9818. The backsheet is preferably embossed and/or matte finished to
3s  provide a more clothlike appearance. Further, the backsheet 23 may permit vapors to
escape from the absorbent core 24 (i.e., breathable) while still preventing exudates from
passing through the backsheet 23.
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processes. flaps are.preferably provided with attachment means on their garment surface so that
the flaps can be folded back under the panty and attached to the garment facing side of
30 the panty. In this way, the flaps serve to keep the sanitary napkin properly positioned
in the panty. The flaps can be constructed of various materials including materials
simlar to the topsheet, backsheet, tissue, or combination of these materials. Further,
the flaps may be a separate element attached to the main body of the napkin or can
. comprise extensions of the topsheet and backsheet (i.e., unitary). A number of sanitary
35 napkins having flaps suitable or adaptable for use with the sanitary napkins of the
present invention are disclosed in U.S. 4,687,478 entitled “Shaped Sanitary Napkin
With Flaps", which issued to Van Tilburg on August 18, 1987; and U.S. 4,589,876
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VWil e nuch of the foregoing discussion has focused on the presently
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A preferred enbodpreferred embedlmnilt; theyfirsti orpeearenifacingsunfabe 25a la'eferabl}ehasmi@lahmly
2s  low surface energy as compared to the absorbent pad contacting surface 25b.
Preferably, the surface energy of the first surface 25a of the acquisition layer 25 is
preferably greater than the surface energy of the second surface of the topsheet 22.
Furthermore, the second surface of the acquisition layer 25b has a relatively low surface
energy compared to the surface energy of the body facing surface 24a of the absorbent
30 core 24,
Referring now to FIG. 16 there is shown another preferred embodiment of a
sanitary napkin 120 made according to the present invention. The sanitary napkin 120
is shown in FIG. 16 as viewed from its first or wearer-contacting surface 120a. The
sanitary napkin 120 includes a liquid pervious topsheet 122, a liquid impervious
35 backsheet (not shown), joined with the topsheet 122, an absorbent core (not shown),
positioned between the topsheet 122 and the backsheet, and an acquisition layer (not
shown) positioned between the topsheet 122 and the absorbent core.

O
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ot hﬁr webs dhe adjaceit sezond regionf 13di | Likextise, the.first surfaces pfthe tepshset 122 withinsur f ace
such as dis | gboet 1SS dhe Li
st o bo i A8t 585 4 hebid Alaullsd Mk surfuce eochllF e Shas of B opsheet o,
of the 1231yxithin the: adjacentcihisd regiomA36. iThus fiwid deposites on theatopshoet 12%ebs
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the pri ni pisstongirep i Taf ot e afort 32, pqroptili il vetded o 0, ©
must be conshelthirdregion1§6wowiards ithe finst regibacl 32| of i the topshéen 122 ¢ie telp preventonal ity
when det er m pi - ' tl‘ll;ﬁ(tﬁriﬁ af, i ' Qﬁﬁaﬁﬂﬁ propriate orientation
of sur. gg‘gn gﬁ%‘i’g‘gm ?%;gri er 'séﬁ%ﬁ%’t o"-}ggtgrﬂelsenbab’r;\s(ent i on. 15‘
Sanitary napkin MYh# I rVERAE] L rippshest - &§“¥fﬁ¢°st__
surface 20a,energy gradientefromergion 1o fegibn] Which may«ber discrére Ndracdntin@oud] tifeaci ng
second sl 1 apEshsto 22 A Blterabyy. pave i, SR Sfice gl eient pefien, "
cont acti ng she fiest surface angahesidewsiliof intesmedintecpartions: off the tapsheet 120. | The
shown in Fl Gurldh @ferity OfQifle fsidi;m?%rﬁd!fssﬁﬁ\a\ﬁtﬁﬁl‘?ﬁlez%ecﬁb@ régiést ofs il ace
20a i s intende 20.. 10, .be rn,a cent to fhe body of the arer. The
second sur f 30BS W&bﬁm%% energy, pithe wearer-copating surface in the) 5 o
t he opposi t dfirst, decond dandsthird t regidns! of ¢he copsheec 1d2.. Thus, akl§ eopsindet twill tdiso
wearer's,_un . L. l- [ l S The
sanitar yzonaﬁ?lsﬁggg%z;\so%&ggnﬁ%éﬁgfﬂ:‘#‘o@ﬁ%ﬁﬂ%ﬁﬁw ggn %tr ?tl. F}vgb 0. and a
transverse clsplasedinddG:2» The term “longitudinal ™, as used herein, refers
to a line, axis I3%ome Siudlioh£it imeg beldesitdbie 3! iAVE a Slirficeenérgy ighadient oakle n 20
that is gengig s|u¥&9;e| ofthe gopw l&f w?nch forces fluid from the first region to the second
- region, and from the second region to the third region. In such an embodiment, the
25 first surface of the topsheet 122 within the first region 132 has a relatively lower
surface energy than that of the topsheet 122 within the adjacent second region 134.
Similarly, the first surface of the topsheet 122 within the second region 134 has a
relatively lower surface energy than that of the topsheet 122 within the adjacent third
region 136. Thus, fluid deposited on the topsheet 122 will be driven from the first
30 region 132 toward the second region 134, and from the second region 134 toward the
third region 136. This type of surface energy gradient may be desirgble when trying to
fully utilize the absorbent capacity of the underlying absorbent core by spreading bodily
fluids across the first surface of the topsheet, the fluids will have a more direct. path to
the peripheral portions of the underlying absorbent_ core.
3s The regions or zones 132, 134, 136 are shown in FIG. 16 as generally being of
an oval configuration. However, the regions may be formed in a wide variety of shapes
and sizes, such as rectangular, elliptical, hourglass, dogbone, asymmetric, triangular,
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gg{q 3?5[‘{ i E)‘r)] f‘gseé’@z{}ﬁ&@%&‘ sorfice ehiétg) Bs Contpareditothe thitd Fegiond 187, fd8e 1 ui d
It should be noted that the surface energy characteristics of the regions depicted
in FIGS. 16 and 17 are in addition to the surface energy gradients and characteristics of
25 the present invention. Accordingly, within one or more of the defined regions in FIGS.
16 and 17 the surface energy features and characteristics described in FIGS. 2 and 6-13
are included therein as well. :
A representative embodiment of a disposable absorbent article in the form of a
diaper 400, is shown in FIG. 18. As used hereixi, the term "diaper” refers to a garment
30 generally worn by infants and incontinent persons that is worn about the lower torso of
the wearer. It should be understood, however, that the present invention is also
applicable to other absorbent articles such as incontinent briefs, incontinent pads,
training pants, diaper inserts, sanitary napkins, facial tissues, paper towels, and the like.
The diaper 400 depicted in FIG. 18 is a simplified 'absorbent article that could represent
35 a diaper prior to its being placed on a wearer. It should be understood, however, that
the present invention is not limited to the particular type or configuration of diaper
shown in FIG. 18.
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The topsheet 404 is compliant, soft feeling, and non-irritating to the wearer's
25 skin. Further, the topsheet 404 is liquid pervious permitting liquids to readily penetrate
through its thickness. A suitable topsheet 404 can be manufactured from a wide range
of materials such as porous foams, reticulated foams, apertured plastic films, natural
fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., polyester or polypropylene
fibers) or from a combination of natural and synthetic fibers. Preferably, the topsheet
30 404 is made in accordance with the present invention and includes surface energy
gradients therein.

A particularly preferred topsheet 404 compnses staple length polypropylene
fibers having a denier of about 1.5, such as Hercules type 151 polypropylene marketed
by Hercules, Inc. of Wilmmgton, Delaware. As used herein, the term "staple length

35 fibers" refers to those fibers having a length of at least about 15.9 mm (0.62 inches).

There are a number of manufacturing techniques which can be used to

manufacture the topsheet 404. For example, the topsheet 404 can be woven,
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facing surface andmth ngegmqngm]gategu a %ssn}t 8‘5“ |t\l}%ngk5tfeeH1e absorbent

core 24 and are 1of the,backsheet #102tis distatedabyithe size o€ thecabserbens\core 406
attachment means shdeie &H&‘ﬂiﬁpeﬁﬂ&i@%ﬁlected In a preferred embodiment, the backsheet 402 has

a modified hourglass-shape extending beyond the absorbent core 406 a minimum
distance of at least about 1.3 centimeters to about 2.5 centimeters (about 0.5 to about
25 1.0 inch) around the entire diaper periphery. N
The topsheet 404 and the backsheet 402 are joined together in any suitable
manner. As used herein, the term “joined" encompasses configurations whereby the
topsheet 404 is directly joined to the backsheet 402 by affixing the topsheet 404
directly to the backsheet 402, and configurations whereby the topsheet 404 is indirectly
3 joined to the backsheet 402 by affixing the topsheet 404 to intermediate members which
in tum are affixed to the backsheet 402. In a preferred embodiment, the topsheet 404
and: the backsheet 402 are affixed directly to each other in the diaper periphery by
attachment means (not shown) such as an adhesive or any other attachment means as
. known in the art. For example, a uniform continuous layer of adhesive, a patterned
as  layer of adhesive, or an array of separate lines or spots of adhesive can be used to affix
the topsheet 404 to the backsheet 402.
Tape tab fasteners (not shown for clarity) are typically applied to the back
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finished to %WW&%W&%&RMW%&%MMMWWGH

ﬁ?eg;a%agleé)m ﬁgor!s to es&age Eﬁ]ﬁ t he ?all‘a?s?(r)r bent colrﬁ he
backsheet 23.the length ofthe diaper 400.  Alternatively, the elastic members can extend the entire
length of the diaper 400, or any other length suitable to provide an elastically
contractible line. The length of the elastic members is dictated by the diaper design.
The elastic. members can be in a multitude of configurations. For example, the
30 width of the elastic members can be varied from about 0.25 miilimeters (0.01 inches) to
about 25 millimeters (1.0 inch) or more; the elastic members can comprise a single
strand of elastic material or can comprise several parallel or non-parallel strands of
elastic material; or the elastic members can be rectangular or curvilinear.  Still further,
the elastic members can be affixed to the diaper in any of several ways which are known
35 in the art. For example, the elastic members can be ultrasonically bonded, heat and
pressure sealed into the diaper 400 using a variety of bonding pattems or the elastic
members can simply be glued to the diaper 400.
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I n- use, the sanitary napkin 20 can be held in place by any support means or
attachment means (not shown) well-known for @wch pur poses. Preferably, the
sanitary napkin is placed in the user's undergarnment or panty and
secured thereto by a fastener such as an adhesive. The adhesive
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f1uid, Bref b‘"?g?‘h? %Rﬁ% (aes g P ?‘%H%ﬁﬁ f
t he panty. Secon_(#eaﬁloéthedlapeﬂOQaps are preferably provided with attachrrent
means on their garnment surface so that the flaps can be folded back
under the panty and att . anty.
In this way, the fl| apssiesdd LES

posi ti oned int mhepﬁﬂbwmgTBGaf tlapﬂpﬁmn obet @Mi Uﬂﬁﬁmﬂ Q‘&r \cafistaucting a

seue. o cobi Aetraagré febcen ik ‘@"gﬁ‘%&ff*ﬁaﬁﬁg‘?mﬁ%ﬁ'&?ﬁﬁig‘%&"‘%'

a separate el enedvestietached to the main body of the napkin or can

P ion of t h
SYL- OFF 7048 Crosslinker is mixed at a 10% added on level to SYL- OFF
30 7677 Release Coating, both from Dow Corning. This silicone mixture is then liberally
applied to a sheet of paper towel commercially available from The Procter & Gamble
Company of Cincinnati, Ohio, under the trade name Bounty®, The particular towel
variety utilized does not have a distinctly-visible surface pattern embossed therein.
After the mixture has soaked into the paper towel the excess SYL- OFF mixture is
3s  removed by blotting with a dry towel so as to avoid visible pooling of free silicone
material. This paper towel hereafter is referred to for convenience as the “treated
towel”.



conpri se_ext ensi ons of the topsheet and backsheet (i.e., unitary). A nunber’
of sanit Q6088 \onkins having flaps suitable or adapt aBFEUSSA7438e wit h

t he sanitary napkins of the present invention are disclosed in US.
4,687,478 entitled "Shaped Sanitary Napkjsn Wth Flaps", which issued
to Van Til burg on August 18, 1987; and U S. 4,589, 876 V\D 96/ 00548

PCT/ US95/ 07430

entitled "Sanitar %ﬁﬂ#& | '

The di scl osﬁlr. {‘areh 0 eeds;%#@ggirg%{%{@lpggh}e E&t% %6? egg?aé%gﬁer ein

by reference.and taped to paper topyg sa(BSP@V@ 88 @ CafFish anaterial SQ)that the msré cing

It nveﬂt l ?nzzans:@d:aﬂhthsltgpsneegha YiirigSthe <Brrier matenHIinh@wlé%f-Ed) V%iﬁb the
opshee n e .absorben ayer may

serve sever aﬁt fﬁﬁ?ﬁhgﬁts’ H?BPM&"%P%% eﬁgf FPB‘ &%MT ‘é‘é“’ﬂ?f@‘l’“’énd

i nto 'the absoavsilable Fomart sipplystores whish ds hnowreasbnanmwlodkeronerpmhasm cki ng

of exud-w mm&:ammwmlwy l@ﬂteﬂrgemwﬁdi&d%vﬂpdh@ backSdF the ta 8ed

di stribution t he exuda hr'oughout rbent, core an
al Towi ng t he © el o ther thew Siog SUaseof the (opsheph potacipthe
wi cki ng ref erumnled muhér @ha taped topsheetyia shent immediately hong atearer-cartadting4sidds i n

10 one, &{H{?H a rdi? hb:? gﬁ-c&Eulfﬂqg mntﬂa ifrg%e{l’ 'té”&ﬁreafb?/ 1‘6rndnﬂte"she{o

z- dlrectlon) d of 'se
di f f er ent 'hratiasure camplete; qyans\ aneesuped e)itape on the mmt mm@eemspsgm trebe ¢

fibers incl uokuagthapdhygyleopppﬁkwmlnaﬂﬁbdﬂ pol yet hyl ene; nat ur al
fibers including cptton_.or bIen s of such fibers
equi val ent &bl 155 bapRianR Papst SRR bRl Sort Blodimbpe i the ¢

sani t ary napktiopshebtaisi outj tara destred aizgandi shapen(still\langer thin the dinished: absartentior e

App | cat 1 on Sarcle e, %ﬁ@@ﬁ% oh 3 the topetepe AR, it i b0
Layers", #3 | Sgmoethesened thei 9!’3!‘% glope:the sopsheet is W@S“@Ito calgulate the
di scl osur es cﬁmswqghtembsm,mméw s are hereby incorporated herein

Pined w th the tiﬂ*‘h%a?‘%@ﬁar?f% S@W&m@%ﬁ efiiihed by AABRAGHE ind ™ D€
webs t oget herbasm ght pfhie terighin an unenated cendition (grams persquare aietey)

D of €1 T od_entiat oo s e (6t v ?. (e Bt) GPiHe Watod opehiet materal, I e
gnergy gr ¥ dlngﬁ' é’? '% %&"&“&H&%@Bﬁ%%re
24. In a stmmgmpsmmwumtahtdvmﬁzersﬁ weighed defore initiating tireusohtigge 25a

preferably h2p°t Lf atively 25 low surface energy as conpared to the
cont ac

absor bent pa ti n? surface 25b.
: In order to obtain various coating weights of silicone on the topsheet matenal a

number of parameters may be varied as required. Such parameters include the roller
25 pressure during its application to the topsheet matenal the number of passes of the
roller over the topsheet material, the viscosity of the silicone material (which may be
influenced by temperature, for example), the saturation level of the treated towel, etc.
Topsheets formed from an initially-hydrophilic material are then ready to be
applied to a catamenial pad. -Topsheets formed from an initially-hydrophobic material
3o are treated with a solution .of 0.1% Pegosperse 200ML to render the non-silicone-
coated areas hydrophilic. The garment-facing surface of such topsheets is dipped into a
suitable-sized pan of the Pegosperse 200ML solution. The topsheet is then immediately
 hung wearer-contacting side up'in a 60 °C oven non-air circulating oven until dry. The
topsheet is then ready to be placed onto a catamenial pad. -
P tion of Catamenial Pad | |
Catamenial pads are constructed as follows. Onto silicone-coated release paper



Preferably ace energy of the first surface 25a of t Lsj.tion
WYl g&@%%%éiig

| ayer 25 is preferably greater than the surface energy ond
surface of the topsheet 22. Furthernore, the second surface of the
acquisition |ayer 25b has a relatively | ow §Grface energy conpared to
t he surface energy of the body facing surface 24a of the absorbent 30 core
24. Referring nowto FIG 16 there is shown another preferred
embodi ment of a a spirakspatternaofH203) IFimdiay2lot roeieadhesive iiappliedoatt@4 gpesimdt This

i nvention. The saghdffe\ayen Fkkt'rﬂasise?rg onto th%%ofm)érgﬂr'fgbu@) Gide F aas%cydﬁifgp%gm

its first or mearereﬁontactln ace sani t ary na

includes a |iqui dyellipg theses é@P sheetand gopted, piepse REReF (oasther Bt
(not shown), joi i sabérfdafyhtbpﬁlﬁﬁﬁ tsefaimé&af acionNever Afatdrial RhGwH WtFoﬁthH&Wv)md

posi ti oned betme b e hSALion
| ayer ('not %Edé\lg %)sg' me% &'g'g%? g’é{" %rﬁlczjl: c’fﬁﬁy& %orb of
absor bent core. g&smms The topsheet is applied to the adhesive side of the secondary
_'IZ_'ET/ tUSQ 5{1 07:13822 top: sh?et and the two alzre Ctiaonded by gentl ptessm them together wglﬁ a hand roller.
e topshee re era i ncl.ude nd/ or .zone
such as a f‘"e%ﬂ}[ q"(’@ﬁﬁ ?%‘g"e'a’a%%?ﬁﬁaferaé’gﬁ%ﬁ 3@"&8}’%’3@?& S‘?%f
and conti guous vmof la gofyethylene bakisheet. (Thgiabsorb@ coenid addechia constryétathe Tomplete
adj acent to 8%? ?‘E st N the second region 134. Pref erabl Y,
the first sur aceo e topsheet 122 within the first central regi on
132 has a rel atively MFogoBstnstprepresentatyeabsothent artigle agrording:tq %mgémztzof
within t he Fa@j agetlie folle OSGHAlS ated Giilidel koWt cotpénehtsr 6f theUitisabentof

the t heet 122 t hi 4 | h
Surface ener gy FAPEHR " Ty oo AR B FIG Ryl Wﬁﬁ i s a‘!;‘uf@éﬂ‘?“gt -
third regi on 136thaTiedFIGS] 4-47,dexoepti thatcit exhibitsean bpeglesstshaped over.

driven fromthe tcBie"leé’r?Qhé@é]nﬂl@@& folflaws Wﬁneﬁ@&ﬂﬁ@ shiR® FBR HowWard MehtddaP 3% ke

10 second region 13 tovva d the firs |on . Accordin flurd wll
be directed T 1 onsecondary ipRshestif Git e 3 ASHNG HER SGLLIAEm ol 4 i A SHpeepE-aoRedor
the topsheet 122 réleasbphyermbmﬁmgaspxral pattesh Gﬁmmmﬁﬂla)f hotimelt adhesivé 3applied
periphery 140 of 1é “?e #ad){ﬂ grahm BPer 5qygr %xnch )Hlé Eﬁcéﬂ%—ecogfeﬁ%lege rpager

wear er - contactlng SUF ace

gradi ent from r edthigh i nsqdégut@nsfewhnduenaieﬁb@ m%ﬂéﬂéwgﬂ apd at i 98uomdy 5;5H8m
15 topsheet ;422 tddlited r@i&ﬂfébthai%admaw%hltwﬁh hiiiseenBs ERMED Wvith

Borti ons of ?ﬁi”%@m@ma« oh e Forf Howget. %Begﬁ'@déwﬁ if Rhenclofd e e
portions 134 wi t kémpliteceo creasecthe materiak dividisg the makerial into three portions. The template
is then removed, leaving the glue on the creased Fort Howard. Particulate absorbent
gelling material in the form of Nalco 1180 AGM is then evenly distributed in the
25 amount of 0.68 grams per pad onto the glue side of the Fort Howard, nonwoven
material. Next, 190 mm of quarter inch double-sided tape is then applied to the inside
edge of the Fort Howard, which is then folded over by the creases so that the taped
edge is on top. The resulting storage core has a finished dimension of 190 mm by 65
mm. The secondary topsheet is adhesively bonded to the topsheet. The storage/core
30 layer is adhesively bonded to the polyethylene backsheet by two strips of quarter inch
double-sided tape.

The topsheet and absorbent structure assembly are then combined. Next, a
sheet of Teflon ® is placed over the assembled structure. The edges of the product are
sealed with an appropriately shaped die, attached to an iron and heated to a
35 temperature above the melting point of the polyethylene topsheet and backsheet. The
iron die is applied to the material with hand pressure to seal the edges. The catamenial

pad is then cut from the excess material using a pair of hand scissors.



topsheet, will be higher than the surface energy of the wearer-contacting
surface WO 9%i06548 first, second and third regi ons of pdEvssspseet 122.
Thus, the topsheet will also 20 pronpbte the transmi ssion of fluids in the
"Z" directi on simlar to that of web 89 disclosed in FIG 2.

In sone situations it may be desirable t 8 have a surface energy gradient on
t he first surface of the topsheet 122 which forces fluid fromthe
first region to the second region, and fromthe second region to the
third region. In such an embodinent, the 25 first surface of the topsheet
122 within the first region 132 has EXAMPLES|y | ower surface energy

than that of gﬂﬁ,ﬂppsheet 122 within the adjacent second region 134.
Simlarly, the |rs face of t&e t opgheet 122 within the second region

134 has a H & R thyy Prosedure sett fosth abeae.t cfhsheet
122 within tIstartg mﬂal tvhisrd three-dtmensgmain ndtfoscdpicully-ekpanided, dfipmad tfg on

the topsheet fiLs the
second r eg oﬁ%fw WH@@*&%@%%&* ik 705 AREL Ayl bR

regi on 136. Bhove, Which et sasitary qppkinnby dhe Preggern® Grashils gpmammfn
trying to Cmcufﬂih Mhiétds“ -wnﬁwsmiem 128RRE pénérddla é}é&?anHé‘QPfHeYﬁlﬁg
O e e g SR R wénmﬁaem-ir%éw%“?iwg (RS} e 07
peri pher alo p(bptgenemllsohydrbphmaemwmg Thie stopsheett wam:eated 3dth silicone on WHee

[egi ons or 2 Qiafertbaacting Surfcar 3 GreSrVMY | n&@ %q;uﬁ?eatﬁetgﬁﬂﬁrﬁii&éo@ﬁﬁd&g of

an oval confiqurat ver, the regions varlety
of shapes with @ﬁ&%@g% fvag dncpmorateq; H‘F%P“ absorhept artighe in thefogm o8, (
g (();% ;38 285/ 8§ Zminemal padr havingthé overall appé&ﬁn%bﬂﬂﬁﬂc%tamemal pad deplcted m FIG.

circular, etc’, or even random shapes and si zes. : Referrl ng
now to FI& 17 there i's shown a sanitary napkin 180 as viewed from
its first sumf le80a. The sanitary napkin 180-incl udes el ements or

conponents sim to that. qf sajtary napkin 20 shown in FIGS 14
and 15 such as a IAiEﬂ?FlEF"b@’P?/P h@@PPPli%i- Wﬁhl & E¥EPHomef theous

Eac ksheet ) j onmmm@tbnmcmmma gﬂms@blssmmmmer, and wﬂﬂhéb%'t‘eﬁl oned
et ween the
or acqui mu%‘ﬁaigsggfm%%g?@%ﬁ{egﬁb@ éﬁ?%‘@g}“ﬁee ?@gﬂ‘)@ﬁfﬁ@ €8 bent

core. The® °f"h°§&§WH’MM1‘B -a periphery 190 which is defined by
t he outer edges of the sanitary napkl n 180 in which the | ongitudinal

edges (or ' snﬂ Eﬂgi ') are.designated

A topsheet was prepared aecordmg to the procedure set forth above. The

starting material was a non-apertured nonwoven web of polypropylene fibers

2s  commercially available as Diaper Topsheet P8 (23 grams per square meter) from

Veratec of Walpole, Massachusetts, which was ‘generally hydrophilic in nature. The

topsheet was coated with silicone on the wearer-contacting surface at a rate of 0.50

grams per square meter and, in accordance with the procedure above, was incorporated

~ into an sbsorbent article in the form of a catamenial pad having the overall appearance
30 of the catamenial pad depicted in FIG. 19.

Example 4.

A topsheet was prepared according to Example 3, with the exception of the
coating weight of silicone which was 2.7 grams per square meter, and was incorporated
into an absorbent article in the form of a catamenial pad having the overall appearance

35 of the catamenial pad depicted in FIG. 19. '

Example §.



10 191 and t h@oogdesagloes (or "ends") are designated 192. rcrmss)s/m 30 1 N€

topsheet 182 includes a plurality of regions extending generally parallel
to - the longitudinal axis "L" of the sanitary napkin 180, and incl udes
a first or central regi on 184 extending4parallel to the |ongitudinal
axis fromone end of the sanitary napkin to the other end. Adjacent

to the first or central region 184 is a pair of second 15 regions 185, 186
extendi ng essential |y partopsheet weas preparedrarcondingi tonthe Pfocedueasat forth above. The

second regi ons 185sadig, mhRAMCHal i tiiree-BinfenSiol] mafosédpidafly-b&s érHS fofted film

188. Preferably, . the first region has .a relatively hi surface
energy as compar edh’f‘?)“&ﬁ@’%a@%‘ﬁ&s’f"é%!‘ ce with thgﬁ?%p@r&dpgnpﬁ ahoye. The

second éegi onﬁ 18ﬁﬁlni&&shamm_' ilar dn fograll iimpteysidn ¢ thelfila depicteé iy FIG. llO ab@ﬁe. The
conpared to the t ith S8R . el V.

first region ma§/ hg\?ghégflwg'?gﬁ%l%ml ow geurg'?&ee?gﬁgrr'%%/ﬁﬂacégé Ig‘%Iﬁlc\écact) @pﬁ&eegf ?82
the second regi ons8&regs pensguarepaters topisally treasedwith sgrfactangim the mannes desezibed above

a relatively | ow sgd af QcedtBindy with ERPrRICEIIré AbSWE Wil ihébrp&idiedtol 8r .abddtBent
It should be noted t.hat. %%ef sur f.ace energrég haraﬁ,gerlst cs of thei\.
g A

egi ons,
depi ot ed | pHElein the Torm of § catpmenin Tad faving e overaianpearaare ot dh Faygmenal
gradi ents and char past depictadiio FIGf1925 t he present invention. Accordingly,

within one or npre of the defined regions in FIGS. 16 and 17 the
surface energy features and characteristics described in FIGS. 2 and 6-13
are included ther cEzamplefe| | . A representative enbodi mrent of a

di sposabl e absor bent ar AitGpshedtrwisiise &Brdﬁ\fg to ExaniplePewith te. exceptioAQhst the
FIG 18. As used herein. t ﬂ‘tiﬁi?%ﬁ iagﬁﬁ" refers to a%ar%nt 30 .
general |y worn by 08, Mt FAHLAP STAmSRE, Sa4are, metet, and Was asorporgtpd into
| ower torso of an abishrbenicarticle in the form wfd detamenidbpat havihg the weerall appéasance loé
present invent,On #hs c¥aMeni ;’,ﬁﬂ@ to other absorbent articles such
as incontinent !bri efs, | g%rﬁ‘?r?g%t&g%a S, L trai ni ng pants, diaper

i nserts, sanitary napkins, facial tissues, paper towels, and the |ike. _
The di aper 400 depicted in FIG 18 i ANAE! AL METHODSbent article that
could represent 35 a i ri 5% [ ceﬂ @n . rer, lt, _
shoul d be under st ood, hf)“fea@g?’yﬂ'lgh% rggreéetnéqn ‘gg%@‘éﬁf“. 8%%%@%%’ Rest fou‘_‘i
linmited to the parsuitahle for agdasefl inodeterpining ithe) pstformanpe rof fluid trapspemn wiebs in

FIG 18. Y0 9RcHidadk@ with the present invention. The analytical methods described herein are
PCT/ US95/ 07430

. e e , , 38 e s
FIG 18 is a perspieerably sccomplished tiliging - partieplan standaed fiid,referead; toas astifigial
(i.e., menstrual fluid (hereafter referred to as "AMF"), although similar analytical studies

could be undertaken with other fluids. Formulation and preparation of a suitable
artificial menstrual fluid are described in the Test Methods section of allowed,

25 commonly-assigned, co-pending U.S. Patent Application Serial No. 08/141,156, filed
October 21, 1993 in the names of Richards et al., the disclosure of which is hereby
incorporated herein by reference.

30
1. isition

Acquisition rate, as utilized herein, is ¢ measure of ti:c time required for a given

volume of surface-applied liquid to enter, or :’rikethrough”, a topsheet material into an

underlying absorbent structure. In the preser- series of tests it is a measure of the time

35 in seconds to completely drain 7.5 milliliters ¢.” AMF solution having a surface tension

of 46-58 dynes/cm from a one inch diameter by 5/8 inch deep cavity having a

multiplicity of holes in its lowermost surface. Gther suitable fluid volumes include 17



W|th aII the elastic induced contraction renoved) with portions of the
St r uctwoes/nsis g cut-away to nore clearly show t lreTrseséxsecti on of the
di aper 400. The portion of the di aper 400 which contacts the wear'er
faces the viewer. The diaper 400 is shown in 5 FIG 18 to preferably '
conprise a |iquid pervious topsheet 404; a |iquid inpervious
backsheet 402 joined with the topsheet 404 and an absorbent core 406

posi ti oned t he t he backsheget .. Addi tional
structur al “?lg'étfﬁr%{a gﬁﬁ‘ﬂ“‘é é’f |‘§°$Fglﬁbt eard & s'f‘%*h%gé HE3ns for
securing t bteikethrqugh plate pihicte is phneda onearcomplete absoftent larticke fabpieatedilin

fasteners) ﬁ%@)‘daﬁl:éa}tﬁ fhe! d& ﬁﬁge s ovt]: Qxcluggtg the W}}E}{e%t L'tk tEQP:f h%ei[w é}'i-

backsheet

vari ety of coRiaqting fytiaceceh %lsp?f@%eﬂrfé@'%n ap%'? e’@@ﬁﬁl‘@%ﬁfdh on is
gg?g“ bﬁd saited C}J Mhé nAisoﬂﬁbterﬁonﬁcﬁﬁ@ 4 Qrir( Bfespaged lefd&tteﬂbs»]&mt&éy 14,

t he 0
Al ternati ng"{/'edﬁcé#’g‘f %Lﬁ?é@?@ﬁé&l\?%@?ﬁ%‘gﬁj&ﬁgg l@ﬁg'}éﬁg % herein
are al so dhactnsined from theS:avity aadinta. the gbsprteny ptzmentet imes are monieésmed
February 2gcoad89; U.S. Patent 4,695,278 (Lawson), issued Septenber 22,
1987; and U.S. Patent 4,816,025 (Foreman) | ssued March 28, 1989, the

di scl osures of each of these patents hereby being incorporated herein
by refatenge. _Dryness. FIG 18 shows a preferred enbodi nent of the

di aper 400 in a e, Kk el .4

cl) gxten5| vla a%uﬁéq?eﬁr%?#]ﬁ%l |%th§ag%n§@h6\b %& ﬁ&ﬁec%agl arger

t han t hoseupWwandiante theowpaser-cangacting sgfac 1of theyiopskest afier4f m% apqulisidian, Wk t h (
and super i GRESS Jesidual KReresCHS B0 Aﬁasumé@bncé&amggofs&om afétemy of the

di h d f t he, ed f
the i aper ofopletof the AV Relistion s g Ghays Sialisein A sesLahg arippirolih "t no

| ongi t udi nplatecid germovedand a preweighed samplﬁmfﬁltcppmmpmmlpénmmmsv sof t
feel N9 AREhdA idskited Bler e bibers WBARG ofy ezo} (2K lof e iigh @ﬁt arlilé

t opsheet 404 s Iiquid erV|o perm t|n S tp.re enetrate
t hrough it §am mnﬁe@sed EGF%“'Q @Rﬁc'&ﬁpﬂ@dﬁﬁﬁlﬁ E‘fgﬁaf rom a
wi de rangeperiod ofwfseeaidermw «mrmﬂeﬁdrmwd@wmuaheﬂnémn&

aper t ur ed t?sil afbgorbrﬁy gﬂ Papgr is tggveéf&g sﬁl?}cs RPEheC&nE)Pef
IESEIE chiouiadif s Bt s Mk G S8
t opsheet %mnée%maumbemﬁ.&e@mgd Plefionbt the WMF RiqiRRioh. A8\RsUd Bis and

i ncl udes syrface ener e,pts t he ticularly

preferred P®IBPAIEYR 2 orﬁm 8% p pum dﬁf’ﬁ‘nﬁm’?ﬂfﬁmﬁwé fibers

having a dMure comveniehtiy) "driméss" muay be apréised ad Hsurfacp avetrieds, whichpresyitslimne
mar ket ed gx Hqgmlgiw I’? ”9&' gt on, Del aware. As used herein,
the term™ Sa{%l eng &be s'sre ers to those fibers hawngalength

of at I[2&ast about 15.9 mm (0. 62 inches). - : There are a nunber of

manuf acturg%g__}:ﬂﬁwes whi ch can be used to . - manuf acture the
topsheet 4 &5 uMerein, 1-thee L as%Et tféﬁneadnasqﬁe eregbe in intensity of
" reflected light between a "used" or soiled product and its initial intensity reading before
use. The acceptance of a catamenial product strongly depends on the masking
30 performance of its topsheet. In fact, good masking not only provides a cleaner and
drier topsheet surface but also reflects better absorbency and less rewet of the product.
Masking may be analyzed by measuring the intensity of light reflected from the
product's surface after it has been wetted, in order to be able to quantify it and compare
results among different products.
3s The intensity of the light describes the energy of the hght The incoming
(incident) light beam (e.g., sun light) is reflected by the surface and creates an outgoing
(reflected) light beam that has a different energy or intensity. The difference of the
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nenwoven, spunbonded, carded, or the like. A preferred topsheet is carded,
and thermal |y bonded by nmeans well knpmwn to those skilled in the

fabrics art. Preferably, t he topsheet 404 has a weight from about 18
to about 25 grans per square rreter a mnimmdry tensile strength of

at | east about 4gQngh mt&ft diflg bl TPGE I Rrgy that tHE Eﬂ?icb%%orﬁﬁ”'d

a wet tensile strengt

dﬂ@

cross- machi ne dlﬁ‘gc‘l‘?tb‘ﬂ’e ab l“"l‘ surface ’R’ ﬁé‘gﬂgé%ng(égw%@grnﬁtylsgﬁéréﬁ%o{lﬁ%
liquids and is piueface. Athelenemgy uhaa ds abisorbel by the black snﬁ‘fatélmay}bba&hstbrrﬁdd iMheat.
The backsheet 4051 %E veﬁaw?#{gté@@&%b?es BECEE Wt ST Ul Salle, 19 fuensty
absorbent core afthe light stroasly dependson @pﬂlsbq seyr%Tmmaﬂbﬁieae&enﬁmr@fmeahaéf may)Q
Isgc Bofi; . Pﬁsl Z Eget]gélTiﬁm:enzed usmgletﬂeaai gﬁm@exs Pﬂeﬁo%r afgit% mohh&chﬁ%& veiae equhl N
to About 0 051 cese FrmfespLahdbitchife B 2ss Glapgrs3 iy By (B bl e Tl
l'iquid inpervi Otmmahesaltwoaahemﬂlhs@oywmeasadﬂiﬁarel n, the term
"f1exible” refeg %aﬁlﬁlermf»ﬁdig&rsedﬁﬂ!aﬁ@n W&agesaﬂbeﬁ&tl f0auctidh OF aty 'thuid,

readily conformto the gehera shape and contao he vvearer S bod
A suitabl e p#l yeigwin s anysed sonditiop ndmeasyrement Fyeans §’Iﬂﬁi’@n & Qf fpeasurements *
Cor por at i on ?nd 1bejﬂiﬂeﬁt EReshifs ﬁ'bﬂd.‘; hﬁ%raﬁenﬁf aré aheragéi) 2 The Sadples arethére infiked
i's prefer ed and/ or, nat t | ni
clothlike appear%lxg §% Fsarmrrdancte %%éh?gﬁoagfurél%gﬂc?a\fé&jer m{ vg 18 tget o]
escape fromthe aa:lqsmtlbema ¢@ perfaronthe 3wt mgasurement; |Bef9neex\¢mnvmagh@atuhet
backshoet 402, | Ao and AR MaRinpl N6 the masking messuremEnf atd ilyg ”ﬁ‘““i:r:s
the exact di &perd H@?&@‘P\e’g@‘f%fﬁg’ﬁﬂ%ﬁﬁm&'m Frate pOetaHoR Wit A‘i"h@“b’é@??hégt
402 has a seoshd see theasureméms &5- thhaﬂkemnfﬂmckamg andsmgndxmmrxdmﬁed
core 406 a m ni ta
about 2.5 centi %&Prem(ento%e? i)‘%S'}lo g@é %e’ﬁ%‘n@%%l nc%@ound e ent |arle
di aper peri pher ydifference between thqnmaspsm@dt reading a3nd thee ayaseges @1‘“540‘23@!‘53
j ognﬁceidt OEﬁL grer{) aﬁrgggégé% g hﬂ?g% of the \ghtﬁe?%iigein reflectatbight, il Hesice thé Eledrdiness of
'J oi u |
directly joi Hed 15syrfase gg’gé’ﬁ%‘{ép B max#:} éﬁﬁ"ﬁﬁé‘-‘%ﬁ@‘?}&éﬁ"‘sﬁ%"m pre-use
directly to the domditishcatd héite eﬂ‘echaohhasgmgatwhltshrg&wrdaﬁ‘yrenm reflgnt [ac greate0 4
is indirectly 30; %Mﬂ&%@n&ﬁ%%&ﬂ& 1?\7 fnb&.ag%!t he topsheet 404
r

to i nternmedi ate nenber turn ar fixed the ckshege
402. In a preferred chhsdfallonsng is 4 descriptionof syitab Mmponmtﬁ?ﬂﬁﬁfﬂé et

402 are affixed fpdssifif Infasking Speeformiirdte’ of # fluid tedhsoey webrdcpdrding toythe present

25  invention.

H compon
The scanner utilized is a conventional HP Scanner IIp connected to an Apple
Macintosh computer. The computer should have at least SMB RAM memory in order
30 to be able to run the scanner software and NIH Image at the same time. The monitor
should have at least 256 gray levels to run the software.

Software components
Scanner software (DeskScan IT 2.1)
3s This software is provided by HP and designed to run with the HP Scanner Iip.

NIH Image Version 1.44



attachrrewo%g% (not shown) such as an adhesive or any other attachnent
means as ' nown in the art. For exanple, a uniform PEHUSHHM | ayer of
adhesive, a patterned 35 |ayer of adhesive, or an array of separate |ines

or spots of adhesive can be used to affi48 t he topsheet 404 to the !
‘backsheet 402. Tape tab fasteners (not shown for clarity) are
typically applied to the back WO 96/ 00548

PCT/ US95/ 07430 This program allows individuals to analyze a picture and determine tHdensity

wai st band r eghiy eblof BEerdl AR and Bre ihtSndAy Ok 4 ligst eni ng neans for hol di ng
t he di aper yon thegrgv\iéarer'. T el ta%g%t a%ﬁ?tgst@ﬁ'ers can be any.of those
well known in the art, such as the fastening tape disclosed in U S.
Pat ent 3,848,@M?ued Novenber 19, 1974, the disclosure of
which is hereby i r X . [ ef Jhese tape tab -5 fasieners or
ot her di apsgr fast_gﬁﬁ ntgﬁér‘glégse%%gé F‘ y%irt@gﬁ\%fr%%gﬁeeftar ﬁ}ggﬁ”"f‘ﬁé %&?&P@I B¥ t he
di aper 400. orasimilarobject. F| astic nenbers (al so not shown for clarity) are

di sposed adj acent the periphery of the diaper 400, preferably al ong
each | ongitudinal_edge 403, so that the elastic menbers tend to draw
and hol d thedla?té °'g'b‘5'ﬂ%i nst the legs of the wearer. 10 Alternatively,

the el astic nmenberBredlatnessofithe saspiels auiface sivenyeiniportantpin drdérto gkt tdmsistend
Chan | og o f/osts ARG pBhE o'10° Bictl ollEe Gitfing et 3ycle Hidcka 8F ol iedadl OF |
U.S Patent 4b§ sajamenial ta;flaiten t*@tsampfe sufficiently jta peeformythe measurements without

2 mothod and Appar A o Crf no a i spasable diaper | {
having 15 el ast i@#ﬁ%@acﬁ"ﬁ{%q&-ﬁwg ﬁ'ﬁﬂ%gr‘%'gl ﬁ%@@?"[}@ﬁg’?"ﬁe% S.
Pat ent 4, 081,598 tisgum. The jcanner screen giusteaiwayisibetvegasleangsifice ditt@ndhe sireenimay of
whi ch is [er eifféct the Qudhey of sdariRll SriplPY¥nd the me8££&ﬁéxﬁ.nce- | The

el astic nenbers are secured to the diaper 400 1n an elastically
contractible condition so that in a normally unrestrained

confi gur at i orlJsikgtheskcamierc nenbers 20 effectively contract or gather the

di 400. | | I i cal |
cont racti bi e ousar s sEPaKdy SPUal s VA B o sopmner. D 73| 107 0

nmenber s can be stretched and secured while the diaper 400 is in an
uncont r acfed m‘g%ﬂgé._m Alternatively, the diaper 400 can be
contracted, for e ‘pleati nd t.he el astic nmenbers secured
and connect eol’to W&ﬁ"a"ﬁ ?Wéﬁﬁ?@ﬁﬂﬂ@%@mp&?‘ﬁemers are in their

2. Start the computer L _

3. Switch on the scanner _ ,
4. Start the Scanner software program (DeskScan II 2.1)
25 | .
S.  Place the pad on the center of the screen
6. Place the weight (e.g., a metal ruler) on the pad.
7. Press PREVIEW on the menu of the program
0 8. Select the type of image you want to have. (Choose: Black and white photo!!)
9. Select the print path (Choose: Lintronic)
10..  Select the area you want to save into a file.
11.  Adjust the brightness and contrast
Brightness: 114
38 Contrast:. 115 - .
These values must be set, in order to have always the same quality of the image
12.  Make sure that you have all the correct settings



25 unr el axe@ tretched condition. The el astic nenbers xt end
al ong a porti 825’0 J the I ength of the diaper 400. Al ter@’?gpe"fo%“t he

elastic nenbers can extend the entire | engt h of the diaper 400, or
any other length suitable to provide an el ag%ically contractible
line. The length of the elastic nenbers is dictated by the diaper design.
The el astic nmenbers can be in a nultitude of configurations. For exanple,
the 30 wi dth ol13.t hePushabé FiNAlehiteons can be varied from about 0.25
mllimeters (0.01 inc ! L .0 inch re;
the elastic rrenbér S cgﬁé%g{e&rwglewé y g‘??\w?eeﬂ?é arﬂahlfsa@é?éﬁgét%eﬁ(&gg 3 echﬁ'gf}éernﬁﬁl
or can conprise shoyld havepa |femat~rUmﬂyﬂus aptianl is presetn But ofake sure you|saes the

material; or thefRliRTIFFfoRRADAICT&G D bb Gblé RESRAIMS fle iR NTAUMEL | near . Still
further, t he elgﬁilc rre@grs can be affi xed to_thg di aper in any &f
several ways Whi®h ar en%¥aFr Wkthen, scap your pad again, thistimg ower, becapseat saves the

menbers can be upictussinnifidel | y bonded, heat and pressure sealed into
t he di aper 400 using a variety of bonding patterns or the elastic

menbers can sinply be glued to the di aper 400. WO 96/ 00548

PCT/ US95/ 07430 Data evaluation 41

The absorbent coTke fbflowing steépe désctibecthe pritedure pDaralyzigadchtiedpRiure.ne t opsheet
404 and the tgoacksheet 402. The absorbent core 406 can be manufactured in a
wi de vari ety of sizes and shapes (e.g., rectangul ar, hourgl ass,
asymet ri cal, etAnalyzinpshe scanned picturessingNi¥hImageoacity of the absorbent

core 406 shoul d, chavmiBhe thicoro tible with the 5 design liquid |oading
for the intended USE @F orpent article or diaper. Further, t he
size and absor beht caﬁ% 38he absorbent core 406 can vary to -

accommodat e 2. weaCwstomize thgipnogrinn ¢only whemyeu filst wedh) adul ts.

As shown in G 18, the absorhent ) el udes a fluid distribution
menber 408. jJn a preferred con%ﬁgurgénglhégg&ﬁgs depicted in FIG 18, the
absorbent 10 cdre 4teckCGemesadld y further includes an acquisition |ayer or
nember 410 in flglid Preferedeefmmun ; | de: det 16 Bogigst ri buti on menber
408 and | ocated between the fl ui |séé| ut i.opu‘genber 408 and the

t opsheet 404. The acquisition |ayer ~&ecorgpoRFrences in meBY be conprised of
several different materials indjudi MemaoANALMZEr woven webs of

synthetic fibhersyinclggh pol yester. - pol yet hyl ene,
natural fibers So15 |%}f08%| ng cottoncélpi&cé&?(ép% ,ﬁ s of such fibers,
or any equivalent materials or - on®et& I nmateri al s.

<) Restart NIH Image to make all the settings effective

Measurin
3. ' Open the calibration file named CALIBRATION.TIFF
s 4. Open the scanned file in TIFF format
o If the system warns you that the Undo Buffer is too small, add memory
repeating preferences in step 2 a).
0 The measurements for the scanned file will be automatically calibrated, as long

as the CALIBRATION.TIFF file is open at the same time. You can check if the picture
30 has been calibrated, if there is a white diamond displayed in the title bar.
s. Go to ANALYZE in the menu and select RESET
6. Start measuring
a) Select an area to be measured (you may choose a square box of about 0.4X0.4
in.) which is smaller than the area subjected to the fluid staining.
s b) Go to ANALYZE in the menu and select MEASURE
) Repeat steps 6 a) and b) for a total of 5 measurements of different sample
“square boxes" within the region of interest.



In use, the diaper 400 is applied to a wearer by positioning the back

wai st bar®0 96/00548 r egi on under the wearer's back, and dr aGTj80748€ i nder of
the diaper 400 between the wearer's legs so that the front wai stband _
region is positioned across the front of,the 20 wearer. The tape-tab or

ot her fasteners are then secured pref era%l y to outwardly facing ar eas
of t he di aper 400. PREPARATI ON OF REPRESENTATI VE ABSORBENT

ARTI CLES iy | . a suitable nmethod
for const ruch ng goégﬂlgb‘?%éskenn a \'}%ﬁ%fgs Eggﬁ-qﬁa?ﬁyﬁ‘gsu ncluding a fluid
transport weB. accGloaeﬂ\gﬁ;lQ)thhmltp#‘@!sent ~ invention. Preparation of
Treat ed Topspgeet SRepeat steps 4-7 until J¥l: finisheéd the flidasurédientd nker is mxed at.a 10%
added on level to L- F 30 7677 Rel ease Coating, both from Dow Corni ng.
This silicone mxture is then liberally ~applied to a sheet of paper
tonel comsrer ci al | While partisldarenibodimeéntseofithe ptesent daveatidn lave been il]im;amiynd)f
G nci nnati,

%Egﬁbegggﬁ%&tﬂf M&ﬂ‘i‘o BREE siiffedth Yhe al }:th Qlﬂh@f cﬂaﬂ

vari ety ut| 1 ave distinctly-vis ace

embossed t hemopdifications canpe roade; %Q‘ER}F‘E‘S Q&?&sﬁgﬂaf‘ ?‘ES’PPI‘? Bﬁd‘b‘@ﬂ“‘f’bv\el
the excess SKlLis (HerefofieXinténded 2o 3éover emuheohpbyndeuo&laxmgalwmd:h @hghgys taadel so

as to avoid vi -material. This paper
towel hereaf f“é’?'qg gﬂ@h@gwﬁ%n{hg%&g% gﬁ? némgs the "treated towel "
WD 96/ 00548

PCT/ US95/ 07430 WHAT IS CLAIMED IS: 42
Topsheets are cut to the desired di nension from a sheet of t opsheet

mat eri al and taped to paper towels (Bounty) as a carrier materi al ‘o
that the garnent-facing side of the topsheet .is facing the carrijer
material. The wearer-contacting side of the _ taped topsheet is then
pl aced onto the treated towel. A roller (of the type commercially 5

avai lable fromart supply stores which is known as a printing block roller,
such as the "Speedbal I " roller fromHunt . Mg. Co.) is then gently
passed over the back of the taped t opsheet paper towel so that the
wear er -contacting surface of the topsheet contacts the




treat ed towewgo skfpgsdgaped topsheet is then inmediately hung S95/07430
wear er - cont acti ng-si gde="" down in a 60[err] C non-air-ci rcufg? oven
and allowed to cure f i nsure conpl ete curing has
occurred, the tape ongm mm&m be i nspected to be sure that
the SYL- OFF mi xture Scnot rWb %of f". After curing, the tape

and paper towel are renoved fromthe topsHelet and the topsheet is
cut to a desired Gaims: and shape (still larger ‘than the finished absor bent

Thisis done to 5 Fouish Rl SER o8kt sihcl, sl Sye RRURRE o TS Yy gui

t opsheet is wei ghed tcpaasasmyaobcmémd first and pecopd cgehmﬂsnd @mmsmnomwmmn

the topsheet. one anomérﬂtem@aﬁids;amggmysgteﬁda ?r%&htpnﬁ]ffciﬁ!ﬁéé,%hd' Web
determ ned by subtrac S'ﬁ‘g baS| s weight of the topsheet nateri al
I n an uncoated conditi (‘6?'3 uare neter) fromthe basis

wei ght (grams per squdake matmr)htmofs ce eaergyl gradientsaisfinedbbie discdntinkdusy spaced20
basi s wei ght of the uncoat ggy; &fsa&ﬁélﬂﬂ'eta@%w m&&taefdréuo flui Rbnts LAY Sai Bt kaid first

bef or ehand, the starti tops e .cut Sl ze an
wei ghed before initiating g}ﬁ Sc@ﬂhrt\‘? directed" toward said; fluid

order to obtain various co?hssagcmys @irttransportation awvay from saidk fitso geifieetand in the

material, a nunber o Q&{ogg? éwgﬂﬁ#arled as required. Such

pararreters i ncl ude the roI er pr €SS uring its application to the

topsheet material, the nunber of passes of the roller over the

t opsheet materlalz, thQ‘hE'wﬁéhO&TCMm?fl hﬂﬁﬁbﬁﬁ&ﬁ&ﬁe&%%%ﬂr\é@b@aﬁ&c&&i at
e

i nfl uenced by terrpera&ure ﬁr exa the saturation |ev
treated towel, etc. BSAZSVAEY from an

initially-hydrophilic materlal are then readyto be applied to a

cat ameni al pad. sTops Q%EEE mh:?aiu&é ic material

30 are treated W|th meﬁkl?h{vﬂ{%zﬁg egosp rse%éﬁt‘%’%ender t he
non-si | i cone- & edapl firstpgd sergnd surfaseingf

such topsheets is di pped |nm@mmmmbﬁem%aan of the Pegosperse

200M. sol ut The t h t di at el
roar e Somt et ng <t o8B PSS BER RS S iy deioed P oot

dry. The topsheet i sparltlaﬂy mthuiysﬁd)ﬂbﬁ pissagewaysnwhich areitadapted &b eperti.a
35 Preparation of Ca & afiRactin

constructed as foll ows. On?&gggl%l cone- coat%amreqméasg'éﬁcggﬂ&a‘?lw ék“/\%aigsxylgo%48
PCT/ US95/ 07430 - ed toward said fluid passageways for transportatipn away from

satdﬁrstsnrfaceandmﬂtedtrecnonofwdseeondmrface.

4, The web of any one of Claims 1 to 3, further characterized in that at least one
fluid passageway exhibits a plurality of said regions located at least partially
within said fluid passageway.

5. The web of any one of Claims 1 to 4, further characterized in that said regions
are randomly distributed over said first surface.

6. The web of any one of Claims 1 to 5, further characterized in that said regions
= are randomly located at least partially within said fluid passageways.

7. The web of any one of Claims 1 to 6, further characterized in that said first
surface exhibits a first surface energy and said second surface exhibits a second
surface energy which is greater than said first surface energy.

8. The web of any oné of Claims 1 to 7, further characterized in that said surface



a spiral Battern of H2031 Findlay hot nelt adhesive is ar#)cgrl led at 0.04 ¢
per in[ eV Ppo adhesive layer is transferred o é’“’f“a‘b ‘
(wearer - faci ng) side of a Sec t opsheet by rolling the secondary

t opsheet and coaiﬂmmm ogether with a hand roller. The
secondary topshe E,@Mﬁi@honmven mat'er i al known as Fort Howard -
5 Airlaid Tissue,” Gfade rc%%lly avail abl e fromthe Fort Howar d
Corp. of Green Bay, W sconsin e topsheet is applied to the

adhesi ve side of the secondary t opsheet and the two are bonded by
gently pressing t fBARSY GERsiants arpidefined by:hoyndasies between said regiansand imaterials

one-quarter-inch dgviag diveise esiiceRfergy Ehafdtiéris@ish. On al ong both |ong sides

of a polyethyl ene backsheet. The abSorbent core is added to construct the
conplete 10 absorbent structure. ©To construct a
represent ati e abskhelyesbtofany on¢ of Glatms Hin§, futherivhamnteriziédninbat shid reglons FI G

absorbent | S dpoefibds J#’E’éﬁ*“‘fﬂ%@?%?@?%@&%"?% Sl

pad) is structuralcpy‘PS'?'PﬂFé'{'lm?lﬁ - of FIGS. 14-17, except that it
exhibits an hourglass shaped overal | proflle The 15 core |ayer |s

assenbl ed as foII ﬁ&!ll%:t‘l Se t
secondary toplgheet |s cut fo aftlin ed Sl zegﬁ'%lpkgggbﬂrﬁgb%ii%
silicone-coated gradients; said &irst surfacegand: & peoond spefacee said giethaRlo31
Findl ay hot nelt g%hmm ,of to the Fort Howard at 0.04 grans

per square inch e silicone- rel r ich is used to
transfer the gl ue-Eil | fgrming,a Pf?é" ﬁ‘ﬂ' %‘Fg“ﬁﬂ eﬁ‘fdﬂ’%‘?%? 38@%5"520 |
tenplate is placed ont csmﬂlﬁstrhyédb:dnhﬁnghﬁmhwﬂxty\md‘a ﬁheslhﬁcg esadnds

aligned with t he bﬁﬁ{lﬁl twlih& t ward
I's then fol ded over thséé’oﬂﬂﬂ}\%é&n ate %ocrease Vﬁggeral al”, cfgi\:/il yﬁg t he

material into three podustility and susfage energy which; is aveaterniher qaid | fisstyi ng
the glue on the cr easedummagyoard Parti cul ate absorbent gel ling

material in the fgzmo even distributed in the
25 anmount of 0.6 )graﬁfg%GFgﬂfb%g%@%'ﬁgaS? ’ the Fort Howard,
nonwoven mat(e) i alsubjecting wﬂgﬂasnmm tqlmpm dlﬁarednﬂtﬁlﬁcmdwutgtpe i s
then applied to the ingg lastxc F‘%ﬁsﬁ@ ‘Qﬁb&ﬁ}e'aﬁadttge”
fol ded over by the.crease ta n top. The
resul ting storage core%HSté' &rﬁ%’ﬂ@oﬁm rﬁltﬁnf‘ﬂ“ mssasewavs m
The secondary topsheet commanicatingy elith fuid dirst amd tsmndomheest .sudlnethat the

storage/core 30 | ayeg?ﬁﬁuaﬁgpﬁd/&hﬁg%; W@w@%h@@&%%sheet

by two strips of quart
t opsheet and absor bent fisst surface and seveals:said seqond mndmm@combm

sheet of Teflon[err] is placed over the assenbled structure. The edges of
;tr}ei Pg(r)]dg(r:]; ﬁégt edmtbbsEaI ed ch an.sgﬁggg Br!at elﬂyl sgﬁgedgg%&f‘n’?)tt ed to
pol yet hyl ene t opslstrettuzenibcited hetwen. saﬁleopsheet an'drnni (bid:sheet,am)dlteplshw the'
material w th hangd oﬂgﬁﬁﬁé’raew%Q 3 t AER el mcludmg pad is
then cut fromthe ms rm]l;erlal S|n palrﬁ%st and sms acesmﬂmd
communication with one another, said fluid passageways preferably comprising
capillaries, said web being characterized by:
(a) - a plurality of surfice energy gradients defined by discontinuous, spaced
* regions which are adapted to exert a force on fluid contacting said first
surface, such that said fluid will be du'ected toward said fluid
passageways for transportation away from said first surface and in the
direction of said second surface. :

12. A fluid-pervious web having a first surface and a second surface, said first and
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EXAMPLES A topsheet was prepared according to
the procedure set f anHIH\IHHIMQI“IS starting material was a

t hr ée- di nensi onal meer oscopi eal +y- expanded, fornmed film generally in

accordance with the '342 Radel et al. and 045 Ahr et al. patents descri bed
above, which is nmarketed on sanitary napki ns by The Procter & Ganble
Conpany of G nci nnat| ind Ohi o as, "DRI -WEAVE". The film had the general
appear ance of the fil gaid seco d%qsfawebp%smaatedlﬁasbeee apotherc by tan; integmediate

resin-incor por at ed Subéﬁﬁhmmﬁkfeﬁiblﬁ&l oaldd oxbﬁugﬁxrseﬁﬂfabu chxrdetened! ih C

wearer ~cont act i ng- sur P B EERREe df alk 5 '5575‘3‘@ 5 8p S eneray lesp ten peid gepond
accor dance wi t hsurfage,praislcngususfage of said web w#wblpm uding & plugaligy of zones

absorbent article in %lﬁ#mﬂ@uﬂcemamm al pad having the overall
appearance of the catanenial pad depicted 1n FIG 19. 15

Exanpl e 2. A topsheet was prepared according to Exanmple 1,
with the excepti @B. of Thélﬂuid-pemomambi of Clamn 12)tfuntiier chiracterized\itn thah said sveb.i8a

grans per square neteg, ,gg;% AR

article in the form of® ca nen| afbog fﬂnhenﬁcluaxﬂ 815?1‘@( app%g?gg%guﬁafs
of the cataneni al padahp@@pxgwhwclpﬂl@aqlgastonemcmm A
t opsheet was pr epar ed according to the procedure set forth above The

starting nateria apertured ol ypr opyl ene. ki bers
a1 3By BoeRatns el o CRUR {5 R Spraltef L BPaE i FormBl

fzfo?nomér_m ?/lelrgt ec of filt icproprises mdmgrsﬁm Wt@matg;@r@dermmd layer, saxdr)

hydrophi lic in natureg ihel, hmgg;srggﬂsa@wﬁwm%dwmyafwma a9, ke

wear er -contacting surface a r ans pe uare maa

and, in accordance wi FW"@‘H‘Y%’ m&%‘%&%‘%‘“ ﬂ@ﬂ ergy of sy Sﬁ‘an
absorbent article in laper. f orm of a catanenial pad having the overal |
appearance 30 of the catanmenial pad depicted in FIG 19.




Exanpl e 4. A topsheet was prepared according tm‘gog, ,

with the exwepsnasas of the coating weight of silicone

grans per square neter, and was i ncorporated into an absorbent
article in the formof a catanmenial pad having the overall appearance 35
of the catanenial pad depicted in FIG 19. Exanpl e 5. WO
96/ 00548 1/9

PCT/ US95/ 07430
A topsheet was prepared accyrding to th
starting material was a thy et i
film havi ng m cr ogpel
descri bed above4y

filmdepicted in -IEFE"l
on the wearer-contacti

59 45

et forth above. The
rosgopi cal | y- expanded, forned
DEeS i n 3 co da ce Re ' 643 Curro patent

6 i npression to the

was SI U v
ove The w pmas \cdated with silicone
0 k%/ 0.52 grams per square
. S

Pa
C)

neter, topical edl ed t he 'manne pbed above

and, in accgrdance #th tgpne protedure akoueé, was incorgorated|into an

absor bent \-—article in the fg of—a_/[C DIl Qg the overal |
appearance ¢ffth ¥ anmeni al pad depic eq

Exanpl e 6. - N O bl e 5,

w th the exd v of siljcong'4 . Bp grans
per square d lwas i NnCorpgys S -8 @ [ igle in

the formof a catwn
cat aneni al pad depi
ANALYTI CAL METHODS
met hods whi ch have been f &éhd
the performance of fluid transyg
i nvention. The anal ytical nethodf

{
jlal pad A~ m‘~ @< ouveral | appekrar d
q . Y. O r\r'\ , 5,

/ N, [alelie

e QLR ng are rerem
N LR .

¥e arggyti cal
det er/m ni ng -
t heg present

53 55
Fig. 1 b




preferably a‘lgaggpdsi‘;hed utilizing a particular standard fl uiﬁ/&ﬁgg?.;ﬁg to
a :

as artifici nmenstrual fluid (hereafter referred to as

al.t hough simlar anal ytical studies coul d be undertaken w th other
fluids. Formul ation and preparation of a suitable artificial nenstrual
fluid are described in the Test Methods section of allowed, 25

commonl y- assi gned, co-pending U S Pat%v(tgAppl ication Serial No.

08/ 141, 156, filed Cctober 21, 1993 in the nanmes of Richards et al.,
t he di sclosure of which is hereby i ncorporated herein by reference.
30 1. Acqui sition Rate. Acquisition rate, as utilized

A a given vol une of

0 a topsheet material into
jgeries of tests it
Irain 7.5 mlliliters

herein, is a neasure of the tinme requ
surface-applied liquid to enter, or

an under | yi ng absor bent struc o
is a neasure of the tine in seftond 0V G

of AMF sol ution having Arface/t £ng] 39 dynes/cm from a one
i nch diameter by 5/8 inch deep cavity having a multiplicity of holes
inits |owernost surface O her suitapiie fI3’d vol unmes include 17 WO
96/ 00548 g. '

PCT/ US95/ 07430 46
mlliliters and 5 mlliliters. The cavity is integrally forned in a 4 inch
X 4 inch strikethrough plate which is placed on a conpl ete absorbent
article fabricated in accordance with the description above including
the topsheet to be tested. The wearer- contacting surface of the

t opsheet sanple is oriented face-up. A ectric timer is 5 started by
the AMF sol ution contacting a p#p)ef 3pa ml £l ectrodes in the
af oredescri bed cavity. The tiner auto 'ca!?y shuts off when all of the

AMF sol ution has drained f INty and into the absorbent
elenent. Tinmes are repggted in 10 2__ s Dryness.
Dryness, as utilized hereiy, is a nmegsWwee Of.: how readily fluid can mgrate

X%
b/.L— dx “‘”\a




upward ont o t hgowg@bfas- contacting surface of the topsheet aftepcfiiab

acqui sition, as wel | as residual wetness on the topsheet sur ace.
Accordi ngly, 90 seconds after the conpl etion of the AMF acquisition
in the above acquisition rate test, the strikethrough 15 plate is renoved
and a prewei ghed sanple of filter paperuﬁﬁyégxinately 5 inches X 5

inches is inserted over the uppernost s of the topsheet of the

absorbent article sanpl e, and a predeterm ned pressure |oading of
0.25 psi. is applied to the sanple for a peri od 05,30 seconds. The
filter paper is then renoved and reWf8ghed, and the t of fluid

absorbed by the filter paper is terned—a‘ ““suLtace wet ness" of the sanple.
20 Results are expressed iQ”ora i ) -~’ced by the filter paper.

QO her suitable tine i NCr epeRyYS { ‘w.*~les after conpletion of
t he AMF acquisition As shouldr O>-De=RP ,ﬁ;,\a | ower _"surface

wet ness" nunber is indicative 0'\ w\ e ‘ » e
conveniently, "dryness" may B¢ X r:i?’ Ja\-oeaﬁe ness, which

N.ks Eﬁ > o ra\aryer\surface feel. 25
N zed e ,‘--ﬁ g \ masking” is

results in | ar ger dryﬁesJ
3. Maski ng I As |
deflned as the difference iin irf
"used" or soiled product afd itf g8 t Head g before
use. The acceptance of a cat ane rod .L’ dedehgs on t he maski ng
30 performance of its topsheet fact oo- : S ng not, provi des a
cl eaner and drier topshee -urf-.qvnut =| fleq;s better
absorbency and | ess rewet of {he groduct. d !lng/nay be analyzed by
measuring the intensity of |igQt reflected fr'l they s product's surface -
after it has been wetted, in orter to belapl e/ Vo quantlfy it and conpare
results anong di fferent products. ~35 -1 ntenity of the |ight
describes the energy of the |ight. The < he” (incident) Iight beam
(e.g, sun light) is reflected by the surface and creates an outgoi ng
(reflected) Iight beamthat has a d|ffF§g @ergy or intensity. The
di fference of the WO 96/ 00548

'-cted‘llght bet ween a

PCT/ US95/ 07430 ' 47
intensities of the incom ng and outgoing beamis the energy that the
surface absorbs. For instance, a black surface absorbs significantly
nore energy or light than a white surface. The energy that is

absorbed by the black surface may be transforned in heat.
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Therefore, bl gelospadss tend to be warmer than white cars in thgcpm 430 1he
intensity 5 of the light strongly depends on the Iight source. Typically
the intensity of the |ight may be characterized using different gray
| evel s. Hence, white would acquire a val ue equal zero (white=0) and
bl ack t he val ue 255 (bl ack=255). Any g;zy éfr intensity of the light)
bet ween these two values will be anywh é’ and 255. A sanpl e
product for evaluation is anal yzed before introduction of any fluid, 10
i.e., inits unused condition. A neasurenent area is defined and a set of
measur enent s Is taken. Results from5 neasurenents are averaged. The
sanpl es are then infused lzp h 5 mM of fluid in accordance with the
procedure enunciated with rega 0, t NN acquisition test to perform
the wet neasurenent. Before renovinyg ’ﬁgﬁiﬁ}, et hr ough pl ate and
xnent and aé%ﬁysis, 3 mnutes is

a
—

subj ecting the sa to the maski po=EEdS N

15 allowed to el Tom t haSERZ4=50 1 oaaNg, St eddy stage orientation
within the sanple. A \“\‘s‘,;ﬁ' RoLslii-g Lt aken of the
sanme product using the same i Yo i ESec({r ea. sults

from5 measurenments are 4’/”3‘2,"4\‘
the average initi .g\‘é:,,;?lﬁf:;\\t
provi des a quant i ZABS&PP O 0
the cleanliness o#Z2al.he surface

di fferences reflect | ‘ufg.}l\\:‘

.T\SQ\- énce between
r Al

e A
effective "masking', VW ROREHRES fi' greater ,\‘\\\_,

\ f Ve~
change from pre<tdse cond Mieesbacy A W=
The following is eSCTYY on Of N N OGS i\\;xig‘ ygge et hod
f or assessi Y- maski ng per f of TATNENNE = < e R SegiA 72 cor di ng
to the present 25 invention N ;i::’::&:\-:»:ﬁf:'?’ . g {-’\.:_fl:\ The
scanner utilized is a conven@P8ralt ““’;:’;Z{Qw'ﬁ Mp c ct 2&2”&7‘»’%-‘-‘:'\*“0 e
Maci nt osh conputer. The conputer shoul™d .\&;-‘ af | east SNVE K menory in .
order 30 to be able to run the scakner softwdre and NIH | mage at the sane
time. The nonitor shoul Bhave ét-\l,ggstr’256 gray levels to run the
sof t war e. Sof t war e conponent s Scanner software (DeskScan |1
2.1) 35 This software is proE'-d d HP and designed to run with
the HP Scanner I1p. Nl H | mage e]r i*ofr” 1. 44

it I

Fig. 9
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This program all ows individuals to analyze a picture and determ ne the

density of any color or gray level and the intensity of reflected
l'i ght. Measuri ng Procedures ég The foll ow ng describe in
detail the procedure for neasuring a c ﬁﬁanial pad or a simlar

obj ect. Dat a Det erm nation The flatness of the

sanple's surface is very inportant,

results. At this point, a 12" neta
the I ength of t he catanenia
perform the neasurenents w

Qrder to get consistent 10

gul er Wei ghing 42.8 grans is placed on

bn the sanple sufficiently to
conpr essi pgo0r distorting the

sanpl e. After = he _sCre€én is cleaned with

an al cohol -i npregnat ed soft tissue. The sckeen nust al ways be

very clean, since dirt on e §BLQ§E:EEX>/{5 affect t oality of a
scanned sanpl e apd e—TTe € ) Usi ng the scapne
Fol | owi ng stepsgare necéssary to sc a sample with the stanner :
1. BErRe. . Su i
A

20 Preparing t SCaNRer : v canrer~i s\pl ugged
) Stary the conpute 3. 1 t™¢h on the
St grae hnef software p ' 3. 1)

i nto the conput

scanner

25 Scanni iy _an i ([Bee- 5. Pl ace the pad on the cedter—df the
screen 6. ‘ i

7.  Press PREVI EW 0OR|}

r
at




30 8. Sel ect the type of image you want to have. (Choose Bl ack and

whi t e. phot o! W0 96/80548 o Sel ect the print path (Choose: Li BEFESP7430
10.. Sel ect the area you want to save into a file. 11. Adj ust the
bri ght ness and contrast Bri ght ness: 114 35

Contrast: 115 These val ues nmust be set, in order to have al ways
the sanme quality of the inmage 126 / Qvake sure that you have all the
correct settings WO 96/ 00548

PCT/ US95/ 07430 49 13.
Push the FINAL button o] The systemw || ask you to define a nane
and a folder to s‘_%)?be the file. The file shoul d haye340T!| FF f or mat .
Usually this opti pe But%e sure you save th tflleln

TI FF format, 390 der ito be abl hlein N

The scanner wil ﬁ n {scan your pad ag
saves the l....,gﬁ in_a file €%

Anal yzi ng the scaned plfcture usl ° ! Custom' 2 ng ¥h pr ogram
1. Qpen NI H | mag i e2oon! yi viegn you

first use it!) 15 = OPTI ONS j 0

Check Gray scal e o] Pref ereg Undo & ‘0 i pboar d by set to
1500 K Record Mwef er380e< iy FI LE menu
b) Menu: ANALYZE 20 o] Opt - Check Ared and Mean

Density

530
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R
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- Digts right of....: set to 1 c) Restart N H
| mage to mak ¥ O 0¥F e settings effective Measuri ng PGI/US95/07430
Qpen the calibration file named CALI BRATION Tl FF 25 4.

Open the scanned file in TIFF format o] If the system warns you

t hat "t he Undo Buffer is too snmall, add ry repeating preferences in
step 2 a). 0 The neasurenent§7€zgfthe scanned file wll be
automatically calibrated, as |ong as the CALIBRATION TIFF file is open
at the same tine. You can check if the picture 30 has been calibrated, if
there is a white dianond displayed in the title bar. 5. Go to

ANALYZE in the nenu and sel ect RESET 6. Start measuring a)
Sel ect an area to be neasured (you may c JDa square box of about 0.4X0.4
in.) which is smaller than the area subj®ected to the fluid staining. 35 b)

Go to ANALYZE in the nenu and sel ect NEASURET C Repeat steps 6 a)
and b) for a total obpa nmeasurem of T "square
boxes"” within the region™f intere

PCT/ US95/ 07430 80 d)
Go to ANALYZE in the nenu and select S RESULNS ——300 ose the
file without sa®3n -si@0g t he
measur enent s 5 t he present

i nvention have‘geen | described, it woull{d be obvious to
those skilled+ g arious otjher changes and nmodi f,i cati ons
iJﬁ?&htion.

can be nade withqut. Er. pj_Lit_and scope of the |

It is therefore inte l appended cl ai s al I { such changes
and nmodi $jg CaLHOTTS at ale within ithe scope of this inrentifpy. 10
WHAT | S CLAINE%?IS: .ﬂ?
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Cl,ai ns: 1. A web having first and second surfaces, said web
|nclud|ng a plurality of fluid passageways placing said first
and 'second surfaces in fluid comunication with one anot her,

said fluid passageways preferably conﬂ?b6£pg capillaries, said web
bei ng characterized by: a plurality of surface energy

gradi ents defined by discontinuous, spaced regi ons
which are adapted to exert a force on fluid_contacting said first

surface, such that said fluid will be difre ?éd towared said fluid
passageways for traypgartati on anay ! irst surface and in the
direction of said second %urface. wéBZ20f Claim 1, further
characterized in th ai d regionz 134 | east

partially within sal | und . X web having first
and second surfaces gai .
fluid passageways pl

fluid connunig&g
of surface en Yy O
partially within sai

one fl uid—p
| ocated at | east partlally
5. The web of any one of O ains 4, fuyther characterized in t hat
sai d regions are randow i {buted over said first surface.




6. The weph of any one of Clains | to 5 further character| | at
sai d regions °96/08‘54¥ are randomy | ocated at | east part%ﬁ’?}%%ﬁ:ﬂ'

said fluid passageways. 7. The web of any one of Clains 1 to 6,
further characterized in that said first surface exhibits a
first surface energy and said second surface exhibits a second

surface energy which is greater than s@,dgl rst surface energy. 8.
The web of any one of Clains 1 to 7, further characterized in that said
surface WD 96/ 00548

PCT/ US95/ 07430 ener gy gradlents4%hp defined by
boundari es between said regions and naterials havi ng di verse
surface energy characteristics. 9.

1 to 8, further characterized in that saig¢ repl O)’JS.
depositions of a |ow surface enef@F vt er aI (,sal
conprising a curable si40@ mat eri a
manuf acturing a web exhi bitingga pl us
gradients, said web having a fi r
met hod bei 2
formng a plastic film [ a % anda o408
said first |ayer ex Sh g nd #first surface ener gy,
sai d S~ Secongf j g 2 second ductility which
is greater than ‘ ductT#@3y and a second
surface energy whi ch '
surface energy;

form ng structure;
pressure differenti af’oéu ficie
filminto conformance w t hygs yStructure and to

fracture said plastic filmso as to.form di screte fluid passageways
comuni cating with said first and seF(iné suirsaces, such that the

'd plastic filmonto a
ting said plastic filmto a
said plastic




formation of said fluid passageways reveal s slatnd first !I/a&

first surface evealé ald secL
11.° An absorgm article corrprl SI n@hapéomeﬂékt%g& 0zllcksheet

abso

I DEMYTERNATIONAL APPLI@Aﬁéﬁtﬁfsﬁ,IérﬁﬁﬁﬁﬁﬁEﬁWm égéﬁéﬂ‘ﬁék ﬁt‘lﬁa@gjn

backsheet oPS FpS+HRg—a—web—hav-Rg—HFst—ahd
second %‘tﬁ"r"‘l‘“&&“@%"“‘%‘a‘f'ﬁ“%@ﬂ“l fAcl udi ngs@b (11) International Pubhphvrhallmbtry of fQ (9‘6})9548
passpgewE 13/18c13 said first and ond surfac
conmuni cation with one anot her saild f I8 4%&"‘5‘3%@5’82\7@??&"“&’8’1‘ er aflSW"a“’ 19967(11.01.96)
conpr | l.aries -y d web being characterized by:
(2| o5 s gspyestom NompFace. dRP S oLPEL PR R O WGBS B HE aio o
Spaci@) International Filing Date: 111@.9!1@@%12»9)50 are NOONZ ¥E R, uB6) %8k O, TT,
fluid contacting said first ' gg.%gga‘m&sﬁgmn hm%g)zlgégxgﬁt
fluigd directed toward said fluid g#ﬁ@ 2

riori! F, BJ. CF, CG, CI, CM, GA, ,
for a;"'p 96%6? n an@)ﬁnIE%oi@bQ firsgs urfagg) balne (K MW, SD, SZ, UG). g’m
di rect i onosmkeFald seconeobetpds 94) Us f|UId pervious web havi ng
a fiyst stH4¥u8e and élwcﬁ?ﬁ3@”ace, 32 Iglmﬂfilerdst and WD 96/ 00548
PC_T/ US95/ 07430 With inter ttonal search report. 53
sai d) @5 appicent U FHEC PROCIER NG SQMAIEACOMPANIO ones@aamhﬁa AW kel e B G laibning the
port} on, B8iUs) \Oeb Ppeaefde fe\Pldzee iCinginngth 20Held  on  gaiinCand rorbs repablishéddir e event of the receipt of
char fact er f52&dU9n that saifd fir&r¥EHf ace of said web
exhi b favéhtord! I HBREERPIEE WiManl, G85n! B8y BRkd] second surface,
sai d fi rskaws Wirflq @nciada,SeH ds2aetuspr BEERvadd iy i ncluding a plurality of zones
exhi bitin cﬁ$¢§msﬁ¥msﬁﬂﬁé@@d@ﬁ§#@9%§Uﬁ 13. The fl ui d- pervious meb
of dlain1%§igmgﬂ5; %%EEE??%L&%@ t said web is a
forned fi MFhaes i ncl udi ng discrete vol cano-1ike
surfiace Kobe 658 (JP). BURCHNAR mau%@‘g@ﬁbm | ncl udi ng at | east one
m crioaper Rigrdeadow Court, West Ghester, OH ui d-ppervi ous web of Caim 13, further
char %ﬁé Rih&LRebM F hBLiaSRhd HOPIRY & Gambte filmconprises a
nul tii | ayeconfpiny T5Xs 8pring GRové iAkeade, Cayt@in, oMl a second | ayer, said

45217 (US).

(54) Title: FLUID TRANSPORT WEBS EXHIBITING SURFACE ENERGY GRADIENTS
(87) Abstract

The present invention pertains,
in a preferred embodiment, to a
fluid-pervious web comprising a first
or wearer-contacting surface and a
second or garment-facing surface. The
web is particularly well suited for use
as a topsheet on a disposable absorbent
article. The first and second surfaces
are separated from one another by an
intermediate portion. The first 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 web exhibits a plurality of regions
of comparatively low surface energy
which define surface energy gradients
where they interface . with higher
surface energy web surfaces. More
particularly, the present invention .
pertains to a fluid-pervious web having
a plurality of small-scale surface
energy gradients which are oriented
and located so as to effectively
transport fluid away from the first or wearer-contacting surface. The web essentially retains its visuval, tactile, and physical properties
of the substrate material while achieving the desired surface energy properties. Fluid transport webs according to the present invention
preferably include discontinuous, spaced regions defining small scale surface energy gradients on the first surface to aid in small scale
fluid movement toward apertures or capillary entrances for transport away from the first surface, Such webs also preferably include small
scale surface energy gradients normal to the first surface within a capillary structure to aid in moving fluid away from the first surface and
into the capillaries for capillary fluid transport. Web materials suitable for use in the present invention include apertured formed films,
apertured and non-apertured nonwoven materials, composite structures, and the like.




second | ayer having a greater ductility than the ductility of said first
| ayer, said second | ayer having a greater surface energy
than the surface energy of said first | ayer .

FOR THE PURPOSES OF INFORMATION ONLY
Codes used to identify States party to the PCT on the front pages of pamphiets publishing international

applications under the PCT.
AT Austria GB United Kingdom MR  Mauritania
AU Australia GE Georgia MW - Malawi
BB Barbados GN Guinea ~ NE Niger
BE Belgium GR Greece NL Netherlands
BF Burkina Faso HU Hungary NO Norway
BG  Bulgaria E Treland NZ.  New Zealand
BJ Benin IT Taly PL Poland
BR Brazil JP Japan PT Portugal
BY Belarus KE Kenya RO Romania
CA Canada KG Kyrgystan RU Russian Federation
CF Central African Republic KP Democratic People's Republic 8D Sudan
CcG Congo of Korea SE Sweden
CH Switzerland KR Republic of Korea . St Slovenia
C1 Cote d'Ivoire KZ Kazakhstan SK Slovakia
CM  Cameroon L Liechtenstein SN Sencgal
CN China LK Sri Lanka TD Chad
[o] Czechoslovakia L Luxembourg . TG Togo
CZ  Czech Republic ' LV  Lavia T) Tajikistan
DE Germany MC Monaco i T TT Trinidad and Tobago
DK Denmark ‘ MD Republic of Moldova UA Ukraine
ES Spain - MG Madagascar Us United States of America
F1 Finland : ML Mali : : Uz Ugzbekistan

. i VN Viet Nam

- - " .




