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FIELD OF THE INVENTION

The present invention relates to fluid accepting, transporting,
and retaining structures, and more specifically, to nonwoven webs
capable of both intrafiber and interfiber fluid transport.

ACKGR F

A wide variety of structures for disposable absorbent articles
to collect body fluids are known in the art. Commercial absorbent
articles include diapers, adult incontinence products, catamenials
and bandages. Disposablé_ products of this type comprise some
functional members for accepting, transporting and retaining fluids.
Generally, such absorbent articles contain a core of absorbent
materials mainly comprising fibrous cellulose. Typically, such
articles include a fluid-permeable topsheet, an absorbent core and a
fluid-impermeable backsheet.

In the case of disposable absorbent articles, the users have
come to expect a high level of performance in terms of comfort. and
fit, retention'of.fluid, and minimal leakage. Above all, leakage of

. fluid from the absorbent article is regarded as totally unacceptable.

20

25

When nonwoven webs are employed in disposable absorbent
articles, the simple ability to absorb a liquid is generally not
.sufficient to ensure optimum performance in a product. For example,
during use, many absorbent articles experience multiple insults of a
liquid. In order to ensure proper absorption of subsequent insults,
it is generally desired that the first insult of liquid be not only
absorbed but also transported within the absorbent article to areas
where the liquid is tc be retained, preferably, remote from the point
of insult.

When nonwoven webs are employed in an absorbent article, it is
desirable to put the nonwoven web into contact with a fluid storage
material. Such fluid storage materials are known to those skilled in
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‘capabl e of both intrafiber and interfiber fluid transport. 5

BACKGROUND OF THE | NVENTI ON "A wide variety of structures for
di'sposabl e a rb rticles to collect body fluids are k |

art.  Conmer 2&&94g’gé‘bfbent articles include diapers, adul tp%?{ohgﬁce
products, catanenials and bandages. D sposé’bl e products of this

type corrpris;e sone .10 f nctlonal nenbers for,ac qen I n tran

retaining fluids. t alam/ ar§u8ﬂ*§5§e¥r caRab1e ¢, EF’%@%E%tsﬁY?fpg t e
absor bent mat er i alwsightannl Viquidrandi baldgng flltbnwsst oapli Ulaog esuction. If the
Typically, such "i‘:%ﬁﬂad%'eﬁ%eb”é‘dn‘ﬂgﬁrﬁqofthb"s‘%b%’érﬁ%mﬁlt W%P@‘%]e % tran%porF

absorbent core and a cas
di sposabl e absor bent 3 ahq“(‘,bjefg""" rgl?'ﬁep"dgﬁpg ﬁ B’S "'s"'ésm?  F; f(’?feéf”égﬁl"@ﬁ"“]
| evel of perfornarsce must berpimced ioctheogeneealdarea where thet insul bocodrst | tHodever,

and m ni mal | eakage. thﬂ)qgenoql hwa&?%’éi‘%b?é fluid fromthe absorbent
article is regarded as t

cc en nonwov s are
enpl oyed in di sposabl e aggfﬁ"tgi?ﬁ%!o éﬁ%qac‘ls usual)y, app) ggy to SP%‘;{P? V\EbéBEQ?PB
a liquid is generall artixfies neawf theireceéntral gostios. odfi alimgfetheriiguide storage

glrjlof':lglte Fg;uleﬁm;' ©materidl 'ult b HIacelN¥n ARRCEGRPA) Port fdnS5f CLHRCPHSHIEE, the
product becomes uncomfortable and product design options are thus
limited. Therefore, it is desirable to more evenly distribute the
fluid storage material throughout the product.
When nonwoven webs are employed in absorbent products, it is -
desirable that the web be able to quickly accept a liquid. However,
15 simultaneous liquid transport and rapid acceptance has been difficult
to achieve.
The present invention pertains, in a preferred embodiment, to a
structure for accepting, transporting, and retaining fluids. The
20 structure includes a nonwoven comprising a plurality of hydrophilic
capillary channel fibers capable of interfiber and intrafiber fluid
acceptance and transport. The fibers have at least one capillary
channel formed from a base and two substantially parallel walls
extending from the base. A high-suction absorbent core is in fluid
25 communication with the nonwoven.

' Preferably, the divergence of the substantially parallel walls
of the capi]hry channel fibers of the nonwoven is less than about
40°. Preferably, the slenderness ratio of the capillary channel

, fibers forming the nonwoven is at least about 9. The capillary

30 suction of the absorbent core is preferably at least about 6 cm.
Preferably, the capillary channel width of the capillary channel
fibers of said nonwoven is from about 10 microns to about 200
microns. The denier of the capillary channel fibers of sald nonwoven
is preferably greater than about 5. o

35 Preferably, the structure includes a first nonwoven comprising a
plurality of hydrophilic capillary channel fibers capable of
interfiber and intrafiber fluid acceptance and transport. The fibers
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liguid. In order to ensure proper absgrpthon of subsequent insults, It
Is generally desired that the first insult 'of liquid be not only 25
absorbed but also transported within the absorbent article to area

where the | i W@ ®/PS2460 be retained, preferably, renote fron1ﬂK€7H§¥HP&“m of

i Asul t. - When nonwoven webs are enpl oyed-i'n an absorbent article, it
S desirable to put the nonwoven web into contact with a fluid storage
30 material. Such fhayedatt deasde onet e3nidlaryachanpabwfionmedt Foose & basedand two

-2- ' the art andgpsgarideiEyabhoaltePalll Bs Gxtalushg bivdd ©FY/ ask. t ipFBFerabR) !
- the structure includes a second nonwoven superposed upon the first
nonwoven and a high-suction absorbent core in fluid communication

§ with the nonwovens.

Preferably, the second nonwoven comprises a plurality of
hydrophilic capillary channel fibers capable of interfiber and
intrafiber fluid acceptance and transport. The fibers have at least
one capillary channel formed from a base and two substantially

10 paraliel walls extending from the base. .

In another preferred embodiment, the present invention also
pertains to an absorbent article. The absorbent article includes a
fluid pervious topsheet and a fluid impervious backsheet joined to

. the topsheet. A high-suction absorbent core is positioned between

15 the topsheet and the backsheet. The core has an uppermost surface
facing the topsheet and a lowermost surface facing the backsheet. -A
nonwoven is positioned between the topsheet and the absorbent core.
The nonwoven comprises-a plurality of hydrophilic capillary channel
fibers capable of intrafiber and interfiber fluid acceptance and

20 . transport. The fibers have at least one capillary channel formed
from a based and two substantially parallel walls extending from the.
base. .

In ;nother' preferred embodiment, the present invention also

pertains to an absorbent article. The absorbent article includes a
25 fluid pervious topsheet. The topsheet comprises a nonwoven comprised
of a plurality of hydrophilic capillany'channel fibers capable of
intrafiber and interfiber fluid acceptance and transport. The fibers
having at least one capillary channel formed from a base and two
substantially parallel walls extending from the base. A fluid
30 impervious backsheet is joined to the topsheet. A high-suction
absorbent core is positioned between the topsheet and the backsheet.
The core has an uppermost surface facing the topsheet and a lowermost
surface facing the backsheet.
BRIEF DESCRIPTION OF THE DRAWINGS
35 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
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weight in liquid and holding it agai.nst capillary suction. |f the"
. honwoven web contacting the storage material is not able to transport

liquid fromt t of liquid insult, all of the storage ma st
C ! %&8@ ?‘?ﬁ/@éss??sﬁﬂﬂ‘

besplaced in Pal area where the insult ogcurs. Howev
I S not al ways desirabl e. Specifically, TlTuid is usually applied to

di sposabl e absorbent 40 %ﬁ&hﬁ%ggﬁwﬁﬁ'r-ge%ﬁ@hcmht wgﬁ. d.é stéomg{mying

the liquid storage - eri al [ ntr
the product, the 10 [Sra¢ipgs: bdeombichindiker ore ab?"éearm!"‘?fradéluc‘ﬂe'eféﬂgrﬁde"t‘“]
options are thus leh 8enesl.and Fhepdiaze, it is desirable to nore evenly

distribute the fluid nat e r.Qu u d
When nonwoven webs are en%fig‘[% i I a?bg{’}?t%w F‘go"ﬁ % HL%PWE? gmtﬁe"m"?%l"e"f
that the web be abl & ttbecaypwwtyuysc@pn \uthummns lyheanay | to1morestinariyishoshe

liquid transport and rcepéttuetien ifatie siimsabeaipkdnf ficul t to achi eve.
Srerry ea enbodi et o Kieure 2, 140 OERSRORCIAL o She AfTrarkT plbi ot
retai ning fluids. ThEiqure Litaken atang hine2r2s a nonwoven conprising a
plurality of hydrophilic figure 3 is a cross-sectional view of another embodiment of a
10 sanitary napkin of the present invention;
Figure 4 is a cross-sectional view of another embodiment of a
sanitary napkin of the present invention;
Figure 5 is a cross-sectional view of another embodment of a
sanitary napkin of the present mventmn._
15 Figure 6 is a cross-section view of a symmetrical "“H"-shaped
capillary channel fiber with a flat base (4), width between walls
(5), and depth-of-walls (6); '
Figure 7 is a photomicrograph (150X) of a capillary channel
fiber cross-section;
20 Figure 8 is a cross-section view of a symmetrical "U"-shaped
capillary channel fiber with a curved base (4), uidth between walls
(5), and depth-of-walls (6);
Figure 9 is a photomicrograph (150X) of a capi'l'lary channel
fiber cross-section; -
25 Figure 10 is a cross-sectional view of a capillary channel fiber
which exemplifies various aspects of procedures for calculating
Specific Capillary Surface Area and Specific Capillary Volume; and
Figure 11 is a cross-sectional view of a capfllary channel fiber
which exemplifies various aspects of procedures for calculating wall
. 30 parallelism. '
DETAJLED DESCRIPTION OF THE INVENTION
1 iption
As used herein, the term “absorbent article" refers to devices
. which absorb and contain body exudates, and, more specifically,
35 refers to devices which are placed against or in proximity to the
body of the wearer to absorb and contain the various exudates
discharged from the body. The term “absorbent -article” is intended
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capi.llary channel fibers capable of interfiber and intrafiber fluid
acceptance and transport. The fibers have at | east one capillary

channel formed froma base and two substantially parallel walls

extendi ng fr ONOOROSKSse. A hi gh-suction absorbent core is in PEIAUPI3HB408
comruni cati on with -the nonwoven. Prefdrably, the divergence of

t he- substantially parallel walls ‘of the_capillary channel fibers of
the nonwoven is |ess tohiiFlad diapers, aifamenipl padsy o33p] kanyynapkipe, pantiliners,
sl ender ness raltio Ofinﬁlﬂﬁiﬁaﬁi bde%nyaMha,re{wike. Theftiebn_r'wiipu][sabm if'@sed herein
nonwoven 1s at | east pL . tl.Qn,

core is preferably att%I geétgrﬂvgb&{ﬁg&gn# Jt'@{% %8&?2#%b’f°3, "ﬁﬁgﬂcﬁﬁﬁ?’?g{@gwr“
channel width of the oraptherwise restored or reused sran absorbgny ardicley &h €. sthey

fro_rr} ?bout ﬁO m lcrﬁ%réoin@?méﬂ_ g«p% discarted ' {fer aTbﬁtngrlisﬁlt a?cfd,ttheraﬂ]y, to
capillary channel fiber sai d n Y IS4 rabl.y gr
about 5. 35 - Pr ggefezfgf ,d’tﬂog'pg#\régcﬁ?%hemicsfud gé@;e%f?fgi‘ ﬂ'og'?\/\%\%we"?ﬁw

conprising a _pl @espatible omannephir opAi | TUBitarpi |abserpentchantigle frefers to
gﬁpa]?! g of | Nt ab§dribeht APEHd188 WhiiElDare frorned 6 SapIraty paiiduhited Logéther
e ri1pers .

to form a coordinated entity so that they do not require separate
10 manipulative parts like a separate holder and pad. ~
A preferred embodiment of a unitary disposable absorbent article
of the present invention is the catamenial pad, sanitary napkin 20,
shown in Figure 1. As used herein, the term "sanitary napkin" refers
to an absorbent article which is worn by females adjacent to the
1S pudendal region, generally external to the urogenital region, and
which is intended to absorb and contain menstrual fluids and other
vaginal discharges from the wearer’'s body (e.g., blood, menses, and
urine). Interlabial devices which reside partially within and
partially external of the wearer’s vestibule are also within the

20 scope of this invention. As used herein, the term “pudendal" refers
to the externally visible female genitalia. It should be understood,

. however, that the present invention is also applicable to other
feminine hygiene or catamenial p'ads such as pantiliners, or other
absorbent articles such as incontinence pads, and the 1like.

25 The sanitary napkin 20 has two surfaces, a body-contacting
surface or "body surface” 20a and a garment surface 20b. The
sanitary napkin 20 is shown in Figure 1 as viewed from its body
surface 20a. The body surface 20a is intended to be worn adjacent to
the body of the wearer. The garment surface 20b of the sanitary

30 ‘napkin 20 (shown in Figure 2) is on the opposite side and is intended
to be placed adjacent to the wearer’s undergarments when the sanitary
napkin 20 is worn. . |

The sanitary napkin 20 has two centerlines, a longitudinal
centerline "1" and a transverse centerline "t*. The term

35  =longitudinal®, as used herein, refers to a line, axis or direction
~in the plane of the sanitary napkin 20 that is generally aligned with
(e.'g., approximately paraliel to) a vertical plane which bisects a
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- 3z have at | east one capillary channel fornmed froma base and two
substantially -parallel walls extending fromthe base. . Preferably, t he
structure includes a second nonwoven superposed upon the first nonwoven
and a hi gh- suV@84/05850r bent core in fluid conmunication 5 w tPCH/kS93/08408
ndnwovens. - - Preferably, the second nonwoyen conprises a plurality

of hydrophilic capillary channel fibers capable of interfiber and
intrafiber fluid accepitandinganeareraivtponeft he Figh€rbodyatigivat WieaStthe sandtdry

Carl s oY oot bor TRBKIALOR 408 2" e ARLLLY 40 BBEALChs s
the present invention herein, are interchangeable, and refer to a line, axis or direction
which lies within the plane of the sanitary napkin 20 that is

5 generally perpendicular to the longitudinal direction.

Figure 1 is a top plan view of the sanitary napkin 20 of the
present invention in its flat-out state with portions of the
structure being cut-away to more clearly show the construction of the
sanitary napkin 20 and with the portion of the sanitary napkin 20

10 which faces or contacts the wearer 20a, oriented towards the viewer.
As shown in Figure 1, the sanitary napkin 20 preferably comprises'a
liquid pervious topsheet 22, a liquid impervious backsheet 23 joined
with the topsheet 22, an absorbent core 24 positioned between the
topsheet 22 and the backsheet 23, and a fluid accepting and

15 transporting layer 27 positioned between the topsheet 22 and the
absorbent core 24.

Figure 1 also shows that the sanitary ndpkin 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

20 the end edges (or "ends") are designated 32.

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

25 the sanitary napkin secured to the wearer’s panties.

Figure 2 is a cross-sectional view of the sanitary napkin 20
taken along section line 2-2 of Figure 1. As can be seen in Figure
2, the sanitary napkin 20 preferably includes an adhesive fastening
‘means 36 for attaching the sanitary napkin 20 to the undergarment of

30 the wearer. Removable release liners 37 cover the adhesive fastening
means 36 to keep the adhesive from sticking to a surface other than
the crotch portion of the undergarment prior to use. '

Figure 3 is a cross-sectional view of another embodiment of a
sanitary napkin 20 of the present invention. As can be seen in

35 Figure 3, the sanitary napkin 20 preferably comprises a fluid
accepting and transporting layer 27, a liquid impervious backsheet 23
joined with the fluid accepting and transporting layer 27, and an
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peftains to an absorbent article. The absorbent article includes a

fluid pervious topsheet and a fluid inpervious backsheet joined to t he
topsheet. A high-suction absorbent core is positioned between 15 the

t opsheet andWMhM/83d&sheet. The core has an uppernost surfad?CT/USIYAR408

t e topsheet and a-lowernost surface facing thg_backsheet. A nonwoven

I s positioned between the topsheet and the absorbent core. The nonwoven
conprises a pluralitabserbenydraopli [24c poaptiohed y betweenelthe fliideacceptiabl end

of intrafiber and i n{r%geaol;.@gnq :'éireg ﬁgg@&ﬁggbg?%@ge@%. transport. The

fibers have at |east one capl channe ) froma based and two
substantial |y paral |l el weiguee éiisndi¢rgssrsertional view fs@another embodimept of a

agot hgr Prefte_rrled eTrﬂml'tmnthltiltaezor_esetﬁe_ ipﬂluﬁlati meatmfl As D€t deNgedrd #aN
apsorpent artic . SPr [ e | UQKS u Lyl Qu .
gpshge}gf'ﬁeb $or P& ﬁguna%kv\ﬂe nncgrﬁrprp?gégam é@ﬂ"%‘%ﬁ%gaﬁiiﬂ id

topsheet. The t conpr'ses Ven ¢ ]
of hydrophilic capi|nexvioushsensbret 28era Yigpid|impenvious baekshaet 23r jained with

interf |b|e|r f1ui g acci.ffdé]tc EdpsRectne ! ﬁﬁlrh‘gﬁﬂﬁent tore fz'ltﬁb&iitioged b@tﬂd&lﬂlﬁfe topahdet
one £EB1 1 ary Shenncly BRATRY, HhARAL 25 aoBHustAP g JEERLERL SBH.saport g
backsheet is joi nedlaye® g’h@%ﬁﬂsmﬂeb?tﬂmﬂ thegtopsheet @3 and the absorbent core
—_ ' 10 24, and a pleated tissue 38 positioned between the fluid accepting
' and transporting layer 27 and the absorbent core 24. Preferably, the .
pleated tissue 38 has a basis weight of from about 0.025 g/in2 to
about 0.045 g/in? and a density of from about 0.06 to about 0.1}
g/cm3.  Exemplary tissues are manufactured by the Fort Howard
15 Corporation, Green Bay, Wisconsin. .
Figure 5 is a cross-sectional view of another embodiment of a
sanitary napkin 20 of the present invention. As can be seen in
Figure 5, the sanitary napkin 20 preferably comprises a pleated fluid
accepting and transporting layer 27, a liquid impervious backsheet 23
20 joined with the pleated fluid accepting and transporting layer 27,
. and an absorbent core 24 positioned between the pleated fluid .

accepting and transporting 'l'ayer 27 and the absorbent core 24.
In addition to having a longitudinal direction and a transverse
direction, the sanitai'y napkin 20 also a "z" direction or axis, which
25 is the direction proc_eeding down through the body-contacting layer,
e.g., topsheet 22 or fluid accepting and transporting layer 27, and
into whatever fluid storage means, e.g., absorbent core 24, that may
be provided.' The objective is to provide a gridient of capillary
suction between the body-contacting layer and the underilying layer or
30 layers of the articles herein, such that fluid is eventually drawn in
the "z" direction and away from the body-contacting layer of the

article into its ultimate storage layer.
By employing a fluid accepting and transporting layer preferably
comprised of a plurality of fibers having external capillary
35 channels, fluid is transported from the point of insult to areas
where the liquid is to be retained which enhances the overall useful
- absorbency of the article. '
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absorbent core is positioned between the topsheet and the backsheet.
The core has-an uppernost surface facing the topsheet and a | owernost

surface facing the backsheet. BRI EF DESCR
THE DRAW NGS 3¥094/05245j | ¢ the specification concludes ?%FI’:?%“%W
particularly - pointing out and distinctly cl ai84 ng the present

I nvention, it is
under stood from

believed that the present invention will be better

The individual components of the sanitary napkin willhsow be

fol | owi ng description 1l foke@ NitU ik igr@4te deétaihe acconpanying

10

15

20

25

2. ndividual nents of the Sanitary Napki
The Topsheet

- The topsheet 22 is compliant, soft feeling, and non-irritating
to the wearer’s skin. Further, the topsheet 22 is liquid pervious
permitting liquids (e.g., menses and/or uri'ne) to readﬂy penetrate
through its thickness. A suitable topsheet 22 may be manufactured
from a wide range of materials such as woven and nonwoven materials;
polymeric materials such as apertured formed thermoplastic films,
apertured plastic films, and hydroformed thermoplastic fﬂnis; porous
foams; reticulated foams; reticulated thermoplastic films; and
thermoplastic scrims. Suitable woven and nonwoven materials can be
comprised of natural fibers (e.g., wood or cotton fibers), synthetic
fibers (e.g., polymeric fibers such as polyester, polypropylene, or
polyethylene fibers) or from a combination of natural and synthetic
fibers.

A preferred topsheet 22 comprises an apertured formed film.
Apertured formed films are preferred for the topsheet because they
are pervious to body exudates and yet non-absorbent and have a
reduced tendency to allow liquids to pass back through and rewet the
wearer’s skin. Thus, the surface of the formed film which is in
contact with the body remains dry, thereby reducing body 'soi'ling'and
creating a more comfortable feel for the wearer. Suitable formed
films are described in U.S. Patent 3,929,135 issued to Thompson on -

 December 30, 1975: U.S. Patent 4,324,246 issued to Mullane et al. on

30

April 13, 1982; U.S. Patent 4,342,314 {issued to Radel et al. on
August .3, 1982; U.S. Patent 4,463,045 issued to Ahr et al. on July
31, 1984; U.S. Patent 4,629,643 issued to Curro et al. on December
16, 1986; and U.S. Patent 5,006,394 issued to Baird on April 9, 1991.
Each of these patents are incorporated herein by reference. The
preferred topsheet 22 for the present invention is the formed film
described in one or more of the above patents and marketed on

- sanitary napkins by The Procter & Gamble Company of Cincinnati, Ohio

35

as "DRI-WEAVE". - | _
In a preferred embodiment of the present invention, t_hé body
surface of the formed film topsheet 22 is hydrophﬂic so as to help

This Sheet H.

e



drawi ngs, in which like reference nunerals identify identical el enent s
and wherein; Figure 1 is atop plan view of a preferred sanitary

napkin of 5 th i nvention with portions cut-away to
show t he &ﬁg‘%gi“gl on of the sanitary napkin; Fig @k‘%@@“x
cross-sectional view of the sanitary napk| n of -9- Fi gure 1 taken along line
2-2; Fi gure Cross-s onal, view of . apot her enpodi nent  of
10 sanitary napkin of 'F%é’aptlrégseﬁ?f ?ﬁ ﬂ@ihﬁ; topsheet E‘szl gifrté'w-‘é‘ 3‘? the’" bady
cross-sectional viewssffacsovdsenotehydeiphitic. ofThas wilkainirdsh thepkikel tfood hthat
present invention, pepstrual AW5E v'in'lsf?ouc'b‘?ﬁsrh%e%ﬂsﬂ@é’d 22' %‘ﬂféfr tha '?‘?an
enbodi nent of a san#tar gﬁpkl t{jﬂyp ser&t ILnventio g’ﬁ'%
6 is a cross-section Ve Absarpe § absprhent c""cé?ﬂ I I15r§ Risfenre
fiber with a flat Sbazebdimentai dml'fabttrlweém inabtporated( tnto 4hel pbdpmeviofmatariads
]S%er or oss. SZL?:J(VJ‘: of 'Ehé‘ thfHdO'ﬂﬁf QSﬁs—’hﬂS‘t (2258dbn QitﬁOG@ﬁﬂibé’d ¥inCOaNNPhtent
symmetrical "U'- Shaﬁga‘hcatlon kgrlia? nﬁ: 37/99f ﬂ? bsor?beng Ar%tc'le Having
A Nonwoven and Apertured Film Coversheet' filed on November 19, 1991
by Aziz et al. Alternatively, the body surface of the topsheet 22
10 can be made hydrophilic by treating it with a surfactant such as is
described in U.S. Patent 4,950,264 issued to Osborn on August 21,
1991 and U.S. Patent 5,009,653 issued to Osborn on April 23, 1991
both of which are incorporated herein by reference.
. In an alternative embodiment illustrated in Figures 3 and 5 the
15 fluid accepting and transporting layer 27 is used as a topsheet for
the sanitary napkin 20. The structure of the fluid accepting and
transporting layer 27 will be described in greater detail herein

below.
B. Jhe Absorbent Core
20 The absorbent core 24 may be any absorbent means which is

capable of absorbing and retaining liquids (e.g., menses and/or
urine) against capillary suction. As shown in Figures 1 and 2, the

. absorbent core 24 has a body surface, a garment surface, side edges,
- and end edges. The absorbent core 24 may be manufactured in a wide
25 variety of sizes and shapes (e.g., rectangular, oval, hourglass, dog
bone, asymmetric, etc.) and from a wide variety of liquid-absorbent
materials commonly used in sanitary napkins and other absorbent
articles such as comminuted wood pulp which is generally referred to

as airfelt. An example of other suitable absorbent materials include

30 creped cellulose wadding; meltblown polymers . including coform;
chemically stiffened, modified or cross-linked cellulosic fibers;
capillary channel fibers; synthetic fibers such as crimped polyester
fibers; peat moss; tissue including tissue wraps and tissue

~ .laminates; " absorbent foams; absorbent sponges; superabsorbent
35 polymers; absorbent gelling materials; or any equivalent material or
combinations of materials, or mixtures of these provided they absorb-

and retain liquids against capillary suction.
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capillary channel fiber with a curved base (4), width between walls

(5), and depth-of-walls (6); Figure 9 is a photom crograph (150X)
of a capill aréYchannel fiber cross-section; 25 Figure 10 is
cr6ss-secti onAOWBW4Sf a capillary channel fiber whi ch ef&?ﬁpﬁy‘&‘“

vari ous aspects of-procedures for calcul ating -10- Specifi c Capillary
Surface Area and SpeC|f|c Capillary Vol-une; and gure 11 is
cross-sectional view of aTheagenfiiguiationandiconstyagtion OfV\MQ:R Eorbemt |CPT%34 may

various aspects of prS’Fs%dBéeﬁarﬁ@d cea SJU'tQ\E'ﬁlSko\‘@én't é6rePaa Rl hki GaRying cahper
DETAI LED DESCRI PTION OF T NVENT]

a ri
t he Absorbent Arti cl ezones, or maXs ﬂ'§e8r?1fé' gns"’t ﬂ%%eeﬁﬁ &%D‘Eg @EM ﬁ%&%}
refers to devices vxlmdcnptaﬂsomaémts:,onmrnbmusntegwamts. emanray reomprise one

specifically, 35 refegs mofe dayeﬁse%rmlrﬁ&uaeg Pl Aifec o 2bBNorbelit tibaléi@(bm the
to the body of the we rer. ﬁo andrc nt a| n ttiglre W IS desian
exudat es di schar gihorbenh, £are b@d? "?ﬁe hoyeye ’a FBRRRS NS \c{?‘?e 8\ 9
i nt ended loading and the intended use of the sanitary napkin 20. Further, the
size and ahsorbent capacity of the absorbent core 24 may be varied to
accommodate different uses such as incontinence pads, pantiliners,
10 regular sanitary napkins, or overnight sanitary napkins.
Exemplary absorbent structures for use as the absorbent core 24
of the present invention are described in U.S. Patent 4,950,264
issued to Osborn on August 21, 1990; U.S. Patent 4,610,678 issued to
Weisman et al. on September 9, 1986; U.S. Patent 4,834,735 issued to
15 Alemany et al. on May 30, 1989; U.S. Patent 5,009,653 issued to
Osborne on April 23, 1991; and European Patent Application No. 0 198
683, The Procter & Gamble Company, published October 22, 1986 in the
name of Duenk et al. Each of these patents are incorporated herein
by reference. Another exemplary absorbent structure for use as the
20 absorbent core 24 of the present invention is described in U.S.
Patent Application entitled “"Absorbent Core For Use In Catamenial
Products”, Serial No. 07/734,405, filed July 23, 1991, inventors
Buenger et al. : ' '
A preferred embodiment of the absorbent core 24 comprises the
25 laminate structure shown in Figure 3. The laminate is comprised of a
layer of superabsorbent polymeric (or absorbent gelling material) and
one or more sheets or webs of cross-linked cellulosic fibers.
Alternatively, the absorbent core 24, shown in Figures 2, 4, and §,
comprises a single sheet of cross-linked cellulosic fibers. Suitable
30 cross-linked cellulosic fibers for the absorbent core 24 are of
Figures 2-5 described in U.S. Patent 4,888,093 issued to Cook et al.
on December 19, 1989; U.S. Patent 4,822,543 issued to Dean et al. on
April 18, 1989; U.S. Patent 4,889,595 issued to Schoggen et al. on
December 26, 1989; and U.S. Patent 4,898,642 issued to Moore et a'l_.
35 on February 6, 1990; U.S. Patent 4,935,022 issued June 19, 1990 to
Lash et al.; EPO Patent Application Publication Nos. O 427 316 A2 and
0 427 317 A2 published in the name of Herrom et al. on May 15, 1991;



-5- to include diapers, catanenial pads, sanitary napkins, pantiliners,
I nconti nent pads, and the like. The term "di sposable"” is used herein to
descri be absgrbent _articles which are not intended to be |au nD
otherwi se re YQIUBSF 1 eused as an absorbent article (i.e., r‘%@{fsg?/?asr“gg

| it ended to be discarded after a single use, app, preferably, to be
recycl ed, conposted or otherw se disposed of in an environnental ly
conpatible manner).and BPO 'PabéntadppticatiismrPubhicat tont Nal @ 42% 112 42 published in

absorbent articles Wy haié Goff MePRM 8t SEPInANEy ANt ?99‘1”%6‘64?2%1%%& Nfdrein By°

form a coordi nated enqtf t%/p so that they do not require separa
mani pul ative parts | TKE%€eparate hol der and pad. A preferred ’
enbodi nent of a unitary Thespossshll inketscalbelusiarfibetrse in tid embedimestseshown in

invention is the cat pERPe ¥ coigitisex@R {iAgYe SR BhadOwraps the layers of particles
- of absorbent gellirig material 40. The sheet is wrapped so that it .
appears as having a "c" configuration when viewed from the end. The
wrapped sheet forms an upper layer 41 and a lower layer 42. In
alternative embodiments, the laminate can be formed in many other
10 manners, such as by providing separate webs of cross-linked
cellulosic material {(or other absorbent material) for the different
layers of the absorbent core laminate other than a single sheet, or
by providing it with additional layers.

In this type of core, curled, twisted, preferably chemically

15 stiffened and cross-linked, cellulose fibers are refined to provide
fibers which can be used in sheet form as the absorbent core. The
preparation of suitable curled, chemically stiffened cellulosic
fibers from which one can prepare the refined, curled, chemical
stiffened cellulosic fibers used in detail in U.S. Patents 4,888,903;

20 4,822,543; 4,889,595; 4,889,597; 4,889,596; and 4,898,642.

The use of such fibers in combination with absorbent gelling
materials, and means for manufacturing such combinations, are
described in U.S. Patent 4,935,022. Such preparations typically
involve the use of aldehydes, such as glutaraldehyde, as crosslinking

25 agents. In addition, polycarboxylic acids can be wused as
crosslinking agents. It will be appreciated that other means for
preparing other crosslinked cellulosic fibers are also known, and
such fibers may also be used herein, although the fluid absorbency

~ properties may be suboptimal as compared with the above-mentioned

30 fibers. Reference can be made to the various citations in U.S.
Patent 4,898,642 and PCT U.S. 89 01581 for other fiber types. Once
in hand, the curled cellulosic fibers are refined to provide the

- fibers used to prepare the preferred absorbent cores used in the
-practice of this invention. :

35 Preferably, in order to provide sustained interfiber and
intrafiber fluid transport in the fluid accepting and transporting
layer 27 (which will be described in detail below), the absorbent
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shown in Figure 1. As used herein, the term"sanitary napkin" refers to
an absorbent article which is worn by fenal es adjacent to the 15 pudendal
regi on, gener rnal to the urogenital region, and ' |

i Mmtended to ag)sdo¥ lsgaﬁﬂg contain nenstrual fluids and ot her %’?ggﬁfﬁm‘m

di scharges fromthe wearer's body (e.g., blood-l&enses, and urine).

I nterl abial devices which reside parti al Iy within and  -~partially external
of the wearer's vesti Ble 2Ar Bas,| &5t in: RPRformanceo charagirristicsnsuch Rsecapdiary
As used herein, the tsuatibmudmddfilyidr ebtention capacithe cPrieGemadly,y thesichpidlary
femal e genitalia. It sayhil dpeoldGeHbaRcore 24 NEHEYEbe Giddher MEaPRESETHE the
invention is also applicable to other em nine I ene or cat aneni al
pads such as pantilined1 18y ehaneel fibers,35  afothe afr"t‘%lglaééei’éﬁ% agd transporting
i nc]?nti nence Eags, santayehe2?l iang. a25lefast 6 theof W'tidiflywic.:cta@(iﬂbﬂﬂl&%irﬁ\éﬁ]ar
surfaces, .a body-cong [ 0, . Y. rfagg:

garnment surface ZOb?ﬂﬁBTﬂ)gbe "‘“g?ﬁi ?’gftfl‘en{zg’ﬁﬂﬂ%ﬂgOaritzas?hovcﬁef?\'%&?y u?ﬁ;edfhgyg
viewed fromits body retentionseapacity,of Tthe ahsqybent, sorec2bis 2t leasteNdefs.t oThe

be worn adjacent to abovehgebfuimamde tdharacterivtics Thre gtypieatlys uich#@@d20i Qin

e saniary 30 napkdidll AT oSO8, a1 RO UE g1FES € 28 90
the sanitary 10 C. Backsheet .

The backsheet 23 is impervious to liquids (e.g., menses and/or
urine) and' is preferably manufactured from a thin plastic film,
although other flexible liquid impervious materials may also be used.
As used herein, the term "flexible™ refers to materials which are

‘15 compliant and will readily conform to the general shape and contours

of the human body. The backsheet 23 prevents the exudates absorbed

~ and contained in the absorbent core 24 from wetting articles which

e  contact the sanitary napkin 20 such as pants, pajamas and

undergarments. The backsheet 23 may thus comprise a woven or

20 nonwoven material, polymeric films such as thermoplastic films of

polyethylene or polypropylene, or composite materials such as a

film-coated nonwoven material. Preferably, the backsheet is a

polyethylene film having a thickness of from about 0.012 (0.5 mil)

to about 0.051 wm (2.0 mils). Exemplary polyethylene films are

25 manufactured by Clopay Corporation of Cincinnati, Ohio, under the

‘designation P18-0401 and by Ethyl Corporatlion, Visqueen Division, of

Terre Haute, Indiana, under the designation XP-39385. The backsheet

23 is preferably embossed and/or matte finished to provide a more

clothlike appearance. Further, the backsheet 23 may permit vapors to

30 escape from the absorbent core. 24 (i.e., breathable) while still
preventing exudates from passing through the backsheet 23.

D. FEluid Accepting and: Transporting Laver

The fluid accepting and transporting layer 27 transports fluid
from the point of insult to the fluid retaining material, i.e.,

35 absorbent core 24. Preferably, the fluid accepting and transporting
layer 27 is a nonwoven comprised of capillary channels 25 having
external capillary channels 29 on their outer surfaces. Capillary

e
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napkin 20 is worn. The sanitary napkin 20 has two

centerlines, a |longitudinal centerline "I" and a transverse
centerline %:{1 term35 "longitudinal" as used heregi fers to
ajline; axi s ‘5’%)93(958 i on in the plane of the sanitary nagﬁwgfg/@ﬂéﬁ
I's generally alignéd with (e.g., approxi matgy paral lel to) a vertical

pl ane whi ch bisects a

- 6-
standi ng wearer into thanpelntibergyh?d by flibense havingn charned n29 af?ﬂ"ed fbeeiim,
20 is worn. The terpReferdNdonetHesr exteriof!surficesAsS Figurds 6 to 9 show examples

of some types of capillary channel fibers 25. Suitable capillary
channel fibers are described below, and in the following Patent
5 Applications which were filed on July 23, 1991: U.S Patent
Applications Serial No. 07/734,404 filed in the names of Thompson et
al.; U.S. Patent Application Serial No. 07/734,392 filed in the names
Thompson et al.; U.S. Patent Application Serial No. 07/734,405 filed
in the names of Buenger et al.; and U.S. Patent Application entitled

10 *Spinneret Orifices and Filament Cross-Sections with Stabilizing Legs

Therefrom®, Serial No. 07/918,174, filed July 23, 1992, Inventors
~ Phillips, et al. These patent applications may be referred to
collectively as the "Capillary Channel Fiber" patent application.
Suitable capillary channel fibers are also described in EPO Patent

15 Application 0 391 814 published October 10, 1990.

The nonwoven fluid accepting and transporting layer 27 can
suitably be formed in any manner capable of forming nonwoven webs
known to those skilled in the art. For example, the nonwoven layer

27 can be formed thro'ugh a carding process, rando process, spunbond

20 process, needlepunch ' process, or hydroentangling process.
Preferably, the nonwoven layer 27 is formed from staple capillary
channel fibers 25. The nonwoven fluid accepting and transporting
'I_ayer 27 may comprise one or more layers of nonwoven webs superposed
upon each other. -

25 The nonwoven fluid accepting and transporting layer 27
preferably contains at least about 25% by weight, more preferably at
least about 50% by weight of capillary channel fibers 25. While it
is advantageous to maximize the amount of capillary channel fibers.25
in the nonwoven fluid accepting and transporting layer 27, there are

30 advantages to having materials other than capillary channel fibers 25

A ' in the layer 27. . For example, binders, such as thermoplastic binder
fibers or thermoplastic powders can be used to improve the tensile
strength of the layer 27. Fibers that do not have capillary channels
on their external surfaces, e.g., round cross-section fibers, can be

35 incorporated into the fluid accepting and transporting layer 27. For
example, a nonwoven structure comprising both capillary channel
fibers and non-capillary channel fibers may be used as the fluid
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herein, are interchangeable, and refer to aline, axis or direction
which lies within the plane of the sanitary -napkin 20 that is b5

general |y pergend; r to the |ongitudinal direction. i S
a top plan vi g@lg‘wﬁﬂg sani tary napkin 20 of thi pr esent iﬁéﬂ%ﬁ”ﬁ%&
it's flat-out state"with portions of the strudture bei ng cut-away to nore
clearly show the cons pki 0 d t he
portion of the sani tatragzlétr%tetl?)%] a%ﬂottgﬁqs%rﬁﬁé]fg%}( gf 8£?§ct"%nt%a§ﬁ%£¥ef:ha""e‘
20a, oriented towards™atarigisewen be selesteddorenhancs ghe physicafcpropertias yof the
napkin 20 preferably qgyaw ZﬁQﬁ‘o@ldes thesk/ imdtd¥aVd dbSnotODEREE175% Dy ReightUdfd the

| nper vi ous backsheet 0 eet , an absorbent core
24 positioned bet Ween%?'f‘liépa&efb h%'gi pws?mg 'aniqﬂc%gheet 23, and a fluid
accepting and 15 &ranspodhe n@lmdywceevﬂposhd traasparsing: chayen ek opdhizes both
-and the  absorbent Gr{erfier and most fripBrtantly AnSFafIBEVF1uiRtradpoPBNic Mbve

Canitary napki n o 1 nPTutd, erof thE fdlak”pRCHRdAE 38 oRE BicEhe Xrbe g [Cey
desi gnated 31 and 20 prewidingieshageed (otrafibensfiu 1@1rt§iw9rtgr1a!lm gifective use of
Sani tary napkin 20 prgheritebdbentCéorde2d Séane b | fhiewid. " Wdidexampie, by providing
10 enhanced intrafiber fluid transport the fluid accepting and
transporting layer 27 is able to withstand multiple insults of liquid
and provide a clean and dry feel to the wearer.
While a variety of capillary channel fibers can be used herein,
the following description discusses some preferred characteristics of
15 the capillary channel fiber 25 that are incorporated into the
absorbent articles of this invention.
(1) Eiber Morphology
The capillary channel fibers 25, as noted above, have capﬂlary
channels 29 on their outer surfaces. Capillary channel fibers
20 comprise a polymer composition and have at 1least one capillary
channel, wherein the capillary channel has a base and at least two
walls extending from the base, typically (but not necessarily) along
substantially the entire length of the base element, whereby the base
element and walls define said capillary channel(s). Although the
25 capillary channel fibers herein may have one capﬂlafy channel or a
"~ plurality of capillary channels, for convenience the plural form
"channels” is used with the intent that it shall ‘refer to a singular
"channel” in fibers that can have either one such channel or a
plurality of channels as fibers having more than one channel. The
30 fibers are further characterized in that the cross-section of the
capillary channels is opén along a substantial 1length of the
structure in the axial direction of the channels such that fluid can
be received from outside of such channels. The capillary channel
walls of the fibers of the present invention are substantially
35 parallel to one another. Substantially parallel, as used herein in
reference to cross-sectional parallelism of the walls, means that the
alignment differential of adjacent capillary walls is by no than 40°,
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that are folded around the crotch portion of the wearer's panti es. The
side flaps 34 can serve a nunber of purposes, including, but not

limted to protecting_.the wearer's panties fromsoiling and k [ 5 he
sanitary napkWP%‘éHﬁ%d to the wearer's panti es. Fi 93’33/'39%32084"5
cross-sectional view of the sanitary napkin 20-15- taken along section line

2-2 of Figure 1. As can be seen in Figure 2, the sanitary napkin- 20
preferably includes apreferabdyvhy maswerne dgan aboyte30s mere pretarablshinggmanee than

sﬁa_lni taryI napki n3§0 thliohehwdeLm_rmaédm 10 deterRineeRinr paraﬂ@éﬂﬂ!ﬁbﬂsed%scribed
rel ease liners cov, ' ve_f.a g . [ean o _keep t
adhesi ve from sti cki n§J1t°% gndgeg-r 33‘53%%%2#@%’% headmgﬁe Az'rtg&,gh Béft F)'btﬁ"gﬂd to
the undergarment priobecegsardty limit the imveptien.3 substantiady- panalldinaalis cave
st _ anot.ger enbodi @ggbélfli:g@ed to EQWiHﬁrEnmeé’d ﬂca@@l]@ﬁyth‘ﬁ:iarzgﬁﬂﬂbm;t”%gfd Odhd
can be seen in yre e sani Y.e Dapki.n preferably
FAryCsuct on, heF O Wpthh s BREFigRrs 7 P 70T

conprises a fluid capi
i npervi ous backsheet 23 The jcapiHaryi channpt fibers afcdpei presenti invention are

transporting layer 27gnapiétertzed by having relatively thin walls and bases compared to
the width of the capillary channels. In other words, the fibers of
10 the present invention are also characterized by having relatively
"slender® walls. The degree to which the walls and base of the
capillary channel structures are slender can be characterized
according to a "Slenderness Ratio,* the calculation of which is
described in the Test Methods sections below. The capillary channe)
15 fibers of the present invention preferably have a Slenderness Ratio

of at least about 9, more preferably at least about 1S.
The capillary channels have an average capillary channel width
of from about 10 to 200 uM, more preferably from about 20 to 100 pM.
In practice capillary channel fibers meeting the above specifications
20 will have a denier per filament of greater than about 5. To achieve
rapid and economic transport of liquids, the capillary channel fibers
will typically have Specific Capillary Volume (SCV) of at least about
1.0 cc/g, preferably at least about 2.0 cc/g and a Specific Capillary
Surface Area (SCSA) of at least about 1000 cml/g, preferably at least

25 about 2000 cml/g. |

In general, SCV is a measure of the volumetric fluid capacity of
the capillary channel fiber on a unit wéight basis, and is therefore
indicative of the economic efficiency of the capillary :channel
fibers. However, in order for a fiber with high SCV to also have
30 high capillary suction (i.e., have excellent ability to wick fluids
at a substantial volumetric rate, on a unit weight basis of the
structure, via intrafiber capillary transport), the design of the
fiber must provide for a relatively high degree of capillary channel
surface area contact between the material of the solid structure and
35 the liquid which is to be transported. This is because capillary
suction is in part dependent upon the amount of interfacial contact
area between the solid structure and fluid. The SCSA is a measure of

e
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-7- absorbent core 24 positioned between the fluid accepting

and transporting |layer 27 and the backsheet 23. Figure 4 is
a cross-sectional view of another enbodi ment of a sanita i 0
ofs the presenVOM®¥Ion.. As can be seen in 5 Figure 4, %ﬂgﬂfu&gg
sanitary napkin 20 preferably conprises a-ftquid per vi ous

topsheet 22, a liquid,j | ous _bac eet..23 | oine 1 th, he, t opsheet
22, an absor bent coretégpsg'%ﬁﬁel Shed E’gFV\@e‘ﬁ f’ﬁi@g?‘ltoﬁghﬂ%t Fiber, Qg g‘hed lft'[‘%ﬁté]ﬁa"y
backsheet 23, a pl eat cbiammels dnakhecfibensy harrint avankabdet fomgcontact withefl@ids. The

posi tioned between theoRtAREHRRT o2 Trequived EVARKO SN asCOSE FAPth hérein@Rl it by
pl eated tissue 38 positiane

transporting |ayer 27P5Wd fq%eggé)ﬁﬁ?e%ewgﬂ%& g#g)&'z_isc&e‘g# Ieé&ﬁfv,"tt%%q”“y channel
_ - S5design and with relatively thin capillary channel walls and/or
' channel bases.
The procedures to be used for determining Specific Capillary
Volume, and Specific Capillary Surface Area are described below under
the Test Methods heading. , '

10 The capillary channel fibers 25 used herein can be prepared from
any convenient polymer which is nonswelling when wet. Polymers such
as polyethylene, polypropylene, po'l.yest'ers (preferred), and the like,
are useful herein, so long as they are spinnable such that they can
be formed with external capillary channels, as noted hereinabove.

 15Conveniently, the polymers are melt-extrudable. Typically, the
capillary channel fibers herein will be preparéd from a synthetic
polyethylene terephthalate polymer melt having an inherent viscosity
("IV") of from about 0.6 to about 0.9. (IV is a term of art and can
be determined in well-known fashion. See, for example, U.S. Patent

204,829.761 at column 8.) The IV of a polymer melt bears some
relationship to the ability of the polymer to retain the shape of the
capillary channel walls, and is related to the average molecular -
weight of the polymers. For example, it is convenient to employ a
polyester having an inherent viscosity of about 0.7 herein, but it

25would be more preferred to employ a polymer having an inherent
viscosi'iy -of about 0.9, since this would allow the walls of the
capillary channels to be thinner, yet sufficiently strong to avoid
collapse under in-use pressure.

The depth:width ratio of the capillary channels herein is

30 preferably about 2.0, but processing restrictions, as noted above, as
well as for economic reasons, a depth:width ratio of greater than
about 1.3 fs typici]‘ly employed. Typical and readily producible
capillary channel fibers which are quite satisfactory for use herein
thus have a depth-of-walls of about 38 microns and a width-between-

35 walls of about 21 microns and a denier per filament of about 15. The
walls, themselves, are typically about 3-15 microns thick. Although
variations in these dimensions are accep;ab]e, capillary channel
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pl eated tissue 38 has a basis weight of from about O. 025 g/inferr] to
about.0.045 g/in[err] and a density of from about 0.06 to about 0.11

g/ cnB. Exenpl ar tissues are manufactured by the Fort

Cof por at i on, e?é%’%%\"y, W sconsi n. Figure 5is a chEE}-@E&?%}ﬁm
vi'ew of another enbodi nent of a sanitary Tidpkin 20 of the present

I nventi on. As can he seen in Figure. 5, the sanitary napkin 20 .
preferably conprises fAP§iscRfePared firom p%tllyesz}EE i pRy? %dﬁfg%lrégﬁ?ctqf’ﬁﬁtl’%ﬂ/éf e
27, a liquid inpervi quitdheafifettdee PG 2their | viteadednipunpesee pSucht ddbénsuicdn be
accepting and transpaibidida YR cfventiona) Yperdting BIETRRER af®rEadidy withstand

posi ti oned between t eated Tlu acg%pt traﬁseortl ng I aiyer
27 and the absorbent PEBYSYres; of the type epcounteied; ity $apitany dgvices, especially
| ongi t udi nal dir e8ti canttady andpk triss\aed sgantiliners,r adthout, cdlhepseanrt spreadimgkof
20 also a "z" directi 1S, L oh S e di | r |

down t hrough the bod&ﬁgo%p;%rggc%vg‘r ;w%ﬁs tbe.s‘gn, a?o{%@ﬁ@e?ﬂﬁ ﬁg:??f?duapgnary
accepting and transpdMestign igylaste7 and +nto whatever fluid storage
means, e.g., absorbent cahe capillarat clanpels 29 ben [eoof dedriol$ eshapes qirovidling
to provide a gradien [ r ; ' e b - CO cld

| ayer and the underl y‘%ﬁ .Fegselrt"%r%gwrenfrgtyg{ralsted;fﬂ’?h%\fea%?gqgsQﬁipregi E?’ﬁsﬁgﬁp
that fluid is evdPt uRprtacular, nadvantages in" particular product applications. For

example, "U"-shaped, "H"-shaped, and "C"-shaped with stabﬂizing legs
depending therefrom. Furthermore, the basic shapes may be repeated
- or even branched to produce fibers containing multiple channels, but
it will be appreciated that when more than about three repeating

15 shapes are used, some additional stiffness may be noted in the
fibers. '

The manufacture of capillary channel fibers 25 of the type
employed herein is described in EPO Application 391,814 and in
co-pending U.S. Continuation-In-Part Application entitled “Fibers

20 Capable of Spontaneously Transporting . Fluids", Serial No.
07/736,261, filed July 23, 1991, Inventors Phillips, Jones et al.,
Eastman Chemical Company; co-pending U.S. Patent Application entitied
*Spinneret Orifices and Filament Cross-Sections with Stabilizing Legs
Therefrom”, Serial No. 07/918,174, filed July 23, 1992, Inventors

25 Phillips, et al.; and in co-pending U.S. Patent Application entitled

" -"Open Capillary Channel Structures, Improved Process for Making
Capillary Channel Structures, and Extrusion Die for Use Therein®,
- Serial No. 07/482,446, filed February 20, 1990, inventors Thompson
and Krautter. .

30 While the polymers' used to prepare the capillary channel fibers
herein are not, themselves, water-absorbent (nor are they absorbent
to urine or blood-containing fluid such as menses), the fibers
themselves are most .breferably hydrophilic. Since most synthetic
polymers are hydrophobic, the capillary channel fibers herein are

35 surface-treated in order to render them hydrophilic.

The surface treatment of polymeric fibers involves processes
which are well-known in the extensive fiber literature. In general,
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the "z" direction and away fromthe body-contacting |ayer of the

article into its ultimte storage | ayer. By enploying a fluid
accepting and trans grting layer preferably conprised of .
plurality of &3 5 havi ng external capillary 35 channerg?"ﬁga{oa“qss

transported fromthe point of insult to areas -18- where the Ilquid Is to
"be retai ned which enhances the overall useful
i ndi vi dual conponents $fcht REcceashst ApYoI¥ApkreIting theosynface off Gbkeﬂib&rsl‘ﬁ‘th a

greater det a| | .

10

15

20

25

30

"hydrophilizdhyiagent®, Cosprondany s Glirfacearfani (Hydyophanigabion,
which results in wettability of the fibers by aqueous fluids, can
routinely be measured, for example, using contact angle measurements.
In general, a contact angle less than 90°* indicates a hydrophilic
surface. A CAHN Surface Force Analyzer (SFA 222) can be used to
measure hydrophilicity, as can-a variety of other instruments known
in the art.) Typical surfactant useful in such processes include
various nonionic and anionic detersive surfactants of the general
type known in the laundry literature. Hydrophilizing agents include
wetting agents such as polyethylene glycol monolaurates (e.g.,
PEGOSPERSE 200ML, a polyethylene glycol 200 monolaurate available
from Lonza, Inc., Williamsport, PA, USA), and ethoxylated oleyl
alcohols (e.‘g.', VOLPO-3, available from Croda, Inc., New York, New
York, USA). Other types of hydrophilizing agents and techniques can
also be used, including those well known to those skilled in the
fiber and textile arts for increasing wicking performance, improving
soil release properties, etc. For example, suitable finishes include
Eastman’s LK5483, LK5563 and wmost preferably Eastman’s LK5570, as
well as the polymer available as MILEASE T, which is well-known in
the detergency arts (see, for example, U.S. 4,132,680) as a
fiber-coating ethylene terephtha'late/po'lyethy'leneglycol terephthalate
soil release polymer which available from ICI America.
Hydrophilizing agents can be added to the po'lymer at various stages
prior to use, though preferably prior to drawing of the capillary
channel fibers to their final size. For example, the hydrophﬂizing
agent can be added in advance to the polymer prior to melting or
blended into the polymer subsequent to melting. The additive
hydrophilizing agent can also be applied to the polymer subsequent to
formation, e.g., subsequent to exit from an extrusion die in a melt,
wet, or dry spinning process, preferably prior to drawing of the
fiber to small diameter. Of course, since the articles herein are
intended to come into contact with sensitive regions of the human

: body, it is preferred that surfactants used to hydrophilize the

35

surfaces of the capillary channel fibers be nontoxic and
nonirritating to human skin. Various surfactant treatments for

'hydrophiliz_ing the capillary channel fibers are described in the
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A.. The Toosheet 5. The topsheet 22 is conpliant, soft feeling, and
non-irritating to the wearer's skin. Further, the topsheet 22 is liquid
pervi ous permtting Iiquids (e.g., nmenses and/or urine) to_readil
penetrat e W4t s thi ckness. A suitable topsheet 22 md¥1hHES93/08408
manuf act ur ed frema w de range of materials 98eh as woven and nonwoven
materials; 10 polyneric materials such as apertured formed thernoplastic
filns, apertured pExamples f heneinafian. hyAnoghen needhedheforodivdsenhdl 1zipgrs fibrous
e op at 2 Sor| . SRS, THONE, Amlcte a Ui ! Hinathgvaiivon
E:oﬁ{:)m)gegsof nat ur al ' £r¥er &M (‘ePB‘.‘D‘,'“‘m&&g Wgcmﬁ% F?"ﬁe&% ,aﬁgﬁf%ee?r%t fgere is
fibers (e.g., polynerne sunfactantuvésidee pwl thetsurfaqeolofpthgp\fiibens. oWhatever the
]I?QLyet hyl ene fi bir S) ]@Earifsr, 3%@ &ﬁm? naﬁzje%iﬁf _i?%&rﬁéuﬁ”@aﬁﬂmgﬁy?tchfnnglff'ilbers
Aper i ed formed f11 mEohseoPERan rahich gtre; fbontapenaly “BEtane by s Blytes ahey
pervi ous to body exudarednterdedcdo tramspdvrsor bent and have a reduced
tendency to allow |iquidsthe @Festivechs !ty PrAPied 'gPilent NGF capiPRIFF’ sfction
skin.  Thus, the surfgg&egg wee ﬁ&%ﬂ?& fiz' r?m Iu%Qetl'l;i'lllgn Jayer or layers of the
10 articles herein, such that the liquid is drawn in the z-direction and
away from the surface of the article and into its ultimate storage
layer. Empirically, capillary suction is inversely related to the
contact adg"le of the material and to the size of the openings, i.e.,
in a typical case, the openings in the topsheet will be larger than
15 the intrafiber capillary channels, which, in_turn, will be larger
' than the interfiber capillary openings in the fibrous storage core.
* The surface hydrophilicity of the components of each layer can also
theoretically effect the capillary section gradient. :
E. [Fluid Flow Among the Various lLavers
20 Initially fluid will impinge the topsheet 22 of the sanitary
napkin 20 of Figures 2 and 4. Fluid will move through the topsheet
22 toward the nonwoven fiuid accepting and transporting layer 27.
Interfiber acceptance of the fluid occurs in nonwoven layer 27. As
fluid contacts the capillary channel fibers 25 located within the
25 nponwoven layer 27 intrafiber fluid transport occurs. In other words,
the nonwoven layer 27 accepts fluid between the capillary channel
fibers and transports the fluid via the intrafiber channels. In
addition, some fluid will be transported between the capillary
channel fibers. Fluid is then emptied from the intrafiber channels
30 29 of the nonwoven layer 27 by the high suction absorbent core 24.
As fluid is emptied from the intrafiber channels they empty .ﬂuid
from the interfiber spacings in nonwoven layer 27, thus readying the
nonwoven layer 27 for a subsequent fluid insult.
When the nonwoven layer 27 is used as the topsheet as shown in
35 Figures 3 and 5, fluid initially impinges the nonwoven layer 27 and
is moved about the nonwoven layer 27 as discussed above.

F. Optional Retaining Means
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contact with the body remains dry, thereby Tt educi ng body soiling and
creating a nmore confortable feel for the wearer. Suitable formed 25 filns

are described gn JFatent 3,929,135 issued to Thonpson on :

30, 1975;.U. S_W@é’?’&ﬁ%‘%, 324,246 issued to Millane et al. or.. "Cﬁi(%raﬁaﬁ‘if?,
1982; U.S. Patent 4,342,314 issued to Radel et #9- on August 3, 1982;

U S. Patent 4,463,045 issugd to r et _al. on |y, 3 984; .U S Patent
4,629, 643 issued to-Curro ot Y3f: ﬁ%@ﬁ%r"@%‘uﬁé{’ f%flil,se iﬁgéu.‘@.‘ﬁpﬁfeﬁ any
5,006, 394 i ssued to Baiupgordn means | 019, attaelment meafiac webi-kodwas efopatsuctt spunpeses.
i ncorporated herein bprfbbefCene satitiry napRiic e pifted HRLREsers ikierdinent

present invention is the Torned escri bed_ 1 n one or nore

0
above patents and nar K%t 880tynand securped, theretp, by; o fastenpr sysh,as 30 ad ¢ 36.
Conpany of G nci nndt i ThehadheStread6 'pPb¥ideéEAdVeans for securing) the pmaeitaryembpkin 20

]?_r”IDOdit m‘v‘“}] OI tzge_ prﬁsﬁ”'fthé'h_ré?fﬁfﬁﬂ 95"’”5{"-90#?]9?3’ panty.SUFKRS €a Portith bPT{MBJof the
' mtopshee 'S youq:g éurlfgcesOofasi:beoba&sl?eet 23 is coated with adhesive. Any
adhesive or glue used in the art for such purposes can be used for
the = adhesive herein, with pressure-sensitive adhesives being
10 preferred. Suitable adhesives are Century A-305-1V manufactured by
the Century Adhesives Corporation of Columbus, Ohio; and Instant Lock
34-2823 manufactured by the national Starch and Chemical Company of
Bﬁidgewater, New Jersey. Suitable adhesive fasteners are also
described in U.S. Patent 4,917,697. Before the sanitary napkin is

15 placed in use, the pressure-sensitive adhesive 36 is typically

1 covered with a removable release liner 37 in order to keep the
\,\ ~ adhesive 36 from drying out or adhering to a surface other than the
\ crotch portion of the panty prior to use. Suitable release liners 37

are also described in the above-referenced U.S. Patent 4,917,697.

‘20 Any commercially available release liners commonly used for such
purposes' can be utilized herein. Non-limiting examples of suitable
release liners are BL30MG-A Silox E1/0 and BL30MG-A Silox 4P/0 both
of which are manufactured by the Akrosil Corporation of Menasha,
Wisconsin. The sanitary napkin 20 of the present invention is used

25 by removing the release liner 37 and thereafter placing the sanitary
napkin 20 in a panty so that the adhesive 36 contacts the panty. The
adhesive 36 maintains the sanitary napkin in its position within the
panty during use. |
6. Jest Methods -

30 The following procedures are useful for determination of
parameters used to define and evaluate the capillary channel
structures of this invention. Specific units may be suggested in
connection with = measurement and/or calculation of parameters
described in the procedures. These units are provided for exemplary

35 purposes only. Other units consistent with the intent and purpose of
the procedures can be used. |

(i)-imiﬁs_umwiﬁs_&nﬂhu
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li,quid transfer through the topsheet 22 faster han if the body surface.

was not hydrophilic. This will dininish the likelihood that ~ menstrual
fluid will flow off the topsheet 22 rather than flow ng [ Ing
absor bed by MWR%49¥bent core 24. In a preferred 5 enbodi ‘%ﬁlggg’%
sarfactant s incorporated inte the polynmeric +dterials =~ of the forned
filmtopsheet 22 such as is described in U S Patent Application Seri al
No. 07/794,745 entitled " Absdolumet Priceduree Having - A Nonwoven and

Aper e 1 m Cover e g, 19168cto bR soci . E5491H St
hydrophilic by treat i‘\‘?éai kg%?fha'éf; s%ﬂngléitca apd @ﬁyai‘ﬁi‘@e TS&Sers%riaoe‘EPPiiNaU
U S. Patent 4,950, 264hameledtrtunt@ebor Theorprocegiuse 1X1,applied1361aaphkbtemisrograph
Patent 5, 009, 653 i5Sygflerf QnéRPQI PeprBséitativeZerostOskttion ofOfHe 2hpitihQ) chirinel

I ncor porated herein by reference.
P s¥ruce£ure. Qr%e cross-section of the structure is prepared for

photomicrogr_aphi'ng by embedding and microtoming techniques known to
those skilled in the art. The following equations are used:

i
10 (1) SCSA = 3 Py
. :
P As
_ i
15 z
(2) SCv = Avy
o x=1_
P As
20 wherein: A = density of the solid (i.e., polymer);

' Ag = area of the cross-section of capillary
channel solid perpendicular to the capillary
channel axis which bounds those capillary

- channels within the scope of criteria (a)
25 : and (b), below;
i
S Px =« the sum of the perimeters of the cross
x=1 section of the solid forming each of the
capillary channels, x, wherein each
30 : perimeter Py bounds the capillary channel

and 1is within the theoretical closure
provided by Cy;

t Avy = the sum of the void areas of the capillary
35 x=] channel fiber wherein each Avy is calculated
as the area bounded by the perimeter of the
solid forming the channel and by Cx; and
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‘I'n, an al ternative enbodinent illustrated in Fi gures 3 and 5 the 15 fluid
accepting and transporting layer 27 is used as a topsheet for t he

sani tary napki he structure of the fluid accepting and
transporting %é&“ﬁzﬁw |1 be described in greater detail her elT(%l‘/US%/gse:tl(l%W_

B.- The Absorbent Core 20 -The absorbent ¢OTe 24 may be any absorbent
means which 1is capa bgorkin L 3 Ak e

menses and/ or urine) bJérE&QI;nS? ggpﬂel.gl#"@ggu%f?cg%ﬁw%s c@%@vﬁ?iﬁ Izlg%u?ggr’l X
and 2, the absor bent ¢&feEs 2tp specifipoapillary ackannglsyAfmanicagiiipgk cchannel
Si d_ededggs; _ ?nd ;and_ efipes, iﬂaﬁcs’g\bﬁﬂ{rbﬁd%hds?qfoe?%t rq&)‘tb@r r&armﬁq@t th:@h 13
a wide vari ety of sizes and sha . r ular. .0 : rgl ass,
dog- bone, asymetri C’co vg’.( ?‘%‘&“D?‘?‘Sm?'é‘%\‘?vf°&e%3a?‘?’gt%'f'§%'?e‘| %ﬁ*ﬂ ﬂ“gﬁsgsr b°3flta
mat erial s comoniy Yised iseleetad diapetrrpkhatscioses eaetecapiidambehannel, x, wherein

articles such as commi nutggd veRdi®ul ¢ Wid Chided Gmacpatitiondf esd@dd{ng to Be
airfelt. An exanple of Otgﬁﬁ"%lﬁt%% rigpsorbent materials include 3
; t ol .

creped cellul ose wadding, *polymers _including coform
chemically stiffened, nodifieth)orther sdvcles nked t%| tangent cto jbaghs walls ~of the

capi | lary channel fibers; synthetdapifiabgrchadned]) gSatc théPEhtBOWhEPe L ' meets the
: . 10 walls; and o '

' (b) for each capillary channel, x, the circle Cx meeting
' (a) maximizes Avyx for each such channel, x, subject to

the limitations that: '
(i) the lines tangential to the intersection of Cy
15 L and the capillary channel walls intersect to form

an angle of 120° or less; and

(i1) Cx can have a radius of no greater than about
0.025 cm with respect to the actual scale of the -
capillary channel structure (circle radius will

20 be enlarged by the same magnification factor
applied to the actual structure in the
photomicrograph}.

For capillary channels having multiple points of tangency with a

- circle of maximum radius, as provided above, the circle is positfoned

25 so as to maximize cross-sectional area (Av) of the channel. For

capillary channel fibers having variation in cross-sectional size or

shape, sufficient cross-sections can be evaluated to provide a
representative weighted average SCV and/or SCSA.

The purpose of SCV and SCSA, as defined above, is to provide

30 quantitative analysis of structures characterized by open capillary

channels. It -is conceivable that such structures can have solid

portions, appendages, and the like, which do not otherwise contribute

to the definition of the capillary channels in this procedure. The

above criteria will exclude perimeter and void areas corresponding to

35 such nonfunctional portions of the structure from the calculations.

| Also, the cross-sectional area of nonfunctional solid elements is not

to be included in the calculation of As. Exclusion of such
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fibers; peat noss; tissue including tissue waps and tissue

.lam nates; absaydomips2ds0ans; absorbent sponges; super absor bpot/dD3/08408
pol yners; absorbent gelling materials; or any eqqiéglent mat erial or
conbi nations of materials, or mxtures of these p vi ded they absorb

-and retain liquids agai B@hmﬁ?é?"s' |aﬁ‘¢! Yerd9§iseBfional area 35 exemp'l-ifie?h?n more detail
“configuration and. constg%ctlon of the absorbent core al so be

varied (e.g., the absor core nmay have varying cali per zones, or nay
;have profiling so as to be Figuckd0 exemphifieent eapillary dfhadh@phti-ur:cure fragment 800

‘gradi ents, superabsorbegiy IpFALEEYoR o thé BV CHIPSE A UEdure thereto. Shown is the
5 fragment 800 of solid (i.e., polymer) having area Ag, capillary

- channel void areas Avy, Avz, Avi, Avg, with corresponding capillary
channel perimeters P}, P2, P3, P4 and theoretical closure circles c1[

C2, C3, and C4. Also shown are circles C5, Cg, C7. Radii ry’, rp,
rz’, ra*, r3’, r3*, r4’, r§*, rs, rg, ry are each perpendicular to

“10 the line tangent to the points of intersection my’, my», mas, mp=,
m3’, m3*, m4’, mg~, m5, mg, m7, respectively, between the
corresponding circles, Cj, C2, €3, C4, Cs5, Cg, C7 and the solid

material of fragment 800.

The circles (3, C2, C3, and C4 are drawn so as to meet the above

15 criteria. As can be seen circles C}, and C» are limited in radius
r1, r2 by angles Y1, Y2 which represent 120° angles of intersection
between tangent lines tj’, ti», and between tp/, t2», respectively,
Avi, Av2, Av3, and Avq4 are the areas bounded by perimeters Pj, P2,

P3, and P4 and curves ccj, cc2, cc3, and cc4.'respectively. Circles

20 C3 and Cq4 represent the maximum size circle for capillary channels,
wherein the angle of intersection of lines drawn tangent to the
circle at points m3’, m3*, and at mg’, mg», respectively, would be
less than 120°. Thus, as represented in this exemplary figure,
circles C3 and c4 would each have radius of 0.025 cm, after reduction

25 for magnification effects. Perimeters are determined as the length
of the solid boundary interior to the channels between the points of
intersection between the circle and the solid for each channel. Cs,
Ce, and C7 represent circles of maximum radius applied to portions of

the structure which do not qualify as capillary channels according tg'

30 the criteria of this procedure. Hence P and Av for these circles
would be zero. As can be seen, the area of the solid between m4s and

ms* would be included within Ag since such solid corresponds to
capillary channel walls bounding channels within the criteria for Av

in the calculation of SCV and SCSA. Areas Ay3’ and Ax3®*, which are

- 35  bounded by linear extensions of the radii r3¢, r3=, (said radii being
perpendicular to the line of tangency between the circle C3 and the
walls of the channel), are not included in Ag. Likewise, radius rg¢’
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5.or mor e | ayers or structures). The total absorbent capacity of the
absorbent core 24 should, however, be conpatible with the design | oadi ng

and the intepde e of the sanitary napkin 20. Further, the ' ,
absor bent cab%&g‘fﬁ?}%&? t he absorbent ‘core 24 NB%/ be varied topcrlgggjg?ﬁ%ggate

di fferent uses such as incontinence pads, panf 4 ners, 10 regular sanitary

napkins, or overnigh r@gie‘ﬂetsas'yeagggfiﬁggtp e§h§4ca1cdlgﬁgwegarb)(s@%ﬁ&p%%ension of

structures for use a absor present inventron
are described in U®&’ ob&isgke @4.950, 264 i ssued to Osborn on August 21,

iggg 8 g Eatent 4, 610,3-32 Wﬂ et al. on Septenber 9,
; U.S. Patent 4,834,435 |ssuU to | . NRY . :
U.S. Patent 5,00, 653 i sUUBPrRgedire 8. 858, 82%%%"3?‘? %E,Veigb% gﬁ%‘ﬁ?@ﬁ%"&n

Patent Applicatiof Nor @bsabent coess3 andheapdllsey ethagnada fiibersconjpuigpneral, ' the
published COctober 22pyrpddd ¢ £heE proceddPdTeisOftoDUABKa1AY abserk@Clndf rdched ethe

bsor bent st ruc ur e VasErelc pasthipn, afo ¥, T IINAY Frocelhd, VE ant S0 0 Lirins of
i nvention is descri bahsorbent. @res or pingdetcappliary shaenelcfitbers od Theafduidydatbe
Core For Use In Catagqqi for evalutfmust vertfRQli wickiig h@7dht36hol8, corirespdnd Woy
23, 1991, invent 6.5 the fﬁstlljief %%gor%gd at'»y‘ the absorbent product during use. The test
fluid can be dyed to facilitate measurements. Aqueous solutions can
be dyed with 0.05% FD&C Blue #1 (hereinafter "Dyed Distilled Water").
Suitable FD&C Blue #1 dye is commercially available (e.g., from H.
Kohnstamm & Co., Inc., NY, NY, USA). Blood-based fluids do not need
15  to be dyed. _
A closed bottom glass tube of abpmximately 25 cm height is
provided. Sufficient test fluid is added to provide a depth of about
2.5 cm. A ruler marked in millimeters is attached to the outside of
the tube. A rubber stopper is provided to close the top of the tube.
20 The stopper has a centrally positioned hole to allow clamp means, for
suspending a sample in place below the rubber stopper, to be inserted
into the tube. The hole is sized such that the tweezers, or other
clamp means as may be applicable, remain in a Tocked position when
disposed within the rubber stopper hole. Tweezers can be sued as
25 clamp means.- Clamp means must fit into the hole in the rubber
stopper so as to allow for adjustment in height of the sample.
Alternatively, single capillary channel fibers can be attached to a
rod such that they are held vertically from the top and bottom.
To initiate the procedure, a sample of an absorbent core or a
30 capillary channel fiber is submerged and a timer is started. After 2
hours, the height of the liquid is measured. :
(ii1) Procedures for Slenderness Ratio and Capiliary Channel
Hidth
Slenderness Ratio (S) is determined according to the following
35  procedure. The procedures are implemented based wupon a
| photomicrograph of a representative microtomed cross-section of the
capillary channel structure, as previously described. For capillary
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A.preferred enbodi nent of the absorbent core .24 conprises the 25 | am nate

‘structure shown in Figure 3. The lamnate is conprised of a | ayer of
superabsorbenévo% §| c (or absorbent gelling material) and per/GER/68408
nore sheets or s eross-|inked cellul osic jfibers. Al ter nativel y,

the absor bent core 24, shown in Figures 2, 4, &nld 5, conprises a single

sheet of cross-1i nkec&hﬁﬂd’l“iﬁ‘%ﬁfnrgthﬁ{lﬁ\gore 15%911‘!391&359&%5'%@?@(*5 ghe axial

cellulosic fibers fgqr SOor are ures

described in U.S. Patdfgct 4°'88’% 3c§p§i].?é'él ¢hanpe)sx suffigient C"°-°l§ﬁs€$édé'hsoéh°“]d
19, 1989; U. S. Pat entbedevilidated3to peovdde taordprasentitine . wedghted avepige Sléhderness
1989; U.S. Patent 4, %g 0395 I ssued to Schoggen et al. on Decenber 26,
1989; and U. S. Patent 98, 642 issued to More et al. 35 on February 6,
1990; U.S. Patent54, 935, 0be fodlaxing pauastions areysed:o Lash et al.; EPO
Pat ent Application Publication Nos. 0 427 316 A2 and 0 427 317 A2

publ i shed in the nane of Herron' gt _ay_z/ﬂrgt May 15, 1991;

tave = 2Ast/L
10
wherein: L = total solid perimeter of the cross-section of -fhe
. structure; and
Ast = total area of the cross-section of the solid
forming the structure perpendicular to the
15 capillary channel axis
The foregoing equation- for Slenderness Ratio treats the fiber
" under consideration as if it has one channel-forming wall therein.
For channeled fibers having a functional portion wherein one or more
channels are present, the formula for Slenderness Ratio (S) can be
20 4given as: , _
S = L2/4AgtN
wherein: L and Agt are as hereinbefore defined; and
N = number of channel walls in the structure, said
wall being those that have, on one or both sides,
25 channels that are closable by straight closure
' chords. -
Capillary channel width is the distance between the walls
forming the capillary chamnels. Capillary channel width can be
determined by reference to photomicrograph of fiber cross sections.
30 (iv) Procedure for Determining ¥all Parallelism
A representative cross-section of a capillary channel fiber is
microtomed as previously described and a photomicrograph of the
cross-section is prepared. Reference can be made to Figure 11 which
. exemplifies various aspects of the procedure. ‘For each capillary
35 channel, of a capillary channel fiber, a straight channel closure
chord tangentially contacting the capillary channel walls of the
channel is drawn to close the channel while maximizing area within
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-11- and EPO Patent Application Publication No. 0 429 112 A2 published
I n the nane of Herron et al. on May 29, 1991 incorporated herein by
reference. woogros3d3€ cross-linked cellulosic fibers in the pohagiosmsies
shown in 5 Figure 3 conprises da single sheet thgdf wraps the | ayers of
particles of absorbent gelling material 40. he sheet is wapped so

tT Ea_t it apgeaL S ?Stfﬂaamaed &HéﬁﬁelCFnlfni gwcmé}gtm;a&nvwva%fwzmm Fading
sy anped sheet [5G YHREy, 3/ Sindh ThuRabt I ahE Slegdr oo ot e
manners, such as bshanpelovitdhgeptialepte the diwtad portionr ofseathiefd the walls
cellulosic material (Rrmffig'ehe SERARAIENT THEBNBIGLR! of TtRE EHOPd Cis| ldet@Mlined as the
| ayers of the f"‘bs‘grbe’}tacorﬁi':;{}‘ D3} wln Pointsdor AinterdcFioniCBltwedh the 2Hord
providing it with3addlfiiBffuC!FLAPET <° p .
and each of the two walls. Line segments LSx), LSx2, each having a
length, equal to 75% of the length of closure chord Wy, are located
such that the ends of each such line segments LSyj, LSx2, contact the
interior surfaces of channel walls CWy, CWxy which serve as the
10 boundary to the capillary channel. Similarly, the: ends of line
segments LSyl, LSy2 are 75% of the length of closure chord Wy and
contact the interior surfaces of channel walls CWy, Cwxy,
. respectively. The 1line segments can cross the boundary of the
channel walls at points intermediate to the ends of the line
15 segments. If the line segments can be positioned such that the
divergence angle between the line segments is from 0° to about 40°,
the channel walls are said to be substantially parallel.
While particular embodiments of the present invention have been
illustrated and described, it would be obvious to those skilled in
20 the art that various other changes and modifications can be made
without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes
and modifications that are within the scope of this invention.

25
30

35

—
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In this type of core, curled, twsted, preferably chemcally 15 stiffened
and cross-linked, cellulose fibers are refined to provide fi bers which

can be used i‘{)‘awﬁ,ﬁhformas t he absorbent core. The prepap@-ﬁ-\h]%_gﬂ,f&ms

_suitable curl emcally stiffened cellulosic fi bers fromwhich one
can prepare ‘the refined, curled, chem cal stiffened cellulosic fi bers
used in detail in U S Patents 4, 888, 903; 2(5 4,822,543; 4,889, 595;"

4,889, 597; 4,889,596; and 4, 898, 642. The use! m
conbi nat i on with absorbent gelling materials, and: mm H"W[m‘”m
manuf act uri ng such CORATN 3¢ i CRASNEDAI R described in U*S.¢

4,935,022. Such preparations §¥F‘H§al |y Ii;c{t }s‘& ttﬁn%&&gﬁtg{ alaq‘%hydes

such as gl utaral dehyde, a crés i on,
pol ycarboxylic aci dsretﬁan1n§361llld§e<é\af§£§eriled 8sslinking agents. It wll

be appreC| ated that other neags)f@r nonwovieh eRompriging her plaedlsty nleed

cellulosic fibers are al Sﬁycﬁgg%ﬂ%;igpﬂ13?'%“8&";%*)(3?&&@ &Lmbopﬁpsed

herein, although the fl ui | es i mal as
conpar ed with the above-ndnker§ihes intrpfiber ﬂR@# @smn@anndaérmert,o t he

Vta;'l oufs_ gl tat ions in U Ssa1d f1ﬁ%§ﬂf¥viﬂg 3D Bleddt anCtaBﬁﬁaHyschaS&'loiwdf or
(r)efﬂledl tgrprg\??gé ?nhge from a ase anyetw%urslugscka%ﬂaﬂ” 03|r%ﬁé.'berﬁlare
extending from the base; and
(b) a high-suction absorb_ent core in fluid
communication with said nonwoven.

2. An absorbent article having a fluid pervious
topsheet and a fluid impervious backsheet joined to said
topsheet characterized by:

(a) a high-suction absorbent core pos1tioned
between said topsheet and said backsheet, said core
having an uppermost surface facing said topsheet and a
lowermost surface facing said backsheet; and

(b} a nonwoven positioned between said topsheet and
said absorbent core, said nonwoven comprising a plurality
of hydrophilic capillary channel fibers capable of
intrafiber and interfiber fluid acceptance and transport,
said fibers having at least one capillary channel formed
from a based and two substantially parallel walls
extending from the base.

3. An absorbent article characterized by: .

(a) a fluid pervious topsheet, said topsheet
comprising a nonwoven comprised of a plurality of
hydrophilic capillary channel fibers capable of
jntrafiber and interfiber fluid acceptance and transport,

. said fibers having at least one capillary channel formed
from a base and two substantially parallel walls
extending from the base; "
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fioers used to prepare the preferred absorbent cares used in the

practice of this invention. 35 Preferably, 1in order to provide
sustained in | and intrafiber fluid transport in t 76840

-accepting and tr%ﬁ@%%?tlng___“_JJ@uﬂ;_ZZ_(mhlch will be descrlgka‘lnﬂ%etafl
bél ow), the  absorbent : -12-

core 24 has certain, pxumm ﬂmaﬂﬂnterl st28s such as capillary
suction, and fluid re Preferably, the capillary
suction of the absorbert Eork sholdl d “be great er than that of the
| (b) a fluid impervious backsheet joined to said
topsheet; and _

(c) a high-suétion_ absorbent core positioned
between said topsheet and said backsheet, said core
having an uppermost surface facing said topsheet and a '
lowermost surface facing said backsheet.

4. The structure according to any one of the preceding
Claims wherein the divergence of the substantially parallel
walls of the capillary channel fibers of said nonwoven is less
than about 40°. '

5. The structure according to any one of the preceding
Claims wherein the slenderness ratio of said capillary channel
fibers forming said nonwoven is at least about 9.

~ 6. The structure according to any one of the preceding
Claims wherein the capillary suction of said absorbent core is
at least about 6 cm. '

7. The structure according to any one of the preceding
Claims wherein the capillary channel width of the capillary
channel fibers of said nonwoven is from about 10 microns to
about 200 microns.

8. The structure according to any on of the preceding
Claims wherein the denier of said capillary channel fibers of
said nonwoven is greater than about 5. g

9. The structure according to Claim 1 characterized by
_a second nonwoven superposed upon said first nonwoven.

10. The structure according -to Claim 9 wherein said
second nonwoven comprises a plurality of hydrophilic capillary
channel fibers capable of interfiber and intrafiber fluid

:  This Sheet Has Been Reﬂlaced
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capillary channel fibers 25 of the fluid accepting and transporting 5
| ayer 27 and at least 6 cmof vertical wcking for the particul ar fluid

to be handl e e_absorbent article. Preferably, the flui on
capaci ty -of 9ﬁ€¥gh£5§beni core 24 is at least 5 g/g. The 4wnvuﬁﬁh&ﬂ&é

performance-characteristics are typically achieved in an absorbent core
havi ng a density of "H“ o about 2 g/cc. 10 C. Backsheet
The backsheet 23 . |s“’l1ml Iu;mﬂﬁlllqw ds (egg , menses and/ or urine)

and is preferably: manuf act'ur dd from a. thin plastic film al t hough ot her

flexible | | quid i mper acaepbancat and dranspont,alsaid fébarsebaving ats lesstd dner ei n,

the term “flexible" fRhey Fﬁ’anﬂ@i effo'rﬁéa@ 6 @Nb&deC and twﬁOMs'tﬂ&tuﬂ]ﬂ will
readily conformto therﬁiﬂﬁ @8 w@ ont ur.s of the human body. The
backsheet 23 prevent sP? xUﬁQPe g GPbéBm e B85econtained in the
absorbent core 24 fromwetting articles which _ contact the sanitary
napkin 20 such as pants, pajanmas and undergarnents. The backsheet 23
may thus conprise a woven or 20 nonwoven—-material, polynmeric filns
such as thernoplastic filnms of - polyethylene or polypropyl ene, . or

conposite materials such as a filmcoated nonwoven nmateri al
Preferably, the backsheet is a '

as Been Reﬁaced
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polyethylene f|In1haV|ng a- thi ckness of from about 0.012 nu (0.5 ml)

t6 about 0.051 mn
manuf act ur ed
desi gnati on
Terre Haute,” | ndiana,
is preferably enbossed and/ or
clothli ke appearance.. Further,
eScape fromthe absorbent core 24 (i.e

preventing exudates from passing through

mls). Exenplary

and by Ethyl Corporati

pﬁé ﬁggy Cbrporatlon of Cincinnati,

under the designation XP-39385. The backsheet
matte finished to provide a nore

t he backsheet 23 may permt vapors to 30
ﬁgathable) while still

pol yethylene filnms are 25

Chi o, U“dqfcx‘/ﬂ§93(os408

on, V'squeen Di vi sion

23

backsheet 23. D.

Fl uid Accepting and Tasnsportlng Layer\\\\ | uid accepting and
transporting | ayer 27 nsgzrts fluid fromthe point of insult to the
fluid retaining material , N , 35 abs t ~sore 24,_-Bgeferably, the fluid
accepting and transportlng | ayer Z7 isja ven conpri28ed o
capillary chan s 25 haV|ng I € qpé/s %//6 their
outer surfaces. ' ////,
— L\\
32 39
31/ \3(',
34
2
e
Fig. 1
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- 13- channel fibers 25 are fibers having channels 29 forned

t herei n, preferably, on their exterior surfaces. Figures 6 to 9 show
exanpl es %ﬂ)@é ypes of capillary channel fibers 25. Spicrabdes/o8408
capillary channel fibers are described below, and in the follow ng
Patent 5 Applications which "were filed on Jul y 23, 1991: US

Pat ent Appl i cations Serial No. 07/734,404 filed in the nanmes of Thonpson
et al.; US. Patent Application Serial No. 07/734,392 filed in the nanes
Thonpson et al.; U.S. Pag%nt Aﬁ,@l i cation2$brial No. 07/734,405 filed in
t he names of Buenger et S.. Batent Ap I4r|cat|on titled 10
"Spinneret Oifices and Fil a abil'i zi ng Legs
Therefroni, Serial No. 07/918, , Inventors

Phill'ips, et al.gg_These p3g e referred .to

r O LI S S AN ST S AT AY,
.«‘ \\\ \\\\\\\\\\\\\\\\\ ;\\\\\\\\ \
QT o KA T £ §SETA

AN ,-. ¥ # A
vavar /IR Ao \\\\\\\\\\\\\\\\\\\\
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cQllectively as the Capillary Channel Fiber" patent application.

Sui tabl e capillary channel fibers are also described in EPO Patent 15
Application QPdeHld published Cctober 10, 1990. ThedipOReRYE8308
fl'uid accepting and transporting |ayer 27 can suitably be fornmed in any
manner capabl e of formi ng nonwoven webs known. to those skilled in the
art. For exanple, the nonwoven |ayer 27 can be formed through a carding
process, rando process, spunbond 20 process, needl epunch process, or
hydr oent angl i ng process. - Preferably, the_nonwoven |ayer 27 is forned
fromstaple capillary. channel fibers 253/5The nonwoven fluid accepting
and transporting | ayer 2/7ogray conprise one or nore |ayers of nonwoven
webs super posed upon eagh other. 25 The nonwoven fluid accepting
and transporting |ayer /27 preferably contains at |east about 25% by
wei ght, nore preferabl t | east about 50% by wei ght of capillary
channel fibers 25. xi g e_agount of
capillary channel fi
transporting |ayer 32
t han capillary chanr
such as thernopl asti

s ot her
bi nders,

NN

29

2 o
@ @9
&
Fig. 9
: 4. '
Fig. 8
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fibers or thernoplastic powders can be used to inprove the tensile
.strength of the layer 27. Fibers that do not have capillary channels on
their external surfaces, e.g., round cross-section fibers, @®SI/USH3HI$408

L ncor por at eWQ9/B52Pe fluid accepting and transporting |ayer 27. For

exanpl e, a.nonwoven structure conprising both capillary channel fibers
and non-capillary channel . fibers may be used as the fluid .

-14- accepting and transporting | ayer 27. Q her non-capillary
channel . materials can be selected to enhance the physical properties
of the _ ' 4/5 -

. 2"

ya
[ ~—M

Cq
S
e
\?‘ .
> \1\
Fig. 10



| ayer 27 provides these materials do ndt exceed 75% by weight of the

fluid accepting and transporting |ayer 27. 5 The fluid accepting and
transportin 5245 utilizes both interfiber and nost pciamoszsidsy
intrafiber f UId ransport to nove fluid from the point "of insult
to the absorbent. core 24. By provi di ng enhanced intrafiber fluid
transport a nore effective use of t he absorbent core 24 can be

achi eved. - For exanple, by providing 10 enhanced intrafiber fluid
transport the fluid accepting and transporting layer 27 is able to
wi thstand nultiple insults of |iquid - and provide a clean and dry feel
to the wearer. Wil e a vari.ety of' capillary channel fibers can be
used herein, the follow ng description discusses sone preferred
-characteristics of 15 the capillary -channel fiber 25 that are
incorporated into the absorbent articles of this invention.

(i) Fiber Morphol ogy The capij/?ry channel fibers 25, as noted
above, have capillary channels 29" on their outer surfaces.
Capillary channel fibers 20 conprise a polyner conposition .and have
at least one capillary channel , wherein the capillary channel has a

base and at | east two

Fig. 11

. This Sheet Has

ORI~ svmermoreovees



wal I's extending fromthe base,
substantially the entire |ength of the base el enent, wher eby t hg

elFenent and walls d sai d cgpid, L«ﬁ;&’scﬁﬂf‘%@n%anpﬂ}rﬁ ugh -} ‘; 9

cdpillary channel f s herein my Veueaneasespi | 1 ary C annel
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(F:’L;L‘;‘L: tsyi of 1%?'5&“1%&)%& N3P0EATIoN ﬁén&?ﬁ& N TREATY (PCT)
"channel " |i(§1) Infemations! RapeptClasifintione e t he Eﬂg 1§6)) Iterationall Pablicatipn Npmbey: WO 94/05245
plurality{of A61EABE6SAEE 15MBers havi ng t ha epShagnel . The, 3
fibers are fuPOMEY2Bharacterized in that t Ha)lmmg‘mgg'ég '°"% Of the it 1994 (17.03.54)
capill.aryjchannels is open al ong a substantilal Iength of the structure
i n the, axi| & leemagensh Agplicaien Number:c hanfdy SSOY MR | (ddees: RERD: p:;"d t el pghe e@?fi{c & Eamble
from out si Qlﬁ) Inbmbtar IR BRI ] S7 septm'.mam@mddsﬁtr y c fseﬁreé'd B i 4ot th
fibers of jthe present 1 nvention are substantjially 35 parallel to one _
anot her. Lﬁ?&taa' l'y parallel, as used hg r(ﬁbﬂ.s. .ﬂteas tes: AU, BB, BGEHIE 8y, R, cz.F1 Hu,
cross-secti onaj/gxmal | el i sns@femtehmwwlobm usgans. Y LK, MG, Mg/cmer:t%gé_,go
A . r ropean patent ( H
differenti aI of adjacent capillary walls. is|by ng t%‘@@“ﬂ[ gﬁ’rg& P e N o
(71) Applicant: THE PROCTER & GAMBLE COMPANY SE), OAPI patent (BF, B, CF, CG, Cl, CM, GA, GN.
{US/US}]; One Procter & Gamble Plaza, Cincinnati, OH ML, MR, NE, SN, TD, TG).
45202 (US).
(72) Inventors: THOMPSON, Hugh, Ansley ; 5777 Windermere | Published
Lane, Fairfield, OH 45014 (US). MARTIN, Tracey, Ayt- With internationa! search report.
en ; 11869 Hitchcock Drive, Cincinnati, OH 45240 (US).
INGLIN Thomas, Alfred ; 406! F.aton Road Hamiiton,
OH 45014 (US).
(54) Title: FLUID ACCEPTING, TRANSPORTING, AND RETAINING STRUCTURE
20 T "z
Y’\ B(
22
23 _ . / /31
) /
\
32 ! 32
(57) Abstract
. The present invention provides a fluid accepting, transporting and retaining structure, useful in disposable absorbent arti-
cles (20). In-use fluid deposited on a disposable absorbent anticle employing such a structure is moved via interfiber and intrafib-
er transport 1o a fluid retention area remote from the point of fluid insult. By moving fluid away from the point of insult a more
effective use of the absorbent core (24) is achieved providi_ng a clean and dry surface (22) for the wearer.
This Sheet Has Been Rep




- 15- preferably by no nore than about 30, nore preferably no nmaemei#hem
about 20[err]. The procedure to determne wall parallelismis described
belom/undgf”the Test Methods heading. Al though not intended to
necessarfly l'imt-the invention, substantially parallel walls are 5

bel i*6ved- t 0 provi de enhanced capillary fluid transport rates and
capillary suction per unit weight of thel-<fibers. - The capillary
channel fibers of the present FFOVENACCERTENGS TRANSRORIINGt ANO zed by having
relatively thin walls and bases_ cgup?ggg wi.dth .of the capillary
channel s. I n other words, the fii be® Eﬁﬁﬁpﬁgy%ﬁﬁgentSGnve1tion are al so
characterized by having relatl E9L%urgﬁshendgrllmajpsgxiﬁhe degree to

which the walls and base of the # Cixdap)l | apypedchannehgedsiruftures are
slender can be characterized & wing(s) : paggd %, to p’lﬁed ‘(’

The present invention relates to fluid accepting, transporting,
and retaining structures, and more specifically, to nonwoven webs
capable of both intrafiber and interfiber fluid transport.

5 BACKGROUND OF THE INVENTION

A wide variety of structures for disposable absorbent articles
to collect body fluids are known in the art. Commercial absorbent
articles include diapers, adult incontinence products, catamenials
and bandages. Disposable products of this type comprise some

10 functional members for accepting, transporting and retaining fluids.
Generally, such absorbent articles contain a core of absorbent
materials mainly comprising fibrous cellulose. Typically, such
articles include a fluid-permeable tdpsheet, an absorbent core and a
fluid-impermeable backsheet.

15 In the case of disposable absorbent articles, the users have
come to expect a high level of performance in terms of comfort and
fit, retention'of-fluid. and minimal leakage. Above all, leakage of

. fluid from the absorbent article is regarded as totally unacceptable.

When nonwoven webs are employed 1in disposable absorbent

20 articles, the simple ability to absorb a liquid is generally not
sufficient to ensure optimum performance in a product. For example,
during use, many absorbent articles experience multiple insults of a
liquid. In order to ensure proper absorption of subsequent insults,
it is generalIy desired that the first insult of 1iquid be not only

25 absorbed but also transported within the absorbent article to areas
where the liquid is to be retained, preferably, remote from the point
of insult. '

When nonwoven webs are empioyed in an absorbent article, it is

desirable to put the nonwoven web into contact with a fﬁuid storage
30 material. o6 -




according to a "Slenderness Ratio," the calculation of which is
described in the Test Methods sections below The capillary channel 15

fibers of the present invention preferably have a Sl enderness Ratio of
at | gast *about 9, nore preferably at |east about 15. The capillary
channel s have an average capillary channel-2wi dth of from about 10 to
200 pM nore preferably from about 20 to 100 pM In practice capillary

]E:hiannel fi ]E)ers tﬂwetairngartdherab;merﬁpgcia‘piabba iocdngbd@bing Isbvdtailetmedetrhieer per
Il anent of gre ¢l | | onoy@
transport of | |g%u n?ﬂé ca P? hol aﬁgeféﬁn%t cabf"ﬁaijy %{iﬁﬁ i cal I have
Specific Capill awow wek €0 Eﬁ sterage %Bﬁ‘t‘ is nqt gb /té t"ﬁ'?‘é‘Pé? ably
a{ : eas: aEOUE 3 'ﬁgﬁﬁd grenndhé ﬁmbfhagﬁaﬂohadmy all ofSthef aterade matr$E5A) of
at |east abo wh Rl 20

crferr]/g. LY, bgr&lgéerd] 419 tfa? g%&%“’} &%ai&étaelggf@teoﬁé @Q@%lfrane?rgyegeh Ui d
capacity of thishés @ablqlwars)/dehia'ﬂm fiber on a unit weight basis, and is

tEeref f)re i ndi Spdci¥icadly, ffeum:cisomnwyfafppltadcyo odispbsablepibisbetent
channe n

have 30 hi gh Cgﬁi F%ﬁ‘ﬁYE{mﬁ e‘?ﬁpﬂr phpfwﬁ 'll?e lefr’]"'totfh K%glh u?tquhﬂ'agjeso
f1uids at matarpak z!HﬁT- e \P@)?‘iﬂeﬁ!‘ i they &%’L‘"‘brﬂ’%‘ o va&hegnrodlya%q ghef the

10 product becomes uncomfortable and product design options are thus
limited. Therefore, it is desirable to more evenly distribute the
fluid storage material throughout the product.

When nonwoven webs are eniployed in absorbent products, it is
desirable that the web be able to quick]y accept a liquid. However,

15 simultaneous liquid transpert and rapid acceptance has been difficult
to achieve. _

The present invention pertains, in 3 preferred embodiment, to a
structure for accepting, transporting, and retaining fluids. The

20 structure includes a nonwoven comprising a plurality of hydrophilic
capillary channel fibers capable of interfiber and intrafiber fluid
acceptance and transport. The fibers have at least one capillary
channel formed from a base and two substantially parallel walls
extending from the base. A high-suction absorbent core is in fluid

25 communication with the nonwoven.

' Preferably, the divergence of the substantially parallel walls
of the capillary channel fibers of the nonwoven is léss than about
40°. Préferab‘ly. the slenderness ratio of the capillary channel
fibers forming the nonwoven fs at least about 9. The capillary

30 suction of the absorbent core is preferab'ly at least about 6 cm.
Preferably, the capillary channel width of the capillary channel
fibers of said nonwoven is from about 10 microns to about 200
microns. The denier of the capillary channel fibers of said nonwoven
is preferably greater than about 5.

35 Preferably, the structure includes a first nonwoven comprising a
plurality of hydrophilic capillary channel fibers capable of
interfiber and intrafiber fluid acceptance and 'tran'sgo:r't. _The fibers

0 : . ;
o Lgl
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structure, via intrafiber capillary transport), the design of the

fi ber must provide for a relatively high degree of capillary channel
surface area contact between the material of the solid structure and 35
the Gt quid which is to be transported. This is because capillary
suction is in part dependent upon the amount of interfacial contact
area between the solid structure and fluit- The SCSA is a neasure of

-16- the surface ar eia, Eer uni t '}‘\ei ght of the fiber, of the capillary
channel s in t hdare pat s63sk epne aGaR i LsWe chipned o fpERad frem 3 | B3s@s andniwo

conbi nati on of substantéal1$CharanteISGaN siextendingr Flomhahei basieS nirefésably,
the structure includes a second nonwoven superposed upon the first
nonwoven and a high-suction absorbent core in fluid communication

5 with the nonwovens.

Preferably, the second nonwoven comprises a plurality of
hydrophilic capillary channel fibers capable of interfiber and
intrafiber fluid acceptance and transport. The fibers have at least
one capillary channel formed from a base and two substantially

10 parallel walls extending from the base.

In another preferred embodiment, the present invention also
pertains to an absorbent article. The absorbent article includes a
fluid pervious topsheet and a fluid impervious backsheet joined to
the topsheet. A high-suction absorbent core is positioned between

15 the topsheet and the backsheet. The core has an uppermost surface

' facing the topsheet and a lowermost surface faéing the backsheet. -A
nonwoven is positioned between the topsheet and the absorbent core.
The nonwoven comprises a plurality of hydrophilic capillary channel
fibers capable of intrafiber and interfiber fluid acceptance and

20 transporf. The fibers have at least one capillary channel formed
from a based and two substantially paralliel walls extending from the
base. :

In another preferred embodiment, the present invention also
pertains to an absorbent article. The absorbent article includes a

25 fluid pervious topsheet. The topsheet comprises a nonwoven comprised
of a plurality of hydrophilic capillary channel fibers capable of
intrafiber and interfiber fluid acceptance and transport. The fibers
having at least one capillary channel forwmed from a base and two

- substantially parallel walls extending from the base. A fluid

30 impervious backsheet is joined to the- topsheet. A high-suction
absorbent coré is positioned between the topsheet and the backsheet.
The core has an uppermost surface facing the topsheet and a lowermost
surface facing the backsheet.

BRIEF DESCRIPTION OF THE DRAWINGS

35 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
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provi ding capillary channel fibers with efficient capillary channel
5design and with relatively thin capillary channel walls and/or channel

bases. S The procedures to be used for determ:-ning Specific Capillary-
Vol uge, and Specific Capillary Surface Area are descri bed.-bel.ow under t he
Test Methods heading. 10 The capillary ghannel fibers 25 used herein

can be prepared

from any conveni ent pol ymer which i s nonswel | ing when

er elrn, SO ng

wet. Polyners sug faﬁOQ%yGB&P%?n thyWoﬂﬂ)ﬁlc?% \HQLY%EQ )ﬁlcomrpanymg

(preferred), and the Iik
spi ninabl e such t AEiPg%y &'ém"”“&e i

Uﬁerreﬁe RrenFec xRUmeralls cH’ﬁf‘ﬁfdr yideabifad|

as noted herei nabbmntﬂ&ﬁ@mmreiaratly the polynmers are nelt-extrudab

Typically, the-

synt hetic polyethy

viscosity ("

204, 829, 761 at

S,
Ie

Copigla Y FHATRE! il Vi el ngrgvekhdbgawﬁpfr@gkié{f?‘ 2

he @resqnémmmonm‘é tw&!mm cu} away( wmpge &leah shev the and
can be determ aeﬁktracmhlofkmaﬁasm @apkinge, for exarrpl e, U S. Patent

| The
relationship to tcﬁeuggwrg } i? {]hcroké/see{io?t goJr')eé 'ﬁ e"S 'Fi?ﬂﬁ of
capi |l ary channeffiguggl} §‘k€hél¢@9 i'tﬂea?'e?d to the average rml ecul ar
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Figure 3 is a cross-sectional view of another embodiment of a
sanitary napkin of the present invention; '

Figure 4 is a cross-sectional view of another embodiment of a
sanitary napkin of the present invention;

Figure 5 is a cross-sectional view of another embodiment of a
sanitary napkin of the present invention;

Figure 6 is a cross-section view of a symmetrical “H"-shaped
capillary channel fiber with a flat base (4), width between walls
(5), and depth-of-walls (6); o

Figure 7 is -a photomicrograph (150X) of a capillary channel
fiber cross-section; _

Figure 8 is a cross-section view of a symmetrical "U"-shaped
capillary channel fiber with a curved base (4), width between walls
(5), and depth-of-walls (6); -

Figure 9 is a photomicrograph (ISOX) of a capillary channel
fiber cross- section;

Figure 10 is a cross-sectional view of a capillary channel fiber

which exemplifies various aspects of procedures for calculating

Specific Capillary Surface Area and Specific Capillary Volume; and
Figure 11 is a cross-sectional view of a capillary channel fiber

“which exemplifies various aspects of procedures for calculating wall"

parallielism.
DETAILED DESCRIPTION OF THE INVENTION -
neral iptio h
As used herein, the term “absorbent article" refers to devices

. which absorb and contain body exudates, and, more specifically,

35

refers to devices which are placed against or in proximity to the
body of the wearer to absorb and contain the various exudates
discharged from the body. The term "absorbent .article” {s intended

REFLACEMENT SEET|
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wei ght of the polyners. For exanple, it is convenient to enploy a

pol yester having an inherent viscosity of about 0.7 herein, but it 25 would
be nore preferred to enploy a polymer having an inherent vi scosity of
about 0.9, since this would allow the walls of the capil'lary channels to
be thinner, yet sufficiently strong to avaigd col | apse under in-use
pressure. The depth:width ratio of the capillary echannels herein is

30 preferably aloutnc2ude diaperis; ocatamenigl rpals| | $ani ONYy, n&kiAS] SAnENQHENs, AS

well as for eco .G S , t hsow dt<h _rati ox reateet tha about
1.3 is typicall 3R£egr'r‘%l'%e§/§dm'1a?}‘8?€c}§l_ﬂk¥hd '_Jr“Sa%H"y dﬁ%%%a@f% & “SEJ;HFT‘?'ary
channel fibers WAideiscaibe hsorkendantielest whrighiane wpteintended,to behlauntiened a
dept h-of -wal | s oF e4nepwiseBréstoraor Ftised \isdam-dpebMRat-ardve Mal(f S 0f trajout

21 crons, i g it be' ATE ek RO stine 0, i pireldiTr 0l
di mensi ons are &ecesyelsde compested|arr gtherwisendisposed of in an environmentally
compatible manner). A “unitary" absorbent article refers to
absorbent articles which are formed of separate parts united together

to form a coordinated entity so that they do not require separate
manipulative parts like a separate holder and pad. '

A preferred embodiment of a unitary disposable absorbent article
of the present invention is the catamenial pad, sanitary napkin 20,
shown in Figure 1. As used herein, the term "sanitary napkin® refers
to an absorbent article which is worn by females adjacent to the
pudendal region, generally external to the urogenital region, and
which is intended to absorb and contain menstrual fluids and other
vaginal discharges from the wearer’s body {(e.g., blood, menses, and
urine). Interlabial devices which reside partially within and
partially external of the wearer’s vestibule are also within the
20 gcope of this invention. As used herein, the term "pudendal® refers
to the externally visible female genitalia. It should bé understood,
however, that the present invention is also applicable to other
feminine hygiene or catamenial pads such as pantiliners, or other
absorbent articles such as incontinence pads, and the like.

The sanitary napkin 20 has two surfaces, a body-contacting
surface or *body surface® 20a and a garment surface 20b. The
sanitary napkin 20 is shown in Figure 1 as viewed from its body
surface 20a. The body surface 20a is intended to be worn adjacent to
the body of the wearer. The garment surface 20b of the sanitary
napkin 20 (shown in Figure 2) is on the opposite side and is intended
to be placed adjacent to the wearer’s undergarments when the sanitary
napkin 20 is worn.

The sanitary napkin 20 bhas two centerlines, a longitudinal
centerline "1 and a transverse centerline "t". The term
35 *Jongitudinal®™, as used herein, refers to a line, axis or direction

in the plane of the sanitary napkin 20 that {s generally aligned with

(e.qg., approximately parallel to) a vertical plane which bisects a
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-17- fi bers prepared from pol yester and having these characteristics
are quite effective for their intended purpose. Such fibers can be
prepared using conventional operating equipnment and readily w thstand
pres5ures of the type encountered in sanitary devices, especially 5

sani tary napkins and pantiliners, w thout collapse or spreading of t he
capillary channel walls to such an extent t-hat their capillary function

is |ost. The capillary chﬁggels 29 can be of_ various shapes
provi di ng th&jandied weazer Jate r Lardnand,diight Redychalvererhen thespaptiaryan
offer 10 particubpkin 20vanteg®s The teans i ttdaasverpeOdarct*latgralt cad i 3es.

rgg S eéggglng. rt]\th Hérﬂﬂfg%é}t&anﬁpﬁ@gd an%ng%feg: B@ t’ka ﬁj%waiﬂ %Paﬁ'rkéﬁ' hY
repeat ed or EQ# HrighcHikhino the oalane ©Fbdhe &Wf‘&".YnlmkWIZ p‘lh@t is
channel's, but 5 generally perpendicular to the longitudina)l direction.

: Figure 1 is a top plan view of the sanitary napkin 20 of the
present inventfon in its flat-out state with portions of the
structure being cut-away to more clearly show the construction of the
sanitary napkin 20 and with the portion of the sanitary napkin 20
which faces or contacts the wearer 20a, oriented towards the viewer.
As shown in Figure 1, the sanitary napkfn 20 preferably comprises a
liquid pervious topsheet 22, a liquid impervious backsheet 23 joined
with the topsheet 22, an absorbent core 24 positioned between the
topsheet 22 and the backsheet 23, and a fluid accepting and
transporting layer 27 positioned between the topsheet 22 and the
absorbent core 24.

Figure 1 also shows that the sinitaty 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
20 the end edges (or "ends®) are designated 32.

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

Figure 2 is a cross-sectional view of the sanitary napkin 2( .
taken along section line 2-2 of Figure 1. As can be seen in Figure
2, the sanitary napkin 20 preferably includes an adhesive fastening
means 36 for attaching the sanitary napkin 20 to the undergarment of
30 the wearer. Removable release liners 37 cover the adhesive fastening

means 36 to keep the adhesive from sticking to a surface other than

the crotch portion of the undergarment prior to use.

Figure 3 is a cross-sectional view of another embodiment of a

sanitary napkin 20 of the present invention. As can be seen in
35 Figure 3, the sanitary napkin 20 preferably comprises a fluid

accepting and transporting layer 27, a liquid impervious backsheet 23

joined with the fluid accepting and transporting layer 27, and an
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it will be appreciated that when nore than about three repeating 15 shapes
are used, sone additional "stiffness may be noted in the fibers.

The rranuf acture of capillary channel fibers 25 of the type enpl oyed
herei n |s described in EPO Application 391,814 and in co- pendi ng U. S.
Conti nuation-In-Part Application entitled "Fibers 20 Capable of

Spont aneousl y Transporting Fl ui ds” -Beri al No. . 07/ 736 261,
filed July 23, 1991, |nventors Phil].i opes

Cheni cal OOrrparf;,s"ib&-ﬂeﬁarﬁg %\PEM ixsmeeatﬂhsn N4 ¢ pEFPLING  and
"Spinneret Ori furaupoatnmgFH)ewem ant ¢he-backsheetr23wi t h Stabilizing Legs

gmﬂ‘ L gm Se“; AFifre A7491E. s sfehg%ﬂg]"&%{:zip anbcher: enfBSne" 3¢ 2

et al n co tion en
"Qpen Capi | | ar;ﬁ‘@h‘a’ﬁﬁef“@i’!‘ug?ngs e BFeRREd W%é@fb f 45 KAfkibeg seen in
Capi | I ary Chanrfiusi raict theessanstary Enapkini @0 [preférablyJscomphigesi i’ hqmd

S | No. 07/ b d
K(ragllu?ter 30 Ab%%ﬂ&% fédslhE& fi: rﬂ%“ﬁ@eﬁ? B‘r‘g r%ggg %2 %_;P?HF ry crhanﬁgl
fibers : her'@lent"&l‘he%o?z t‘héﬁ’é%‘l"\?é% COrR 124 P%?d&@?"&érket(‘?ﬂﬂr he donshest
absor bent 320 and ithe buckbhextd2,ont plmaqj fluid caceeptingsande tradsportihg -

fibers layer 27 positioned between the topsheet 22 and the absorbent core

10 24, and a pleated tissue 38 positioned between the fluid accepting
and transporting layer 27 and the absorbent core 24. Preferably, the
pleated tissue 38 has a basis weight of from about 0.025 g/inZ to
about 0.045 g/in? and a density of from about 0.06 to about 0.11
g/cm3 Exemplary . tissues are manufactured by the Fort Howard

15 Corporation, Green Bay, Wisconsin.

Figure 5 is a cross-sectional view of another embodiment of a
sanitary napkin 20 of the present invention. As can be seen in
Figure 5, the sanitary napkin 20 preferably comprises a pleated fluid
accepting and transporting layer 27, a liquid impefvious backsheet 23

20 Jjoined with the pleated fluid accepting and transporting layer 27,
and an absorbent core 24 positioned between the p]eated fluid
accepting and transporting layer 27 and the absorbent core 24.

In addition to having a longitudinal direction and a transverse
direction, the sanitary napkin 20 alsc a "z" direction or axis, which .

25 is the direction proceeding down through the body-contacting layer,
e.g., topsheet 22 or fluid accepting and transporting layer 27, and
into whatever fluid storage means, e.g., absorbent core 24, that may
be provided. The objective is to provide a gredient of capillary
suction between the body-contacting layer and the underlying layer or

30 layers of the articles herein, such that fluid is eventually drawn in
the *z" direction and away from the body-contacting layer of the
article into {its ultimate storage layer. '

By employing a fluid accepting and transporting layer preferably
comprised of a plurality of fibers having external - capillary

35 channels, fluid is transported from the point of insult to areas
where the liquid is to be retained which enhances the overall useful

absorbency of the article.
{REPLACEMENT SHEET
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t hensel ves are nost preferably hydrophilic. Si nce nost synthetic
pol ymers are hydrophobic, the capillary channel fibers herein are 35

surface-treated in order to render them hydrophilic. o The surface
treatnent of polymeric fibers involves processes whi ¢ch are wel | - known
in the extensive fiber literature. In general, such processes
I nvol vé treating the surface of the flbers mﬁth a hydrophilizing agent,

especially a surfact zat resul ts
wettability of the fﬁﬂ‘éré“é){)yg e&ﬁ@"%"f’ﬁ s°f &he, “"‘P?ﬂ!t PRk iy Hg”rré‘agu%d
for exanpl e, usintpokehtadicin gnedter dedsilr.ement s.

2. ivi Co nts he Sanitary Napkin
A. The Topsheet
5 . The topsheet 22 is compliant, soft feeling, and non-irritating

to the wearer’s skin. Further, the topsheet 22 is liquid pervious
permitting liquids (e.g., menses and/or urine) to readily penetrate
through its thickness. A suitable topsheet 22 may be manufactured
from a wide range of materials such as woven and nonwoven materials;
10 polymeric materials such as apertured formed thermoplastic films,
apertured p]astic films, and hydroformed thermoplastic films; porous
foams; reticulated "foams; reticulated thermoplastic films; and
thermoplastic scrims. Suitable woven and nonwoven materials can be
comprised of natural fibers (e.g., wood or cotton fibers), synthetic
fibers (e.g., polymeric fibers such as polyester, polypropylene, or
polyethylene fibers) or from a combination of natural and synthetic.
fibers.
A preferred topsheet 22 comprises an apertured formed film.
Apertured formed films are preferred for the topsheet because they
20 are pervious to body exudates and yet non-absorbent and have a
reduced tendency to allow liquids to pass back through and rewet the
wearer’s skin. Thus, the surface of the formed film whi¢h is in
contact with the body remains dry, thereby reducing bddy soiling and
creating a more comfortable feel for the wearer. Suitable formed
25 films are described in U.S. Patent 3,929,135 issued to Thompson on _
December 30, 1975; U.S. Patent 4,324,246 issued to Mullane et al. ot °
April 13, 1982; U.S. Patent 4,342,314 fssued to Radel et al. on
August 3, 1982; U.S. Patent 4,463,045 issued to Ahr et al. on July
31, 1984; U.S. Patent 4,629,643 issued to Curro et al. on December
30 16, 1986; and U.S. Patent 5,006,394 issued to Baird on April 9, 1991.
Each of these patents are ihcorporated herein by reference. The
preferred topsheet 22 for the present invention is the formed film
described in one or more of the above patents and marketed on
- sanitary napkins by The Procter & Gamble Company of Cincinnati, Ohio
'35 as "DRI-WEAVE".
In a preferred embodiment of the present invention, the body
surface of the formed film topsheet 22 is hydrophilic so as to help

{REPLACEMENT SHEET]
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5 In general, a contact angle less than 90 indicates a hydrophilic
surface. A CAHN Surface Force Analyzer (SFA 222) can be used to

measure hydrophilicity, as can-a variety of other instruments known in
the art. ) Typi cal surfactant useful in such processes include vari ous
noni oni ¢ and ani oni c detersive surfactants_of the general 10 type known in
the laundry literature. Hydrophilizing agehts include . wetting agents

such as pol yet hyin‘aﬂf‘d %%ﬁ?#er”&'ﬂ%x@w%éfsf&p%h&b 22 fPE@ESR'ﬁE"r?E ?W’boay

pol yet hyl ene gl yco rate. avai r.oom
WIliansport, AF“"@% "’a%\m?e'fyﬁ Rhilicy UT'éyY“" dH’f‘E&ﬂbltg %ékbhh“!ﬁ(ltm 3
avai l abl e from GiiandaruaﬂnﬂmdevﬂlY(fﬂhw ofFWthed to)fshdet REAyathefX than Flaweng

hydrophi I'i zi ng agggt %&“’Ub{\]f%%%e%’caﬁ'e ‘b &[tb%oﬁse arI I, u?h ncrgée)m ng

wel |l known to those s ext tsfo

wi cki ng per f of ne§fibadineppy SUrfastant dJs; F"9°€P‘§'é§ pintpethe Pelymeric mapgrials
exanpl®e, suitabl&f fthei formed i fiidh Ubpsheet E2&tsueh' & iK5désdritddS68 (RS Pareht

preferably East Sne0 | i
P Lo o Ch”PdBﬁcJt‘f?FsQriﬁ NG 07)%4 ?eﬁf‘ﬂl@@y%ﬁ?{rb@%@&?ﬂl@ A 0901 e
U S. 4,132, 680) .%g«loawovenquqef\ped-(ga{qdnﬁi gtﬁg)qe,g et+ f11ed on Hovember 19, 199]

ter epht hal at e/ pobyy aztw letnel ycAlternatdpélyhatied dody sapfdce 6£Ithastopshedtyper

which is aygilahy bie dad® Mydrbphi1f8DY Gkating it with a surfactant such as is
' described in U.S. Patent 4,950,264 issued to Osborn on August 21,
1991 and U.S. Patent 5,009,653 issued to Osborn on April 23, 1991
both of which are incorporated herein by reference.
In an alternative embodiment illustrated in Figures 3 and 5 the
15 fluid accepting and transporting layer 27 is used as a topsheet for
the sanitary napkin 20. The structure of the fluid accepting and
transporting layer 27 will be described in greater detail herein

below.
B. The Absorbent Core
20 The absorbent core 24 may be any absorbent means which is

capable of absorbing and retaining liquids (e.g., menses and/qf

urine) against capillary suction. As shown in Figures 1 and-2, the

absorbent core 24 has a body surface, a garment surface, side edges,

and end edges. The absorbent core 24 may be manufactured in a wide

25 variety of sizes and shapes (e.g., rectangular, oval, hourglass, dog

bone, asymmetric, etc.) and from a wide variety of liquid-absorbent

- materials commonly used in sanitary napkins and other absorbent

articles such as comminuted wood pulp which is generally referred to

as airfelt. An example of other suitable absorbent materials include

30 creped cellulose wadding; meltblown polymers . including coform;

chemically stiffened, modified or cross-linked cellulosic fibers;

capillary channel fibers; synthetic fibers such as crimped polyester

fibers; peat moss; tissue including tissue wraps and tissue

.laminates; absorbent foams; absorbent sponges; superabsorbent

35 polymers; absorbent gelling materials; or any equivalent material or

combinations of materials, or mixtures of these provided they absorb
“and retain 1iquids against capillary suction.

_____
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Hydrophili zi ng agents can be added to the polymer at various stages 25
prior to use, though preferably prior to drawing of the capillary

channel fjbers to their final size. For exanple, the hydrophilizing .
agent can be added in advance to the polyner prior to nelting or. bl ended
into the polynmer subsequent to neltlng + The additive

hydroph|I|Z|ng agent can also be applied td 1%-he pol ynmer subsequent to 30

f t , b { t
21710, . SO LA 135 o B oy,
to small di anet eralsexbe oaried @l $ioe tbhealmormltesmemy nhameevarymmt@idm to

CO”F ' ntg fﬁni aCtzo\%i h o?e?sytnawe bﬁﬁ"ﬂ) gb E?et&lvé’ﬁlﬁhickepoﬂv .the &entbﬁ),
Phe Ccapi |1 ary  WHESRAITE SrpdiEpts. BueribPlen aFauihgls, "o BKICombE e iy (o
human skin. SVeaari soee layerfsaot sstructuresit.nefhes totadr absorbentd capasiity zoifng)et he
capillary channelapsprtaft Scort 2402RANGDCHowevEr [ N2 compatible with the design
loading and the intended use of the sanitary napkin 20. Further, the
size and absorbent capacity of the absorbent core 24 may be varied to
accommodate different uses such as incontinence pads, pantiliners,
10 regular sanitary napkins, or overnight sanitary napkins.
Exemplary absorbent structures for use as the absorbent core 24
of the present invention are described in U.S. Patent 4,950,264
issued to Osborn on August 21, 1990; U.S. Patent 4,610,678 issued to
Weisman et al. on September 9, 1986; U.S. Patent 4,834,735 issued to
15 Alemany et al. on May 30, 1989; U.S. Patent 5,009,653 issued to
Osborne on April 23, 1991; and European Patent Application No. 0 198
683, The Procter & Gamble Company, published October 22, 1986 in the
name of Duenk et al. Each of these patents are incorporated herein
by reference. Another exemplary absorbent structure for use as the
20 absorbent core 24 of the present invention is described in U.S.
Patent Application entitled "Absorbent Core For Use In Catamenial
Products®, Serial No. 07/734,405, filed July 23, 1991, inventors
Buenger et al.
A preferred embodiment of the absorbent core 24 comprises the
< 25 laminate structure shown in Figure 3. The laminate is comprised of a
layer of superabébrbent polymeric (or absorbent gelling material) an¢ i
one or more sheets or webs of cross-linked cellulosic fibers.
Alternatively, the absorbent core 24, shown in Figures 2, 4, and 5,
comprises a single sheet of cross-linked cellulosic fibers. Suitable
30 cross-linked cellulosic fibers for the absorbent core 24 are of
Figures 2-5 described in U.S. Patent 4,888,093 issued to Cook et al.
on December 19, 1989; U.S. Patent 4,822,543 issued to Dean et al. on
April 18, 1989; U.S. Patent 4,889,595 issued to Schoggen et al. on
December 26, 1989; and U.S. Patent 4,898,642 issued to Moore et al.
35 on February 6, 1990; U.S. Patent 4,935,022 issued June 19, 1990 to
Lash et al.; EPO Patent Application Publication Nos. O 427 316 A2 and
0 427 317 A2 published in the name of Herron et al. on May 15, 1991;
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- 19- - Exanpl es hereinafter. Anot her nmethod for

hydr ophilizing fibrous surfaces involves subjecting said surfaces to
ionizing radiation, e.g., in a plasma, and such nethods have the

advant age that there is no surfactant residue on the.surface of the
fibers. Whatever the 5 nmeans, the overall objective is to secure

capil I'ary chdannel fibers for use hereill-which are spantaneously wettable
by the fluids they are intended to transport. The objective is

to provide a gpediiEBAtPagentc ApplicatipnsPubrlication Neet QA28 1XeA? pwbhisded 2R and
under | yi ng | ay@he Qiamk ayErerdbn tdte al0 & tHagl 9, NE9EI Mncopperatédialers e tyl qui d

is drawn in the ﬁ&ﬁirection and away fromthe surface of the article and
into its ultimfe §P%er’age |l ayer. Enpirically, capillarJ/. suction is
i nversel y rel at ed The tdress-1iokedt seliudngice fabenshdnnthecembodigent tsbowrhedinsi ze

of the OpeniS‘QFi%dre% .compriisBs & sYiy1eatheedSthat! WRApOPARI TWors Noft Partionrsheet
wll be | argero éygorbent.ge1ling material 40. The sheet is wrapped so that it
appears as having a "c" configuration when viewed from the end. The
wrapped sheet forms an upper layer 41 and a lower layer 42. In
alternative embodiments, the laminate can be formed in many other
10 manners, such as by providing separate webs of cross-linked
- cellulosic material (or other absorbent material) for the different
layers of the absorbent core laminate other than a single sheet, or
by providing it with additional layers. o
"In this type of core, curled, twisted, preferably chemically
15 stiffened and cross-linked, cellulose fibers are refined to provide
fibers which can be used in sheet form as the absorbent core. The
preparation of suitable curled, chemically stiffened cellulosic
fibers from which one can 'preparé the refined, curled, chemical
stiffened cellulosic fibers used in detail in U.S. Patents 4,888,903;
20 4,822,543; 4,889,595; 4,889,597; 4,889,596; and 4,898,642.

The use of such fibers in combination with absorbent gelling
materials, and means for manufacturing such combinations, are
described in U.S. Patent 4,935,022. Such preparations typically
involve the use of aldehydes, such as glutaraldehyde, as crosslinking

25 agents. In addition, polycarboxylic acids can be wused as
crosslinking agents. It will be appreciated that other means for
preparing other crossiinked cellulosic fibers are also known, and
such fibers may also be used herein, although the fluid absorbency
properties may be suboptimal as compared with the above-mentioned

30 fibers. Reference can be made to the various citations in U.S.
Patent 4,898,642 and PCT U.S. 89 01581 for other fiber types. Once
in hand, the curled cellulosic fibers are refined to provide the
fibers used to prepare the preferred absorbent cores used in the
-practice of this invention. _

35 Preferably, in order to provide sustained interfiber and
fntrafiber fluid transport in the fluid accepting and transporting
layer 27 (which will be described in detail below), the absorbent




15 the intrafiber capillary channels, which, in turn, will be |arger

than the interfiber capillary openings in the fibrous storage core. The
surface hydrophilicity of the conponents of each |ayer can also .
theoketically effect the capillary section gradient. E. Fluid Fl ow
Anong the Various Layers 20 Initially fluid will inpinge the topsheet

22 of the sanitary napki n 20 of Figures "B-and 4. Fluid will m)ve t hr ough

t he t opsheet 22 t rd_the .no n fluid accan ti and n
ayer oo | e £574 oA s BFne TR PP ontd | SIREESREI e Sheh 00 ER b Y,
27. As fluid cuetigni santheflydpi rétantionhanpastity.i b@rgfezsbiyocéhedcwﬂhm t he

25 nonwoven | ayergydtiohnéf ahé bﬂfso?ﬂéﬁ'tdcotrﬁaﬂﬁ Rﬂ&&ldoﬁélq’rﬁatekntﬁnh%atv‘@
t he nonwoven | ay

f Ohe
fib
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| ayer 27 by the hi uction e t|e from

LhoCTntrar ber cRARSTEN GABRCIdNyRt, thF abgorvenf core 1€ F AtIPRYIcr “Whaci Thgs |
nonwoven | ayer 2abovehupenfermanceg characteristicsovare | typdcaily fachiexedubsecgnent

fluid insult. absorbent core having a density of about 0.1 g/cc to about 0.2 g/cc.
10 C. Backsheet | |
The backsheet 23 is impervious to liquids (e.g., menses and/or
urine) and is preferably manufactured from a thin plastic film,
although other flexible liquid impervious materials may also be used.
As used herein, the term "flexible® refers to materials which are
15 compliant and will readily conform to the general shape and contours
of the human body. The backsheet 23 prevents the exudates absorbed .
and contained in the absorbent core 24 from wetting articles which
contact the sanitary napkin 20 such as pants, pajamas and
_ undergarments. The backsheet 23 may thus comprise a woven or
20 nonwoven material, polymeric films such as thermoplastic fiilms of
polyethylene or polypropylene, or composite materials such as a
fiim-coated nonwoven material. Preferably, the backsheet is a
polyethylene film having a thickness of from about 0.012 mm (0.5 mil)
to about 0.051 wm (2.0 mils). Exemplary polyethylene films are
25 manufactured by Clopay. Corporation of Cincinnati, Ohio, under the
designation P18-0401 and by Ethyl Corporation, Visqueen Division, of '
Terre Haute, Indiana, under the designation XP-39385. The backsheet
23 is preferably embossed and/or matte finished to provide a more
clothlike appearance. Further, the backsheet 23 may permit vapors to
30 escape from the absorbent core 24 (i.e., breathable) while still
preventing exudates from passing through the backsheet 23.
D. [Fluid Accepting and Transporting Laver
The fluid accepting and transporting layer 27 transports fluid
from the point of insult to the fluid retaining material, i.e.,
35 absorbent core 24. Preferably, the fluid accepting and transporting
layer 27 is a nonwoven comprised of capﬂ'iary channels 25 having
external capillary channels 29 on their outer surfaces. Capillary



When the nonwoven |ayer 27 is used as the topsheet as shown in 35 Figures 3

and 5, fluid initially inpinges the nonwoven |ayer 27 and I s noved
about the;nonwoven |ayer .27 as discussed above. F. Optiona

Ret aini ng Means - 20-

In use, the sanitary napkin 20 can be held in place by any suppor t
means or attachnent neans wel | - known for suld purposes. . Preferably, the
sanitary napkin is placed in the user's undergarnent panty ‘and

secured thereto HShapnglacfibaes Zucireadibgrsadrying chapnels 26 formed” therein,
preferably, on their exterior surfaces. Figures 6 to 9 show examples
of some types of capillary channel fibers 25. Suitable capillary
channel fibers are described below, and in the following Patent
5 Applications which were filed on July 23, 1991: U.S Patent
Applicaiions Serial No. 07/734,404 filed in the names of Thompson et
al.; U.S. Patent Application Serial No. 07/734,392 filed in the names
Thompson et al.; U.S. Patent Application Serial No. 07/734,405 filed
in the names of Buenger et al.; and U.S. Patent Application entitled
10 "Spinneret Orifices and Filament Cross-Sections with Stabilizing Legs
Therefrom", Serial No. 07/918,174, filed July 23, 1992, Inventors
Phillips, et al. These patent applications may be referred to
collectively as the ®"Capillary Channel Fiber" patent application.
Suitable capillary channel fibers are also described in EPO Patent

15 Application O 391 814 published October 10, 1990.

The nonwoven fluid accepting and transporting layer 27 can
suitably be formed in any manner capable of forming nonwoven webs
known to those skilled.in the art. For example, the nonwoven layer
27 can be formed through a carding process, rando process, spunbond

20 process, needlepunch process, or hydroentangling  process.
Preferably, the nonwoven layer 27 is formed from staple capillary
channel fibers 25. The nonwoven fluid accepting and trafisporting
layer 27 may comprise one or more layers of nonwoven webs superposed
upon each other. .

4 The nonwoven fluid accepting and transporting layer 27
preferably contains at least about 25% by weight, more preferably at
least about 50% by weight of capillary channel fibers 25. While it
is advantageous to maximize the amount of capillary channel fibers 25
in the nonwoven fluid accepting and transporting layer 27, there are

30 advantages to having materials other than capillary channel fibers 25
in the layer 27. For example, binders, such as thermoplastic binder
fibers or thermoplastic powders can be used to improve the tensile
strength of the layer 27. Fibers that do not have capillary channels
on their external surfaces, e.g., round cross-section fibers, can be

35 incorporated into the fluid accepting and transporting layer 27. For
example, a nonwoven structure comprising both capillary channe)
‘fibers and non-capillary channel fibers may be used as the fluid




5 The adhesive 36 provides a neans for securing the sanitafy napki n 20

in the crotch portion of the panty. Thus, a portion or all of the out er
surface of the backsheet 23 is coated wi th adhesive. Any ‘adhesi ve or
glue, used in the art for such purposes can be used for . the adhesive

herein, wth pressure-sensitive adhesiv§3 being 10 preferred.
Sui t abl e adhesives are Century A-305-1V martifactured by . the Century

Adhesi ves Cor por gfiQR; I ' | 03 d,} nst Kaani 4- 2823
manuf act ured by tqﬁéee%gét oa(rrl}gl Q%?gwqg%d]@gmzthl %gérrb;ﬂr)l@ f)?p‘”%y %?u""e]
Bridgewat er, Ne®aterdaksegan beselasted tggerhance the jphysiedls propesties) ob the

d?ascrijbepl i n U Slajiat eNtprévidks, thise mabafiale dohﬁotsametearzsxnsﬁwiwtsolﬂfthe
pl ace in use, he u L. bve 36 is typically
covered with a ré?r%’@a ‘I.'C?bree eé@eﬁﬁhﬁgéhgsg i]%g%i‘reg#e'r to keep_the

adhesi ve 36 f& om dryiThgy Blwidopceephing rgd: dransportiag el uteme? t Hbl] 1zefe both

crot Clh |0,0(r]I tion gfintehﬂ’immaﬁd Prids® " il?ﬁbrtﬁﬁ-‘ly Sidit'fr&bﬂbﬁr rﬂu@&Sﬁ'a;\ism%S t%moveA
are al so descri n vVe- e . te . ny
comercially ava?f‘é{gl e#ragl gggeg?{l"ﬁe%g gg‘%‘g‘.@tmg ug%d #%?'%s?ﬁ%htg& 24|dur3 ses
can be utilized REeWding enhanced fintrafibers flyidetragsporti 3 mere effectiveuse of

liners are BL30Mghé\ fbsoftentlebrennd BdmUeGathisvedx 4bF Qulaaple, by pravidiagch

are manufact yred R, LO§ AGLR5Y ibe AR At 'tRihBbr{ E188 % 1uid  accepting and
transporting layer 27 is able to withstand multiple insults of liquid

and provide a clean and dry feel to the wearer.
. While a variety of capillary channel fibers can be used herein,
the following description discusses some preferred characteristics of
15 the capillary. channel fiber 25 that are incorporated into the

absorbent articles of this invention.
(i) Eiber Morphology -
The capillary channel fibers 25, as noted above, have capillary
channels 29 on their outer surfaces. Capillary channel fibers
20 comprise a polymer composition and have at 1least one capillary
channel, wherein the capillary channel has a base and at least two
walls extending from the base, typically (but not necessarily). along
substantially the entire length of the base element, whereby the base
element and walls define said capillary channel(s). Although the
25 capillary channel fibers herein may have one capillary channel or a
" plurality of capillary channels, for convenience the plural form -

“channels" is used with the intent that it shall refer to a singular
*channel” 1in fibers that can have either one such channel or a
plurality of channels as fibers having more than one channel. The
30 fibers are further characterized in that the cross-section of the
capillary channels is open along a substantial 1length of the
structure in the axial direction of the channels such that fluid can
be received from outside of such channels. The capillary channel
walls of the fibers of the present invention are substantially
35 paralle) to one another. Substantially parallel, as used herein in
reference to cross-sectional parallelism of the walls, means that the
alignment differentfal of adjacent capillary walls is by no than 40°,




W sconsin. The sanitary napkin 20 of the present invention is used 25 by
renmoving the release liner 37 and thereafter placing the sanitary

napkin 20 in a panty so that the adhesive 36 contacts the panty. The
adhesive 36 nmaintains the sanitary napkin in its position within the

panty during use. G Test Methods 30 The follow ng
procedures are wuseful for determ nati old- of paraneters used to
define and eval uate the capillary channel structures of this

i nvention. SpecPreferabiytby maymere dhiyadewly 307, more prafepeabiyofp mare rthan
nmeasurement  andisput 2ol cuthat prddeduie to Aetevaiing wall pardBie¢isnbesl dedctibed

By pcedures, Theshubd, gl ol SUEHhatols, NS’ ffhouol ACGRRRN 3, .

can be used. necessarily Jimitpéhe f inyeakion) | sybstaptindbe pardHedndaBseadrti c

Capi | I ary § believed to provide enhanced capillary fluid transport rates and
capillary suction per unit weight of the fibers.

The capillary channel fibers of the present invention are
characterized by having relatively thin walls and bases compared to
the width of the capillary channels. In other words, the fibers of

10 the present invention are also characterized by having relatively

' *slender® walls. The degree to which the walls and base of the

capillary channel structures are slender can be characterized

according to a "Slenderness Ratic,” the calculation of which is

described in the Test Methods sections below. The capillary channel

15 fibers of the present invention preferably have a Slenderness Ratio
of at least about 9, more preferably at least about 15.

The capillary channels have an average capillary channel width
of from about 10 to 200 uM, more preferably from about 20 to 100 uM.
In practice capillary channel fibers meeting the above specifications

20 will have a denier per filament of greater than about 5. To achieve
| rapid and economic transport of 1iquids, the capillary channel fibers
will typically have Specific Capillary Volume (SCV) of at least about
1.0 cc/g, preferably at least about 2.0 cc/g and a Specific Capillary
Surface Area (SCSA) of at least about 1000 cm?/g, preferably at least

25 about 2000 cmd/g.

In general, SCV. is a measure of the volumetric fluid capacity of
the capillary channel fiber on a unit weight basis, and is therefore
indicative of the economic efficiency of the capillary channel
fibers. However, in order for a fiber with high SCV to also have

30 high capillary suction (i.e., have excellent ability to wick fluids
at a substantial volumetric rate, on a unit weight basis of the
structure, via intrafiber capillary transport), the design of the
fiber must provide for a relatively high degree of capillary channel
surface area contact between the material of the solid structure and

35 the liquid which is to be transported. This is because capillary
suction is in part dependent upon the amount of interfacial contact
area between the solid structure and fluid. The SCSA is a measure of
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-21- ' Vol une Procedure The procedure is used to

determ ne Specific Capillary Surface Area (SCSA) and Specific Capl 11 ary
Vol une (SCV) of a capillary channel structure. The procedure is
applied to a photomicrograph 5 which shows a representative cross-section
of the capillary channel structure. The_ cross-section of the
structure is- prepared for phot om croéﬁ‘aphi ng by enbeddi ng and

equati ons are use Cc&AP1lary
[err] channels in the fibers herein available for contact with fluids. The

combination of required SCV and SCSA as set forth herein is met by
providing capillary channel fibers with efficient capillary channel
5design and with relatively thin capillary channel walls and/or
channel bases.

The procedures to be used for determining Specific Capillary
Volume, and Specific Capillary Surface Area are described below under
the Test Methods heading.

10 The capillary channel fibers 25 used herein can be prepared from
any convenient polymer which is honswe’l'ling when wet. Polymers such
as polyethylene, polypropylene, polyesters (preferred), and the like,
are useful herein, so long as they are spinnable such that they can
be formed with external capillary channels, as noted hereinabove.

15Conveniently, the polymers are melt-extrudable. Typically, the
capillary channel fibers herein will be prepared from a synthetic
polyethylene terephthalate polymer melt having an inherent viscosity
("IV") of from about 0.6 to about 0.9. (IV is a term of art and can
be determined in well-known fashion. -See, for example, U.S. Patent

204,829,761 at column 8.) The IV of a polymer melt bears some
relationship to the ability of the polymer to retain the shape of the

" capillary channel walls, and is related to the average molecular
weight of the polymers. For example, it is convenient to employ a
polyester having an inherent viscosity of about 0.7 herein, but it

25would be more preferred to employ a polymer having an inherent
viscosity of about 0.9, since this would allow the walls of the ;
capillary channels to be thinner, yet sufficiently strong to avoid
collapse under in-use pressure.

The depth:width ratio of the capillary channels herein is

30 preferably about 2.0, but processing restrictions, as noted above, as
well as for economic reasons, a depth:width ratio of greater than
‘about 1.3 is typically employed. Typical and readily producible
capillary channel fibers which are quite satisfactory for use herein
‘thus have a depth-of-walls of about 38 microns and a width-between-

35 walls of about 21 microns and a denier per filament of about 15. The
walls, themselves, are typically about 3-15 microns thick. Although
variations in these dimensions are acceptable, capillary channel

m crotom ng teChr%‘gu?ﬁrh@gV\Qreta? per t}nqgswem ! leH\'en fttt]eer,arg hghe foI L owi ng




15 . (2) scv = [err] 20 wherein: [err] =

density of the solid (i.e., polyner); As = area
of the ,cross-section of «capillary channel
solid perpendicular to the capillary o channel
axi s whi ch bounds those capillary ; " channel s
withinthe scope of criteria (a) 25 -17- and (b),

bel ow, Pl e t.he s of
the perineters (gfbe[rﬁeprerpag%‘; from polyester and having ﬁ'ESL 'LrgreJ@f'?sotﬁc%f"tehe
solid form ng egufteofeffertive for their intended purpose. Sucjupfibbes ycan be

channels, X, préfi?efivding Q@ﬁV&n@fbnal operating equipment and readilyP&ithSEing"
Plerr] bounds thgescs% tlesl Ianr >Q:he ?ype encountered in sanitary devices, especially
5 sanitary napkins and pantiliners, without collapse or spreading of
the capillary channel walls to such an extent that their capillary

function is lost. | -

The capillary channels 29 can be of various shapes providing
they meet the requirement noted above. Certain shapes can offer

10 particular advantages in particular product applications. For
example, "U"-shaped, "H"-shaped, and "C"-shaped with stabilizing legs
depending therefrom. Furthermore, the basic shapes may be repeated
or even branched to produce fibers containing multiple channels, but
it will be appreciated that when more than about three repeating

15 shapes are used, some additional stiffness may be noted in the

- fibers.

The manufacture of capillary channel fibers 25 of the type
employed herein 1is described in EPO Application 391,814 and in
co-pending U.S. Continuation-In-Part Application entitled “"Fibers

20 Capable of. Spontaneously Transporting Fluids", Serial No.
07/736,261, filed July 23, 1991, Inventors Phillips, Jones et al.,
Eastman Chemical Company; co-pending U.S. Patent Application entitled
"Spinneret Orifices and Filament Cross-Sections with Stabilizing Legs
Therefrom™, Serial No. 07/918,174, filed July 23, 1992, Inventors

25 Phillips, et al.; and in co-pending U.S. Patent Application entitled
*Open Capillary Channel Structures, Improved Process for Making
Capillary Channel Structures, and Extrusion Die for Use Therein',
Serial No. 07/482,446, filed February 20, 1990, inventors Thdmpson
and Krautter.

30 While the polymers used to prepare the capillary channel fibers
herein are not, themselves, water-absorbent (nor are they absorbent
to urine or blood-containing fluid such as menses), the fibers
themselves are most preferably hydrophilic. Since most synthetic
polymers are hydrophobic, the capillary channel fibers herein are

35 surface-treated in order to render them hydrophilic.

The surface treatment of polymeric fibers involves processes
which are well-known in the extensive fiber literature. In general,
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and is wthin the theoretical closure .
provi ded by Cx; i [err] Alerr]
= the sumof the void areas of the capillary 35 x=I
channel fi.ber wherein each Alerr] is calculated

as the area bounded by the perineter of the

solid formng the channel and by Cx; and -18-

rgfzers to speC|f|r§‘l‘°3’ap?rlf’$e§|t’§se {:]'}lgﬁ e%‘f"‘ﬁ t r%lﬁrghannﬁai f’tbg"es f"'l’tt)'?r §
fiber, and { err] “kysrophijdnicg uentth.atesma‘lm aasmrfracta@\tvxhl(‘ﬂb\dnoshil1zat1on,
which results in wettability of the fibers by aqueous fluids, can
routinely be measured, for example, using contact anglé measurements.
5 In general, a contact angle less than 90° indicates a hydrophilic
surface. A CAHN Surface Force Analyzer (SFA 222) can be used to
measure hydrophilicity, as can-.a variety of other instruments known
in the art.) Typical surfactant useful in such processes include
various nonionic and anionic detersive surfactants of the general -
10 type known in the laundry literature. Hydrophilizing agents include
wetting agehts such as polyethylene glycol monolaurates (e.g.,
PEGOSPERSE 200ML, a polyethylene glycol 200 monolaurate available
from Lonza, Inc., Williamsport, PA, USA), and ethoxylated oleyl
alcohols (e.g., VOLPO-3, available from Croda, Inc., New York, New
15 York, USA). Other types of hydrophilizing agents and techniques can
also be used, including those well known to those skilled in the
fiber and textile arts for increasing wicking performance, improving
soil release properties, etc. For example, suitable finishes include
Eastman’s (K5483, LKS563 and most preferably Eastman’s LKS570, as
20 well as the polymer available as MILEASE T, which is well-known in
the detergency arts (see, for example, U.S. 4,132,680) as a
fiber-coating ethylene terephthalate/polyethylenegiycol terephthalate
soil release polymer which {s available from ICI America.
Hydfophﬂizing agents can be added to the polymer at various stages
25 prior to use, though preferably prior to drawing of the capillary
éhanne'l fibers to their final size. For example, the hydrophilizing -
agent can be added in advance to the polymer prior to melting or
blended 1into the polymer subsequent to melting. The additive
hydrophilizing agent can also be applied to the polymer subsequent to
30 formation, e.g., subsequent to exit from an extrusion die in a melt,
wet, or dry spinning process, preferably prior to drawing of the
fiber to small diameter. Of course, since the articles herein are
intended to come into contact with sensitive regions of the human
- body, it is preferred that surfactants used to hydrophilize the
35 surfaces of the capillary channel fibers be nontoxic and
nonirritating to human skin. Various surfactant treatments for
hydrophilizing the capillary channel fibers are described in the

REPLACEMENT SHEET
02 SEP ML




convex toward the interior of the channel and which is of a 5
sel ected dianeter that closes each capillary channel, x, wherein
the circle, (ferr] is sized and positioned according to the

following criteria: (a) the circle, Cx, is tangent to both
wal I's of the capillary channel, x, at the points where it
nmeets the 10 - wal I's; and -19- (b) for each capillary
channel, x, the circle Cx neeting (a) maxim zes Alerr]
for each such chdaBrlesy hewmpétﬁr t oAnother. method for hydnoghiYigingat fibmaus
t hat : surfaces (m\)o’lvwesdbaémwaﬂﬂﬁ!ntsluafacbﬂ toeionittigsaatiadfowf O

15 I | | f
an angl e of 120[erF]‘ dP ?3%% C%Pd SL&r ¥|efh 638 "Hive "the §q\§anﬁeigs tt %rﬁg{f? a
radius of no gredwesuckashantosesidue on the surface of the fiberss wten the

respect to the 5agledid, 6@l 6vePh1l B jective is to secure capﬂlar‘fraehinh@f Yfiﬁbﬁ’s””e'
structure (circl & radj u

sane magni ficat i Jor fise %Sre'{n wgpch are spontaneously wgmsfee #@e gﬁf'we‘ )‘h fhe

actual structurere {ntendedeto transport. phot oni cr ogr aph).

The objective is to provide a gradient of capillary suction

between the topsheet 22 and underlying layer or layers of the

10 articles herein, such that the liquid is drawn in the z-direction and

away from the surface of the article and into its ultimate storage

layer. Empirically, capillary suction is inversely related to the

contact angle of the material and to the size of the openings, i.e.,

in a typical case, the openings in the topsheet will be larger than

15 the intrafiber capillary channels, which, in turn, will be Targer

than the interfiber capillary openings in the fibrous storage core.

The surface hydrophilicity of the éoniponents of each layer can also
theoretically effect the capillary section gradient.

E. Eluid Flow Among the Various Lavers |
20 Initially fluid will impinge the topsheet 22 of the sanitary

napkin 20 of Figures 2 and 4. Fluid will move through the topsheet
22 toward the nonwoven fluid accepting and transporting liyer 27.
Interfiber acceptance of the fluid occurs in nonwoven layer 27. As
fluid contacts the capillary channel fibers 25 located within the
25 nonwoven layer 27 intrafiber fluid transport occurs. In other words,
the nonwoven layer 27 accepts fluid between the capillary channel
fibers and transports the fluid via the intrafiber channels. 1In
addition, some fluid will be transported between the capillary
channel fibers. Fluid is then emptied from the intrafiber channels
30 29 of the nonwoven layer 27 by the high suction absorbent core 2¢.
As fluid is emptied from the .intrafiber channels they empty fluid
from the interfiber spacings in nonwoven layer 27, thus ready1ng the
nonwoven layer 27 for a subsequent fluid insult.
When the nonwoven layer 27 is used as the topsheet as shown in
35 Figures 3 and 5, fluid initially impinges the nonwoven layer 27 and
is moved about the nonwoven layer 27 as discussed above.

F. QOptional Retaining Means
1&@;@@“3“55“
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For capillary channels having multiple points of tangency with a circle
of maxi mum radi us, as provi ded above, the circle is positioned 25 so as to
maxi-m ze ,cross-sectional area (Av) of the channel. For capillary
channel fibers having variation in cross-sectional size or. .. shape,
sufficient cross-sections can be evaluated to provide a representative
wei ght ed average SCV and/or SCSA. THs purpose of .SCV and SCSA, as

defined ab , de, 30 f
char act er i 20d by operToabtt 14y sahiakk iRkt A RaShE il yhoFlaterly anen

structures can haueperd! imtans @or 3ttackment ppeardaged] - lanultfnfr | Suck, Pmoshs.do
not otherw se CO?&?Q%?% thé %ah#‘?a eﬁd\xnﬂfrf 13 pfice ced 8 ﬂifh%ééragyurfahﬁgwﬁér& in
) pe o)

this procedure ve crit ar eas

rineter a
correspondi ng to %5P3tidh ‘H‘?)rﬁeﬁﬁ'&dl eto v |‘o%§t61‘e such; 35,39 u’?’gﬂi 8tk he
cal cul ations. 5 Thal sdhestvec36rprovidescd imeans far esmcwrfingotheusartitanyahapkihiad -

g(glnﬁrs‘f ini SoPOt sui(?h th® crBfch 'pBF{idHCEr the pdnR§. TRLEU2porRRon Pr afB-of the
outer surface of the backsheet 23 is coated with adhesive. Any
adhesive or glue used in the art for such purposes can be used for
the adhesive herein, with pressure-sensitive adhesives being
10 preferred. Suitable adhesives are Century A-305-1V manufactured by
the Century Adhesives Corporation of Columbus, Ohio; and Instant Lock
34-2823 manufactured by the national Starch and Chemical Company of
Bridgewater, New Jersey. Suitable adhesive fasteners are also
described in U.S. Patent 4,917,697. Before the sanitary napkin is
15 placed in use, the pressure-sensitive adhesive 36 is typically
covered with a removable release liner 37 in order to keep the
adhesive 36 from drying out or adhering to a surface other than the
crotch portion of the panty prior to use. Suitable release liners 37
are also described in the above-referenced U.S. Patent 4,917,697.
20 Any commercially available release liners commonly used for such
purposes can be utilized herein. Non-limiting examples of suitable
release liners are BL30MG-A Silox €170 and BL3OMG-A Silox 4P/0 both
of which are manufactured by the Akrosil Corporation of Menasha,
Wisconsin. The sanitary napkin 20 of the present invention is used
25 by removing the release liner 37 and thereafter placing the sanitary
napkin 20 in a panty so that the adhesive 36 contacts the panty. The
adhesive 36 maintains the sanitary napkin in 1ts position within the
panty during use. :
6. Test Methods | -
30 The following procedures are useful for determination of
| parameters used to define and evaluate the capillary channel
structures of this invention. Specific units may be suggested in
connection with measurement and/or calculation of parameters
described in the procedures. These units are provided for exemplary
35 purposes only. Other units consistent with the intent and purpose of
the procedures can be used.

(i) zmﬁmmmmm;muﬁmmﬂ
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- 23- peri meters and cross-sectional area is exenplified in nore detail
bel ow. Figure 10 exenplifies a capillary channel structure
fragnment 800 and application of the SCV and SCSA procedure thereto.
Shown i§ the 5 fragnment 800 of solid (i.e., polyner) having area As,
capillary channel void areas Alerr], Alerr], Aerr], Alerr], with
correspondi ng capillary channel perinme€érs Plerr], Pferr], P3, P4 and

t heoretical closure circles errd], Cerr], CJerr], and Cerr]. A so
shown are circles C[err’_ql‘lﬁf;ec')[iﬂf-e,-—“Qerr] . Radii r[err], rferr], rjerr]’
r[eL r]’ rgerr]', nieerplrbé'edurél ety Jused r{cedetermiferppcifiiceCagillarye Sutfagee
each perpendicular t t i ne. d.an t I of ¢l Nt QN
m,, m", n2', bﬁfa, (%C&lﬂe.;n% r%g@&ft\%n%&f]r}&?{ ﬂﬂm\)xmg I‘r%év) r%;, i ;e‘:re@gg%'ltr?vel Y,
between the  cheenebsstamcturg. ci Thel @socedurs ris applied] to s photomigragraph cp.
C7 and the sglighich SRowe’ a AepPbsdntagiventrodeOsection of the capillary channel

structure. The cross-section of the structure is prepared for
photomicrographing by embedding and microtoming techniques known to
those skilled in the art. The following equations are used:

o i
10 (1) SCSA = ¥ Py
~x=l
.
15
' (2) SCv = Z Avy
Xx=1__
P Ag.
20 wherein: A = density of the solid (i.e., polymer);

Ag = area of the cross-section of capillary
channel solid perpendicular to the capillary
channel axis which bout_tds those capillary

- channels within the scope of criteria (a)
25 . and .(b), below;

i

E_ Px = the sum of the perimeters of the cross

x=1 section of the solid forming each of the
capillary channels, x, wherein each

30 perimeter Py bounds the capillary channel
and is within the theoretical closure
provided by Cyx;

i _

t Avy = the sum of the void areas of the capillary

35 x=1 channel fiber wherein each Avy is calculated

as the area bounded by the perimeter of the
solid forming the channel and by Cy; and
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The circl
above 15
radi us

angl es of

bet ween t

repr esent

es CJerr], (err], C3, and (Jerr] are drawn so as to neet the

and C2 are limted in
rferr], r[err] by angles Y[err], Y[err] which represent 120

i ntersection bet ween tangent lines t[err]’

criteria. As can be seen circles (err],

2', t2", respectively, Avlerr],

the ﬁBXIﬁUﬁ]S rcle fo

Avlerr],
are the areas bounded by perineters P[err]zzPZ

, -tlerr]", and
Avlerr], and Av[err]

P3 and P[err] and
curves ccl, cc2, cc3 man,C is tﬁéF}.%ﬁ{;érv%wfaé)ﬁ)ﬁﬁﬁa?ihé%gsC?’in @6&@4@? Xhe

angl e of intersecti oﬁefﬁ"‘sl tﬁe§PQ§ﬂ§Wn aaphljany: @hi"titﬂé of accapildaryt cheimeds
s part ¥ at *&QPclelaméﬁr fik -
represente X a cle err]
woul d each have radi ﬁg 8 § gﬁ? &??"P“rsﬁuﬂﬁ cS:Ha%rl ?B‘f 'ﬁﬁjh s ©ft Aon
Peri fet er s salestedidiamatencthat clpses) exaht bapillanyf chanpekoki cwhewaindar y

interior to the Chanﬂﬁéscbﬂil\é’eeftxth@» P$ized S apd posithﬂﬁéilr Sﬁ.%i-d?\'ﬁ b%"‘%@ the
circle and the solid f each i annel Cerr], %[

B8, nB"
Thus, as

effects.

represent

and at m, rf%er,reﬁd)e@,g Icée+espomultd Bfat

circles of

err

err

YT4& applied to portions of t he

structure which do not qtia) i 1t§:e acinsdpi | Car yischtangents toc dmthi wallso 0 thehe

criteria of this procedure.

EenagryP cRatmer\ xf odt iﬁ*@%ir&'srme’?ﬁ it mee‘ﬁ’?”t!hg be

zero. As can q% seen, the areaL f the solid between md' and

be included within As since ¥

15

20

25

30

35

q d corresponds to
(b) for each capillary channel, x, the circle Cx meeting

(2) maximizes Avy for each such channel, x, subject to

the limitations that: .

(i) the lines tangential to the intersection of Cy
and the capillary channel walls intersect to form
an angle of 120° or less; and

(i) Cx can have a radius of no greater than about
0.025 cm with respect to the actual scale of the
capillary channel structure (circle radius will
be enlarged by the same magnification factor
applied to the actual structure in the
photomicrograph).

For capillary channels having multiple points of tangency with a
circle of maximum radius, as provided above, the circle is positioned
so as to maximize cross-sectional area (Av) of the chanmel. For
capillary channel fibers having variation in cross-sectional size or
shape, sufficient cross-sections can be gvaluated to provide a
representative ueighted average SCV and/or SCSA. '

The purpose of SCV and SCSA, as defined above, is to provide
quantitative analysis of structures characterized'by open capillary
channels. It is conceivable that such structures can have solid
portions, appendages, and the 1ike, which do not otherwise contribute
to the definition of the capillary channels in this procedure. The
above criteria will exclude perimeter and void areas corresponding to
such nonfunctional portions of the structure from the calculations.
Also, the cross-sectional area of nonfunctional solid elements is not
to be included in the calculation of Ag. Exclusion of such
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capillary channel walls bounding channels within the criteria for Av in
the cal cul ation of SCV and SCSA. Areas Ax3 and Ax3", which are 35 bounded
by linear, extensions of the radii r[err]', r[err]", (sald radii being

per pendi cul ar to the line of tangency betmeen the circle C3..and the

wal | s of the channel), are not included in As. Likew se, rtadius r[err]’

- 24- * truncates area Ax4 fromthe cal cdBati on As based upon extension

of rferr] of circl Verti cal ki.ng Procedure

Thi's provedur o i RTIREHTEo Atk TR HECT RS Ve ot FSIRY [ ity fiore deta
below.

Figure 10 exemplifies a cap111ary channel structure fragment 800
and app1ica£ion of the SCV and SCSA procedure thereto. Shown is the

5 fragment 800 of solid (i.e., polymer) having area Ag, capillary |
channe) void areas Avy, Av2, Av3, Avq, with corresponding capillary
channel perimeters Py, P2, P3, Pg¢ and theoretical closure circles (i,
C2, C3, and C4. Also shown are circles Cs, Cg, C7. Radii rys, ryv,
r2’, *2*, r3’/, r3", rg’, r4", r5, rg, r7 are each perpendicular to
"10 the line tangent to the points of intersection mi/, my*, mz/, mp-,
m3’, m3", mg’, m4", m5, mg, my, respectively, between the
corresponding circles, Cj, C2, C3, C4, C5, Cg, C7 and the solid

material of fragment 800.

The circles Cj, C2, C3, and C4 are drawn so as to meet the above
15 criteria. As can be seen circles Cj, and C2 are limited in radius
ri, r2 by angles Y1, Y2 which represent 120° angles of intersection
between tangent lines tj’, ti", and between t2/, t2=, respectively,
Avy, Avy, Av3, and Avg are the areas bounded by perimeters Pj, Pp,

P3, and P4 and curves ccj, cc2, cc3, and ccq, respectively. Circles .
20 C3 and C4 represent the maximum size circle for capillary channels,
wherein the angle of *intersection of lines drawn tangent to ‘the
circle at points m3’, m3*, and at mg’, mg*, respectively, would be
less than 120°. Thus, as represented in this exemplary figure,
circles C3 and c4 would each have radius of 0.025 cm, after reduction
25 for magnification effects. Perimeters are determined as the length
of the solid boundary interior to the channels between the points of
intersection between the circle and the solid for each channel. Cs,
Cg, and Cy represent circles of maximum radius applied to portions of
 the structure which do not qualify as capillary channels according to
30 the criteria of this procedure. Hence P and Av for these circles
would be zero. As can be seen, the area of the solid between m4’ and
mg" would be included within Ag since such solid corresponds to
capillary channel walls bounding channels within the criteria for Av
in the calculation of SCV and SCSA. Areas Ayx3’ and Ax3®, which are
35 bounded by linear extensions of the radii r3r, r3=, (said radii being
perpendicular to the line of tangency between the circle C3 and the
walls of the channel), are not included in Ag. Likewise, radius rg’

iﬂﬂﬂJA(Emﬁﬁm$T:$fﬂﬂ?P
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5 for absorbent cores and capillary channel fibers. 1In general, the
purpose of the procedure is to visually observe and record the

vertical positi
absorbent cores

on of fluid. The procedure is applied to strips of
or single capillary channel fibers. The fluid to be

used for evaluation of vertical w cking hq? ght should correspond to 10 the
|

fluid absorbed
be dyed to faci
0. 05% FD&C Bl ue

by the absorbent product dufing use. The test fluid can

| Mmzﬂé}eaﬁw AR from ﬁw%ﬁﬁ?l&}ﬁ ?n&sﬁé‘”upon eﬂﬁngté dy

ereipnattér "Dyed Di s Sui t

Blue #1 dye is ¢ &‘5Feyavallable(eg ,- fromH. . Kohnst anm & Co.,
Inc., NY, NY, USA). Biigo decddW{dking Pr need 15 to be dyed.

A cl osed bottom g| asgnts BRocluaPs %mggghwﬁn&w@eﬁemsﬁ wickigd! Rgfled.

Sufficient test
rul er marked Pn
rubber st opper

has a centrally
sampl e in place
The hole is siz
be applicabl e,

10

15

20

25

30

35

fl-ui rovi

o [3bRUTDERY, Goren ANdCRAR T ion I‘PBE’B\SﬂsﬁhS"ﬁf In gangeal,yhe A
i purposyi ol dthieo priocedure hést bp of suahly taHserveZQndTlnecm-tiopper

0&r iew&%&mh Cof %e{d owpd | PFBcdBRRE Sis. agﬁnea télgipﬁgdbf

ow t

£ BDSOTDINY RSt Mo SN, EARS 11T GhanBRT Fibers,. o ThenBid tox
r gsed for revaldatsbme dfpeeittcain wibleing height should correspond to

the fluid absorbed by the absorbent product during use. The test
fluid can be dyed to facilitate measurements. Aqueous solutions can
be dyed with 0.05% FD&C Blue #1 (hereinafter "Dyed Distilled Water").
Suitable FD&C Blue #1 dye is commercia11y available (e.g., from H.
Kohnstamm & Co., Inc., NY, NY, USA). Blood-based fluids do not need
to be dyed.

A closed bottom glass tube of approximately 25 cm hetght is
provided. Sufficient test fluid is added to provide a depth of about
2.5 cm. A ruler marked in millimeters is attached to the outside of
the tube. A rubber stopper is provided to close the top of the tube.
The stopper has a centrally positioned hole to allow clamp means, for
suspending a sample in place below the rubber stopper, to be inserted
into the tube. The hole is sized such that the tweezers, or other
clamp means as may be applicable, remain in a locked position when
disposed within the rubber stopper hole. Tweezers can be sued as
clamp means. Clamp means must fit into the hole in the rubber
stopper so as to allow for adjustment in height of the sample.
Alternatively, single capillary channel fibers can be attached to a
rod such that they are held vertically from the top and bottom.

To initiate the procedure, a sample of an absorbent core or a
capillary channel fiber is submerged and a timer is started. After 2
hours, the height of the 1iquid is medsured.

(iii) wwmuwﬂﬂ

¥idth

Slenderness Ratio (S) is determined according to the following
procedure. The procedures are implemented based wupon a
photomicrograph qf a representative microtomed cross-section of the
capillary channel structure, as previously described. For capillary




di sposéd within the rubber stopper hole. Tweezers can be sued as 25 clanp

nmeans. Clanmp nmeans nmust fit into the hole in the rubber st opper
so as to allow for adjustnment in height of the sanple. Al ternatively,
single capillary channel fibers can be attached to a rod such that they
are held vertically fromthe top and botto:& To initiate the
procedufe a sanpl e of an absorbent core off?a 30 capillary channel fiber

liquid is neas nderness

Capi | I ary Channeflirection of the aphHarychannels sufficipat grassregctéensashamidi ng
to the follow ngbBFeva'lq:Ited:Qdebnde dhepregenestive Righted’ fverade Bl &dBrress
based upon ?th‘ photom crograph of a representative mcrotoned

Cross-section of ?I |l ary channel structure, as previously
described. F&r capil b §ol Towing equations are used:

s subner ged andc@nmm&raausésang biiBon2in stendBfHIEE rat € (REINLig] e

|_2/ 4Ast

S

tave = 2Ast/L

10 .
wherein: L = total solid perimeter of the cross-section of the
structure; and
Ast = total area of the cross-section of the solid

forming the structure perpendicular to the
15 capillary channel axis
The foregoing equation- for Slenderness Ratio treats the fiber
under consideration as if it has one channel-forming wall therein.
For channeled fibers having a functional portion wherein one or more
channels are present, the formula for Slenderness Ratio (S) can be
20 given as:
S = L2/4AgtN
wherein: L and Agt are as hereinbefore defined; and
' N = number of channel walls in the structure, said
wall being those that have, on one or both sides,
25 chinne!s that are closable by straight closure
' - chords. - |
Capillary channel width {s the distance between the walls
forming the capillary channels. Capillary channel width can be
determined by reference to photomicrograph of fiber cross sections.
30 (1v) Procedure for Determining Wall Parallelism
A representative cross-section of a capillary channel fiber is
microtomed as previously described and a photomicrograph of the
cross-section is prepared. Reference can be made to Figure 11 which
. exemplifies various aspects of the procedure. For each capillary
35 channel, of a capillary channel fiber, a straight channel closure
chord tangentially contacting the capillary channel walls of the
channel is drawn to close the channel while maximizing area within
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channel structures having variation in Sl enderness Ratio in the axial
direction of the capillary channels, sufficient cross-sections should
be evaluated to provide a representative wei ghted average Sl enderness

Ratio. 5 The followi ng equations are used: : o - S =
L[err]/ 4Ast tave = 2Ast/]_ 10 wherein: " L -
total solid perineter of the cross-section™®tf the

PheUCtlT s ANY the closed channel. ‘A praceldd2ndl ey B S0 59 SR
to the a straight edge of a 1ength m excess of the wides part of the
channel, tangential to the distal portion of each .of the walls
forming the channel. The Tength of the chord is determined as the
5 minimum distance between points of intersections between the chord
and each of the two walls. Line segments LSx], LSx2, each having a
length, equal to 75% of the length of closure chord Wy, are located
such that the ends of each such line segments LSx}, LSx2, contact the
interior surfaces of channel walls CWx, CWxy which serve as the
10 boundary to the capillary channel. §1m11ar1y, the ends of line
segments LSy], LSyz are 75% of the length of closure chord Wy and
contact the interior surfaces of channel walls CWy, Ccwxy,
respectively. The line segments can cross the boundary of the
channel walls at points intermediate to the ends of the line
15 segments. If the line segments can be positioned such that the
divergence angle between the line segments is from 0° to about 40°,
the channel walls are said to be substantially parallel.

While particular embodiments of the present invention have been
. illustrated and described, it would be obvious to those skilled in
20 the art that various other changes and modifications can be made
without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such-changes

and modifications that are within the scope of this invention.

25

30

35
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15 caplllary channel _axis The foregoi ng
equation for Slenderness Ratio treats the fiber under consideration as
if it has one channel -formn I For channel ed fi bers

havi ng a functional portion wm‘m“mfwn‘m channel s are present,
the formula for Slenderness e (%) tan®be 20 Dy Sn T HA! EEN

S - L2/4AStN - wherein: L and Ast are as hgere q§?§Aﬁtﬁi gd; and
N - nunber of channel walls in the structure, said

wal | being those that have, on one or b&fh sides, 25
channel s that are cl osable by straight closure

chords. C uHRRPd b@‘{mﬂ?qgannel width is the distance between the
wal | s form ng"the “capi I"ar channels. Capillary channel w dth can .
be det er mi ned byl ref’br %’fﬁ‘@ét'{ré (fiabt amntogs:ap%raaspmy& ddss sections.
30 (iv) Prratething ﬂcnﬁdDeharammagd \Bgk| Parallelism A

representative cross-sectjqn of ngl f
m crotoned as previously g@séflg&gﬁand ga%ﬁignﬁ?c?oéﬁhnﬁit* oﬁe
cross-section is prepWdEephikig ofaniddaryanchapnel,qfikey ngai €1 19fhi ch
. interfiber and intrafiber fluid acceptance and transport,
-said fibers having at least one capillary channel formed
from a base and two substantially parallel walls
extending from the base; and
{(b) a high-suction absorbent core in fluid
communication with said nonwoven.

2. An absorbent article having a fluid pervious
topsheet and a fluid impervious backsheet joined to said
topsheet characterized by: :

(a) ‘a high-suction absorbent core positioned
between said topsheet and said backsheet, said core
having an uppermost surface facing said topsheet and a
lowermost surface facing said backsheet; and

(b) a nonwoven positioned between said topsheet and
said absorbent core, said nonwoven comprising a plurality
of hydrophilic capillary channel fibers capable of
jntrafiber and interfiber fluid acceptance and transport,
said fibers having at least one capillary channel formed
from a based and two substantially parallel walls
extending from the base.

3.  An absorbent article characterized by:

(a) a fluid pervious topsheet, said topsheet
comprising a nonwoven comprised of a plurality of
hydrophilic capillary channel fibers capable of
jntrafiber and interfiber fluid acceptance and transport,
said fibers having at least one capillary channel formed
from a base and two substantially parallel walls
extending from the base;

This Sheet Has Been RTlaced
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exenplifies various aspects of the procedure. For each capillary 35
channel, of a capillary channel fiber, a straight channel closure
chord tangentially_contacting the capillary channel walls of the
channel i,s drawn to close the channel” while maxinizing area.within

- 26- “the close actice, thisfgan o nply :
pl aci ng a ‘strai g“ﬂmmmm ”Im, l!'lgt h in excess ? VEE )é@ﬁé’sgjert of the
channel, tangential* t® tthe i stak por28en of ﬂarh wal |

formng the channel. The length of the chord is determ ned as the

(b) a fluid impervious backsheet joined to said
topsheet; and

{c) a high-suction absorbent core positioned
between said topsheet and said backsheet, said core
having an uppermost surface facing said topsheet and a
lowermost surface facing said backsheet.

4. The structure according to any one of the preceding
Claims wherein the divergence of the substantially parallel
walls of the capillary channel fibers of said nonwoven is less
than about 40°.

5. The structure according to any one of the preceding
Claims wherein the slenderness ratio of said capillary channel
fibers forming said nonwoven is at least about 9.

6. The structure according to any one of the preceding
Claims wherein the capillary suction of said absorbent core is
‘at least about 6 cm. ’

7. The structure according to any one of the preceding
Claims wherein the capillary channel width of the capillary
channel fibers of said nonwoven is from about 10 microms to
about 200 microns.

8. The structure according to any on of the preceding.
Claims wherein the denier of said capillary channel fibers of
sajd nonwoven is greater than about S.

8. The structure according to Claim 1 characterized by
a second nonwoven superposed upon said first nonwoven.

10. The structure according to Claim 9 wherein said
second nonwoven comprises a plurality of hydrophilic capillary
channel fibers capable of interfiber and intrafiber fluid

REPLACEMENT SHEER

0 2 SEP 190¢ J

This Sheet Has Been Reilaced

AT




5 m ni num di st ance between points of intersections between the chord
and each of the two walls. Line segnents LSxl, LSx2, each having a
| engt h, equal to 75% of the Iength of closure chord W, are |ocated

such that t he ends of”~ each such-+-ne- segnent s LSX[\:‘J;I,TL%\/{1 g%ggrgta\‘:tnt act

t he interior s hannel wal I s Cw, C\ the 10
boundary to the ci &m’ SSmlarly, |[the e lLine
segnents LSy[err], the_ige.ngt h of closure chord W and

contact the i nt erl or surfaces channel wal ls CW, C,W<y,
respectively. The |ine segnents can cross the boupdary of the
channel walis at apespterce andrinansport, 2 ighEibersyshaying 3¢ ]?ﬁé 98¢ segments.

I'f the line segmaﬁmsam chemmsrémaeﬂ»oaumatsbaand two substaitivaigence angl e

between the Iine se [err], t he channel
wal |s are said t8aﬁg ﬁ EE%tPQﬁﬁ@abgg% #Hﬂép VWil e particul ar
enbodi nents of the present invention have been illustrated and
described, it would be obvious to those skilled in 20 the art that various
ot her changes and nodifications can be nade wi t hout departing fromthe
spirit and scope.of the invention. It is © therefore intended to cover
in the appended clains all such changes and nodifications that are
wi thin the scope of this invention.

i
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ABSTRACT
'FLUID ACCEPTING, TRANSPORTING, AND RETAINING STRUCTURE

The present inventidn provides a fluid accepting, transporting and retaining structure,
useful in disposable absorbent articles (20). In-use fluid deposited on a disposable absorbent
article employing such a structure is moved via interfiber and intrafiber transport to a fluid
retention area remote from the point of fluid insult. By moving fluid away from the point of
.insult a more effective use of the absorbent core (24) is achieved providing a clean and dry
surface (22) for the wearer. '

FIGURE 1.
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1. An absorbent article conprising: (a) a fluid pervious topsheet,
sai d topsheet conprising a nonwoven conprised of a plurality of
hydrophi|ic capillary channel fibers capable of intrafiber and interfiber
fluid-acceptance and transport, said fibers having at |east one capillary
channel - formed froma base and two substantially paraliel walls
extending fromthe base sai d topsthyset having a predeterm ned
capillary suction; (b) a fluid inpervious backsheet joined to said

t opsheet; and (c) a hi gh-suction absorbent core positioned between said
t opsheet and said backsheet, said core having an uppernost surface
facing said topsheet and a - g

N
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| ower nost surface facing said backsheet said absorbent core having a
capillary suction greater than that of said topsheet. 2. The
structure according to claim1 wherein the capillary channel w dth of the

. capi N ary channel fibers of said nonwoven is from about 10 microns to about
200 mcrons. - 3. The structure according to claim1 wherei'n the denier
of said capillary channel fibers of saiZonwoven is greater than about 5.
4. The structure according to claim21 wherein the divergence of the
substantially parallel walls of the capillary channel fibers of said
topsheet is |ess than about 40. 5. The- structure according to claim1l
wherei n the sl enderness rgg Ofgz8al d captllary channel fibers formng said
topsheet is at |east about é&\\ 27\\ /// 24 :

5
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6. The structure according to claim1 wherein the capillary suction of
sai d absorbent core is at |east about 6 cm 7. An absorbent article
conprising: (a) a fluid pervious topsheet, said topsheet conprising a
nonwe¥eh conpri sed of a plurality of hydrophilic capillary channel
fibers capable of intrafiber and interfibgr fluid acceptance _and
transport, said topsheet having a predete f? ned capillary. sucti on;

/
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(b) a fluid inpervious backsheet joined to said topsheet; and (c) a

hi gh- suct¥ bl absorbent core positioned between said topsheet and said
backsheet, said core having an uppernost surface facing said topsheet and a
| ower nost surface facing said backsheet, said absorbent core having a
capillary ' suction greater than that of §aid t opsheet. 8. The
structure according to claim?7, wherein the Sqenderness ratio of said
capillary channel fibers form ng said nonwoven is at |east about 9. 9.
The structure according to claim7, wherein the capillary suction of said
absorbent core is at |east about 6 cm

02 SEP 199«




acceptance and transport, said fibers having at |east one capilféry channel -
formed froma base and two substantially parallel walls extending fromthe
base. '

v‘i'
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Fig. 11
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1. An absorbent article comprising:

(a) a fluid pervious topsheet, said topsheet comprising a nonwoven comprised of a
plurality of hydrophilic capillary channel fibers capable of intrafiber and interfiber
fluid acceptance and transport, said fibers having at least one capillary channel
formed from a base and two substantially parallel walls extending from the base
said topsheet having a predetermined capillary suction;

(b) a fluid impervious backsheet joined to said topsheet; and

(o) a high-suction absorbent core positioned between said topsheet and said
backsheet, said core having an uppermost surface facing said topsheet and a
fowermost surface facing said backsheet said absorbent core having a capillary
suction greater than that of said topsheet.

2. The structure according to claim 1 wherein the capillary channel width of the
capillary channel fibers of said nonwoven is from about 10 microns to about 200 microns.

3. The structure according to claim 1 wherein the denier of said capillary channel
fibers of said nonwoven is greater than about 5.

4. The structure according to claim 1 wherein the divergence of the substantially
parallel walls of the capillary channel fibers of said topsheet is less than about 40°.

5. The structure according to claim 1 wherein the slendemess ratio of said capillary
channel fibers forming said topsheet is at least about 9.

6. The structure according to claim 1 wherein the capillary suction of said absorbent

core is at least about 6 cm.

7. An absorbent article comprising:
(@) a fluid pervious topsheet, said topsheet comprising a nonwoven comprised of a
plurality of hydrophilic capillary channel fibers capable of intrafiber and interfiber

. fluid acceptance and transport, said topsheet having a predetermined capillary
suction;
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(b) a fluid impervious backsheet joined to said topsheet; and

(©) a high-suction absorbent core positioned between said topsheet and said
backsheet, said core having an uppermost surface facing said topsheet and a
lowermost surface facing said backsheet, said absorbent core having a capillary
suction greater than that of said topsheet.

8. The structure according to claim 7, wherein the slendemess ratio of said capillary

channel fibers forming said nonwoven is at least about 9.

9. The structure according to claim 7, wherein the capillary suction of said absorbent
core is at least about 6 cm.
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