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The present invention relates to absorbent ar‘ticles;
especially catamenial articles such as sanitary napkins. Such

articles are especially adapted for absorbing various body fluids,
especially menses, while providing comfort and fit to the wearer. '

KG 0 0
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 functional members for receiving, absorbing 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 catamenial pads, women have come to expect a
high level of performance in terms of comfort and fit, retention
of fluid, and minimal staining. Above all, leakage of fluid from
the pad onto undergarments is regarded as totally unacceptab]e
, lmproving the performance of sanitary napkins continues to be
'a formidable undertaking, although a number of improvements have

_ been made in both their materials and structures.  However,
eliminating leakage, particularly along the inside of the thighs,

without compromising fit and comfort, has not met the desired
needs of the consumer. |

Leakage from sanitary napkins is generally attributed to a
high concentration of fluid at the point where the menses exits
the body and immediately contacts the surface of the napkin. At
this point of deposit, the napkin’s absorbent material quickly
becomes super-saturatéd. The blood migrates radially from this
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_%Qsorbent core and a fluid-inpernmeabl e backsheet. In the case of catameni a'I
pads, wQ cone to expect a high | evel of performan | of
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al-l, leakage of fluid fromthe pad onto urd2rgarnents is regarded as

totally unacceptable. 1nproving the performance of sanitary napkins
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ond | omedCatel y. Peiece oy A9, Oehhas 0E" £, "SSIRIAGH £ 1110 188), paRfeRo
deposit, the napkheets swreunding the cditicle R} 45660439 Willjams set walat ed.
The bl ood m grat ¢gsyelamay?!loy 198797 bhd 'winged" side edges which wrap around

the panties (U.S. Patent 4,701,177, Ellis et al, issixed October

10, 1987, incorporated herein by reference).

10 Unfortunately, overdensifying sections of the sanitary
napkins detracts from 'comfort, in-use. Some users are not
attracted to the "winged" product, and others are not satisfied
with the barrier product. However, since a large part of most

' absorbent artic'l_eS remains relatively dry and not utilized, it has

15 now been determined that providing a means to direct fluid from
the point of deposit to the areas of the article not fully
utilized will avoid super-saturation and considerably reduce or
eliminate leakage. '

Apart from undergarment soiling, the user of modern sanitary

20 napkins, and the like, has come to expect that the surface of such
articles will provide a‘cleaner, more sanitary and drier aspect
than common cloth or nonwoven materials have historicaﬂy
provided. Thus, modern sanitary napkins, diapers and incontinence
devices are typically provided with topsheets that are designed to

25 - move fluids rapidly through said topsheets and into an underlying
absorbent core for storage. As can be envisaged, the more rapid
and thorough this movement, the_'drier and cleaner the surface of
the article. | '

Stated succinctly, the present invention not only provides

30 the 'desired, directional movement of fluids noted above,' which
allows improved use of the j'overa'l'l"absorbent capacity of the
article and less side-leakage, but also provides means to draw
fluids _throixgh the topsheet, thereby enhancing the desired dry,
sanitary benefits, in-use. ' E

'35 Furthermore, the articles which employ the technology
' embodied in the present invention are more comfortable and better
fitting than articles which rely, for example, on highly dgn;e
absorbent core regions to achieve fluid movement. Stated other-

. wise, the technology herein achieves the fluid directionality and
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not fully skin. It is a particutar object herein to provide santtary
napkins and pantiliners with attributes including, but not limited
- to, improved softness and flextbiIity, improved fit and improved
10 stain reduction.
These advantages are obtained herein, as will be seen from
the following disclosure.
. BACKGROUND ART
Disposable art1c1es used to retain human body fluids and
15 waste are well known in the art. U.S. Patent 3,860,003, Buell,
©~ {ssued January 14, 1975, and U.S. Patent 3,670,731, Harmon, issued
June 20,1972, disclose disposable diapers and their manufacture.
The diapers disclosed therein contain a significant amount of
cellulose material to absorb and retain children’s urine and
20  feces. |
The technology used in diapers is also used in the field of
catamenial products such as pads, sanitary napkins, and
pantiliners. . Although similar objectives are sought among all the

_aforementioned products, catamenial products do require some

25 specialized needs for active women as opposed to, diapers for a
baby. -Minimizing size, improving fit and comfort, and stain
inhibition have been the motivation for many of the developments
disclosed in the art.

Early pitents on disposable catamenials .include U.S. Patent

30 2,662,527, Jacks, December 15, 1953, which discloses a sanitary

 pad characterized in that it has a portion which at least
partially resides outside and within the 1ips of the wearer’s
labia. Cellulosic-type fibers are used as the absorbent materials
for such pads.

35 =~ Since Jacks, catamenial pads have been separated into at
least two ggneraTized classes. These classes are broken down as
pads which have the capability to absorb large or heavy flows of
menses and those only intended for small or light fiows.
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ytilized will avoid super-saturation and considerably reduce or elimnate
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ably provides 30 esired, directional' novenen not ed
above, wh!b‘ch aI?QS\JHg?WprQFé'G use of the overall absorbent capacity of the

article and | ess siTie Isecdmigel assubf pads, [traditdesalipanedt fordd tohtl Flowds
thr 353“ the topjieqlemdIPI&PHn 0 RN Publhe! REFISH7 1Yo/ o38N T3y fARRef i ts,
disclosed therein have a high bulk density, meaning that the
. fibrous material is tightly compressed together. WNormally, these
10 pads are no more than about 1/2 inch thick. '
Thinner pads have become increasingly popular. U.S. Patent
4,950,264, Osborn, August 21, 1990, discloses a thin-style
sanitary napkin having a body surface and a .garment surface
. wherein the absorbent core is made very flexible by including
15 polymer gelling agents with the fibrous material. These pads have
the capacity to handle medium to high menstrual flows. '
 Polymer gelling agents have been incorporated in absorbent
articles in part to achieve a thin profile without sacrificing
flexibility; see U.S. Patent 4,662,876, Wiegner, issued May 5,
20 1987; ‘U.S. Patent 4,865,596, Weisman et al, issued September 12,
1989; and U.S. Patent 4,923,454, Seymour et al, issued May 8,
. 1990. , :
One of the keys to the present invention is the use of
‘'materials which proinote_ fluid directionality. Various methods to
25 achieve this include formation of a channel patterns to direct
" fluids; see U.S. Patent 4,781,710, Megison et al, issued Nov. 1,
1988; integration of a web structure in the article; see U.S.
Patent 4,637,819, Ouellette et al, issued January 20, 1987, and
chemical modification of cellulose fibers; see U.S. Patent
30 4,256,111, Lassen, March 17, 1981.
EPO Application 391,814, Phillips et al, published October
10, 1990, discloses capﬂ'lary channel fibers which spontaneously
ti'ansport 1iquids and are suitable for use in absorbent articles, '
wherein the fibers are located near the center of the article. By
35 using the fibers in this matter, fluid can be transported to a
larger surface area on the article.
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35 _ Furthernmpre, the articles which enploy the technology
enbodied in the present invention are mor e confortable and better flttlng
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Herein achieves the fluid directionality- &nd -3- handling

Qharacterlstlcs avai l abl e from dense, but unconfortable; cores in a soft,
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the batt and stabilize the batt

U.S. Patent 4,798,603, Meyer et al, January 17, 1989, relates
to absorbent articies comprising a hydrophilic absorbent body, a
liquid permeable: topsheet, a liquid permeable transport layer

10 between said topsheet and said absorbent body, wherein the

' effective average pore size in said traﬁsport layer is smaller

than the pore size in the topsheet, and wherein the transport

layer is less hydrophilic than the absorbent. The trinsport layer

is configured so that it is capable of attaining'a substantially

15 intimate contact with the topsheet and the absorbent body, which

is said to be useful for providing an effective fluid communica-

tion from the topsheet to the transport layer and from the trans-

pert layer to the absorbent body. The transport layer is said to

be able to allow a rapid spread of liquid sideways along its

20 lateral length and width dimensions to expose a larger surface
area of the absorbent body to liquid.

U.S. Patent 4,973,325, Sherrod et al, November 27, 1990,
relates to an absorbent article having a pair of absorbents
positioned adjacent to each other. A fluid impermeable baffle and

25 fluid transfer member are said to facilitate the movement of body
fluids from the cover downward and outward to distant areas of the
absorbents. : :

EPO App1ication 397,110, Latimer et al, filed 08-05-90
relates to an absorbent article 'cqmprising a surge management

10 portion of a selected basis weight which is said to rapidly uptake
and temporarily hold at least three successive surges of fluids.

French Patent 955,625, Paul Chevalier, *Improvements in
Spinning Artificial Fiber®, published January 16, 1950, discloses
fibers of synthetic origin with a11eged1y improved capillarity.

35 Chevalier disclosed the primary use of these fibers as absorbing
material for making towels, handkerchiefs, bath mats and the Tike.

The fibers are said to have continuous or discontinuous grooves

- positioned in the longitudinal direction, i.e., parallel to the
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40 stain reduction. These advantages are obtained Herei n, as wll be
Seen fromthe fol | ow ng di scl osure. BACKGROUND ART Disposable articles used
td ret aWOBOAT%ody fluids and 15 ° waste are wel | kn&&T/VR9/A388Z, ¢

& S. Patent. 3, 860,003, Buell, |ssued Januarel 14, 1975, and U.S. Patent
3,670,731, Harnon, issued June 20, 1972, dlsclose di sposabl e di apers and
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pantiliners. Al hs Sl r t | 54 h
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speci al i z&d need‘é’“ﬂbmcéé!@ﬂ/e"%rréhea§‘6‘&po§éaa‘fi§e d ﬁ?l’érghef o?"'ét bB¥y an
M ni m zing - si z&jpsuTtiRg! ﬁTEktELtfoﬁ'ndo&IGﬁéome f et . St Thensedond b inaerdtaye been
the motivation f{)r contact witthhe c:ouﬂe ngen
' ~U.S. Patent 3,121,040, Gilbert Shaw, "Unonentated Polyolefin
Filaments", issued February 11, 1964, discloses a variety of
10 plastic filaments, and a process for making them, which assertedly
exhibit good recovery after deformation, and resist orientation
(i.e., matting) upon use in such applications as paint brushes.
These objects are said to be achieved by preparing fibers having
cross-sections consisting of interconnected webs with web length,
15 web thickness, and radius of particular, specified requirements.
U.S. Patent 4,054,709, M. N. Belitsin, et al, "Man-Made
Fibre, Yarn and Textile Produced Therefrom", issued October 18,
1977, discloses fibers of polycaproamide and polyethylene
terephthalate displaying a cross sectional shape formed of at
20 least two elements formed of intersecting rays which define open.
capillary channels and a bridge interconnecting particular rays of
the elements. The rays intersect at angles of from 10° to 70° to
form the capillary channels. The fibers are said to exhibit an
_ appearance and moisture conductivity and absorption approaching
25 natural silk. See also U.S. Patent 4,179,259, Belitsin, which
includes some curling disclosure _
U.S. Patent 4,381,325, Yutaka Masuda, et al, "Liquid
Retaining Synthetic Fiber, Process for Producing the Same, and
Products®, issued April 26, 1983 discloses a liquid-retaining
30 synthetic fiber having a substantially pointed free end and a
 tapered portion. The .fibers disclosed include embodiments having
a plurality of channels running along the axia'l length of the
fibers. '
: European Patent App‘lication 88306987.4, pub'lication .number
35 0,301,874, published February 1, 1989, Andrew G. Wilkes and Alan
J. Bartholomew, "Cellulosic Fibre", discloses viscous filaments
having mult{-1imbed cross-section, e.g., Y-, X-, H-, and T- shapes
which are said to be useful for absorbent products and woven and
" nonwoven fabrics. —
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disclosed in the art. Early patents on di sposable catanenials include U.S.
Patent 30 - 2,662,527, Jacks, Decenber 15, 1953, which discloses a

sdni twoyoyery7ehar acteri zed in that it has a portion whi Eﬁ'féiﬂsﬁzé%@ﬂz
partially resides outside and within the |lips of the wearer's |abia.

Cel lul osic-type fibers are used as the ab&orbent materials for such pads.
35 Si nce Jacks, catanenial pads' have been separated I nto at

lieast two generalibed daientesd,28n00f dishands My Baygeken” lkwReserysids whi ch

have the capabcidmbut tf‘%ra@.@é)ﬁh 4 MaBRiry 1hewradedd,0ufd Methddané Apdrituese only
i ntended for s

Ies dISC| sed I n
U.S. Patent 4, @'4 'U'&é“c‘ll'a éF'Fe ’Ng}ﬁéﬁe%l‘\"%g@? Fiégh)r oﬁ 85%% 3 47 tuck
to produce a breberesirt oetemenpr Fdomed fitom padsohhmto%det hefeifilextbiebe

cellu- g thermoplastic fibrous material or foam-attenuated extruded
polyester fabric, which has been uniformly embossed with a series
of parallel grooves. The embossed sheet is tompacted"and bonded
into a dimensionally stable body whose longitudinal axis extends
parallel to the embossed grooves.
10 U.S. Patent 4,623,329, James L. Drobish, et al, "Drainage and
Infusion Catheters Having a Capillary Sleeve -Forming a Reservoir
for a Fluid Antimicrobial Agent", issued November 18, 1986,
discloses catheter tubes provided at the inner surfaces with
longitudinally extending capillary channels or grooves. The
15 grooves preferably exhibit a favorable surface contact angle for
the particular fluid to be dispensed. Surface treatments to alter
" the surface contact angle can be ap§1ied.
Japanese Patent Application 151617-1979, published November
29, 1979, Teijin KK, "Synthetic Fibers", discloses various
20 modified-profile synthetic fibers, especially of polyester or
" polyamide, having a cross-section shape characterized by fine
pores running in the axial direction having diameter of 0.01
microns to 5 microns and a total cross-sectional area of the pores
of 0.016 to 50% of the total cross-sectional area of the fibers.
25 The fibers can have additives for increasing water absorption
" properties. -
U.S. Patents 4,842,792, issued June 27,1989, and 4,954,398,
September 4, 1990, both to Bagrodia et al disclose the process for
making'and the.polyester fibers made from such a process wherein
30 the fibers have at least one grove wherein the surface of the
~ groove is rougher than the surface outside the groove. . Such
fibers are used to improve cover, softness, and wetting
characteristics of fabrics or yarn made from such fibers. -
U.S. Patent 4,868,031, Modrak et al, issued September 19,
35 1989, discloses soft Qater-permeable'po1yolefins nonwovens having
opaque 'characteristics. This invention utilizes fibers having
characteristic shapes to improve the opacity and stain-masking
properties of cover stocks. The fibers that are disclosed for use
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fosic as well as mixtures of cellulosic and pol yester/pol yethyl ene 5

conj ugaye Jverns. The second cl ass -of pads, traditional | yPOBAISIM05882 ght
flows, are exenplified in.US. Patent 4,701,177, Ellis et al. The pads -

& scl osed t herein have a high bul k densi ty8 -neani ng that the fibrous
material is tightly conpressed together. Normally, these 10 pads are no
mor e t han aboutml/ﬂnsndhvtﬁtliok 1ff¢1'lludaelthosae18h€vaug bres3Tedtion£laSHapeyY

TP 1 5 San IEEadsERR K ortPR e LB e 2 qbana. o 5 HENPEC 3 nce
wherei n the abst%'het",can @vab, Raskuares\a reebamblea, apd |t|helljdheng 15

polyner gelling agents wth the &iMMaRY DFTHEN hese pads have the
capacity to handle nmediumto hi ol ymer gel ling agents

have beeh incorporale@ Pretayeed Amppdiment ¢| the Pﬁewﬁt invengion dedatest hon
profile withoutapsapsdnt ﬁi—f\&ﬁkexmfusw aeeaMtﬁryPﬁssﬁ% br Vﬁwﬁfﬁrer

Vi egner, issué man el al
i ssued Septenbg?“tlg"s"l%‘gud&% EPG"SPané‘M incgntinence QSE'MEV bandages, i ssued
May 8, ‘and the 1ike, comprising:

. (a) a fluid permeab1e nonfibrous formed-film topsheet having
.10 a fluid-receiving front face and a back face, said
topsheet having multiple openings communicating between
said front face and said back face for passage of fluid
through said topsheet;

(b) a layer comprising fibers having external intrafiber
15 capillary channels whose widths, on average, are less
than the width of the openings in said topsheet, said
layer underlying the back face of said topsheet (a) and

in fluid-transporting contact therewith;
(c) a fibrous air-laid or wet-laid mbisture-absorbing
20 : structure underlying said- layer (b) and in fluid-
' transporting contact therewith, said structure compris-
ing multiple, typically cellulosic, non-capillary
channel fibers or mixtures of said multiple fibers with
absorbent gelling materials, wherein, on average, the
25 : width of the spacings between said multipIe'fibers in
the moisture-absorbing structure is less than the width
of the capillary channels in the fibers of said layer

(b); and :
. (d) a fluid impermeable backsheet underlying said pad (c).
30 The capillary channel fibers are spontaneously wettable, and

are typically hydrophilic or preferably hydrophilized. In highly
preferred articles, the capillary channel- fibers are positioned
such that their channels 1lie substantially in the machine
direction.

35 - In one mde. the contact between the topsheet and the layer
of capillary channel fibers 1is maintained by tensional forces
between said topsheet and said layer. In another mode, the
contact between the topsheet and the layer of capillary channel
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1990. One of the keys to the present invention is the use of materials

whi ch prompte fluid directionality. Various nethods to 25 achi eve this
i'ncl uNOPHOREDi on of a channel patterns to direct flui dPCI{UE)05882p,¢ ent
4; 781, 710, Megison et al, issued Nov. 1, ¢1988; integration of a web
structure in the article; see U S. Patent 4,637,819, Cuellette et al,

i ssued- Januar WiBérs 1138 maiabatinebe by c dbndingi mearest.i ol ikéwisel | Uﬁ@S@oﬁthb@rS see

U S Patent 3 , 1 S 17..1 P |.i cat

391, 8121 eghl I &Ftweegt é?ér @I |alsnﬁ S?J&:tyﬁér@ caEQSggb atFe dovlaﬁ‘ggasme p x I ary
channel fi berstemicmh'l sﬁmneam@omslbpndmn@mst liquids and are suitable for
use in absorbent EVhEhC'tﬁ’@ ttykﬂﬁé@ﬂ n15t *'he porb&y,S firfed OFﬁ‘h@OEoB?FJett h?he?ent er

of the rtlcle usmgs |ber5|nth

transp ted td’iggi/ef’r gdhe RATEeS 'aP@a‘Y)erTaﬂﬁe éfﬂ?'cl’é““ the width of the

1ntraf1ber capillary channels in layer (b). When the topsheet is
fibrous, the interfiber spacings are, on average, large than the
width of the intrafiber capillary channels in layer (b).
Preferred structures of the foregoing types are wherein the
10 capillafy channel fibers are substantially curled, as described
more fully hereinafter. |
With regard to fluid transport from the topsheet (a) into
layer (b), it is preferred that contact between (a) and (b) be so
close that a portion of the (preferably curled) capillary channel
15 fibers partially protrude into, or 1into and through; said
: topsheet; Likewise, it is also preferred that a portion'of the
fibers from layer (b) at least partially protrude into structure
(c), or that a portion of the fibers from (c) at least partially
protrude into {b), since such close contact would also facilitate
20 transport of fluid from (b) into (c). In yet another mode,
portions of the fibers in layer (b) at least partially protrude
‘through topsheet (a).
Highly preferred articles wherein moisture-absorbing
structure (c) comprises a wet-laid sheet of refined, stiffened,
25 curled (preferably, chemically crosz1inked) cellulosic fibers are
" also provided by this invention.
The articles herein can also comprise a fibrous topsheet.
Thus, the invention also encompasses an absorbent article,
comprising: _
30 (a) a fluid permeable fibrous topsheet having a fluid-
- receiving front face and a back face, said topsheet
having multiple interfiber openings communicatipg
between said front face and said back face for passage
of fluid through said topsheet;
35 (b) a layer comprising multiple fibers having external
' capillary channels underlying the back face of said
topsheet and in fluid-transporting contact therewith;
and

_This Sheet Has Been Replaced-

AT




4. S Patent 4,723,954, Pieniak, February 9, 1988, relates to an absor bent
articles comprising a nonwoven fabric facing sheet and a batt.
Sone ofWQHé/Eﬂ?ers of the batt extémnd into and are int eg&wﬁﬁsgﬁxﬁe >
%acing fabric. The extended fibers 5 _ 19 assertedly pronote w cking of

li.quid through the facing and into the batt and stabilize the batt. U.S.
Patent 4,798,603, Neyefa efibrous)agianyidl7 orlO@&k-1a¢d atrRs stureaktSRrbRIAL
articles conpri s!. ng a %dr ppl l'ic a‘;\s%bent ;J)ogx ord k)l qui d p?r mﬁ}bj e
topsheet, a |iquid per FEEWAWTE - MRASYIYAng o 5aid 1 fay Rk e, T8, fuid-gpsheet
and said absorbent Hedysporting ei nontiact ef therewith,aveszige pstracturze in
wherei n the tranaport FRBLSIES @Eﬁf‘ﬁggfo@ﬂ%ﬁ@"Fﬁafn”f'ﬁ@ﬁstiﬁf%iﬁi o e
transpor®t |ayer is confijturedofsaddfiibpes with absertendroedding materials. -
substantially 15 prefeFabTH! €tR@Ntiatéribeh tsbecirgasmﬁtharam?m_eaba@r bent
body, which is sai.d to, be | fo oVl di an effective, tluid
communi ca- ti oﬂ"?'}.‘&ﬁftwesfﬂ%ﬁ@‘a“stﬂ"ﬂgﬁ%“t géﬂ &r 191 ﬁ‘fleé'ragﬁh(]ar?%mt?% trans
- port |ayer tdhe hddbbsafi bheitinboalfibefheaptt tarypchannehy din saidsdayert ¢b).
Most preferably, on average, the width of the spécings between
10 said multiple fibers in the moisture absorbing structure (c) is
"  less than the width of the capillary channels in the fibers of
said layer (b).. : . '
The other considerations mentioned above with regard to the
. _ articles having the formed-film topsheet, including, but not
15 limited to, protrusion of the capillary channel fibers into and/or
- through the topsheet, selection of preferred absorbent cores,
etc., also apply to articles having fibrous topsheets.
While the capillary channel fibers employed herein are
typically noncellulosic and are conveniently of the polyester
20 type, it will be appreciated that other types of fiber-forming
“polymers can be wused in their preparation. For exauip]e,
- polyalkenes, polyamides, polylactates, poly-dioxanones, and the
1ike, can be used. Since the objective herein is to have the
-capillary channel fibers direct, rather than absorb, body ﬂuids,
25 it is preferred that the fibers have minimal, or substantially,
no.' fluid-imbibing {i.e., water-based body fluids) properties. It
“will be readily appreciated that, if the fibers themselves absorb
fluids and swell, the capillary channels could be choked-off.
'Thus. cellulose derivatives, for example cellulose propionate,
30 cellulose acetate, and the like, also may be used, if desired,
only with due regard for the foregoing considerations.
' In a preferred embodiment, the absorbent articies herein are
prepared in such fashion that at least some of the capillary
_ channel fibers protrude into at least some (prefer‘ab\y, at least
35 about 30%, more preferably, at least about 50%) of the openings in
that portion of the tops'heet which overlays the capillary channel -
fibers. In yet another mode, at least some of the capillary
channel fibers can be needle-punched or otherwise caused to
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he able to allow'a rapid spread of liquid S|deways along its 20 - ~ lateral
Iength and wi dth di mensions to expose a |arger surface area of the
absor Be@93403TR9 to |iquid. U.S. Patent 4,973,325, SherrodP@/USH2/08882¢enber

27, 1990, relates to an absorbent a'rtIC'I e having a pair of absorbents
positioned adjacent to each oth Aflu erneabl e baffle and 25
fluid transferP rﬁ’gﬁﬁ@r fé‘l"@“gg‘ala& ﬁSa$tdcﬁ°|'"Pt éP'ée eRtbi¥oREndatstorabpetly30%, ui ds |

from t he covermarewpreferadbhy, cat Wewadtt abolitst30%) afedhe 06pénhﬁ abapr iRt s.
Application

absorbent arti

B g1 S i M S 07 b

EPO

sel ect ed basi sfi.b&rght Imlt(bhsl %a@ard motamp; dthe wapakierandhammeporfibérsy hol d

at |easg thr eewﬁ"l%ﬁﬁ%ﬂ?y S%G‘ﬁae %hrblgH 4he t'ﬁb

Cheval i er,

vgrlent S L,NNi ng rtl I C]a Eptﬁraﬁ?{%ancgi she January
16, 1950, di scﬁ)ﬁ’é‘gs Bt GB%@ﬁt ARt | 3 bt iPGPHIARS ¢ "aP’F@géGH/VGi Hptake

30

Paul

capillarity. 3&f fluidtaredghethalitopsiseedatddnpy Imr'yht@ﬁa'IOfregﬂﬂseff'dHéerS as

absorbl-ng mat e&ﬂs%Lbér&r ap?.ilg]@g towel s, handkerchi efs, bath mats .and the
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A1l percentages, ratios and proportions herein are by weight,

unless otherwise specified. The patents and _applications -
. mentioned in this document are incorporated herem b_y reference.

RIPTION OF THE DRAW

Figure 1 is a direct view of an extrusion die (1) having an
orifice (2) of a design suitable for making symmetrical "H" shdped
capillary channel fibers having a plahar base and capillary
channels extending symmetrically from opposite sides of said base.
_ Figure 2 is a cross-sectional view of a symmetrical "H"
shaped capillary channel fiber (3) with planar base (4), width-
between-walls (5) and depth -of-walls (6) made by the extruding a

polymer through the die of Figure 1. :
. Figure 3 is a direct view of an alternate extrusion die (7)

having an orifice (8) design suitable for making "multiple H"

shaped capil]ary fibers having a planar base and multiple
capillary channels extending symetric_a‘l'ly from opposite sides of

said base and all optionally having approximately the same

channels widths and heights.

Figure 4 is a cross- -sectional view of a capillary channel
fiber made by the extruding a polymer through the die of Figure 3.

Figure 5 is a cross- -sectional view of a multiple " *-shaped
fiber.

Figure 6A is a cross-sectional view of an H-shaped capillary
channel fiber in a partially collapsed state. While not optimal,

such fibers can be used herein.

Figure 6B is a cross-sectionﬂ view of an expanded capillary
channel fiber. Such fibers can be used herein.
. Figure 6C is .a cross-sectional view of a wholly collapsed
capillary channel fiber. Such fibers are not used herein.
It is to be understood that Figures 1-6C are only for
purposes of illustration and are not drawn to scale, inasmuch as
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The fibers are said to have continuous or discontinuous grooves positioned
in-the longitudinal direction, i.e., parallel to the -6- fiber axis.
The fi b®Q9387Mave a central nucleus from which radi at e RGEIAVEP2/P5882es.
This patent also discloses a process for mdRing the fibers involving a

fir [ ' the fib into the desired shape and a second
spi nnerot i di rb0 ECKness G ihe 11 bnatd 1 IARE bRsetor - Bpataptstargr om
the first by an tlrmnleatﬁlbgrplcahebe,}‘ ond vﬁ?ﬁeirm)t-biae_,g irbgiﬁivﬁtpg,gggclmgﬁnoer
spinneret is in t | i el. ng,.. U S.. Pa , , ,
GPI bert Shaw, Ungﬁ#egﬁétdég{%&%%%gf Vﬂqﬁrl gﬁgnﬁhgm,'e'i §Eﬁéﬂ?£\§lﬁ"ﬂ 3’311§h91964,
di scl oses a vari®ene pliabje the Tihexstand the higherstheafitiuid papecdsy. f or maki ng
them whigh assertedryg@enbid Heedsd-36aMehyl /i ofl &l Catilehfl pARC{1§S! St
i

[ ati [ I cati ons as pai rushes.
orientation (i. etl'le n}laxtew ingpgi]onugsethlen 'Isolrilgcitu%%all‘ axils o% theppad. The

cross-section shows fluid-permeable topsheet (9), a layer or
“secondary topsheet" (10) comprising the capillary channel fibers
 herein, a fluid retaining core (11), and a fluid impervious

10 backsheet (12). | '

' Figure 8A is a cutaway perspective view of a.cat;menial pad
having a fluid permeable topsheet (13), a fluid distributing
capillary channel fiber layer, i.e., as a "secondary topsheet"
(14) substantially covering a fluid retaining core (15) and a

15 fluid impervious backsheet (16).

: Figure 8B is a cutaway perspective view of a catamenial pad
having a fluid permeable topsheet (17) a capillary channel fiber
layer (18) said layer not covering the peripheral edge (19) and
terminating about one inch from the end of absorbent core (20).

20 Backsheet (21) is also shown.

' Figure 9 is a perspective view of a catamenial pad wherein
the contact between the various layers is achieved by multiple
compression lines (22).

Figure 10 illustrates the underside of a porous topsheet (23)
and the preferred multispiral patiern of glue lines (24) used to
affix the topsheet to the layer of capillary channel fibers. The
‘machine direction dimension (25) of the pattern used on a typical.
catamenial is about 7 inches and the cross-direction dimension
(26) is about 2 inches. '

Figure 11 shows the underside of .a porous topsheet (27) and a
pattern of adhesive spots (28) having machine direction dimension
(29) and cross-direction dimension (30).

Figure 12 is a photomicrograph of a section taken of formed
film topsheet (31) and the layer of capillary channel fiber (32).
The close contact between the capillary channel fibers and the
topsheet is shown by the protrusion of capillary channel fibers
(33) into pores (34) in the topsheet.

25

30
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{hese objects are said to be achi eve'd by preparing fibers having

cross-sections consisting of interconnected webs with web I ength, 15
web t hWOSKEY P and radius of parti‘cul ar, specified requi PGF@#SF%/OSQ,SB,

Ratent 4,054,709, M N Belitsin, et13al-, "Man- Made Fi bre, Yarn and
Textile Produced Therefroni, issued Cctober 18, 1977, discloses fibers
of pol ycaproan de Fignde pdl yet &ryl expdodedt epleivhalfattke dsapiitayy neapRisr 65

Thter sect nS“‘?‘a P Ypf oiiheet (ISTECR VBT GRTREE S S Rp (yary
i nt er connecti n¢ pﬂ'ﬁﬁﬂl cfuibgrs r&Wvofa tmt@h eh%nG%F SWIR3 captllany echanael at
angl es.of [ omAiBerd (31 mler g TaRr (s6) eheféb%Sp%theoJe]b?mmF said
to exhi |t an alpgearﬁﬁse and 10 k& fr{g con Ctlv'ngycé‘rn é\gsor I
approachl ng 25 wetsilp §?fb8 Balddt with7olitted
Belitsin, whi cr(40hchmtietms§m1:edcdr4llb ngremssahdwsmniahhﬁtg absorbent ge1384dg.325,
YL e B IS, ke BB MR e . AT
[i qui d-ret ai ni T@1edse paper(#dlet and fshpwingh be neplativeflacenent | of reight ed
free end and astrips of panty fastening adhesive (45). In use, the panty

' 10 fastening adhesive strips remain on the outer side of backsheet

(42) when release paper (44) is removed from the article.
TA CRIPTION OF T NVENT

As a point of reference, attention is drawn to Figure 10. In
acco_rd with common practice, the long (or "x") axis is referred to
as the "machine direction", inasmuch as, during manufacture the
articles pass through the machine in the direction of this axis.
The short (or "y") axis is referred to as the "cross direction”,
since it is the direction across the width of the article. The
"z" direction is the direction proceeding down through the top-
sheet, thence into the layer of capillary channel fibers, and
thence into whatever fluid stofage core that may be provided. The
objective is to provide a gradient of capillary suction between
the topsheet and underlying layer or layers of the articles
herein, such that fluid is drawn in the "z" direction and away
from the surface of the article into its ultimate storage layer.
Empirically, capillary suction is related to adhesion tension and
inversely related to the size of the ope‘ningé - {.e., in the
typical case, the openings in the topsheet will ‘be larger than the
intra-fiber capillary channels, which, in turn, will be larger
than the inter-fiber capillary channels in a fibrous storage core.
The surface hydrophilicity of the components of each layer can

~ theoretically affect the capillary suction gradient.

Simply stated, the capillary channel fibers used herein
promote passage of fluids in .the "z" direction of absorbent
articles. Moreover, by employing a layer of ca'pi'lhrj channel |
fibers whosé_ fibers are positioned to-1ie substantfally parallel
to the machine direction, fluid flow in the machine direction is
also promoted, which enhances the overall useful absorbency of the

15~
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tapered portion. The fibers disclosed include enbodi mrents having a

plurality of channels running along the axial |ength of Lbe
Eur ope YO P3MO3AI9- Appl i cati on 88306987. 4, publication nunbyﬁég’g&’aissz

0, 301, 874, published February 1, 1989, Andpew G W/ kes and Al an J.
Bart hol omew, "Cellul osic Fibre", discloses viscous filanents having
mul tt-1inbed crassiciect i Goweverg. byY-thuX- posktioniwy Ttheshedgpd3 1y céhaph® sai d

the rep acement FIREE BLid Fi6H R, thd Lot (Breethn" ORI ' feoey 55, °
Ri chard M Ber ganipiizirg Resecevedi entirely avotding UJeakageaofifil kich@rourst therent
and ‘Met hod and” AQpgrAt YdgdsObf nedirt ie¥e SaMRus, uRPHAJabSIEEAt 2Ptiche8lor
dl. scl oses san ! nkthe prior art which move fluids in an undirected manner in the x,
y and z directions by means of fibrous batts which comprise
inter-fiber capillary voids, the intra-fiber capillary channels of
the fibers herein can be used to provide desirable fluid
directionality. Moreover, since the capillary of the fibrous
10 layer of the present invention resides in the fibers, themseives,
rather than in inter-fiber spacings, capillarity is not lost when
fiber-fiber spacings become displaced. In addition, the capillary
channel fiber layer of the present invention. provides its fluid
drawing and directing functions even when the layer is soft,
15 fluffy and comfortable to the wearer, in contrast to compact,
dense and relatively. stiff batt materials which function by
inter-fiber capiﬁary action. Thus, it will be appreciated that
the .absorbent articles of this invention function in a
_ substantially different 'way, using substantially different
20 materials to provide substantially different benefits than the
various art-disclosed absorbent structures which ‘do not ‘employ
fibers having intra-fiber capillary c_hénnels_. |
It is to be understood that the manufacture of capillary
channel fibers of the type employed herein forms no part of this
25  invention. Attention is drawn to EPO Application 391,814 (cited
above) or to its co-pending U.S. Continuation-In-Part Application
entitled "FIBERS CAPABLE OF SPONTANEOUSLY TRANSPORTING FLUIDS",
serial No. 736,627 , filed 23 july 1991 , Inventors Phillips,
- Jones, et al, Eastman Chemical Company, or to the co-pending U.S.
30 Patent Application entitied "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, all
incorporated herein by reference, for further details regarding
35 means for manufacturing capillary channel fibers. |
While a variety of capillary channel fibers can be used
herein, the' following consideration of various points relating to.

-
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reservoir el erreht formed froma coherent sheet of flexible 5

thermwé ' fibrous material or foam attenuated _extruded pal yester
fabric, \/\#ﬂzﬁwhas been uniformy énbossed with a series PJ‘F"H§P &
grooves. The enbossed sheet is conpactedsg and bonded into a dinensionally
stabl e body whose | ongitudinal axis extends parallel to the enbossed

grooves. 10 | the prefekrdd di@ﬁb'i'&ry4,c52rﬁze3291be]r%|m%$|dLélhgrObin%Br pd¥at fdn

*Dr ai nage an rs g ar eeve For

Reserv0|gr f or aﬁﬁj @A%Hr?tce?obquﬂk&enf“ve" %’hea)[?\IO\)éFMedlS{n'lQﬁG

di scl oses cat hﬁomnneﬂmsom&beutmnubatorhe i nner surfaces.with |ongitudinally
t endi |1 |

extendigq ‘capi|| any PRSRNSLILRL o SQUERe PIGHR: - THAEIRYSSusen

preferably exhibit a favorable sur
fluid to be di é%’eﬁ‘we&‘“ rf%'&%a'ferdeaﬁrﬁﬁntagyt6°%1Y9c"é¢"1t heolymer awkidhorisact

angl e can be apqnisndi'linbaabﬂethatPemyn;eﬁﬁpil;:uc(garbg%]%«Iéﬂspﬁizné93§;¥ﬁygg‘¢g ded
m\é?;ﬂljg(rj [2)I‘90f }?zeg sn-gﬂ#t?rglip(eﬁ%ﬂl}égﬁe ch%ﬁel];)kébf rﬁo?‘iéi‘i eReTBin L 80y o de,
havi ng a cross mg:tasOrthsMapee cmmaehbrlmﬂ bhatf ithey can be formed with
10 external capillary channels, as noted hereinabove. Convement’ly,
the polymers are melt-extrudable. Typically, the capillary
- channel fibers herein will be prepared from a synthetic
poljethylene terephthalate polymer melt having an inherent
viscosity ("IV") of from about 0.6 to about 0.9. (IV is a term of
15 art and can be determined in well-known fashion. See, for
example, U.S. Patent 4,829.'751 at column 8.) The IV of a polymer
melt bears some relationship to the abﬂity of the po]yﬁer to
retain the shape of the capillary channel walls, and is related to
the average molecular weight of the polymers. For example, it is
20 convenient to employ a polyester having an inherent viscosity of
' about 0.7 herein, but it would be more preferred to employ a
ponmer 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'.
25 . Preferred capillary channel fibers herein have a denier (denier
| per filament "dpf") of about 10, and capillary channel fibers
having such a fine denier, but whose walls are stable, can be
achieved especially from polyester having an inherent viscosity of
about 0.9. However, in commercial practice using such high IV
30 polymers may require special processing equipment. As a quite
' acceptable compromise, and in order to achieve capillary channel
walls without in-use collapse, polyester/polymer having an
inherent viscosity of about 0.7 can be employed at a denier per
filament of about 22. However, it is to be understood that the

35 - denier of the fibers used is within the discretion of the
formulator, and the denier per channel can easily be in the range
‘of 25.

The depth:width ratio of the 'capillary channels herein is
preferably about 2.0, but processing restrictions, as noted above,

is Sheet Has Been Reﬂlaced

T




pores running in the axial direction having diameter of 0.0l microns to 5

microns_and a total cross-sectional area of the pores of ) % of
the t ot WP BWI& sectional area of the fibers. 25 Thep?f)’%‘gr’éﬁégé# have *

additives for increasing water absorption ggoperties. U S. Patents
4,842,792, issued June 27,1989, and 4,954,398, September 4, 1990, both to

Bagrodia et al djs se. th kin : L t i S
made from such ;gsp(rﬁ%@egg @%ereé‘ﬁ?ﬁgé 'fegrs.m{%%hé %p@@%‘ltdﬁgvr&?ﬁeﬁegéquftoﬁg grove
wherei n the surflscéypical e efipdees.i sTyrigahhrnd raadilyheraduciblee capildnde t he
groove. - Such fidnghfe12f§betsCilhich | dHar guﬁecgwsfaéeért,vnqs.s,us%n@lei@nt it RS
characteristics ,of fabri c?‘ O{,é}/ﬁgfg r?r?g f{ogsuch fi bers. U&. E’atent
4,868, 031y Mbdr J18VEt 2afePthsa{iwg T ke ot ABGKT 18P Migrons andggqwidkhspetyers- sof ¢
wat er - perneabl e vadlly odfefabost 3dnmbsrens. hafhengaldsagtiemsébveact arei sypizally Thi s
i nvention utili f4_her | ggs qhar St al t4Q o L O ;
opacity and staﬁﬁﬁﬂgéiﬁgdﬁc?@%%?ﬁ?gg d?ﬁ%géﬂfVéfﬁ§ﬁ§aﬁiﬁéﬂ?%ggPQ&ﬁﬁéﬁgare
di scl osed for usare acceptable, capillary channel fibers prepared from polyester

and having these characteristics are quite effective for their

intended purpose. Such fibers can be prepared using conventional

10 operating equipment and readily withstand pressures of the type
encountered in sanitary devices, especially sanitary napkins and
pantiliners, without collapse or spreading of the capillary
channel walls to such an extent that their capillary function is

s Tost. ' -

The capillary channels can be of various shapes. Certain

shapes can offer particular advantages in particular product

- applications. For example,, "U-shaped", "H-shaped", " -shaped"

and "V-shaped" (:api‘l'lary channels may be used. The "H-shaped"

20 fibers are one preferred shape. Furthermore, the basic shapes may

be repeated (see Figures), or even branched, to produce fibers

- containing multiple channels, but it will be appreciated that when '

more than about three repeating- shapes are used, some additional

stiffness may be noted in the fibers. The 'ln'ultiple " " fibers of

25 Figure 5 offer the additional advantages of having additional
capillarity due to face-to-face contact and being easily curled.

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

30 fibers themselves are most preferably hydroph.i'lic. Since most

synthetic polymers are hydrophobic, the capillary channel fibers

herein are surface-treated in order to render them hydrophilic.

The surface treatment of polymeric fibers involves processes which

are well-known in the extensive fiber literaturé, and such

35' processes can be used.herein. In general, such processes 1|jv01ve

treating the surface of the fibers with a “hydrophilizing agent*,

especially a surfactant. (Hydrophilization, which results in

wettability of the fibers by aqueous fluids, can routinely be

measured, for example, using contact angle measurements. 1In
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8- in this inveniief.iicbudefiltase -having cross- sectlonal shapes

sel ec t he g of a dianond, a delta

oval , R’ggé’é{?ﬁg& H%m“? H the Ii ke SOVVARY OF THECT/USRRPSER o

n a preferred enbo esent entlon rel ates to absorbent
articles, preferably a sani tary napkln o pantiliner but al so including

Gy e i peBER & R AR O)ans AR oo fBREGA SR 001 hotrogbiTic
a fluid-recei viinfaceonh £aPE Sunface Bame finzlyzer S(HFA 222)skertbehayedido
for passage of THEur ”"m*“"*?i"b FEE o dariety, 4o Snan s initedadiisr | 200
havi ﬁg éx?erna“ q“ﬂt 9?? Lfyp:ca? sur%ac g‘(’5§Lp'i'§qf"!5ﬂ y"bﬁ&ﬁheﬂ@cmse

wi dt hs, Son aveingjade avaribessonionic 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 ffom Lonza, Inc., Williamsport, PA, USA),
10 ~and ethoxylated oleyl alcohols (e.g., VOLPO-3, available from
Croda, Inc., New Ydrk. 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
- 15 properties, etc. Hydrophilizing agents can be added to the
o polymer at various stages prior to use, though preferably prior to
-drawing'of the capillary channel fibers to their final size. For
example, the hydrophilizing agent can be added in advance to the
polymer prior to melting or blended into the polymer subsequent to
20 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
25 contact with sensitive regions of the human body, it is preferred
that surfactants used to hydrophilize the 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 Examples
30 hereinafter. Another method for hydrophilizing fibrous surfaces
involves subjecting said surfaces to ionizing radiation, e.g., in
a plasma, and such methods have the advantage that there is no
surfactant residue on the surface of the fibers. Whatever the
means, the overall objective is to secure capillary channel fibers
35 _for_use herein which are épontaneously wettable by the fluids they
are intended to transport. _
I1I. Ejber Morpholoay - The capillary channel fibers herein
have, as noted above and in the Figures, capillary channels on
their outer surfaces. While the capillary channel fibers can also



than the wi.dth of t[ges egtq&gﬁgeﬁkbﬁlacsral d topsheet, said |ayer underlying the
‘back face of said to in fluid-transporting /}g%/otsgﬁr ew th;
(c) a VOIBYI® air m Ial d noisture- absorbﬂ%gi:l 1 .
igtructure underlyi n (b) and in fluid- transporting
contact therewith, said structure conpris-18ng - multiple, typicall y

cel lul osic, C ch fibers tures, of -said It|
fibers with absg'taﬁﬁ b‘éﬁl"%nﬁeﬁ}?ﬁﬁr cars, "'\Mt%r'é‘?‘ﬂé BROide, seme adqd ‘?531

wi dth of the Spanmpm‘ghrbeyy\mﬂisapmefacnedl phet fsubkertoliow tdeee fibers not be

nmoi st ur e- absor bi ct es I

channel s in the é’?é’du He‘%éé‘éfh ?”‘%‘B@“Q@%&g ?!Farﬁ\g? k%m@w a
backsheet under |§ﬁnﬁgﬂsahqi19ad cpes . wgdd require thenefidaps | ter peclsamewbat
fibers arse spontg@nReedis| shanctesived, iRngrdakethatithal twrehméltoebnlab@e Ofnder

pref erably, N SRl kaed: ol BaRL el e oBESHERTRY, ThHuh S, B SEY! Lhinb

substantially |f1iberhmu'ldau¢t e expected to quickly pick up fluids, since the
fluids would have to find their way to the end of a fiber before
proceeding into the core itself. Moreover, a hollow core
capillary channel fiber could not release its load of fluid into
an absorbent reservoir core without having appropriate contact
between the ends of the hollow core fiber and the reservoir core
‘material. To summarize: capillary channel fibers having external
capillary channels offer substantial advantages in both pick-up
and transfer of fluids, and the provision of a hollow core adds
little in the way of performance advantages, but can impact
negative\y on the comfort level of an article made therewith in
contact with the human body.

Moreover, the capillary channe'l fibers employed herein are
preferably not in a straight-line configuration; rather, they are
either bent or, most preferably, are in a curled configuration.
It _is' easy to appreciate that capillary channel fibers that are
nonlinear have, for a given number of fibers, a higher loft and
increased resilience. By increasing the loft of the individual
fibers, the overall loft of pads made therefrom is thicker and
softer. . This allows ‘for the formation of low density, high loft

: -pads_uhi'ch, assuming that the individual fibers themseives are not
too thick or stiff (see .denier, above), are extremely comfortable,
yet effective for transporting fluids.

However, the preferred nonlinear capi‘l'lary channel fibers
herein should not be "kinked_"' As can also be readily appreci-
ated, .kinking a capillary channel fiber can cause points of
constriction of the capillary channels at each kinking site.
This, of course, would tinterfere with fluid flow dynamics along

"~ - said eapﬂ\ary channel. |

In addition to the foregoing, there is another substantial
advantage to employing nonlinear capillary channel fibers. As
indicated in Figure 12 herein, it .is highly preferred that small
portions, or “tufts*, of the capillary channel fibers actually
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direction. 35 In one node, the contact between the topsheet and

t'/he |l ayer of capillary channel fibers is maintained by or ces
b’etwé@é agtopsheet and said |ayer. I n anot her oé‘aq%ﬁﬁgﬁﬁ act
bet ween the topsheet and the | ayer of capillary channel 9 fibers is

mai nt ai ned by bondi ng neans. Li kewi s&,19 the contact between | ayer (b) and
tal ned by

reans. Wien ( RESTTHRendats | &F T8Atoene] oF nile | FRAsNEEhopEidces Haf sthe |-
wi dt IhI 21; tfgﬁapm;ﬂﬂes Sherei‘n.avés age, bd amggamedha:lhesmepmttdlfshoun‘ at'él@asﬂérr af i ber
Fﬁ?larfl bgr spggléfggw Jh@xe{ h) @Q 1°¥¥]%QP %r&?ﬂéﬁﬁ@ gh@ i IE'[%#F?% ?"r% rafi ber
capi |l ary chasueled |°@D“alie’b' Gb)“"e&r eﬁ"é?'?%d Svericbyr ehanse, t heerRorisgd ng
types gre whegpésterh9ikelihood that a number of ends and/or curls in the
capillary channel fibers will find their way into the orifices of
the topsheet material than if substantially linear capillary
channels were to be employed. , |
In a preferred mode, the éa_pi]’lar'y channel fibers herein are
10 "substantially curled" (or otherwise gathered). As is known in
the fiber art, fiber curling can be achieved by selectively heat
quenching the fibers as they come from their forming die by
heating one side of the fibers a bit more than the other side (or,
conversely, by cooling one side more quickly than the other).

15 Alternatively, fibers made from synthetic polymers such as
polyesters can be curled by stretching, followed by relaxation, or
by passing the fiber under tension around a sharp edge, followed
by relaxation. Capillary channel fibers can also be curled by
immersion in methanol. In a preferred mode, the fibers are
substantially helical. Whatever means are used to crimp or
otherwise curl the capillary channel fibers, they can, if desired,
then be carded t_d form an assembly of fibers. :

The preferred amplitude of the curls is in the range of about

0.1 mm to about 3 mm, and, typically, the frequency of the curls
is from about 0.5 per cm of fiber to about 5 per cm of fiber.
Fibers with amplitudes of about 3 mm and a frequency of about 0.5
per cm exhibit good softness even in the higher denier ranged
fibers having large capillary channels. Stated otherwise, an
average capillary channel fiber having a straight-line length of
about 2 cm 1is curled or gathered to provide optimal fibers having
a length of from about 0.5 cm to about 1.5 cm. -

111, uy_]_ﬁ_f_tbg_uy:_lg - Having thus considered the type of
capillary channel fibers employed herein and their individual
fiber morphology, the formulator of articles prepared in the
‘manner of this invention will be concerned in the formation of

~ such fibers 1into absorbent articles. In general, the formulator
will be laying-down a bundle of such fibers in-the article. In
one mode, the fibers can be blown onto, for example, an absorbent
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10 capillary channel fibers ére substantially curled, as described

nmore f uvipw3pgreenafter. Wth regard to fluid transport, fr€5yhﬁsgh%§§peet
a) an

(a) into layer (b), it is preferred that contact between be so-
close that a portion of the (preferably curdled) capillary channel 15
fibers partially rot yud I nt or into and through, said topsheet.
Li kewi se, it is &P§ B?J&f FP@dCFﬁfaﬂ%'Cpoﬁtbﬁbh- of In he margerpreferned| ayde, (b)
a‘_t.|eas]E parti al ipy'l'pipdbrme’l![i_ﬁyotltﬁnhbm:f?b?s( iﬁﬁtg@;f)éﬂaga?n gPéS)lrJfgh&rcal gite"t he
cont act woul o a1 Sob3CBt Al $a3Y' vadPEHer 5 frg, T oeshon of it Eile sap iy
S (c). In yet anshannel mfdberpor tSughs mittﬂibelf: pads willl a?ypﬁc('h}' ?itavlbeqst
ner et 7o S AP BE olt ig0 XELEL S, 3y HE R

refined, stiffendh: cAF¢ P{Yr dram zahopt @erinc 494254cemis Lol iabdutd)
cel lul osic fiber®.4rtn.al(d00Drem)i dord tse tini Sahiteppt h&pkind N prafrbi4bh §S £RG €i N
can al so compri sgpgutl pbhPUR. !  AR197%m) to about 0.15 in. (0.38 cm) for use in

' ' pantiliners; and preferably from about 0.1 in. (0.254 cm) to about

10 0.5 in. (1.27 cm). for use in infant diapers or adult incontinence

garments.” For use in disposable absorbent articles, such pads
-will typically have from about 0.003 g to about 0.016 g of fiber

per 1 cm? surface area, and will have from about 0.003 g to about
0.03 g'capil]ary channel fiber per 1 cm3 volume (measured in the
uncompressed state). The amounts of fiber per unit area and per
unit volume for pantiliners, diapers and adult incontinence
garments can be calculated based on the differences in caliper,
noted hereinabove.

Preferably, the denier and strength of the capillary channel
fibers will be chosen such that the pad of fibers herein will have
a ratio of wet:dry caliper of at least about 80%, more preferably
at least about 90%. This ensures that the pad will retain its
soft and form-fitting qualities even in use.

Stated otherwise, for a typicaIIsanitany napkin, approxi-
mately 1.5 g of curled fibers of the type described herein will
provide a rectangular pad having a surface area of about 160 cm?
which is suitable for use as layer (b), i.e., what might be termed
a “"secondary topsheet®, underlying the initial fluid-receiving
topsheet of the type disclosed hereinafter. _

30 Iv. of Myltifiber P Absor les - Having
thus described the fibers, the fiber morphology and the inclusion
of the fibers into a pad-like structﬁre; the formulator of the
absorbent articles herein will now be concerned with the
incorporation of such pads into finished absorbent articles. It
will be appreciated that the capillary channel fiber pads prepafed
in the foregoing manner will, themselves, have some amount of

. holding capacity for fluids, such as menstrual fluids, although
this 1s not their primary function in the present articles.
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Jhus, the invention al so enconpasses an. absorbent article,

corrprw(algg (a) a fluid perneable fibro g? ,Iaggsrz havi ng

flul recel ving front face and a back face, said topshe aV| ng

wultiple interfiber openings communigtat i ng between said front face and
sai d back face for passage of fluid through said topsheet; 35 . (b)

a layer conkacosdinglymupadspmade firbdhe foregdbing marsen rcah, cvfpldekare,d,channel S
Cherew thy ancpmRide [E° et ireabshReny ledrelDF, | for, kbt FRRAIAIAY contact
noi st ur e- abso'?'QHeM@J'”vstfPﬁc'!’QFrte ugdtiethgi pagd §8F'U‘Isé993rth€byaléﬂ&laﬁ‘3fn channed -
transporting fibeestwl bet HsgdeWnt BonjunEBiod witH rdaClabédrbent core, said
: 5 core serving as a reservoir for fluids which are transferred from
the capillary channel fiber pad .into said core. Indeed, most cores
~ will comprise an air-laid felt of cellulosic fibers, or mixtures
of cellulosic fibers with absorbent .gelling materials. (It wil
be appreciated by the formulator that such cores are well-known

10 for use in current, conventional disposable articles such .as
sanitary napkins, diapers, and the 1ike.) Due to the extremely
fine structure of the cellulosic fibers in such absorbent cores,
the cores exhibit high suctional forces which tend to draw away
fluids from the capillary channel fibers and into the core for’
ultimate storage. This is precisely the intended effect.  Thus,
for i-sanitary napkin, typical cores which comprise from about 1 g
to about 5 g of multiple cellulosic fibers and, optionally, from
about 0.5 g to about 1.5 g of absorbent gelling material, are
overlaid with a capillary channel fiber pad prepared as described
above. As fluid proceeds into the article, it encounters the
capi‘l'la'ry channel fiber network, which distributes the fluid and
then surrenders it to the underlying absorbent core, thereby at
least partially "renewing” the capillary channel fiber network for
the next infusion of fluid. In a'preferred'mode, the capillary
channel fiber pad is used as a "secondary" topsheet under a pérous
(preferably formed-film) topsheet. Thus, the capillary channel
fibers draw fluid through the topsheet, thereby 1leaving the
topsheet with a fresh, dry appearance and feel, then surrender the
fluid to the underlying absorbent core, and are thus able to
continue the process until the core is saturated. '

In a h'lgth preferred mode, the pad of cap1‘|1ary channel
fibers is kept in close contact with the overlying topsheet,
either by adhesive bonding or by tensiong'l forces, whereby the
topsheet and capillary channe'l_ pad remain in uniform, close
contact. As noted above, contact between the topsheet and the
capillary channel fiber pad is, preferably, so close that tufts of
‘the capi'l"lnary channel fibers extend into the orifices of the
topsheet, itself. Likewise, in order to efficiently transfer
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conprising nultiple non-capillary channel fibers or 5

i xtur 234 fibers with absorbent gelling materials., ' t he
interfi d;fr”'spaci ngs whi ch conprise’the openings in said #D(%?gggﬂp%%gheet .

.ta) are, on average, larger than the widthp2f the intrafiber capillary
channels in said layer (b). Mst preferably, on average, the width of the
spaci ngs bet weerflaid to thesabsonbeht igore, fiitbés priefiertabde Mihast thee atts @ Hieng

structure (c) i%oh@ﬁ&%’ﬁ’ﬂ%ﬁz@o%@slﬁ'v@%r? sSa! FéoesChgn lpig%{;’é;‘%eﬂh

fibers of said layer er considerations nention
regard to the afehghensd” gukfiasg of nthe rabsaehenti Fore.t OFshy¥eneedienpungting,

.bUE nozI 15 . soinéh m'na ethd O:.apmmr[vusarmle fﬁﬁ‘?‘scﬁﬁ%MﬁFeyd mgaﬁmt;.lt Ici,h,qrs
i nto andkor r 0 sel.ectd on ,of preferr sorbent , coares, .
etc., al /sso appl &g?%eeg'r "[ilh%| gi‘;\ﬁiér%?&}aﬁﬁ%]oﬁdt Gﬂghgﬁ s‘?“%?\ﬁﬁ B9 Rsarhent | ary
channel fibers &apeoydbuseriai i highlx preterred modactiieral isian intdreonmect-
conveni ently of ﬁlgené’mo)‘?_sb@crwegﬁ)- t-opsheét)ﬁp%ert)ée Whtd dﬁl‘aei ﬁ?ﬂ]ﬁéfﬁt&qn“\at

ot her types. of fjper-fqQrmn olyners can _.use
pr epar a%lgoon. ' IiJ(j er éggﬁ-"pqqg?tl?enc% into the underelying absorbent core, whereby

fluid efficiently proceeds through the tobsheet, along and through

the capillary channel pad, i.e., the "secondary topsheet", and

into the absorbent core. This interconnection is maintained even
-in the face of in-use stresses such as moisture, mechanical shear,
‘and pressure-relaxation associated with physical ‘movements of the
© wearer. | o . |

The individual elements used to prepare the articles of this
invention are described in detail, hereinafter.: :

JOPSHEET - The finished articles herein are provided with-a
fluid-receiving tobsheet._ Such topsheets are made of materials
which are preferably hydrophobic, but fluid-permeable. Topsheet
materials of the type employed in the practice of this invention
can be prepared by methods well-described in the patent
literature. For example, according to the process of U.S. Patent
4,324,246, Mullane and Smith, April 13, 1982, a sample of .
thermop]astic material such as 0.0038 cm thick.po1yethylene film

 is heated above its softening point. (The softening point is the
temperature at which the thermoplastic material can be formed or
molded and is less than the melting point of the material.) The
heated thermoplastic material in sheet form is then brought into
contact with a heated forming screen. The forming screen is
preferably an apertured wire mesh screen having the desired
aperture size, pattern and configuration. A vacuum is used to |
draw the heated film against the forming screen, thereby forming .
the film into the desired pattern and having the desired hole
sizes. While the vacuum is still being applied to the film, a jet
of hot air is passed over the film. The hot air jet perforates
the film in a pattern corresponding to the pattern and-size of
apertures in the'fqrming'screen. N
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pol yal kenes, pol yan des, polylactates, poly-dioxanones, and the Iike, can
. be used. SI pce the objective herein is to have the capl | | ary channel

fi berWOMYWIY tather than absorb: body H ui ds; 25 %nﬂﬁgﬁkrred
t:hat the fibers have minimal, or substan aIIy, no, f|UId |nb| bing (i.e.,

wat er - based body fl*’l‘ﬁH&'?gerH%ﬁfb%” %’gga\%eﬁ@ﬁ r‘%tagtgiley a%Frem ted t hat,

if the fibers thenselv a sorb $or 97 cAB®inel s
coul d be chokdwldpane etnhal Ratent 6'583 Wevmmﬂ'bsreif&rredaxmphe tﬂirinudl ose

propionate, 3GFj} C uk AcCgEa hee | S d, if
desired, only h ?sh du?i@gme orertglg:hf ?rweimiolﬁsg‘;épﬁgtlﬁlér gt‘ﬁ%\r/istw Eﬁg
St

preferred enbcﬁil §5§5F’bé|’|9"‘§r F‘F-\SIQ%C" nitrtdeparariueas and such
fashi of that awtl eemkilppassotherbethrapgh. aFyr tharkﬁmiufiftmésoﬂ)raﬂﬁéﬁuéﬁt' nto at

| cast ZES‘E#EB‘?‘%‘%% E%C'@%an@ﬁé‘"?S aﬁa"ee"ff‘gf’a”t SRR e, BEGeied" wht o
overl ays the &Hﬂl ikgy theatapsh eﬁti)et.tp'lca'l yhaveapocatipenndé, less Ithast sone
of the capil| aibsutTaoPSicm, fsrprerferadly 106s RReA Bobt!BCHES cAI- Ot herwi se
caused to
Another formed-film sheet material useful as the topsheet
10 herein is the resilient, 3-dimensional web exhibiting a fiber-1ike
appearance and tactile lmpression, comprising a fluid-impervious
plastic material, with said web having a multiplicity of .
apertures, the. apertures being defined by a multiplicity of-
intersecting fiber-like elements, all as disclosed in U.S. Patent
4,342,314, Radel and Thompson, August 3, 1982. The Radel and
Thompson sheet materials can be prepared using hydrophobic
plastics such as polyethylene, bo'lypropy]ene, PVC, and the 1ike,
and are well-known for use in absorbent products such ds
catamenials, and the like.
Yet another type of formed-film sheet material useful herein
is described in U.S. Patent 3,929,135, Thompson, December 30,
1975, and consists of hydrophobic polymer films having holes which
are in the form of tapered capillaries. These "tapéred capillary"”
topsheets are also known for use in absorbent articles, including
adult incontinence articles. They may be prepared from various
hydrophobic polymers, as mentioned hereinabove; typically, low
density polyethylene havmg thickness of from 0.0025 to 0.0051 cm
is employed. :
Reference to U.S. Patent 3,929,135 can be made in order to
further visualize tapered capillary topsheets. In use, the apices
of the capillaries in such tapered capillary topsheets are in
contact with the underlying absorbent core material. Generally,
tapered capillaries are in the form of a frustrum of a conical
surface, but it is to be understood that any generally tapered
structure, such as a frust_rum' of a pyramid or the like with a
triangular, square, or polygonal base, is within the term "tapered
capillary®; circular tapered capillaries, however, are used in
- this description for convenience. It is also to be understood
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protrude through at |east sonme (preferably at |east about 30% nore
pref er | east about 50% of the openings in that ' he
tbpsheyé)émoﬁwoverTays t he capil I'ary channel fi bers. q?#,pﬁpg}ahézt er

" knstance, the capillary channel fibers 5- 24 - wil|l typically protrude

through the topsheet for distances of fromabout 0.1 nmto about 3 cm This
provi des for -ver yhatcthe dappregkeapifl 1arigisdcarm bewastymmeteric ois Beettharmigiatod t he

isnternal region eipdrhgn ARSOE{RNEarRbel 81 Freréhd FPEH TRE atﬂleﬁnotrh@?iﬂﬁe?%g
proportions hereiil[;a ar b%‘g\[‘\ewtt 10 aunI ess iOt ﬁl’WI s.e specified.
The patents an taﬁﬁh £ s LARST: CaMmNaNE CANLInYBKS e Al -ean D8 SUBYEHr at ed
herein by refereover theSERARCONFDM Bake DRAVIPYES Flguhe lattera cdié cothevi ew -
maki g syimet 1 cghept SIBUE (8, Blriiel 4t hofe & U sARogit L Ih sfe )
pl anar base an@f ctisi caRilyaehatndts roinbrefl min imumnapex oaenings dimensiquosi t e
sides of said bayke angle of taper suitable for use in topsheets according to the
' practice of this invention is from about 10° to about 60°.
Base opening dimension of the capillaries is defined as the
- 10 maximum open measurement in the plane of topsheet at said tapered
' capillary. Apex opening dimension is defined as the maximum open
measurement in the apex of said tapered capillary, which apex is
remote from the plane of the topsheet. When the tapered capillary
is in the form of a frustrum of a conical surface, the base and
apex opening dimensions are, respectively, the base diameter and
the apex diameter. Base diameter and apex diameter are herein-
after_ used interchangeably with, respectively, base bpening
dimension and apex opening dimension.
The tapered capillary apex diameter is a diameter. which will
allow liquid to readﬂy pass from the surface of the topsheet to
the underlying absorbent core. The apex diameter is from about
0.004 to about 0.100 inch (0'.010'to 0.254 centimeter), preferably
from about 0.005 to about 0.020 inch (0.013 to 0.051 centimeter).
The tapered capillary base diameter is selected to satisfy
two criteria. The first of these is the subjective feel of the
surface of the topsheet which contacts the skin of the user. It
has been discovered that polyethylene can be made to exhibit
pleasing, cloth-like, non-waxy attributes when the base diameter
is within the range from about 0.006 to about 0.250 inch (0.015 to
0.635 centimeter). Preferably, the base diameter should be within
the range of from about 0.030 to about 0.060 inch (0.076 to 0.152
centimeter). The second criterion is that the capillary base .
diameter be small enough to allow an expected liquid droplet to
bridge across at least one capillary. This criterion is satisfied
by the above dimensions for disposable diapers and sanitary items.
The height of the tapered capillary is defined as the
distante between the outermost surface of the topsheet (i.e., that
surface which normally contacts the skin of the user) and the apex
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Figure 2 is a cross-sectional view of a symrefri cal "H' shaped capillary
chann (3) with planar base (4), w dth- between- éﬂ‘fﬂ

dept haj&;iﬂgﬁ’g (6) made by the extruding a 20 - pol yﬁ@t‘l"ﬁﬁ&g Pt he di e
ef Figure 1. Figure 3 is a direct view ef25am alternate extrusion die (7)

having-an orifice (8) design suitable for making multiple H' shaped
capillary fiberod hbeitaperedlcapitldrase Hrid heightpl ef cemursé ardeperanupes

@xt endi ng syMTaEk clshiedr OBAPRABhIRYS! 605 SR\ B¢ tapersBhila RARS pefld

optionally having pr oxi mat el éw ?thts
Figure 4 is a c&eésgtes*e@m dpEginbetareodescribpdd | Ihg b%ﬂ’MelOff ither taperded by t he
extruding a polgaﬁe'natryremghdt bﬂ:\dde of strugture Wi tH O Wifimuni Steﬂdency to

oross- sgeti onatcoY EiFeCind g3t  pHheC eraratBrRSedior the magerian, i sny i by
col | apsed st at sstrygtios w06t thet tmhpesuuh Tirger gezsurebdeteminbeseitabldi gur e
6B Is a Cross- sRpgadir thEVhéight! WHRANERE toBRhEt2¥ Tow density poly-
ethylene of from 0.001 to 0.002 inch (0.003 to 0.005 cm) thickness
and apex diameter and base diameter are in the preferred range, -
10 " and angle of taper a is in its critical range, the height of the -
: tapered capillary can be from about 0.003 to about 0.159 inch
(0.008 to 0.404 centimeter).
A state of relative dryness on the surface of the topsheet
implies that most of the liquid which contacts the topsheet is
15 transferred through it to the absorbent element. This in turn
implies that each isolated droplet of fluid in contact with the
topsheet must be in contact with the base diameter of a tapered
capillary. This state of affairs can best be achieved if the land
" area (the area of the topsheet that exists between the bases of
~ the tapered capi'l'lames) is maintained at a minimum. The minimum
limiting value is the case where conical tapered capillaries or
pyramid’s tapered capillaries are provided in close packed array
(where the periphery of the base of each capillary is in contact |
on all sides with the periphery of the base of adjacent capil-
laries). The preferred arrangement of minimum land area tends to
insure that an individual droplet will contact at least one
tapered capillary. A preferred arrangement in disposable diapers
is where the tapered capillaries as hereinbefore described are in
ordered arrangement with from about 30 to about 1500 tapered
capillaries per square inch of topsheet (5 to 231 per square
centimeter).

Tapered capillary sheets can be manufactured in any of
several ways well known in the art. One particularly suitable
method is to provide a heated mold with male elements of the shape
and arrangément of the desired tapered capillaries (hereinafter a
pin mold). Each male element is secured in such a fashion that
its apex extends away from the base of the pin mold. A portion of
sheet material is broughi into contact with the heated pin mold
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35 channel fiber. Such fibers can be used herein. Fi gure 6Cis a

cr 0SS- SRpid view of a wholly collapsed capillary .chaE.qa. uch
fibers aredsg@?bused_ herein. It is to be understood that Figl Q@rs%lgsare .
@anly for purposes of -illustration and are not drawn to scale, |nasrruch as
--12 the thickness of the walls and pl ana#® pase of the capil l ary channel

oy Ber oo, HENRREEE ot 0y L LGy FHS VST Bk e
fiber, and the hipghtnd thethe| compivatiaciafymotd, sheet and resHiignt dadk: |psaf>e
oo pay o HECHaBlred SARTTRE, B0 rbda B XAEUSRAT SR
topsheet (9), a Yap§esd Sipﬂééﬁbﬁﬂaﬂﬁeﬁops‘“‘eé“er@!m vy nf |cgnﬁg'uchmgc&qm | lary
channel i bers Repsheet s floustbjeet ad poRtionobf Yihdid-iApeviold Watlerigpefyi ous
vacuum forming over an appropriate mold. After forming tapered
capillary sheets in one of the aforementioned ways, it may be
necessary to physically remove material fiom the. apices of the
capillaries so as to insure that the apex diameters are .the

10 desired value. Such removal of material can be accomplished by,
for example, subjecting the apices to controlled abrasion or by
_heating the formed topsheet so as to melt open the apices. See,
also, U.S. Patent 4,629,643, Curro and Linman, December 16, 1986,
for a microapertured polymeric film with improved tactile impres-
sion, which can also be used in the_pi‘actice of this invention.

A High]y-preferred fluid-permeable formed-film  topsheet

~ material which can be employed in the practice of this invention
is disclosed in U.S. Patent 4,463,045, Ahr et al, July 31, 1984,
and reference can be made to that patent to further assist
visualization of the Ahr et al str_uctur"e_s. _

In general terms, the topsheets provided by U.S. Patent
4,463,045 are designed not only to provide a desirable cloth-like
tactile 1mpress1on, but also to substantially eliminate surface
gloss. Thus, topsheets made of plastic do not have an undesirably
shiny, “"plasticky” appearance.

Such highly- preferred topsheet materials can be succinctly
described as being a macroscopically expanded three-dimensional
plastic “"web" heving at least one visible surface which appears
substantially non-glossy when exposed to light, substantially all
of said visible surface exhibiting a regularly spaced, microscopic
pattern of discrete surface aberrations, each of said surface
aberrations having its amplitude oriented perpendicular to the
surface in which said surface aberration originates, each of said
surface aberrations having a maximum dimension of less -than about
6 mils, as measured in a plane oriented substantia‘l]y perpendicu-

lar to its amplitude, whereby said surface aberrations are not
discernib’l_e to the normal naked eye when the perpendicu'lar dis-
tance between the viewer’'s eye and the plane of ;aid web is at
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backsheet (12). Figure 8A is a cutaway perspective view of a
°cat d having a fluid perneable topsheet (13
dlS?ﬁEﬁ%?+“@ capillary channel fiber layer, i.e as a¥ "@%Zggkg topsheet'

%(14) substantially covering a fluid retaining cb}e (15) and a 15
f1ui d i npervious backsheet (16) Figure d8-is a cutamay per spective view of
a cat aneni al ? ad havi ng ernegble t opsheet -a ca?lllary channe

fiber layer (-183s%sabeut a? V‘Cﬁeﬁ €8¢ of ntp idneunface mber%ahw@;e $oLopingnd

}3 erE Rat It ngzilfaué cﬁrmam-h af'eisr;vihﬁldi ard mirg@baﬁumnto Cﬂfser{b%o)a 42f1
ackshee al s u ve,vie

cat armeni al bibﬁe&ﬂ;l g fﬁqgm@?ﬂut %\‘gtgp%(ﬁ? "ﬂaf 35 BL aq"‘ﬁ%'\l’lt ﬁ"é'?%‘i,am eved
by multiple c@hpﬂ&@ébnﬁn thatcthe( mayimuri diameter0 orfl hmnstcnathzs which canebesi de of

a porogs topshgg&rlﬁ,g@) any p'l@ﬁ‘ﬂ‘”&ﬁ £Uce! efﬂt"eﬁim latd S gﬁnal sIQf?- @J” of

glue lines (24) us sheet t ayer ca
channel fiber &9 3@1@ ?&@FF'HESHT r?éﬁsfh?ﬁ"i‘?‘i? SN ane PB&'@‘P@r used. on
a typical said v1sib1e surface is less than about 4 mils, whereby any light

incident upon any portion of said visible surface is diffusely
reflected into a multiplicity of directions by said surface
aberrations so that said visible surface appears substantially
non-glossy. . :
The ‘045 topsheet materials can have at least a portion of
said surface aberrations comprising protuberances projecting
generally outwardly from the surface, and can have at least a
15 :portibn of said surface aberrations comprising depressions
' projecting generally inward]y from the surface of said web. |
The manufacture of these preferred topsheets can be achieved
by use of a forming screen or structure, as generally noted
hereinabove, which provides said surface aberrations by virtue of

. "knuckles" on the support member. (The preparation of such sheets
is described in great detail in U.S. Patent 4,463,045, and their
method of preparation forms no part of this invention.) In

‘general, the resulting surface aberrations correspond to the

knuckles of a woven mesh support structure which directly-contacts

. the visible surface of said plastic sheet during production
~ thereof.

' In a preferred manufacturing method, the woven mesh support
stfucture which directly contacts the visible surface of said
topsheet is comprised of filaments having a diameter between about
one and about two mils and a mesh count between about 160 fila-
ments per lineal inch (2.54 cms) by 160 filaments per lineal 1inch
(2.54 cms) and about 400 filaments per lineal inch (2.54 cms) by
400 filaments per 1ineal inch (2.54 cms).

Preferred topsheets herein are those wherein said surface -
aberrations have an average amplitude of at least about 0.2 mils,

_more préferably at least about 0.3 mils. Most preferably,
topsheets having an amp]ithde of each of said surface aberrations,
as measured perpendicular to the surface in which said surface
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_catanmenial is about 7 inches and the cross-direction dinension (26) is
*about i 30 ' Figure 11 shows the undersj ous
topshé§¥)¥§&§§%nd a pattern of adhesive spots (28) havingeﬁggﬁ?ﬁgﬁ I'recti-on
~di mension (29) and cross-direction dimepsigon (30). Figure 12 is a
phot om crograph of a section taken of fornmed filmtopsheet (31) and the

" layer of ca pi hbéFratsérmmeginat®e wiBih. tBO range of THSOUE! 9 920%C OfdsaFhbiget ween
sthe capillary ch el f

dth h - ' f
o oty changolth s, SRELSage VElseoBF (R ITHaN (Yol AiRHELLor e

repl acenent sheutrfabet sberPatioRERreo@sed. - 13 Figure 13 is an expl oded view
of Lhe Sant tary nankhg. Al RS itn hyshed VSRR thiblaced LAY YrefHed
_ ? with hydrophilic latex are described in U.S. Patent 4,735,843,

Noda, April 5, 1988, and these can also be employed herein.

In addition to the sophisticated apertured materials men-
tioned hereinabove, the practice of the present invention may also |
be. undertaken with hydrophobic sheet materials having simple holes

10 punched there through. '
- It will be understood from the foregoing that the aforesaid,
preferred, "sheet* or "film" materials used as the topsheet in the
practice of this invention are substantially different from -
fibrous nonwoven materials, which are characterized by a large
number of fibers which overlap each other throughout the thickness
of the material. Moreover, the topsheet materials used herein are
made from materials (preferably, hydrohhobic thermoplastic
polymeric materials) which provide a clean-appearing, stain-
resistant or "non-staining" surface, in use. Such topsheets (as
well as fibrous topsheets) can be rendered hydrophilic by spraying
on surfactants, e.g., PEGOSPERSE, in well-known fashion.

It will also be appreciated that fibrous, nonwoven topsheets
made from matérials such as polyethylene, polypropylene and blends

-are commonly used in commercial sanitary napkins and pantiliners,
and such fibrous topsheets can also be used herein.

Such fibrous, i.e., non-formed-film, topsheet materials which
can be used herein include, for example, various nonabsorbent
fibrous or filamentous network sheets which are agueous-fluid-
permeable by virtue of a multiplicity of holes or channels passing
therethrough. Such sheet materials can be prepared by methods
well-described in the patent ]1ferature. For example, according

. to the process of U.S. Patent 4,636,419, Madsen et al, January 13,
1987, sheets comprising a network of ribboned filaments of two
dissimilar chemical types, and with two dissimilar melting or
softening points, aré contacted and cooled to allow the formation
of a network sheet characterized by said different transverse. and
longitudinal polymer materials. Such sheets can be used in the
practice of this invention.
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channel fibers (36), a swatch of CCF'SV\US capillary channel fibers (37)
under Wi er (36), a creped paper towel (BOUNTY) 5 er (38), a
V\Et-l‘ﬁsﬁ?‘f'h%us absorbent core (39). with slitted (40)P§F/dJ§?ﬁéq5§¥3( ed (41)
areas and contai ni ng absorbent gelling. rraterl al , backsheet (42)

pol yet hyl ene end guards (43), optlonal 7 é&Pease paper (44), and show ng the
rel ative pl acenent

t f fastenin adhesive (45).
I'n use,. the pant yA'i‘ﬁhe'l' gsq" %q%?'ﬁg] é’&ﬁg@ \y;'é"%{i'} |i}§st9%rﬁ§mamﬁ°¥h@ebut er
side of backshesmprisity aheetmﬂmsretpmuerof( wymes-u: eﬂmm&:tfsromdfﬁet
ticl DET. : T H ref erence,
:'[tla‘r:]t ?on i s %%’%ﬁc@hg Iag.\%gzl-rf 581‘:%% tgﬁl'&gﬁﬁog Fagﬁ)?@é cenedt | ong
(or "x") axis 3ngl Fe@ferzloego tdggness. Refea@qehgaw rb&cmdeetcllﬁfm‘opeannl’atenhasnuch
as, dur8ng rramﬁpac-:ément 215417, 113 $ed 66, Oﬁf‘ﬂpugiheweega%ﬁ” ”?o'o'?gé{l\t%ﬁe

di t ft The, shor Qr "y" s 15 referréd T .
uggsl glnrgct |£§‘?§sg 1ﬁ5%] zatian P%u t("d % Era(fgﬁescaﬂg thest magerials
article. The "ean ber prepaved nsmgnehyﬂropmmwnpmsbtaedluu@ mwwm]ﬂ;mie t he

;gg' 20 P15BFopyl BRECPVC) iy HE 1A%ST afd £APUbT RiNowr F3RCuse '13E" S
absorbent products such as catameénials, and the like. Such sheet
10 materials typically have a basis weight of 0.5-5.0 ounces/yd?

(0.0016 g/cm? - 0.016 g/cm?), a caliper of 5-25 mils, an open area
of 30-80% and a mesh of 20-40. Conventional nonwoven topsheets
can also be employed. _
' tween Topsheet and_ Capillary Channel Eibers - An
important consideration in the manufacture of the articles herein
fs to ensure close and sustained contact between the topsheet
material and the layer of capillary channel fibers. Such close
and sustained contact at the interface of the fiber layer and the '
topsheet maximizes the fluid acceptance and fluid distribution
20 properties of the finished articles. As noted hereinabove, one
method of ensuring close contact is by adjusting the tensional
forces between the tppsheet'and the layer of capillary channel

 fibers. While effective for its intended purpose, reliance on
tensional forces can cause difficulties in manufacture, and can
even cause the: article to assume a cup type configuration.
Ultrasonic bonding can ‘also be used.

In a preferred mode, close contact between the topsheet and
the layer of cépillany'channel fibers is achieved by means of
adhesive bqnding. ‘However, even in this mode of operation some
‘care is to be taken to achieve optimal results.

It will be appretiated that using excessive amounts of
adhesive can cause the articles to undesirably stick to the body
of the user.

' It will also be appreciated that using excessive amounts of
adhesive could undesirably clog capillary channels in the fibers,
theréby diminishing their effectiveness. Accordingly, "noninter-
fering® amounts of the adhesive are used. Such amounts can vary,
depending on the adhesive chosen, the pattern in which it is
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t hence into whatever fluid storage core that may be provided. The objective

i's to Rr.QVi gradient of capillary suction between.the é.?g ? nd
'_underl)Wﬁg?:;?oj)Tg"r or layers of the articles herein, such ?ﬁla Pg@gss}s dr awn
t.n the "z" direction and away 25 fr the surface of the article into

its ultimate storage layer. Enpirically, capillary suction is related to

adhesi on' t ensi oM ;38 0ddwhY fREWYdthe bRt @R EfhiNNSryS ichEndfi st E tAPEFBBSS, and - €
iszn the typical cags

.th h h | I ’h
T R e e it e
th i nL_er_-f i :)er mpiaahmyechmlseﬁsfthe gpirddr dostisd aaaner cdlestrabed sa?sé ace
_ rophi ici o) : ti h
Chot Uary, sucti citr YRS FETFETEE the SRECkingYRE ET dnfElss kBochy Fertfl 1"

I fpl e Capillary channe
used hefel n prom®d¥.passage of fluids in the "z" direction of absorbent 35

Mhose T1bers ar e pasn | oe O o N R I and
Gir oot o, T1 i cPURRENTSen Eonso SRR hD “arsatat O Fbs "Becty Bl eitoeontachaneh "
enhances t he ovedellicatesdbdy tissaebendhe cfdhehive should maintain its bonding
properties when moisture is not present, i.e., when the article is
10 being manufactured, and, most preferably, when moisture is
present, i.e., when the article is being used.

The adhesive should bond both to the material used to
manufacture the topsheet and to the material used to manufacture
the capillary channel fibers.  If.the topsheet or the fibers are
surface-treated, e.g., in ; hydrophilization process, the nature
of the surface treatment will have to be considered when selecting
the adhesive.

Typical adhesives useful herein include materials selected
from latex adhesives and hot melt adhesives. Fdrtunately, a great
variety of such adhesives are well-known in the art, and by giving
appropriate attention to the factors mentioned above, the
manufacturer can select an appropriate adhesive for any set of
circumstances. In order to sustain good contact when the article
is in use, i.e., becomes moistened by body fluids, it is preferred
that the adhesive be insoluble in body fluids.

Having thus considered the general nature of the parameters
which must be considered when bonding the topsheet to the layer of
capillary channel fibers, the following illustrates preferred
materials and techniques for use in the practice of this

" invention. | ' |

While the adhesive can be laid down in a random pattern, it
is most preferred that a spiral, or multiple spiral, pattern, such
as the one illustrated in Figure 10, be used. Alternatively, the
spot pattern of Figure 11 can be used, but is less preferred.

In a preferred mode, the lines of adhesive are applied in the.
spiral pattern using a 0.2 mm nozzie, but application using
noziles at least as large as 0.6 mm is satisfactory.
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14 - article. However, by thus positioning the capillary channel

fibers, fluid flowin the cross direction is controlled
ni ni M RYO1GP even entirely avoiding, |eakage of fluid

"ﬁ'ﬂﬁ%@ﬁi‘#& at er al

edges of the article. Thus, "unlike absorbent articles of 5

_the prior

art which nove fluids in an undirected madher in the x, y and z directions
by means of fibrous batts which con;ﬁ}rgi se inter-fiber capillary voids,
¢

i.ntra-fiber capill athe sedestdprs of

t he

SiYHeFaD Yarei witharthpe negdsd of o the ovi de

desirabl e flui cFotngRtor O buki the folNWiRgVRIints SdreCendthGctiarl | | Bp¥ridhcé he

fibrous 10 -

| f h : ! .
t hensel ves, rat'ﬁg?/%[‘?fgh thﬁ- ﬁ{"gggﬂ??trﬁfipvg{%l ?Rﬂ%%%k%giehgrf{]&er ég'ﬁﬁrﬁ‘?‘,af' ost

when fi ber-fi belesspaatisdactoryotiarditeopl mettl. adhes ivedi t | Adhesives @xpildbley

channel o i ber | gyar ek
and directing funct]ons
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but also, almost unique’ly,e}Ia?exerBOISS, are useful herein. ({Note:
Findley H-4031-01 is hydrophobic, 'whit_h may account for its good
performance properties. By - contrast, latex H-8082-05 is
hydrophilic and may undesirably separate when wetted under in-use

PndheS pRLL %ﬁwentyekmigws,gp@e'_eﬁelitt didsqie 433 ng

conditions.) A variety of hydrophilic finishes can be present on N

the capillary channel fibers, and the type of adhesive can vary
somewhat, depending on the finish used, and its usage level. As
noted, the objective is to ensure good contact betweén the
topsheet and the layer of capillary channel fibers at all times,
thus maximizing fluid écceptance and -partitioning propertieﬁ.
With the Eastman cépj11ary channel fibers such as SW194, Eastman’s
finish LK 5570 (49% PEG 400 monolaurate/49% PEG 600 monolaurate/2%
4-cetyl-4-ethylmorpholinium ethosulfate [antistat]) works best
with Findley adhesive 4031 at’ high, medium and low (0.78-0.87;
0.38-0.57; 0.28-0.33 wt. percent of fiber) finish 1levels.
Typically, about 0.07 g, 0.08 g or 0.05 g, reépectively, of
Findley 4031 (depending on high, medium or low finish level) gives
excellent adhesion. |

Other finishes herein include Eastman’s LK 5483 (70% PM [PEG

600 monolaurate, polyoxylaurate (13.64) monolaurate]/30% potassium

lauryl phosphate), "Eas_tii_ian"s LK 5563 (45% PEG 400 monolaurate/45%
PEG 600 monolaurate/10% 4-cetyl-4-ethylimorpholinium ethosulfate)
as well as the polymer available as MILEASE T, which is well-known
in the detergency arts (see, for examp]e,' U.S. 4,132,680) as a

' fiber-co_at‘lng ethylene terephthal _ate/polyethyleneg'lyco'l tere-

phthalate soil release polymer, and which is available from ICI
Americas. | . |

As noted, the amounts of adhesive e:i;p]oyed will vary, but
typically range from about 0.05 g for a 2 in. x § in. spiral

‘pattern to about 0.07 g for a 2 in. x 7 in. spiral pattern, using

a hot melt adhesive. For a latex adhesive, from about 0.1 g to

about 0.15'g for a 2 in. x 5 in. pattern will suffice. For the

spot pattern, about 0.05 g is used in an area of ca. 2 in. X § in.
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15 fluffy and confortable to the wearer, in contrast to conpact,
9;-4 stiff batt materials which functlon by inter-fiber
LGN

and rel
capilla
articles of
way, usi ng

channel s.

It

Thus, it will be appreciated that the REHbSH2/95882

bings RYOCPES t avd/orhiby Z%tomblng nvhet

Attention is dr appertmsEP@aMﬂlarﬁatchme?ﬁlﬁ&eﬂs ( Ght Q‘Iﬂeam%r
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dense

this invention function -i32 -a substantially different
substantially different 20 materials to provide
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whi clgfd h b
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of capillary channel fibers relate to the speed with which fluid
impinging on the topsheet is drawn into the capillary channel
fiber layer. Various means for judging transported fluid through
the topsheet and into the capillary channel fiber layer can be

envisioned. However, a simple Drop Test is conveniently employed.

In this Test, sheep’s blood or any desired type of artificial
menses is allowed to come to room temperature while stirring at a
gentle speed. With a catamenial pad laying horizontally, the pad
is visually sectioned into horizontal thirds. Using a dropper

" held approximately 1/2 in. above the pad, add 4 individual drops

of blood onto the topsheet of the top third of the pad -and add
drops toward the middle of the pad at 1 in. intervals.

Simultaneously, start the -timer at the addition of the first drop -

of blood or artificial menses. Record, in seconds, the time it
takes each drop to penetrate the topsheet. Repeat the drop
addition with 3 drops added to the middle third of the pad.
Repeat the blood addition with 4 individual drops being added to
the bottom third of the pad. Average the readings. Any descrip-
tors selected by the formulator .can be used to denote the speed of
movement through the topsheet into the underlying layer of capil-
lary channel fibers, and it will be appreciated that such descrip-
tors will vary with the standards employed by the formulator. A
score of Excellent can be attributed to fluid movement through the
topsheet and into the capillary channel layer in 1-10 seconds; a
score of Good for fluid mopement in a pertod of 10-15 seconds; a
score of Fair for movement in 15-20 seconds; and a score of Poor
for periods of time greater than 20 seconds.

-In genera] for sanitary napkins employing the formed film
topsheet according to U.S. Patent 4,463,045, the layer of
preferred capillary channel fiber materials disclosed herein and
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February 20, 1990, Inventors Thonpson and Krautter, all incorporated
Rerein by reference,. for further details regarding 35 - neans for

manuf XO@B/MG%api | | ary channel fibers. While a variety RET/USAIFER
channel fibers can be used herein, the §@3l oewi ng consideration of various
pornts relating to 15 the preferred capillary channel fibers and their

i ncorporation thecpinel gluing éeotomett)i pattevemfi bigureeld,nthedovereat dfhe

conveni ence of gihy ft‘ﬁrﬁr}ﬂhattﬂé t@sheet and_into lthe E&ﬁ‘?‘iar? Hﬁr}deﬁefm

Surface Properties - bers "used erer n_can rom an

conveni ent pol yA¥ET \Lﬁliﬂ"gF% tobe k&rellsgat W?eﬁ"%et's‘mot%ép%"esgm 5§St
pol yet hyl ene, pol ypbeendentelure potypesiiays t‘meriar laBSorbeAt hrt i€l elsi ¥E11 are

e 8% ©1 ™ B R Sngad Y 1955y B P HEBbAR, pPRIpT SRl d
- Conveni ently, cotton fluff, cellulose pulp, chemithermomechanical pulp, and the
1ike, well-known in commercial practice. As is quite well-known
from recent commercial practice, cores which also comprise
absorbent .gelling materials (sometimes referred to as
10 “super-sorbers®) are becoming broadly used in absorbent articles.
Especially preferred absorbent gelling materials are the
polyacrylates and acrylic acid grafted starch. The manufacture of
such wet-laid and .air-laid absorbent cores is a routine matter.
Various fluid- ebsorbing sponges, peat moss, cotton, cloth, and the
like, materials are also usable herein. :

A particular type of absorbent core is preferred for use
herein. In this type of core, curled, twisted, preferably
chemically stiffened and crosslinked, cellulose fibers are refined
to provide fibers which can be used in sheet form as the absorbent

20 core. The preparation of suitable curled, chemicain stiffened
cellulosic fibers from which one can prepare the refined, curled,
chemically stiffened cellulosic fibers used in the practice of
this invention is described in great detail in U.S. Patents
4,888,903; 4,822,543; 4,889,595; 4,889,597; 4,889,596; and
4,898,642, incorporated herein by reference. Use of such fibers
in combination with absorbent‘ge]ling 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 qutaraldehyde, as crossiinking agents. In
addition, poncarboxylic acids can be used 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 - 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. ' -
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the polyners are nelt-extrudable. -Typically, the capi |l ary channel’

Yibers herein wll be prepared from a synthetic po eth)élene _

t er ephM348E 790l yner nelt having an inherent viscosity 8 om |,

~about 0.6 to about 0.9. (IVis a term of345 art and can be

deternmined in well-known fashion.. See, for exanple, U.S. Patent

4,829,761 at col urmBagksherte- | Rheobackspesty ik rcopyent ipear,sart een resmpitiisernshi p t o

the. ability Ofﬂh"i‘@-ﬂﬂhmméopb?}nﬁkn §hlaetsh¢9¢e @&aﬁ;he %ﬁkw@ﬁg echaﬂne'F
yners or

wal I's, and is related e nol ecul ar

exarrpl e, it is BAJYPropy e'b"‘ong'é% aRthD SNRHER, o %% gr. Ah&Q/‘l)'ﬁ yJgne

i nhfarent Vi lscossh‘e;tai L00beitS am7tHiekei s, typlitali.t :\hlﬂhdb‘mé dmbeodtgﬁiﬁbl@d to
enpl oy pol y i nher it n this
woul d a?sl ow t Egga\fgﬁds "LQ.F %e&@aﬁﬁ% ar y%&r%ghnée(1g§ ?gg qaﬁltﬁ?n@?l- 8%'9 el

sufficiently dhergig, to avoi d coIIapse under in-use pressure. 25

fF’,r feferr ;ad ga]g)il)la][y LEA R rﬁ' n "Tﬂ!ea?soqlsé}iterst‘rd%ﬁf Réein
i | anen 0 channel, fi bgrs havin
fine deni erIO but3™38 b"% Yis bé’rtepgfgetﬂa y'cé’ﬁ BE"‘Q@ﬁFeVHJ' é@ﬂ%l& iﬁ‘ﬁrom

pol yest er havi ntheanin rjiacendn orsnemsi the afser’s body to allow the structures
10 to perform their intended function. For examp'le,_ sanitary napkins
can be provided with glue stripes facing outward on their back-
~ sheet in well-known fashion. Various pins, clips and fasteners of

well-known types can optionally be employed.
The following Examples further illustrate the practice of the
15 invention, but are not intended to limit the absorbent articles .

- encompassed therein.

EXAMPLE 1

JHICK PAD :
A sanitary napkin article is hand-made using the following

20 components. Reference is made to Figure 13 for the assembly of
the product. ' .
The specifications of the finished product are as follows.
Parameter : Specifications
Pad weight (g) . o " 9.82 + 0.12
25 Core weight (g) laminate only 2.57 + 0.04
Pad length (mm) - 226 + 1
Core length (mm) 197 + 1
Pad width at center (mm) _ 81 +2
Core width at center (mm) 70 + 0
30 Pad caliper (inches at 0.13 psi) | 0.611 + 0.02
~ Core caliper (inches at 0.13 psi) | 0.058 + 0.003
Seal length (mm) | 8+1
Polyethylene ring rolled formed-film topsheet ca. 9" x 5
35 (according to U.S. Patent 4,463,045)
Capillary channel fibers SW194 (Eastman) . 1.5¢
Capillary channel fibers SW173 {Eastman) ' 0.5 g.
- Findley extended adhesive backsheet ' 9" x §"
(Formula #198-338) - -
| heet Has Been Replaced
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about 0.9. However, in commercial practice using such high IV 30

pol ymers mmy_ require special processing equipment. As a quite acceptable
conpr WA LOIR/G i n order to achieve capillary channel wRCOTEUSI/AFASE i n- use
col | apse, pol yester/polyner having an i-nBBrent viscosity of about 0.7 can
be enpl oyed at a denier yer filanment of about 22. However, it is to be
under st ood t hakreppé BOYNTY paperjdawedr of the fibers usBihpeds within the
di scretion ofpdnfte fa3rERimyt 8dhesdvd t he deni er per chann bdwy be in
~the range of 25. ?he depgﬁ:mddth ratio of the capiIIarygt%§Z£;?2iﬁ%rein S
preferably about 2.0, but processing restrictions, as nbte&gsaiiwoe, - 16
- as well as for -econom c reasons, a depth:width ratio pfgvakounl.3 is
typicalgy enployed. Typical and readily producible capil arg channel fibers

whi ch are quite satisfactory for use herein thus p%ece
~ Release paper ' As needed
~ Surfactant (PEGOSPERSE) | 0.01 g
White poly for ends . 4" x 0.75"
Absorbent .gelling material (AGM) slit core 70 mm x 193 mm
10 non-s1it central area; total core wt. - with 2-3/4"
2.6 g; contains 0.7 g polyacrylate AGM non-slit
o | ' center area
Findley Adhesive-4031 ' 0.05 g
*See Figure 13(38) for shape. The shape is designed to
15 provide anatomical fit.

The SW194 fibers are of the H-shaped cross section having a
denier of approximately 22 dpf, a channel width of about 37
microns and a channel depth of about 48 microns. The SW173 fibers
comprise a carded staple sliver which has been stuffer box crimped
to 7.8 crimps per inch and are in the preferred H cross section,
with a channel width of 38 microns and a channel depth of 19
microns. Capillary channel fibers SH194 are 6 in. long and
capillary channel fibers SW173 are 2 in. long.

' In the making procedure, the ring rolled topsheet is cut to
the desired size, a template (2" x 7" opening) is placed on the
back side of the topsheet and sprayed with the Findley 4031
adhésive. The adhesive is applied in a spiral pattern (see Figure

'10). The layer of capillary channel fibers SW194 is hand-pressed
in the center of the glue sprayed area. The fibers run parallel
to the long axis of the article. Capiilary channel fibers SW173
are hand pressed as a swatch (with fibers parallel to the long
axis of the article)'jn'the center of the layer capillary channel
SW194 fibers. This provides a Pre-Assembly of the topsheet and
capillary channel fibers. - :

For convenience, the following procedure is carried out using
‘a concave forming die. The Findley adhesive backsheet
(polyethylehe backsheet with adhesive coating and release paper)
is placed in the form. The AGM slitted core is placed over the

20

25

30

35
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have a depth of -wal | s of about 48 m crons and a w dt h- between- wal |'s of

about 37 microns. The walls, thenselves, are typically I Crons
t'hi ck. W%@]Zﬂ? variations in these di mensi ons ar e aCcepflg(gH@S%ég ary -

¢hannel fibers prepared from pol yester and having these characteristics are
quite effective for their i nt ended3fpur pose. Such fibers can be
prepared using conventlonal operating equipnent and readily w thstand
pressures of thebatcym%nctht e eerepad stissver (BOUENY)c &8, plaspdavar| thesABM t ar y

napk| ns and pant ner _ C fomat
napki ns and pantdgreorihe p-ANbYy.COHLARSE atBle, SBTFALEA BuePithe fdped

lost. The capil Ifdﬁ;ﬁ!%l];ﬁnélhzg'gawa%égééeeat&r| o\'!lbths ﬁglﬁtrag‘?eaﬁﬁﬁq“%i}/ n‘];“:,uefrﬁ]';t gnci'i?]
of f erl gart i cul arcﬂé!@rﬂ'@ﬂﬁ, the patidieus atroEmnEductarapml'lﬂeatsnongy ovelFQhe
g)r(\g:\rﬁel ’s15rray be "[@88 of H\ éwpﬁgﬁe"&t H Sﬁ)ﬁ‘} Fﬂt}cei}%e g?@?&‘éﬂts %@ #
shape. Furt her rmd, awdye foomithesfemes Fr’tm peessupe discapyied’ tqfl?gh?%%)theor
g\éegpg[ggfgteg g t%g@&aﬂmetﬁé ARSs iveNSrRithk "Bhckhdeth! eThaNartieh & i sbvbmdviedWi | |
from the form and the ends are pressed in place using a roller.
The release paper is peeled from the back of the backsheet. The
10 end guard polyethylene strips are added and the strips of panty
~ fastening adhesive are placed on the article. The outer surface
of the topsheet is sprayed with 0.01 g of PEGOSPERSE surfactant.
EXAMPLE 11
THIN PAD
15 - Reference is made to Figure 13. The assembly of the thin pad
is equivalent, except that CCF SW173 fibers are used in place of
the layer of CCF SW194 fibers (36), and no swatch (37) of fibers

is used. . .
Assembly of the product is as follows. Cut capillary channel .
20 fibers (CCF SW173) to 7 in. length; 0.75 g fibers used. Cut the

ring-rolled topsheet to size. Place the template on the bottom
side of the ':topsheet a'nd, apply Findley 4031 adhesive (spiral
pattern). Hand-press CCF SW173 fibers in the center of the glued
area with the fibers running substantially parallel to the long
25 axis of the topsheet. Lay the Findley backsheet on flat surface.
- Place the slitted AGM laminate core on the Findley Backsheet.
Center the S2 die shaped tissue over the laminate core. Center
the topsheet/capillary channel fiber Pre-Assembly over the creped
‘tissue. Secure the Pre-Assembly and smooth at edges. Roll the
C U edges to seal. Peel the release paper from the back of the pad.
" Tear and remove in 2 or 3 pieces, then place the poly on the ends -
of the article. Place the PFA on the pad. Spray the topsheet
with PEGOSPERSE; 0.01 g. _
' The specifications of the finished product are as follows.

35 Parameter - Specifications
Pad weight (g) | | 8.50 + 0.18
Core weight {(g) laminate E 2.54 + 0.09
Pad length (mm) . 232 + 4
| Sheet Has Been Replaced
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.nore than about three repeating shapes are used, sonme additional stiffness
may t |n the fibers. The multiple " " fibers of_25 _Figure 5
of f elrj"%p[%/&ga%i tional advantages' of havi ng additi onal EEMQS%{QSPV due to
face-to-face contact and being easily curled.' Wile the polynmers used to
prepare the capillary channel fibers herldin are not, thensel ves,
wat er - absor bept (Ror .are they absorbent to urine or bl -containing fluid
‘such as nense § '?ﬁr%gt%o?mm) ?Xm‘f"ia Brs thensel ves are mgﬁ?p‘l af er abl y
hydrophilic. Padiwidth mbscerdgnt{me)i c pol ymers are hydrogBobilc, the capillary
channel fi berg_,tbewagf'h g{ecewg,tgegﬁ treated in order to rsgngqr t hem

%e surfa nz

hydr ophi li c. c?itreat of polyneric fibers Tnvol ves processes

whi ch. are wel PaksdtParn{itheab,@-dAshSid fiber |iterature0-&Hd+s@dR535
processes canChee wabipere(in.nat 0.03grAgral, such procesgee74 Bv@loeg treating

the surface o H ers with a "hydrophilizing agent’, esfqeci.al ly a
surfactant. - ilization, which results in m&ﬁ%—l—ﬁ%@’—"@?— t he
fibers by aquBelethylengsformed-fidmt tapsheethdringaroltled; M8rx &xanpl e, using
contact angl e pg@ssr PIRELS 4,463,045) |

Capillary channel fibers SW173 (Eastman) - 0.78 g§
10 o . - ' ' 7" length
Findley extended adhesive backsheet ~9" x §"
{Formula #198-338)
Creped BOUNTY paper towel Shaped*
PFA (panty fastening adhesive) . - Six 3/4™ x 3/4"
15 - pieces and two
- . 3/4" x 2.5"
o pieces
Release paper - As needed
‘PEGOSPERSE - ) : : 0.01 g
20 - White poly for ends ' | 4" x 3/4"
AGM s1it core non-slit center; total 65 mm x 193 mm
“core weight 2.5 g; contains 0.7 g AGM  ‘with 2 3/a"
' ' non-s1it center
Findley 4031 (adhesive) " 0.05¢
25 *As in Example I. '

In the following Examples III and IV, the capillary channel

" fibers are used in absorbent articles whose absorbent cores

~ comprise refined, curled cellulosic fibers.. Thé manufacture of

such refined absorbent fibers forms no part of this invention.

30 Further details regarding their manufacture are described in the -

concurrently-filed U.S. Patent Application entitled "Absorbent

Core for Use in Catamenial Products®, Serial No. 734,405, filed

23 July 1991 Inventors Buenger, Horney and Hammons, incorporated

_ herein by reference. For the convenience of the formulator, the

35 manufacture of such fibers, means for refining the fibers and

means for forming said refined fibers into absorbent sheets are
described hereinafter. '
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%7 general, a contact angle less than 90 indicates a hydrophilic surf ace.
CAHN_ Surface Force Anal yzer {(SFA 222) can be used to
hydropPNQ?i’sf.&? as can a variety=of other i nstrunentsnﬁ’%ﬁzﬂg?zl{“ﬁ%é art.)

Typi cal surfactants useful in suchggprocesses 5 i ncl ude vari ous
noni oni ¢ and anioni c detersive surfactants of the general type known in
the laundry i terawusa- Manmdm_mi-l The eorixdefitersi prdparied inethe mgnnexgents

such as pol I : P

ol yet hyl ehe. GRARSBobG oAy 20PUR I HeRBrered  conpiSE dTiidi idea °
W liamsport, Purledpellulesic fibexscwhigh rarzymmfeuahiureshemigaUdhatwsffew g.,
VOLPO-3, avai |, |h€ansf B?WhCE%’s%anlthagentNeW\s Wslﬁribeﬁ’e% V9K patéhth -

- Tnelud r%pfﬁose B9 Do M SUTIAGoc 1BRTS | HAYe! AT AEPPABBGARLEIEE X BN ot
for -inFH'eaSII1gounm‘oklatgleasm'hboumanc& twist modeyipey mildiimeterchrcaverdge -
properties, efg eifdfdiQRN ! LAIMY or24EN3ast Aboub®3. FIERL tiBded Nfer
millimeter and at least about 0.5 twist nodes per millimeter less
than said dry fiber twist count; an average isopropyl alcohol
10 retention value of less than about 30%; and an average water
- retention value of between about 28% and about 50%. Highly
preferred fibers have an average dry fiber curl factor of at least
about 0.30, more preferably at least about 0.50. It is to be
understood that the refining process herein does not substantially
15 affect the foregoing parameters, inasmuch as the process s
~carried out in such a manner that there is 1little or no
defibrillation of the original curlee and twisted fibers. Rather,
the original fibers are, in general, reduced in length. On
average, the original curled fibers employed herein have lengths
20 ranging approximately from about 1.6 mm to about 7 mm. After
refining in ‘the manner disclosed herein; at least about 30% of the
resuIting.fibers, preferably at least about 50%, more preferably
about 90% of the refined fibers have an average length which is
from about 20% to about 40% ‘of the length of the original,
25 " unrefined curled fibers. Stated atherwise, on average the
unrefined fibers prepared by the above- referenced processes will
have lengths in the range from about 1.6 mm to about 7 mm,
whereas, after refining, the lengths of the fibers will typically
‘be mainly in the average range from about 0.25 mm to about 1.5 mm.
30 fiber Refining - Once prepared by any of the aforementioned,
art-disclosed processes, the curled cellulosic fibers are refined
to provide the fibers used in the practice of this invention.
In a typical process, an aqueous stock comprising about 3% by
weight of said fibers and 97% by weight water is passed through a
35 Sprout-Waldron (now available as Sprout_Bauer) single disk refiner
~ (available from Koppers Company, Inc., Muncy, Pennsylvania, Model
105A-LAB) using a deknotting disk of the 17804-A type. Import-
antly, it is the objective of the refining process herein to cut

the twisted fibers without substantially defibrillating them.
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polymer at various stages prior to use, though preferably prior to draw ng

of th ry channel fibers to their final size. For exanple, the
hydro@ﬂq%%wkg agent can be added in advance to the pol PEEAUSH(05882 o
pelting or blended into the pol ymer subsequent to 20 melting. The
addi tive hydrophilizing agent can alse ¥ -applied to the pol yner subsequent -
to formation, e.g., subsequent to exit froman extrusion die in a nelt,
wet, or dry spinnTheg3%raguesss speek sodutipnpis ailuteddtanvd.5y odnstibterkcyber to

smal | _di aret nd qovﬁo‘ﬂﬁf:ﬁrghstﬂ‘%p?&ﬁ-ﬁﬁid&heﬁ?ﬂﬁﬁﬁ' @ge '%36@9615 %0 come

into 25 cont act sensitive reqions
preferred thaf feom mheytadt Bils deqabouy 3t pajopmreferably mbout &.bamds. of the

\C/apl Ilary chfa(rmeé Iwhfrspr?mn?mamal §s mdfmnlb rfén@wﬁgtcj the mrmmbl n.

ari ous = sur I i Zi

channe? fibe gi%] at% thggsgﬁ]bqéaa ngT‘u"' YdT NS, SRy LAt Gﬁroug 6}@¥nafter
Anot her met hddowoof hther Fpbiduiszistecks |Sbhilj9ns)1r fTypecali flow vieatesibj BA0i ng sai d
surfaces t0 iqy1hgddGer Afindte Odhd Ehd refiftiny BhidiiGe A1UbsbCAsTH NPYS have

t he advantage that there I's no surfactant °resi e surface of the
fibers. What d\Per qq;gr (Use of the amperage term is a measure of the :

mechanical energy imparted to the fibers during the refining.) A
10 single pass of_'the fibers through the gap is employed.

In an alternate mode, the curled cellulosic fibers can be
used in combination with crili, which is a highly refined southern
softwood kraft fiber having a Canadian standard freeness between
about 50 to about 100 ml. (TAPPI standard). Typically, the crill

15 comprises up to about 5%-10% by weight of the curled cellulosic
' - fibers. Addition of crill can impart desirable strengthening
properties to the final sheets, and also can serve as a diluent in

the sheets, for reasons of economy.

Following the refining step, the 0.5% aqueous slurry of the

20 refined, twisted fibers is further diluted to a slurry weight .of
from about 0.1%-0.2% for use in the Sheet Formation operation,
hereinafter. : .

Sheet Formation - In general terms, the formation of the

-above-prepared refined, curled cellulosic fibers into—sheets

25 suitable for use as the absorbent core in catamenials, and the
1ike, employs a Fourdrinier papermaking proce‘ss'with -a standard
fixed roof forming technique, and involving vertical transfer of
the sheet across a through-air dryer. See, for example, U.S.
Patent 4,889,597. In the process, a breast roll is employed in

30 the manner known in the art for preparing facial tissue, filter
paper, and the like. However, unlike the manufacture of filter
paper, the sheet herein is dried without substantial pressure;
rather, the through-air dryer system is employed.

In more detail, the above-described aqueous slurry comprising

35 from about 0.1% to about 0.2% by weight of the refined, twisted
cellulosic . fibers is introduced from the head box of the
papermaking machine onto a standard forming wire. An objective is
to avoid fiber flocculation, which would result in a nonuniform
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means, the overall objective is to secure capillary channel fibers 35
for use_herein_which are spontaneously wettable by the fluids they are
i it endeWX9 3 hsport . 11. Fiber Morphol ogy - The capill a?gr/mﬁféﬂsﬁi bers.
Herei n have, as noted above and in the Figures, capillary channels on their
outer surfaces. While the capillary chand@l -fibers can also* have a

‘hol | ow central core which would provide sonme additional capillarity, it is
preferred that 3aeidownl dfofiibense ini the eswiting sheetoydhe distgecerbtween
provi di ng capi | ' : 3re]! " l;dayequi re
the fibers to béﬁ%é“ﬁém?ﬁ%”‘mﬁ hd § ggrﬁ,,teﬂg{ngaggksﬁ)r(g G Wi
core not col | apd& BYRferablyeset at about 20,:pils toopweid,AlecrylatiadugnThe '
capi | l ary channgklftiber wated ctanotaibe bxpedjusded otouavdddy Mbcdulapidn Wyds,

o oeceurey' | e JobEd. DoHE b, kbR "kt PRk ) et o0

having a substantially uniform distribution of fibers. _

Dewatering of the sheet is relatively rapid down ‘to the 23%

Tevel. A vacuum box is employed to remove any excess water from

the forming wire, after which the sheet is transferred to a drying

10 fabric. Drying is accomplished using a standard through-air dryer

' with -an air temperature of about 300°F. This results in a sheet

having about 3%-4% by weight moisture, which can requi1ibréte

(depending on ambient humidity) to 8%-10% moisture. It should be

noted that the sheet is preferably not compacted during drying,

15  since this interferes with the absorbency capacity. While the

' sheet formed in the foregoing manner is quite absorbent and

suitable for use in many absorbent structures, it will be

appreciated that such sheets may be somewhat stiffer than desired

by the formulator oﬁ sanitary napkins and pantiliners. Using

20 standard techniques, the sheets can be calendered and/or passed

through rollers in an "S" configuration to flex the sheet to the

point that it becomes soft and pliable to the touch. This can be

repeated, according to the desires of the formulator.

It is to be understood that the sheets prepared in the

25 foregoing manner are highly absorbent and quite suitable for use

in catamenial products{ However, the sheets may lack strength for

some purposes, especially when moistened and subjected to

stresses, e.g., during wear by the user. In order to overcome

this .problem, it has been determined that a thin scrim of

30 ~ commercially available nonwoven, extremely porous, very low basis

weight polypropy1éne, such as AMOCO D2 scrim, for example, can be

laid down on the forming wire of the Fourdrinier, after which the

refined, curled fibers are formed into a sheet on top of the

scrim. During formation of the sheet on such a scrim, small

35 " amounts-of the fibers pass through the scrim and attach the sheet

to the scrim by a pﬁenomenon referred to in the art as "stapling".

Preparing the sheet/scrim by this process is preferred over the

alternative process which would involve forming the sheet, placing
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10 capillary channel fiber could not release its load-of fluid into
an absorbent reservoir core w thout having appropriate contact between the
ends YOOI | ow core fiber and*the reservoir core natRGT/HS92/§5882
sunmmari ze: capillary channel fibers having external capillary channels

of fer substantial advantages.in both pi ék--up 15 and transfer of
fluids, and the provision of a hollow core adds little in the way of

per f.ormance athearscadmespnbdop cafi thvasheetegand veubjeshinghettmonfesultingvel of

an article na%{nrﬁq{ | | ont@C ] (ST T (T=Xa)V/ t he
capillary channe _|e§£nr§s°hg%§1qg"eﬁh£w§ trllgltattre(lie1 %én@.p p*?ﬂgér/sesf ?a/?a‘ﬁ? F{?Bt in a
straight-1Ii né‘%ﬁfﬁmriﬂqdon,“rpiﬂ‘ﬂar dogs, MOT QGEUE; 1angdr thib SCT iR tepdssito

preferably, adetoupiedfeon ithe sheetj guration. It is easy to appreciate that

(iberss & hignor EEECE o' 'otheBl abiirkd " Ricptd Vit 16 ot FseBalRO o5 o
t he indi vi duafXAMBLE I of UiSHerRatenthch,808642| arefnefaned)ns thedtorepeingf romi s
thicker and spinngf. TiHeS shuboff Feriftd frabém N fobmePW i8NSl kyssudi gh | of t
pads uhi ch, B35AT Nsh s sacfs Watont (uelont' s 3,006 Ry 5% & Solads.
The sheet can be used, for example, in a tissue laminate having a
10 central layer of polyacrylate absorbent gelling material. Such
Jaminates typically comprising about 0.68 grams of the absorbent
gelling material are useful as the absorbent core in ultra-thin
sanitary napkins of thg type provided by the present invention.
Fiber B - Individualized, crosslinked fibers are made by a
15 dry crosslinking process ut'i'l'izing citric acid as the crosslinking
agent. The procgduré used to produce the citric acid crosslinked
fibers is as follows:
1. For each sample, 1735 g of once dried, southern softwood
. kraft (SSK) pulp is provided. The fibers have a moisture
20 content of about 7% (equivalent to 93% consistency).
2. A slurry is formed by adding the fibers to an aqueous medium
' containing about 2,942 g of citric acid and 410 ml of 50%
sodium hydroxide solution in 59,323 g H,0. The fibers are
, soaked in the slurry for about 60 minutes. This step is also
25 _ referred to as "steeping". The steep pH is about 3.0.
3. The fibers are then dewatered by centrifuging to a consis-
' -tency vanging from about 40% to about 50%. The centrifuged
sl-ufry consistency of this step combined with the carboxylic
. acid concentration in the slurry fi‘ltr_ja_te in step 2 set the
30 amount of crossiinking agent present on the fibers after
centrifuging. In this example, about 5 weight % of citric
acjd, on a dry fiber cellulose anhydroglucose basis is
~ present in the fibers after the initial centrifuging. In
prictice, the concentration of the crosslinking agent in the

35 slurry filtrate is calculated by assuming a targeted dewater-
ing consistency and a desired level of chemicals on the
fibers.
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too thick or stiff (see'denier, above), are extrenely confortable, yet

effecti ansporting fluids. 30 However , red
nmonl i ne\yﬁ%’gﬁﬁ§ ary channel fibers: herein should not be PEM‘ES@@;“%&AS can
also be readily appreci- ated, kinking -&apillary channel fiber can

Cause points of constriction of the capillary channels at each kinking

site. This, of Qeur dextmwoihed denztaredr £ikgrsh are udef ibrateddyusang c3 Sorowy sai d
capi | lary channel . g1awisd tlevndm trbﬁrfew {66deJ nuihteay qompm&&@r lates

substant |l advant o o) DGl RH L3S FBREL | SRYETSRL ndbAR S e
or "tufts", of the @apzed duy whti e | mibi e amauntuzf yWiter sdamage heAs the
repl acenent sheet balgiyidualtzed Fiters exitlfhe refiner, they are flash dried
: with hot air in two vertical tubes in order to provide fiber
twist and curl. The fibers contain approximately 10%
moisture upon éxiting these tubes and are ready to be cured.
. If the moisture content of the fibers is greater than about
10 10% upon exiting the flash drying tubes, then the fibers are
dried with ambient temperature air until the moisture content
is about. 10%.
5. The nearly dry fibers are then placed on trays and cured in
' an air-through drying oven for a length of time and at a
15 ' temperature which in practice depends on the amount of citric
' acid added, dryness of the fibers, etc. In this example, the
samples are cured at a temperature of about 188°C for a
period of about 8 minutes. Crosslinking is completed during
_ the period in the oven.
20 6. - The crosslinked, individualized fibers are placed on a mesh
~ screen and rinsed with about 20°C water, soaked at 1%
' copsisfency for one (1) hour in.about 60°C water, screened,
rinsed with about 20°C water for a second time, centrifuged
to about 60% fiber consistency, and dried to an equilibrium
25 moisture content of about 8% with ambient temperature air.
The resulting individualized citric acid-crossiinked cellu-
losic fibers are refined in the above-described manner, and are
formed into a sheet on an Amoco D2 scrim at a sheet/scrim Basis
Weight of 150 pounds. After softening by passage over S-rolls,
30 the'sheet/scrim is suitable for use in the sanitary napkins of
this invention.
Eiber € - Individualized crossiinked fibers are made by a dry
crosslinking process utilizing 1,2,3,4 butane tetracarboxylic acid
(BTCA) as the crosslinking agent. The individualized éross]inked
35 fibers are produced in accordance with the hereinbefore described
process of Example II with the following modifications: The
slurry 1n'step 2 of Example 11 contains 150 g of dry pulp, 1186 g
of H,0, 64 g of BTCA and 4 g of sodium hydroxide. In step 5, the
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protrude into at |east some. of the topsheet orifices of the articles
herein. As can be imgined, these protrusions are easier to effect when a

hi gh VW@O30AHM9 | ary channel pad i s prepared using curl edPCHYSP2/95882channel
fii bers. Even by chance, there is a b greater |ikelihood that a
nunber of ends and/or curls in the capirl4ary channel fibers will find their
way into-the orifices of the topsheet material than if substantially
i near capi | | dipechanfetwredest & Jemreratwreopéqabauy B Cefern rederivdepf t he
capi |l ary chargpelit féobgiruteerein are 10 - "substantially curled" (or
“chieved by sel ect ersSriiod Teh ate tint 1RFARS Faumedh dpER caresbeti t hei 1
formng die byschémtinntheomanndrdef dfibehd fombaise rerkin. nore than the ot her
e ary e el SNBSS TR Bl B B L) 19
pol yesters carfrasstigking PB?C&.&Sr%'%‘g]ﬁFH@, 11343 prRRangtriganbexy] isnacis apy
passi ng the fither crusdPinkingsigent ar Fhedindi vitRaE Pized0erost Pinkederibbys are
rel axation. Capq‘loh‘ll&rdy if h&%%anfc'eb\?{t% %f%n h%L'g'Pnbla?orgeuﬁlesegrigxd process of
Example II with the following modifications: The slurry in step 2
of Example II contains 150 g of pulp, 1187 g of water, 64 g of
1,2,3 propane tricarboxylic acid, and 3 g of sodium hydroxide. In
step 5, the fibers are cured at a temperature of about 165°C for a
period of about 60 minutes.

The resulting fibers are refined and formed into a sheet/
scrim in the manner of Fiber B for use herein. .

B ‘Eiber £ - Individualized crosslinked fibers are made by a dry
crosslinking process utilizing oxydisuccinic acid as the cross-
linking agent. The individualized crosslinked fibers are produced
in accordance with the hereinbefore described process of Example
II with the following modififications: - The slurry in step 2 of
“Example II contains 140 g of pulp, 985 g of water, 40 g of sodium
salt of oxydisuccinic acid, and 10 ml of 98% sulfuric acid.

The resulting fibers are refined and formed into a sheet in
the manner of Fiber A for use herein.

Eiber f - Individualized crosank'e.d fibers are made by a dry
cros_s'linkilig process utilizing citric acid as the crosslinking
agent and sodium sulfate as the catalyst. The individualized
crosslinked fibers are produced in accordance with the hereinbe-
fore described process of Example Il with the following modifi-
cations: The slurry as described in step 2 of Example Il contains

. 200 g of pulp, 7050 g of H,0, 368 g of sodium sulfate and 368 g of

" citric acid. The steep pH is about 2.0. In step 5, the fibers

are cured at a temperature of about 165°C for a period of about 60
minutes. .

The resulting fibers are refined as above and formed into a
sheet/scrim havirig a Basis Weight of about 83 pounds. After
softening by passage over S-rolls, the sheet is suitable for use
in a pantiliner. ' '
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Lmmersion in nmethanol . In a preferred node, the fibers are 20

‘subst a hel i cal . What ever nmeans are used to_cri or _ot herw se
cur | WQ @jﬂﬁﬁgary’ channel fibers, *they can, if desired, Pﬂéﬂg??éoisg?ded to
forman assembly of fibers. The preferred44arrplltude of the curls is in the

range of about 0.1 pgmto abg %} , typically, the frequency of the
curls 25 Cis fEperGsudn "Bdw‘z%cﬁf’sﬁ‘ liipkad fabensotite Mage by candoy
fiber. Fi Ee[) stvurtolasnmk?ng upleesf ediditing fﬁﬂtﬁﬂﬂ ﬁ:uﬁragueﬁ@ycmsfsagﬂah g S
per cm exhi bi sqf t ne e er_den ra i be avi ng
| arge capill ar y&fﬂgnnépé ig%ﬁlﬂ‘[ ed’yBP#@%\RFE a ra Qgi’fﬁtl ‘| ar ﬁ%hannel
fi ber having a tndiwidyadizédrerossigokedofitays are preﬁumad h accordasce [widhor
gathered to pr OtﬂedehQFét'ah?ﬁorE' Qﬁéérmw rt&oeeisene?h aBmereonlﬁbW’ch B tﬁecm to

about 1.5 cm us consi dered the t%
ro

capillary chan éq“P‘f‘HEr @°§h§l‘é§w5hermen sgﬁﬁ")t i [desedieed.dimi stepp
mor phol ogy, t heExamphe:|13t Wnteﬁnsimscé of pugnallsl g of tdodiwmmyesphokph fties

LvetLon 1! 8 GHERIARY, i DRy 78"ERY RIKCEn 38580 6O6F R0 Tn ARG OO

5, the fibers are cured at a temperature of about 188°C for a_
10 . period of about 6 minutes.

R The resulting fibers are refined and formed into a
sheet/scrim having a density of about 0.125 (at 0.1 psi pressure)
and a capacity for sheep’s blood of about 8.0 grams of blood/gram
of sheet. Such sheets are useful at various Basis Weights in

15 sanitary napkins and pantiliners. _

In an alternate mode, the scrim used to support and
strengthen the absorbent core comprising the refined fibers can
comprise.~tapi11ary channel fibers. Typically, such scrims
comprise about 80% by weight of the capillary channel fibers and

20 about 20% by weight of a fiber whose melting point is below that
of the capillary channel fibers. KODEL fibers are suitab]e. for
example. The scrim is prepared in standard fashion by heating to
partially melt the lower-melting fibers, which, on cooling, bond

_ the scrim together.

25 As noted, the layer of reftned absorbent fibers is laid-down
on the scrim. The resulting structure is then positioned such

~ that the scrim is in fluid-communicating contact with the topsheet
of the finished absorbent article.

EXAMPLE ITI
30 A lightweight pantiliner suitable for use between menstrual
. “periods comprises a one gram layer of SW173 capillary channel

fibers overlaying a substantially rectangular pad having a surface

area of about 117 cm? and containing the sheet/scrim comprising

Fiber F as the absorbent core. The capillary channel fibers are

35 laid down substant1a11y parallel to the machine direction of the
core. The sheet/scrim plus layer of capillary channel fibers is

. interposed * between the formed-film topsheet of U.S. Patent
4,463,045 and a flexible polyethylene backsheet. Adhesive bonding

- This Sheet Has Been RTlaced
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Wl be laying-down a bundle of such fibers inthe article. In one node,
the fibers can be bl own onto, for exanple, an absorbent 20 - core nade

fromW¥OPBWOBA ¢ fibers. In a nore preferred node, nul PEHUS92A45882 41 y
thannel fibers of the foregoing are forngd into a batt or pad, sai d pad
conprising a network of multiple capil lary channel fibers. Such

mul tifiber pagds C h i nge
from about O. ?@ th d&p%%%giﬁ%rﬁgeébﬂ%r% t705 the ipsyg@{nﬁe aﬁrg stctigf){a‘; from
about 0.1 in 9"9’5‘4 %‘fﬁ) to oulandihiney !"@2067@ tor absert n waginalary .
napki ns; pref @igélaygés withduauthd) n@éd ifor dbdorbbAtCHdlTiRg FAGeriaPs 15 in. (0.38

cm for use in pantlllners and prefa&@gﬂﬁom about 0.1 i-n. (0 254 cm to
about 10 0.5in. (1.27 cm for nfant di apers or adult’

i ncont Pnence gar ménestaneoialipeoductdintheaform absorsbeitargrsapkirehavingch pads
wi Il typicall XwE‘aP‘FapEer‘EeﬂE% o4+ rdnd i20CxsoPohtS cBréisl pPéiared,
. per the design of U.S. Patent 4,687,478, Van Tilburg, . .August 18,
1987. The absorbent core comprises a sheet/scrim having a Basis
Weight of about 150 pounds, per Fiber G, herein. A 1.5 g layer of
10 curled SW173 fibers overlays the absorbent core, with the fibers
parallel to the machine direction. Assembly follows the procedure
of Example II, herein. The nonglossy sheet of U.S. Patent
4,463,045 is used as the topsheet. '
EXAMPLE V
The sanitary napkin of Example IV is modified by needle-
punching the layer of capillary channel fibers to cause a
-substantial number of said fibers to partially protrude downward
into the absorbent core. This provides additional fluid movement
"in the Z-direction, i.e., out of the layer of capillary -channel
fibers and into the absorbent core. Alternatively, the upper
layer of the absorbent core is combed or roughed such that fibers

from the core extend upward into the layer of capillary channel
fibers.

15

20

_ EXAMPLE V1

A thin pantiliner compmses a formed-film topsheet, a poly-
ethylene backsheet and a 2.0 g layer of curled capillary channel
fibers SW173. The fibers have sufficient fluid capacity in their
channels to absorb a reasonable amount of vaginal discharge
without the need for other absorbent materials.

| EXAMPLE VI]

The sanitary napkin of Example IV is modified by replacing
its formed-film topshéet with a fibrous topsheet according to U.S.
Patent 4,636,419 or EPO 215417, respectively.

Having thus described the invention herein in great detail,
some additional points are included for consideration by the
formulator. It will be appreciated that when capillary channel
fibers are optionally used as a scrim onto which is wet-laid an
absorbent fibrous core, some of the surfactant on the surface of

25

30

35
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per 1 cn? surf

incomp 498

ace area, and will have from about 0.003 g to about 0.03 g

el fiber per. | cnB volune (neasured. in the
ate). The anounts &f fiber per unit areapﬂduﬁwoiﬁ#t

yolunme for pantiliners, -diapers and adul46 +hcontinence garnents can

cal cul at ed bas

ed on the differences in caliper, noted herei nabove.

Preferably, th&heeftrillar chapaely:Fibers t¢an dapirinsad, awasnneThizocan be

fibers will be rgh@ugn repTdtet hby adw@ado@foflmrsi&ﬁnewrwck

of wet:dry cal
90% This ens

appr oxi -§25

-

be

ﬂ1a¥p aratio

A
|E§éspgh €t | east about 80% nore preferably at Teast about
3% t he pad will retain Its soft and formfitting
qualities even in UsewiBt deefurtheerappseciated thatyphe ain-sseiinsegridppyd n,

a _rectangul ar a SUI’ ace’area

abso Cfﬂiﬁ?l YstructiFed' %Lﬁﬂ P' by % freg, L, aﬁ'lgfscfbhg{esd

herein wll provi

160

cni which is sdiselased f@)‘PWGséa%lsb? af}lé'ﬁh%?b)e" anced byharidughmeans.t eFored a
"secondary t op%hagu, unmrsbuimmﬂ Ih@at Nbdnddng féaw Gel Qs&d Vlésﬁ/uéﬂl?weﬁ{

the type discl
i'n Absor bent

10

15

gggel E\ﬁ’nerhe use of 10-15% by welg%eop thermgélfalstgscr
fiber (e.g., KODEL 410 polyester) admixed with the refined fibers.
In yet another method, various spot-bonding means can be employed
to affix the backsheet to the core, especially over those areas to
which the panty-fastening adhesive is applied.

Finally, it is to be appreciated that the preferred artic1es
herein can .employ slitted or partially slitted absorbent cores,

of
Pads

together with curled capillary channel fibers and other exténsib1e'

components which, together, provide a degree of extensibility (on

~ the order of 15%-40%) to the article. This extensibility provides

20

better in-use fit, comfort and decreased staining when the
articles are affixed to the wearer’s undergarments.
In stil1 another mode, the central portion of the layer of

“capillary channel fibers can be gathered. into a small "loop" or

25

"tuft”. This loop or tuft thus extends upward from the layer of
capillary channel fibers to firmiy contact the topsheet. More-
over, the loop or tuft is positioned centrally in the overall
article, such that it can provide rapid acquisition and transport
of fluid into the remaining portion of the layer of capillary

',channe1 fibers, and thence into the fluid storage layer of the
.article. Advantageously, sqch "loop" or "tuft" not only concen-

30

35

trates capillary channel fibers at the point where fluid impinges
onto the article, but also orients the capillary channel fibers
which comprise the loop or tuft substantially in the upward
z-direction,- thus enhancing fluid movement in the downward
z-direction of the article. The qulowing Example illustrates an

“absorbent article having a substantially central, z-directional

tuft of capillary channel fibers.

A layer of capillary channel fibers of the type disclosed
herein (6-inch length) is gathered in its center to provide a
slightly raised oval "tuft" having the approximate dimensions:

his Sheet Has Been Rep
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thus described the fibers, the fiber norphol ogy and the inclusion of the
" Yibers into a pad-like structure, the forrmulator of the absorbent —articles
her eiWO 9301F7 now be concerned *with the incorporatiBn/&S9#82%ads into
fini shed absorbent articles. It 35 wi || be appreciated that the
Gapillary channel fiber pads prepared i A7 the foregoi ng manner wll,
t hensel ves, haye sone anpuni of. hql ding capacity r fluids, such as

1GR3 nck-3; HIeR

grenstrual - fl @-ds, NGheRodgrItEeLigngsn €Sr i(H;$VeFﬁmt i ¥ Yifesthe
present articjodat); and 5 im-10AemofzddingcyiomadsTheadefted bundlé wfefiterg manner
banti1iners. oot 3 10° aRtad Eofigaratioh £F Wy Pconvefilen AT
“channel fiberbypiFallynethesduft i scpagsed cthronghia sorfinidng slhknin @osheetsaid 5

core segVving ¢ pap&es W9droph®Tid lpdil piter'vhi Yingr €hd IpRrOSIdRIFE € Ad ifsk PeBeline

capillary Ch_alper}%linf '.tRSruﬁ%S'd 'brﬁ%gles%lfdfi%glrﬂse 'isI Qgs%?ng‘ledn?ﬂo %grgbséorbent

article with the tuft residing approximately at the center of the

overlying topsheet and with the tuft in close contact with the

~ topsheet, as explained hereinabove. In use as a sanitary napkin,

10 the article is positioned (e.g., intralabially) to maximize fluid

uptake by the tuft. In an-alternate mode, the ends of the looped

fibers in the tuft are cut to provide a fleece-like, z-directional

bundle of open-ended capillary channel fibers. 1In still another

‘embodiment, the layer of capillary channel fibers comprising the

15 base of the tuft is positioned wholly or partly within the wet-

laid or dry-laid absorbent core of the article, rather than atop

‘the core. In this latter el_nbodimenf, a commercially-available

-layered laiminate core comprising two outer tissue layers with an

. " intermediate layer of absorbent- gelling material (AGM) can be

20  used. The capillary channels at the base of the tuft can be.

. slipped into the internal, AGM-containing layer. -

The capillary channel fibers can also be conveniently formed
into a stable  sheet  for -ease-of-manufacture into absorbent
articles by means of various bonding processes. For example,

25 about 20%-30% by weight of polyester thermoplastic fibers (e.g.,
KODEL 410) can be commingled with the capiliary channel fibers and
the resulting fibrous sheet subjected to direct thermal or

~ through-air heating. .

The refined curled cellulosic fibers can be conveniently -

30 formed into a stable sheet for ease-of-manufacture into absorbent
articles by means of various bonding processes. For example,
about 7%-15% by weight of polyester thermoplastic fibers (e.g.,
KODEL 410) can be commingled with the refined curled cellulosic
fibers and the resulting fibrous sheet subjected to through-air

35 heating or ultrasonic bonding. . .

" Incorporation of the additional thermoplastic fibers into the
capillary cﬁanne'l fiber layer or into the absorbent core layer, or
both, offers advantages in addition to the sheet stability noted

This Sheet Has Been Reilaced .
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will conprise an air-laid felt of cellulosic fibers, or mxtures of
gellul og) c { S wth absorbent -gelling materials. (It_w IJ{%‘B
a‘ppre‘ci‘? ’h&%he formul ator that Such cores are well -knB%’ %5882 fo
dse in current, conventional disposable articles such as sanitary

napki ns, diapers, and the like.) Due to-ﬂﬁe-extrenely fine structure. of
the cellulosic fjbers in such ?bsorbent'cores, the cores exhibit high

suctional forcedb@¥®-chin &IBt Y #rafakingy the khesmanlast icnfikensi presegt cimannel
fibers and i nt othdieop®] @rf i the capillaryl éHawneE FibeF agger, dPibBLhS aM&E Sel Y

the intended eff{gct. hys r anitar apki typical cores which
c0rrp|ri se from a%ﬁ%tmaﬂu ctlégred'{)gﬂt 8@%%? r%ﬁ? i & é%eﬁ‘ﬁi’%?iyc?ﬁ -§§P§t i'a]'ﬁd,'
optional ly, frothamnetcl). ¥gdonjo ofbofier lexampleqf aabamithentnapkin iorg pamntieri al ,

Shove. o a2 ) Ui ineh,C8Hd 1s8hY raRIUYRG, & mEtnsPRRerBbEPANTE e FRAC ARG )
channel fi ber ngt‘gﬁrdﬂ?s \Bl%i the Grgit‘:ﬁ?b{?t dmpaded. 1qr,,StoPRRY alkegetder s enders |t

to f[lhle undeLI ying aMepe particulaely,t h?rabtlicﬂb bfatite rfarég%o&h* yt;‘ygéeeawim" the
;fg} er?;é %gg“ﬁh@@;&,{‘ﬁé&@[&ﬁdm a Wedt®tr bRY YRFPRedCtulied c'e‘l]uL(gs'ﬁ:
fibers containing the thermoplastic fibers onto a standard plastic

10 backing sheet. At a position about 0.25 in. inboard, from the
outer edge of the sheet, a substantially continuous ultrasonic
bond approximately 0.125 in. wide is formed around the periphefy
of the core. This not only forms the fluid-impeding seal, but
also bonds the core to the backsheet.

15 In an alternate mode, the thermoplastic topsheet, the core
containing the thermoplastic fibers and the backsheet can all be
bonded together at or near the periphery by means of ultrasonic.
bonding. In still another mode, the layer of capillary channel
‘fibers containing the admixed thermoplastic fibers can Jikewise be

20 bonded to the core (and also to the topsheet, if desired). 1In
still another mode, the presence of thermoplastic fibers in the
core and/or in the layer of capillary fibers allows for spot
bonding at various points across the article, thereby providing

~ additional integrity when the article becomes wet. |

25 - While it will be appreciated by those familiar with the
physics of fluid t.ranspo'rt' that the articles herein conveniently
make use of the differences in spacings between topsheet, capil-
lary channel fibers and core to establish a pressure gradient to
draw fluids in the z-direction, other means can be employed to

30 establish such z-direction fluid-flow gradient. For example, if
‘the holes or spacings in the topsheet are smaller than the width
of the capillary channel fibers (and such intra-fiber channel
widths as wide as 90 microns may be useful for transporting
relatively thick fluids such as menses), then the desired pressure

35 gradient can be established, for example, by selecting a topsheet
which is more hydrophobic than the capillary channel fibers.
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channel f irhiesheRtafds B&n H§Med@S a "secondary” topsheet under a porbus

(pref r med- f Thus, the capill h | fib d
f1 ui d&p?#é%ﬁgt he t MHEMBHEHE Ey | eavi ng thep![ onggef’Cﬁwﬁ éﬂﬁlspi;ﬁ &?\;/v

appear ance and feel,

r the fluid to the underlying absorbent

core, and are thus able to 30 *continue the process until the core is
saturated. In a highly-preferred nodei9 -t he pad of capillary channel fibers

1s kept.

bondi ng or hy t

in cIo%gﬁiﬁghact with the overlying topsheet, either by adhesive
forces, whereby the topsheet and capillary channel

pad remai n ilm urhnf absorbentoget tndes aharactasizest by: above, contact between the

t opsheet
tufts of

t opsheet,

and t he(i ?apd 'f'l@f]d’ xﬁm‘fh rtdn'?%ro‘ﬁ@dfdrﬁled-pfﬁfnef@d% ¥et %Qvfﬂgf%e that

the cap Iar ers extend orifices-o

itself. Bisté'\mcsévingl rff@ifdeﬁ“?oae#fb%ﬁkerf@r'-?’t%‘fﬁ‘sff&l’sheet 22 -
- having multiple openings communicating between said front

face and said back face for passage of fluid through said
topsheet; _ '

(b) a Tlayer comprising fibers having external intrafiber
capillary channels whose-channel widths, on average, are
léss than the width of the openings in said topsheet, said
Tayer underlying the back face of said topsheet (a) and in
fluid-transporting contact therewith;

(c) a fibrous air-laid or wet-laid moisture-absorbing structure
underlying said layer (b) and in fluid-transporting contact
therewith, said'étructure-comprising multiple non-capillary
channel fibers or mixtures of said multiple fibers with
absorbent gelling materials, wherein, on average, the width
of the spacings between said multiple fibers in the
moisturefébsorbing structure is less than the width of the
capillary channels in the fibers of said layer (b); and

(d) a f1uid'impermeablg backsheet underlying said pad (c).

2. An absorbent article, characterized by:

(a) a fluid permeable fibrous topsheet having a f1u1a_?ece1v1ng
front face and a back face, said topsheet hav1ng multiple
intrafiber openings communicating between said front face
and said ‘back face for passage of fluid through said
topsheet; - '

(b) a layer comprising multiple fibers having external
capillary channels underiying the back face of said
topsheet and in fluid-transporting contact therewith; and

(c) a fibrous air-laid or wet-laid moisture-absorbing structure
underlying said layer (b) and in fluid-transporting contact

" therewith, said structure comprising multiple non-capillary
channel fibers or mixture of said fibers with absorbent
gelling materials.
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uid to the absorThixfheat HascBeeri Replacedpr ef er abl e t hat t here be cl ose contact

felther Ive orces, or by providing ned
'surface of Zﬁzbsorm&mllmrm’mm, by need| e- punchi ng sone‘?%#’?hqgleoé% |l ary
- &hannel flbers i nto the absorbent core) ‘5 bet ween the capillary

channel pad and the underlying absorBett “core. Thus, in a highly preferred

node t here is3an iAnt armﬂaemCﬂrdhg tet Ghaim hewmnntﬂISanﬁ'l'laTr_heammhto
the capillary ence into the underlying absorbent
fﬁpﬂf}d e? fst er'n‘teﬁ?‘fh mq HL

core, whereby oceeds 't hrough t he topsheet al ong and
through 10 the capillary channel pad, i.e., the "secondary

t OpSheetth a][\ﬂl l nTAfﬁ hmcwsﬂ{cbﬁdﬂngcw Q]aﬁhllswhéi*efﬁ Cm”@@dﬁhaeﬂ be&r@&ih'ihé' nedd
even in e e ,0 St €SSes,. suc S _noj st ur.e chani ca ear, an
pressure-rel agéﬁ%ﬁtagg% ﬁ%ﬁ VBT ¢ Bf PP lﬂ FHanEd fégg s t’r?e '%éﬁf%‘r“ed 15
The i ndi vi dualmﬂhmbntt«enamltﬁomee;hatwemheaidr topshest andt $aid layeerun by are

. described in ﬁ{r{g ,ﬁ]ﬁgel nafter. TOPSHEET - The finished articles herein

are provided wt d rece|V|ng topsheet. Such topsheets-are made of
material s

5. An article according to Claim 4 wherein the capillary channel
fibers are substantia]ly curied.

"6. An art1cle acoording to Claim 5 wherein a port1on of the fibers
part1al]y protrude into said topsheet.

7. An article according to Claim 2 wherein the intrafiber spacings
which comprise the openihgs in said topsheet (a) are, on -average,
larger than the width of the intrafiber cap111ary channels in said
layer (b)

8. An article according to Claim 3 wherein, on average, the width
of the spacings between said multiple -fibers in. the moisture
absorbing structure (c) is less than the width of the capillary
channels in the fibers of said layer (b). '

9. An absorbent article comprising a layer of capillary channel

fibers having a raised tuft of said fibers extending above said
-layer, said tufted layer being in fluid-transporting cohta;t with a
moisture-absorbing structure. '

10. An article according to Claim 9 wherein said moisture-absorbing

structure comprises a wet-laid fibrous structure, an air-laid fibrous
Structure, or a laminate containing absorbent gelling material.

_
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Wwhich are preferably hydrophobic,” but fluid-perneable. Togmshget 20
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‘apertures in the form ng screen. - 23 - Fluid-perneable topsheets
prepared I n the manner of the Mul | ane et al patent are conveniently

Y ef ew(fgl_vb?, “formed filns" The caliper of such fi pef/isoaigeegs t ant
§|nce [ he caliper is too great liquid may accunulate in the apertures
and 5 not readily pass there through. For the manufacture of
absorbent articles such as diapers, catanenials, incontinence articles, and
the like, the topsheets typically have a callper of | ess than about 0.075
cm or preferably |ess than about 0.064 cm Another formed-fil m sheet
material useful as the topsheet 10 1/ herein is the resilient,

3-di nensi onal i ting a fiber*™ ﬁ ke appearance and tactile

| mpr essi on, i d-inpervious plastic material, with said web
havi ng a ures, the apertu ng i ned by a
multiplicity £ :

3
4
|
5
Fig. 1 Fig. 2
Fig. 4
Fig. 3
Fig.5
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.ntersecting fiber-like elenents, all as disclosed in U S. Patent 15

%
W
D

% the capil

A, 342 del and Thonpson, August 3, 1982. The Radel and Thonpson
%heet ‘ﬁéé@’ﬂl s can be prepared using hydrophobic pl ast iF&I/U§3{0g882 '
pol yet hyl ene, pol ypropyl ene, PVC, and the like, and are well-known far use
in absorbent products such as catanenials, and the |ike. 20 - Yet
anot her type of fornmed-film sheet material useful herein is described.in
Y. S. Patent 3,929, 135, Thonpson, @nber 30, 1975, and consists of _
hydr ophobi ¢ pol yner fil1ns having holes which are in the form of tapered
capillaries. The %i'tapered cagH | arp—t opsheet s %ﬁ;q@‘ o known for use in
absorbent artig ,-gsincluding - adul t inpgﬂ/ gaﬁce articles. They
may be prepare g@'various h iC polyner.‘ "f-ntioned

her ei nabove; ty u'yy_IOM/de g tlyethylene%v= J¥ t hi ckness of from
0.0025 to 0.00 4’15 enpl oyed ence to U yant 3,929,135 can be

made i n order
In use, the ap
are in

i | lary topsheets.
apih{ary t opsheet s

Fig. 6A Fig. 6B Fig. 6C
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gontact with the underlying absorbent core material. Generally, tapered:

tapi lgard e in the formof a frustrumof a conical h but it is
\io bedvér?gg‘rﬁgf%od that any generally tapered structure, é‘ﬁ% ggifoéssfzrustrum
Hf a pyramd or the like with a triangular, square, or polygonal base, is
- within the term"tapered capillary”; circular tapered capillaries, however,
are used in this description for convenience. It is also to be understood
¥ 24 - that the tapered capillaries can be asynmetric (i.e., the angle of
taper on one side can be different fromthat on another side) and that the
angl e of taper can change continuously (i.e., be curved) over the distance
frombase to apex. In the latter case, the 5 angl e-of taper is
defined as the angle of the tangent to the side of the capillary at its
poi nt- of m ni mum apex openi ng dinensyen. The angle of taper suitable for
use in topsheets according to the :
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N
-Jpractice of this invention is fromabout [err] to about [err] Base opening
Ldil meRg the capillaries is defined as the 10 naxi mum open
-‘gheasm%g/r??ﬁgn t he pl ane of topstieet at said tapered cefﬁrllpﬁ?w)ss%ﬁex
~openi ng dinension is defined as the maxi mum open neasurenment in the apex of
said taperéd capillary, which apex is renote ffromthe plane of the
‘topsheet. When the tapered capillﬂys Is in the formof a frustrumof a
“coni cal surface, the base and.15 apex openi ng di mensions are,
respectively, the base dianmeter and the apex dianmeter. Base dianeter and
apex dianeter are herein- after used interchangeably with, respectively,
base opening di nensi on and apex openi ng di nension. The tapered capillary
apex dianeter is,a dianeter which2dNJl 20 allow liquid to readily
pass fromthe surfface. yi ng absorbent core. The
apex dianeter is |fromabout 0.004 to about 0.100 injch (0.010to 0.254
centineter), . prefljerably from about 0.005 to about 0.020 inch (0.013 to

0. 051 centT EL}_-Ihe.Lﬁggtgg:fiﬁhLLﬁiz;ggge SSelected to
sati sf two criterl a. € FTITST of these |s the swpN\ective fee

of th
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surface of the topsheet which contacts the skin of the user. It has been
&rscow&;&ﬂ-?ﬂgt pol yet hyl ene. can be made to exhi bit pleasing, cloth-1ike,
ron-waxy attributes when the base diameter is within t hpCTARWS ggyM about
(0,,006 to about 0.250"inch (0.015 to 30 0. 635 centlneter§

Preferably, the base dianeter should be within the range-of from about

@. 030 to about 0.060 inch (0.076 to 0.152 centineter). The. second
criterion is that the capillary base diameter be small enough to allow an
expected liquid droplet to bridge across at | east one capillary. This
criterion is satisfied by the above dinensions for disposable diapers and
sanitary items. The height of the tapered capillary is deflned as the

di st ahce between the outernost surface of the topsheet (i.e., that surface
which normal ly contacts the skin of the user) and the apex - 25 - of the
tapered capillary. This height, of course, depends upon :

5/6

Fig. 12
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aﬁé&fﬂi@nﬁfer, base dianeter, and angl e of -taper which have been sel ected
as- herWO9BMdM% descri bed. The height of the tapered cqghjlar shoul d
provide a structure with a nininumtendency to 5 I’Pﬁ?)é@sqsﬁ use.

“He characteristics of the material of con- struction of the topsheet in

| arge measure determ ne suitabl e ranges for- the height. Wen the topsheet

—s.-l.ow density poly- ethylene of from0.001 to 0.002 inch (0.003 to 0.005

cm  thickness and apex di aneter and base dianmeter are in the preferred
range, 10 and angle of taper ais inits critical range, the height
of the tapered capillary can be from about 0.003 to about 0.159 inch (0.008

to 0.404 centineter). A state ofgﬁ?é?iye dryness on the surface of the
[

t opsheet inplies that. nost of th uid which contacts the topsheet is 15
transferred through it to the absorbent elenent. This in turn inplies that

- each isolated droplet_af fluid in contact with the topsheet nust be in’

contact with the ha Rter of a tapered capillary. This state of
affairs can besy”be achieved™ the land area. (the area-of the topsheet
t hat exists bgfween the bases o ' -

Fig. 13
36 |

38
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20 the tapered capillaries) is maintained at a mnimm The %Foanoms
I|ﬁ1t|ng value is the case where conical tapered capillaries or pyramd's
tapered' capillaries are provided in close packed array (where the

peri phery of the base of each capillary is in contact on all sides with the
pexi phery of the base of adjacent capil- 25 laries). The preferred
arrangenent of n1n|nun1land area tends to thsure that an individual droplet

will contact at 'l|east ABSORBENEABHICLES| |ESREGIALLY OATAMENIALS aHAVINGENENt in

di sposabl e diapers i s whejproVed FRORS BERECE y € Bm fore
described are in ordered iarrangtgm::nt 9vvlth gfnt g oual?sﬂﬁtpﬁeabout 1500
tapered 30 capillaries per square inch of..topsheet (3.t0..231 _per__

square centiimetefy.:
sever al v_v,ayé wel, |

Tapered Eapi ﬂ agy sheets can be aruf acturedsin angGof ,f
!g bdq]e_-_']oartlcul\érly suitable:ivel hod sha w0 |
provide a hegt ed ¥ % of the &hape 35 : .- -..&n@h paged .50 |
~arrangenent . of . t'he ﬂe ed ’t'éb‘er@dbca'ﬁi"l"l ari es: (er.ei- nafter [

r """ i a2 10, ;I
Each mal e. el efrent™ 8" sec“uréd"‘l"noé’ﬁ%gi Tgshi on. tat,.i:t.8 apex::.;;e%heﬁ s,ugi@y
fromthe base of the pi i vhﬁrd ‘R PAY o of i £

"'“( DY Lt S

L DAYE O RECEIPT LAY
JECHNICAL FIELD
The present invention relates to absorbent articles,
10 especially catamenial articles such as sanftary napkins. Such
~ articles are especially adapted for absorbing various body fluids,
especially menses, while providing comfort and fit to the wearer.
BACKGROUND OF THE INVENTION
A wide variety of structures for disposable absorbent
15 articles .to collect body fluids are known in the art. Commercial
-absorbent articles fnclude diapers, adult {incontinence products,
catamenials -and bandages. Disposable products of this type
comprise some functional members for- recetving, ébsorbing and
retaining fluids. Generally, such absorbent articles contain a .
core of absorbent materials wmainly comprising fibrous cellulose.
Typically, such articles include a fluid-permeable topsheet, an
absorbent core and a fluid-impermeable backsheet. :
~ In the case of catamenfal pads, women have come to expect a
high level of performance in terms of comfort and fit, retention
25 of fluid, and minimal stafning. Above all, leakage of fluid from
: the pad onto undergarments is regarded as totally unacceptable.
Improving the performance of sanitary napkins continues to be
a formidable undertaking, although a number of {improvements have
been made in both their materials and structures. However,
eliminating leakage, particularly along the inside of the thighs, -
without compromising fit and comfort, has not met the desired
needs of the consumer. .
Leakage from sanitary napkins {s generally attributed to a
high concentratioh of fluid at the point where the menses exits -
.35  the body and immediately contacts the surface of the napkin. At
this point of deposit, the napkin’s absorbent materfal quickly
becomes super-saturated. The blood migrates radfally from this

20

30
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sheet material is brought into contact with the heated pin nold - 26
between the nold and a resilient backing plate. Pressure is applied
t hé conbi nation of nold, sheet and resilient back plate and tapered
capillaries are formed in the sheet to nake the tapered capillary
topsheet. An alternate way of constructing tRe.5 topsheet is to
subj ect a portion of |iquid-inpervious material to vacuum form ng over
appropriate nol d. Abirt ahdrheakg frapethed sidesi inearest stiecwearer’ oriegdf Thes

af orenent i oned WaY%QFtérf lrQﬁM tein ehE S nd %fpﬂmaqﬂJ ke 'bo8P 4hd f?%(ﬁjﬁg‘i a{f

t he apices of the

are the 10

S350, oSl ALopbh o s RTOA L g TG

to

an

from
rs

acconpl i shed by, faonstractios, of ubj deansifigdt kdgeatioc dold ctheoiuidl-beck Ui sisi on
or by heating the fpagsmd 4l @MRSBeRt cRspadSet RINEh{suele ﬂiheélgpusm; bhried

U. S. Patent

4,629,

10

%ﬁgétsaéwr%uﬁcrl] nngﬁenaar}tic%c?Gge.r 4,1 6.}399. Williams et al,

issued May 19, 1987); and “"winged" side edges which wrap around
the panties (U.S. Patent 4,701,177, Ellis et al, issued October
10, 1987, incorporated herein by reference). .
Unfortunately, overdensifying sectfons of the sanitary
napkins detracts from comfo'rt. in-use. Some users are not
attracted to the “winged" product, and others are not satisfied

with the barrier product. However, since a large part of most

15

20

25

30

35

absorbent articles remains relatively dry and not utilized, it has
now been determined that providing a means to direct fluid from
the point of deposit to the areas of the article not fully
utilized will avoid super-saturation and considerably reduce or
eliminate leakage. |

Apart from undergarment soiling, the user of modern sanitary
napkins, and the 1ike, has come to expect that the"surface'of such
articles will provide a cleaner, more sanitary and drier aspect
than common cloth or .nonwoven materials ‘have h'istorica'l‘ly
provided. Thus, modern sanitary mapkins, dfapers and incontinence
devices are typically provided with topsheets that are designed to
move fluids rapidly through said topsheets and into an underlying
absorbent core for storage. As can be envisaged, the more rapid
and thorough this movement, the drier and cleaner the surface of
the article. . '

.Stated succinctly, the present invention not only provides
the ilesii'ed. directional movement of fluids noted above, which
allows improved use of the overall absorbent capacity of the
article and less side-leakage, but also provides means to draw
fluids _throl'sgh the topsheet, thereby enhancing the desired dry,
sanitary benefits, in-use.

Furthermore, the articles which employ the technology
embodied in the present invention are more comfortable and better
fitting than articles which rely, for example, on: highly dense
absorbent core regipns to achieve fluid movement. Stated other-
wise, the technology herein achieves the fluid directionality and
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for a mcroapertured polynmeric filmwth inproved tactile inpres- 15

sion, which can also be used in the practice of this invention. A . :
highl y-preferred fluid-pernmeable fornmed-film topsheet material which
can be enployed in the practice of this invention is disclosed in U S.
Patent 4,463,045, Ahr et al, July 31, 1984, and reference can be nmade to
thhat patent to further assist 20 vi sual i zati on of the Ahr et al

structures. In general terms, the topsheeBs-. provi ded by U.S. Patent

4,463,045 are d si gned ot |rabI cl ot h- I|ke tactlle
i npressi on, but? dg&“ﬁ &han g?"ai%ffcél g ‘é?glerﬁ Eﬁ?"’aﬁgﬁ‘ﬁa 4 ypepnfort

tops heets rmade obres| tre@i softlo pidablhavbwamnsmtbesnd gonforegble pad. Shl ny
"plasticky" —appear §90¢s Sﬂﬁhemrshl i PGLIREE T OF £IRPIRERInt MRS AN be

- succi nctly descri bﬁ aﬁif%"éggﬂoné ré?r@ gﬁﬂ%eﬁﬁpndng%gra e- |rren3| onal -

plastic "web" hBUY
substanti%l |y nebsaypbiony amiemetensborsd tId [isglat  fusthert abject Il;erairi 12.0)
of said visibl erWiH@%cﬁWt‘Pﬂe‘snﬁltﬁ imuw lfvmapemdpom S0 ELLR| EngPat tern
of di sgrete sur E‘f e al}grri%t 'aonpsarthu?ar objse hésruerina%g provide sanitary -
napkins and pantiliners with attributes including, but not limited
to, improved softness and f'lexibi'lity. improved fit and improved
10 stain reduction.
These advantages are obtained herein, as will be seen from
the following disclosure.

BACKGROUND ART
Disposable article; used to retain_ ‘human body fluids and
15 waste are_we'l'l known in the art. U.S. Patent 3,860,003, Buell,

issued Januarj 14, 1975, and U.S. Patent 3,670,731, Harmon, issued
June 20,1972, disclose disposable diapers and their manufacture.
The diapers disclosed therein contain a significant -amount of
cellulose material to absorb and retain children’s urine and

20 feces. : )

The technology used in di'apers is also used in the field of
catamenial products such as pads, sanitary napkins, and
pantiliners. Although similar objectives are sought among all the

, _aforementioned products, catamenial products do require some

25 speciﬂized needs for active women as opposed to, diapers for a
baby. Minfmfzing size, improving fit and comfort, and stain
{nhibttion have been the motivation for many of the developments
disclosed in the art.

Early patents on disposable catamenials. 1nc'lude U.S. Patent

30 - 2,662,527, Jacks, December 15, 1953, which discloses a sanitary
pad characterized in that it has a portfon which at least
partially resides outside and within the 1ips of the wearer’s
labia. Cellulosic-type fibers are used as the absorbent materials
for such pads.

- 35 ‘Stnce Jacks, catameniﬂ pads have been sepanted into at
least two generalized classes. These classes are broken down as
pads which have the capabiliiy to absorb large or heavy flows of

menses and those only intended for small or 1ight flows.

This is the replacement sheet

Date: 2 7 FFB 1997



aberrations having its anplitude oriented perpendicular to the surface in
whi ch said surface aberration originates, each of said surface aberrations
havi ng a maxi mum di mensi on. of | ess than about 6 mils, as nmeasured in a

pl ane oriented substantially perpendicu- lar to its anplitude, whereby said
surface aberrations are not discernible to the normal naked eye when the
per pendi cul ar di s- tance between the viewer's eye and the plane of said web
-is at - 27 - least about 12 inches, eachgaf -said surface aberrations

al so being free of planar areas which are | arge enough to inscribe a 4 m|
di anmeter circle and soatspelciadl rark idliey e dii sclabéd adip abicSit PRatehticd G&ewoat i ons

that the maxi mum gy ao® nyl§§7r ci,r-é vaﬁia @qntpea Stuck® to 'h@ ged on

any planar surface erme Jg gh %})%rat |l on sal

adj acent surface 89 F%RWBFFQ BFP ft- pdhe P8 eelp £ag be geblv-s | ess

t han about 4 mil s)esiteaspllay dixtures of cel'lu'losic and polyester/polyethylene '
5 conjugate fibers.

The second class of pads, traditionally used for tight flows,
are exemplified in U.S. Patent 4,701,177, Ellis et al. The pads
disclos'.ed therein have a high bulk density, meaning that the
fibrous material is tightly compressed together. Normally, these

10 pads are no more than about 1/2 inch thick.

Thinner pads have become increasingly. popular. U.S. Patent
4,950,264, Osborn, August 21, 1990, discloses a thin-style
sanitary napkin having a body surface and a -garment surface
wherein the absorbent core {is made very flexible by including

15 polymer gelling agents with the fibrous material. These pads have
the capacity to handle medium to high menstrual flows. o

Po1ymer gelling agents have been incorporated in absorbent
articles in part to achieve a thin profile without sacrificing
flexibility; see U.S. Patent 4,662,876, Wiegner, {issued May 5,

20 1987; U.S. Patent 4,865,596, Wetsman et al, issued September 12,
1989; and U.S. Patent 4,923,454, Seymour et al, issued May 8,
1990. . :
One of the keys to the present invention is the use of
‘materials which promote fluid directionality. Various methods to
25 achieve this include formatfon of a channel patterns to direct
" fluids; see U.S. Patent 4,781,710, Megison et al, issued Nov. 1,
1988; {integration of a wedb structure in the article; see U.S.
Patent 4,637,819, Ouellette et al, issued January 20, 1987, and
chemical wmodification of ceilulose fibers; see U.S. Patent
30 4,256,111, Lassen, Mirch 17, 1981.
~ EPO Application 391,814, Phillips et al, published October
10, 1990, discloses capillary channel fibers which spontaneously _
transport 1iquids and are suitable for use in absorbent articles,
wherein the fibers are located near the center of the article. By
35 using the fibers in this matter, fluid can be transported to a
. larger surface area on the article.
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i nci dent upon any portion of said visible surface is diffusely reflected
into a multiplicity of directions by said surface 10

that said visible surface appears substantially non-gl ossy. The ' 045

topsheet materials can have at

and can have at |

aberrations so

| east a portion of said surface aberrations
conpri sing protuberances projecting generally outwardly fromthe surface,
east a 15 portion of said surface aberrations
conprising .depressions projecting generallyg inwardly fromthe surface of
said web. The manufacture of these preferred topsheets can be achi eved by

use of a form ng screlrS.oPatentut728 54 aPigrtak, aFébruay 8¢ mB,eiraaa@yeto whi ch

provi des said sur

support nenber.

det ai |
part

aberrations
whi ch di rectly--c

sheet

in US Pa
of this invem iare. )integna'l gﬂﬂEhr dhe. fadiag fabrdti i nthe extdnded fibers
correww«y gr&me ke ngaf Olfinied"Qﬁ? ek TERG L fﬁf‘a&t ure

during .pr

19

15

20

25

; %semén&auﬂ'e?e@eowits ceafe nam,oven fabrlfgugek.ﬁ,s gggezat he

ch_s
o n ALEBEDRS DAL e SORRLOF ThEC FiDBFS OF She batec exsand

ace

8&,@5&0 And stabil ize e batt. b

U.S. Patent 4,798,603, Meyer et al, January 17 1989. relates
to absorbent articles comprising a hydrophilic absorbent body, a
liquid permeable topsheet, a 1iquid permeable transport layer
between said topsheet and safid absorbent body, wherein the
effective average pore size in said trarigport layer is smaller
than the pore size in the topsheet, and wherein the transport
layer is less hydrophilic than the absorbent. The -trinsport layer
is configured so that it is capable of attaining a substantially
intimate contact with the topsheet and the absorbent body, which
is said to be useful for providing an effective fluid communica-

tion from the topsheet to the transport layer and from the trans- '

port layer to the absorbent body. The transport layer is said to

be able to allow a rapid spread of liquid sideways along its:

lateral length and width dimensions to expose a larger surface

area of the absorbent body to liquid.

U.S. Patent 4,973,325, Sherrod et' al, November 27, 1990,
relates to an absorbent article having a pair of absorbents
positioned adjacent to each other. A fluid impermeable baffle and
fluid transfer member are said to facilitate the movement of body
fluids from the cover dounward and outward to distant areas of the

“ absorbents.

35

EPO Application 397,110, Latimer et al, filed 08-05-90

're'l'ates to an absorbent article comprising a surge management

ﬁortion of a selected basis weight which is said to rapidly uptake
and temporarily hold at least three successive surges of fluids.
French Patent 955,625, Paul Chevalier, “Improvements in
Spinning Artificial Fiber®, published January 16, 1950, discloses
fibers of synthetic origin with a'l'leged'ly {mproved capillarity.
Chevalier disclosed the primary use of these fibers as absorbing
material for making towels, handkerchiefs, bath mats and the like.
The fibers are said to have continuous or discontinuous grooves
positioned in the longitudinal direction, i.e., parallel to the
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thereof. In a preferred manufacturing nmethod, the woven nesh support
structure which directly contacts the VISIb|e surface of said topsheet is
conmprised of filaments having a di aneter between about 30 one and
about two mls and a nmesh count between about 160 fila- ments per |ineal
inch (2.54 cns) by 160 filanments per |ineal gch (2.54 cns) and about 400
filaments per lineal inch (2.54 cns) by 4007fY¥ITanents per lineal inch (2.54

Pr ef dt t h
bet Fati one have 2?:5?&?‘3‘%;%?]@ l?ﬁ‘éee'* . '“1%22{ @"Et%f AL e gyign

preferably at |edk eavesy I fitscdpses, at pnocessetfor
havi ng an anpl it udemakfingckhie Fibersi dnmllvilapa aﬁjest aSpinna'etasorfTB&Wﬁ@d the

perpendi cular to thebery ffaee the WeSfradSsaeSiid ACedfdS shinnbPst NKPLAGEIEN!
sheet Date: 5 27 c'f:ll%l%un]\cation with the first, separated from the first by an
' insulating plate, for cooling the fiber. The second spinneret is
in contact with a cooling element.
U.S. Patent 3,121,040, Gilbert Shaw, "Unorientated Polyolefin
Filaments* » fissued February 11, 1964, discloses a variety of.
10 ~ plastic filaments, and a process for making them, which assertedly
exhibit good recovery after deformation, and resist orientation
(i.e., matting) upon use in such applications as paint brushes.
These objects are said to be achieved by preparing fibers having
cross-sections consisting of interconnected webs with web lTength,
15 web thickness, and radius of particular, specified requirements.
U.S. Patent 4,054,709, M. N. Belitsin, et al, “"Man-Made
Fibre, Yarn and Textile Produced Therefrom®, 1issued October 18,
1977, discloses fibers of polycaproamide and polyethylene
terephthalate displaying a cross sectional shape formed of at
20 least two elements formed of intersecting rays which define open.
éapi‘l‘l_ary channels and a bridge interconnecting particular rdys of
the elements. The rays intersect at angles of from 10° to 70° to
form the capillary channels. The fibers are said to exhibit ‘an
_ appearance and moisture conductivity and absorption approaching
25 natural silk. See also U.S. Patent 4,179,259, Belitsin, which
includes some curling disclosure _
U.S. Patent 4,381,325, Yutaka Masuda, et al, “Liquid
Retaining Synthetic Fiber, Process for Producing the Same, and
Products®, {issued April 26, 1983 discloses a 1liquid-retaining
30 synthetic fiber having a substantfally pointed free end and a
tapered portion. The fibers disclosed include embodiments having
a plurality of channels running along the axiﬂ length of tne
fibers.
European Patent App‘lication 88306987.4, pub‘lication number
35 0,301,874, published February 1, 1989, Andrew G. Wilkes and Alan
J. Bartholomew, *Cellulosic Fibre", discloses viscous ff{laments
having mult{-1imbed cross-section, e.g., Y-, X-, H-, and T- shapes
which are said to be useful for absorbent products and woven and
nonwoven fabrics.
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- 28 - aberration originates, within the range of about + 20% desirably
10% of the average value of the anplitude for all adjacent surface
aberrations are used. "One-way" formed-fil mtopsheets whose backfaces are
treated 5 with hydrophilic latex are described in U S. Patent
4,735,843, Noda, April 5, 1988, and these can al so be enployed herein. In
addl tion to the sophisticated apertured met érials men- tioned herei nabove,

the practice of the es n | o] be nder §, Wit h
hydr ophobi ¢ shee gl’l g nhaéleings 0& mﬂclﬂa’ ? Berger. ﬁﬁhg}? grvoher e

through. It wil Ié‘SE‘”l}nﬁ@'r Y8J8 #¢ l‘ﬁe meﬁngmﬂﬁé&thodmnéfmmm
preferred, "sheefior 8rodutidgniSamet,eriisshed Wagusta25 hE9B10pPENRAbsds ahNqnlr actice

n
material s, whi 'c%;?'é"?“ S#Z%“E‘“?f 3kpa Ctropc ' lonehéiit 'andef en93eRBSE,
whi ch ovePl ap eraké'ﬁ Fhrﬁ?ﬁﬁ%t g?fé' ﬂ‘n &nes@‘@f‘tﬁﬁ@iﬁeﬁ erextituded
Mor eover, the tm@ﬂMﬂr rfiabeid,awisichsked besncumi formiynentosséd afth GRs@ieel S
(preferably,  hypgR8i Groéves! TRk A@lbbSsed sheet 1s compacted- and bonded
into a dimensionally stable body whose longitudinal axis extends
parallel to the embossed grooves.
10 : U.S. Patent 4,623,329, James L. Drobish, et al, "Drainage and
Infusion Catheters Having a Capillary Sleeve Forming a Reservoir
for a Fluid Antimicrobial Agent®, issued November 18, 1986,
discloses catheter tubes provided at the inner surfaces with
longitudinally extending capillary channels or grooves. The -
15 grooves preferably exhibit a favorable surface contact anglé for
the particular fluid to be dispensed. Surface treatments to alter
the surface contact angle can be apiﬂied. '
Japanese Patent Application 151617-1979, published November
29, 1979, Teijin KK, “Synthetic Fibers", disclosés various
20 modified-profile synthetic fibers, especially’ of polyester or
polyamide, having a cross-section shape characterized by fine
pores running in the axial direction having diameter of 0.01
microns to 5 microns and a total cross-sectional area of the pores
of 0.016 to 50% of the total cross-sectional area of the fibers.
25 The fibers can have additives for increasing water absorption
properties. ' .
U.S. Patents 4,842,792, {ssued June 27,1989, and 4,954 398,
September 4, 1990, both to Bagrodia et al disclose the process for
making and the polyester fibers made from such a process whevfein
30 the fibers have at least one grove wherein the surface of the
groove {s rougher than the surface outside the groove. . Such
fibers are wused to improve cover, softness, and uettihg
characteristics of fabrics or yarn made from such fibers.
U.S. Patent 4,868,031, Modrak et al, issued September 19,
35 1989, discloses soft water-pemeab'le'po]yolefins nonwovens having
opaque characteristics. This 1invention utilizes fibers having
characteristic shapes to improve the opacity and stain-masking
properties of cover stocks. The fibers that are disclosed for use
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polymeric materials) which provide a cl ean-appearing, stain- resistant or
"non-staining" surface, in use. Such topsheets (as 20 - wel | as

fi brous topsheets) can be rendered hydrophilic by spraying on surfactants,
e.g., PEGOSPERSE, in well-known fashion. It will also be appreciated that
firous, nonwoven topsheets nade fron1na;§rlals such as pol yethyl ene,-
polypropyl ene and bl ends are commonly used in commercial sanitary napkins

Per el SUCh 11 horms | el e P Srossaftelom MabC can
be used her ei n ?F\%cgﬁdefrgﬂrt@xgﬁ%@;%%ggrs}tk& #gﬁaBgWBg‘?\t' deﬁ'r‘o.us or

fil ament ous net W8Tk "@hean Pvahi @hsquareqgkestanglpyiand ther ikabl e by virtue of
a multiplicity of holes or channgiMsAREOE i THE MVENTION therethrough. Such
sheet matgrials canspe d < ' | pat ent
literatur®e. For exa%ﬁl%ﬁfrgg%rg%i%o{(@? es;Br c%é%ﬁiﬁatﬁg?°$2f{eﬂgs4&636,419,
Madsen et al, Jahsarbent articies, aneferablyohpsandtary napkinuey kpastilinemoned
filanments of twoutlialse rinthudiad dvapers, tadps incondinencd gaveends s bandagas, nel ting

?gr?rgt on sof LegivAd ﬂQLf‘tc%mpﬁ'éﬁg(iont acted and cooled to allow the
_ (a) a fluid permeable nonfibrous formed-film topsheet having
10 ' a fluid-receiving front face and a back face, said

topsheet having multiple openings communicating between
said front face and said back face for passage of fluid

~ through said topsheet;
(b) a layer comprising fibers having external intrafiber

15 capillary channels whose widths, on average, are less

~ than the width of the openings in said topsheet, said
layer underlying the back face of said topsheet (a) and

in fluid-transporting contact therewith; ,
(c) a fibrous air-laid or wet-laid moisture-absorbing

20 : structure underlying said- layer (b) and in fluid-

transporting contact therewith, said structure compris-
ing - multiple, typically - cellulosic, non-capillary
channel fibers or mixtures of said multiple fibers with
absorbent gelling materials, wherein, on average, the

25 width of the spacings between said multiple fibers i

" the moisture-absorbing structure is less than the width -
of the capillary channels in the fibers of said layer
(b); and . .

(d) a fluid impermeable backsheet underlying said pad (c).

30 The capfllary channel fibers are spontaneously wettable, and
are typically hydrophilic or preferably hydrophilized. In highly
preferred articles, the capillary channel- fibers are positioned
such that = their channels 1i{e substantially in the machine
direction. . :

35 In one mode, the contact between the topsheet and the layer
of capillary channel fibers is maintained by tensional forces
between said topsheet and said layer. In another mode, the
contact between the topsheet and the Tayer of capillary channel
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of a network sheet characterized by said different transverse and

| ongi tudi nal- pol ymer materials. Such sheets can be used in the practice of
thi’s invention. 29 - Another sheet material useful herein is the .

f ormam nous net conprising a reticular network of polyneric filanents, said
net conprising two arrays of filaments oriented at a displacement angle of
20-90 degrees. Reference can be made to. gusopean Patent 5 .
Application 0215417, filed 06.09.86, Sneyd et al, to further assist
visual i zati on §ibarsi 4ssmeintainede byf bonsking omeaneet bikeeiseal sheacontgetpr epar ed

usi ng_hydr ophoBigwesh abiyeds (B} Cdndastieir@ Teh €8sh ASbY BE ORthElNRed Figc’ and
the Iike, and Ereiweil r pc%\énsﬂjﬁ{, usii[nl n %'t?ss.orbent products sycﬁ a
catanenials, a a“‘tﬁ%‘n €. C ?HE 9 ¢ materials typically have a
basi s wei ght of' 0Weer the[ &ppshe¢. 302G pgrausy foomed1di)mrtopskeetal tiper of
5-25 m 1%, an apsyn of cthe pores is, on average, larger than the width of the
intrafiber capillary channels in layer (b). When the topsheet is
fibrous, the interfiber spacings are, on average, large than the
width of the intrafiber capillary channels in layer (b).
Preferred structures of the foregoing types are wherein the
10 capillary channel fibers are substantially curled, as described
more fully hereinafter.
With regard to fluid transport from the topsheet (a) into
layer (b), it is preferred that contact between (a) and (b) be so
close that a portion of the (preferably curled) capillary chaiinel .
15 fibers _partially protrude into, or into and through; said
topsheet. Likewise, it 1s also preferred that a portion' of the
fibers from layer (b) at. least partially protrude into structure
(c), or that a portion of the fibers from (c) at least partially
protrude into (b), since such close contact would also fiqi'litate
20 _transport of fluid from (b) into (c). In yet another mode,
portions of the fibers in-layer (b) at least partially protrude
through topsheet (a).
' Highly preferred articles wherein moisture-absorbing
structure (c) comprises a wet-laid sheet of refined, stiffened,
25 curled (preferably, chemically cross-,'linked) cellulosic fibers are
also provided by this invention. ' ' ' _
. The articles herein can also comprise a ‘fibrous topsheet.
Thus, the {nventifon also -encompasses an absorbent article,
comprising: :
30 ' (2) a fluid permeable fibrous topsheet having a fluid-
' "~ receiving front face and a back face, said topsheet
having multiple 1interfiber openings communicating
between said front face and said back face for passaée
~ of fluid through said topsheet;
35 (b) a layer comprising multiple fibers having external
: capillary channéls underlying the back face of said

topsheet and in fluid-transporting contact therewith;
and :
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of 30-80% and a nesh of 20-40. Conventional nonwoven topsheets can al so
be' enpl oyed. Contact Between Topsheet and Capillary Channel Fibers---An 15
i nportant consideration in-the.manufacture of the articles hereinis to
ensure close and sustained contact bet vveefbthe topsheet material and the

| ayer of capillary channel fibers. Such close and sustained contact at the

interface of the fl(S?r 4 D8 rﬁl}d t.gﬁ;ltaqgsh@,et WX g e ?;{}E"_L ﬁ%ﬁg@?ga

acceptance and fluid'distri ut| perties 0O

articles. As noted her8irHeHE®e, “Qﬂ?&‘%hoﬂ Hf Hﬁ'@t’jrl% cdn¥seircofteid: i s by
adj usting the tensionaltranaspatingt weontidte t eheradthand sai@ | atPlcRire

capill ary channel fiber ti f ts 1 ntend ose,
reliance on tensional %PBEE%an@jEiéﬁdl ?q'(‘fghhégyl E‘Prﬁ'?ﬁ(jf agﬁ’ﬁF% %nd can
25 ~ Seven cause twixtues ofcsaid fiberaswinlleabsnrbenmgewmg natefig)sc ati on.
U trasoni c bondi ng Fi‘éf‘eﬁﬂb’l behes ethtebPivarP’ sf4tihgs Wi h & Othgct

by means of LS%EEE%sEf}hmé 1B¥ s Supshelt cial; krano8 Manase e&%&i&ﬁﬁﬂ' Sone
. _ the width of the intrafiber capillary channels in said layer (b).
Most preferably, on average, the width of the spacings between
10 said multiple fibers in the moisture absorbing structure (c) is
Tess than the width of .the capfllary channels in the fibers of
said layer (b)..
_ The other considerations mentioned above with regard to the
articles having the formed-film topsheet, including, but not
15 limited to, protrusion of the capiilary channel fibers into and7or
- through the topsheet, selection of preferred absorbent cores,
etc., also apply to articles having fibrous topsheets.

While the cabi'l'lary channel fibers employed herein are
typically noncellulosic and are conveniently of the polyester

20 type, it will be appreciated that other types of fiber-forming
“polymers can be used in their preparation. For example,
polyalkenes, polyamides, polylactates, poly-dioxanones, and the
1ike, can be used. Since the objective herein is to have the
-capillary channel fibers direct, rather than absorb, body fiuids.

25 it is preferred that the fibers have minimal, or substantially,
no, ﬂuid-imbiping (i.e., water-based body fluids) properties. It
will be readily appreciated that, {f the fibers themselves absorb
fluids and swell, the capillary channels could be choked-off.
Thus, cellulose derivatives, for example cellulose propionate,

30 cellulose acetate, and the 1ike, also may be used, if desired,
only with due regard for t_he foregoing considerations.

In 2 preferred embodiment, the absorbent articles herein are
prepared in such fashion that at least some of the capillary
channel fibers protrude into at least some (preferably, at least

35 about 30%, more preferably, at least about 50%) of the openings in
that portion of the topéheet which overlays the capillary channel -
fibers. In yet another mode, at least some of the capillary
channel fibers can be needle-punched or otherwise caused to
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30 care is to be taken to achieve optinmal results. It will be

appreci ated that using excessive anounts of adhesive can cause the articles
to undesirably stick to the body of the user. It will also be appreciated

t hat using excessive amounts of adhesive could undesirably clog capillary
channel s in the fibers, thereby di m ni shingjtheir effectiveness.
Accordingly, "noninter- fering" anmounts of the adhesive are used. Such

anmount s ggn viar yprmnwdtMugmdaheladhesow (preserablyhgt D'FéatsQrdelﬂ %%Ch it
and the Tike. GOt %sgw ' 428, Teyst, GUoRP, SOl Yof A arkaits' o that
adhesi ve |ines ipontriensofr zhe; ﬁﬂbmeﬁar“ﬁéch pverdayst she ak:emi'léery/eehme'l
minini ze the stigigeiq., Of 1f NERiAr abt&ES fnSthdl@,Uthe Tapillary chdlRBV- fibers
5 -will typically protrude through the topsheet for distances of from
about 0.1 mm to about 3 cm. This _provides for very active uptake
of fluid through the topsheet and into the internal region of the
absorbent article.

All percentages, ratios and proportipns herein are by weight,

.10 unless otherwise specified. The patents and applications -
: mentfoned in this document are incorporated herein By referEnce.
DESCRIPTION OF THE DRAWINGS

Figure 1 is a direct view of an extrusion die (1) having an

orifice (2) of a design suitable for making symmetrical "H* shiped
15 capillary channel fibeérs having a plaﬁar base and capillary
channels extending symmetrically from opposite sides of said base.

Figure 2 is a cross-sectional view of a symmetrical °"H"
shaped capillary channel fiber (3) with planar base (4), width-

. bétween-walls (5) and depth-of-walls (6) made by the extruding a
20 polymer through the die of Figure 1.

Figure 3 is a direct view of an alternate extrusion die (7)
having an orifice (8) design suitable for making “multiple H"
shaped capillary fibers having a planar base, and multiple
capillaty channels extending symmetrically from opposite sides of

25 said base and all optionally having approximately the same
' channels widths and heights.
- Figure 4 is a cross- -sectional view of a capillary channel
fiber made by the extruding a polymer through the die of Figure 3.
Figure 5§ is a cross-sectional view of a multiple " “"-shaped
30 fiber. .

- Figure 6A is 3 cross-sectional view of an H-shaped capillary
channel fiber in a partially collapsed state. While not optimal,
such fibers can be used herein. :

Figure 6B is a cross- sectionaI view of an expanded capillary

35 channel fiber. Such fibers can be used.herein.
. Figure 6C is a cross-sectional view of a wholly collapsed
capillary channel fiber. Such fibers are not used herein.

It is to be understood that Figures 1-6C are only for
purposes of fllustration and are not drawn to scale, inasmuch as
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The adhesive should be nonirritating to the skin and otherw se

t oxi col ogi cal |l y-acceptable for use in close contact with delicate body

ti Ssues. The adhesive should maintain its bonding properties when noisture
is not present, i.e., when the article is_10, _ bei ng manuf actured,

and, nost preferably, when noisture is present, i.e., when the article
i s"being used. Thgaa ' siheu b b 't erdeal ¢ ds

manuf acture the ?gﬁsﬁng?n\aéﬁa tag lg ee Qi}ﬂesr%da l.rgghgfo%nu‘#fgcw&r ?P?lie)'“y
capi |l ary channefch W"I?Sr ibens; can, gey @ﬂngﬁﬁ'@tfeﬁb ¥hare, pelatively much thinner
surface-treated, thas. thei widthhbetwepiival ¥st i The thomeersthd hal Netand bagh, tthe

Typi cal adnes! veRolt BREYE th ABeE Y VhertioHaF (e FARA Bihaedfy 7o ox '
adhesi vesSand hot nelfiguntcksitses. crusstsaciional viewrofar catamenial padiwith of
such adhesi ves -angeWgliby kBeVIY i-ﬂ-o_néh%é‘r‘I%n@'iddmélgia‘kwg??p%é’p 4! € The
attention to the factors nti oned. abo t he manu turer_ can sel ect
an appropriate a(ﬂ?@§§\ﬁ§cg{ﬁ" a -"§etﬁ8fd'cﬁem?§aﬁaﬁ@ﬂ§'.‘“tl pdé layesudrain
good contact wherfsebendaryi tdpsheet* (10) comprising the ‘capillary channel fibers

herein, a fluid retaining core (11), and a fluid impervious

10 backsheet (12).

Figure 8A is a cutaway perspective view of a catamenial pad
having a fluid permeable topsheet (13), a fluid distributing
capillary channel fiber layer, i.e., as a “secondary topsheet"
(14) substantially covering a fluid retaining core (15) and a

15 fluid impervious backsheet (16).
- Figure 8B is a cutaway perspective view of a catamenial pad
having a fluid permeable topsheet (17) a capillary channel fiber
Tayer (18) said layer not covering the peripheral edge' (19) and
terminating about one inch from the end of absorbent core (20).
20 Backsheet (21) is also shown. |

Figure 9 is a perspective view of a catamenial pad wherein
the contact between the various layers is achieved by multiple
compression lines (22).

Figure 10 illustrates the underside of a porous topsheet (23)
and the preferred multispiral pattem' of glue lines (24) used to
affix the topsheet to th_e"layer of capillary channel fibers. The
machine direction dimension (25) of the pattern used on a typical.
catamenfal {s about 7 inches and the cross-direction dimension
(26) 1s about 2 inches. .

Figure 11 shows the underside of .a porous topsheet (27) am_i a
pattern of adhesive spots (28) having machine direction dimension
(29) and cross-direction dimension (30).

Figure 12 is a photomicrograph of a section taken of formed
f{Im topsheet (31) and the layer of capillary ch'anne'l fiber (32).
The close contact betweer the capillary channel fibers and the

. topsheet is shown by the protrusion of capillary channel fibers
(33) 1into pores (34) in the topsheet.

25

30

35
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‘isin use, i.e., becanes noi stened by body fluids, it is preferred that the
adhesive be Insoluble in body fluids. Having thus considered the general
nature of the paraneters which nmust be considered when bonding the topsheet

to the layer of capillary channel fibers, the following illustrates
preferred-materials- and techniques for se in the practice of this
30 i nventi on. Wiile the adhesive canhlBelaid down in a random

ich s the one 11| SBEFCAS {573, Bebtided, yidl B O SndBatil ipokit ot po
pattern of Figurkxampleah, beiths dapsheet i(35) e % stenfeﬂCFISﬂlMp:&ﬁidl’lnqd
mode, the |ines élianﬂé’ﬁeﬁiﬁé?sar(QSFPph' Fﬂaﬂcﬂ 'dffe-copPisuay3 P ﬁﬁ"ls‘rd“ ¢lafind) - 2
mm nozzl e, but aﬁ%lel ca&ﬁn errigino y4 S 6 eéast as
satisfactory:. ] aye ). 2 creped paper towel (BOUNTY)
5 layer (38), a wet-laid fibrous absorbent core (39). with slitted
(40) and unslitted (41) areas and conthining absorbent gelling.
material, backsheet (42) polyethylene end guards (43), optional
release paper (44), and showing the relative placement of efght
~ strips of panty fastening adhesive (45). In use, the panty
fastening adhesive strips remain on the outer side of backsheet
(42) when release paper (44) is removed from the article.
| RIP F N
As a point of reference, attention is drawn to Figure 10. 1In
accord with common practice, the long (or *x*) axis is referred to
as the "machine direction®, inasmuch as, during manufacture the
articles pass through the machine in- the direction of this axis.
The sh_ort (or "y") axis is referred to as the "cross direction®,
since it is the direction across the width of the -article. The.
“z" direction is the direction proceeding down through the top-
sheet, thence into the layer of capillary channel fibers, and
thence into whatever fluid storége core that may be provided. The
objective is to provide a gradient of capillary suction between
the topsheet and underlying layer or layers of the articles
herein, such that fluid is drawn in the *z*" direction and away
from the surface of the article into its ultimate storage layer.
Empirically, capillary suction is _ré‘lated to adhesion tension and
{nversely related to the size of the openings - 1i.e., in the
typical case, the openings in the topsheet wi‘l"l_'be larger than the
{intra-fiber capillary channels, which, in turn, will be larger
than the inter-fiber capillary channels in a fibrous storage core.
The surface hydrophilicity of the components of each layer can
theoretically affect the capillary suction g’fadient. .
Simply stated, the capillary channel fibers used herein
promote passage of fluids 1in .the *z" direction of absorbent
articles. Moreover, by employing a layer of capillary channel’
fibers whosé_ fibers are positioned to-lie substantially parallell
to the machine direction, fluid flow in the machine direction is
also promoted, which enhances the overall useful absorbency of the

10

15°

20

25 -

30

35

This is the replacement sheet

Date: 7 7 FfR ;997



The sel ection of adhesive can vary with the needs of the fornul ator, but
the followi ng points are instructive. Experience has shown that, in
gerreral , | atex adhesives tend to be sonmewhat | ess satisfactory than hot
melt adhesives. Adhesives available 5 from Fi ndl ey Adhesives, Inc.,
especially hot nelt adhesive 4031, but al so 4alm)st uni quel y, | atex 8085,
aré useful herein. (Note: Findley H 4031-0% i%s hydr ophobi ¢, whi ch may

t f it f ti { | at
r8082- 05 i s hydTSISTEr o MoHEVS of MRS fERIttonthY | o5€ UchBTUlary sanmaL,
i n-use 10 fabens,i Shuid flow y ithe yenpsshdinesshon iis contirohted,c dhereby
present on the Cﬂﬁhiﬁﬁiﬁépmf‘%ﬂn batieeby avofdings tmegefofaﬁlﬁaia&%u@(r}hgary

obj ective o to dAteral 8GR OBtk ATEG oo ERe YRIER ADSOTHRRt FEIFlaRonf of
capi |l ary éhanneltheifrtios att shich moes flatds in an tund$recied manneg inf the &,
channel 1 ber s sdorinds s figee ety s ¥E PibARSTIRHTOMRR ofprtse
monol aur at e/ 49% PREPBTAbAD FIPELALY Yoids ¢ thet intra-Eibey) eapiphonyi shamels of
ethosul fate [antthet af{bers Wiiek@in beah be used to provide desirable fluid
directionality. Moreover, since the capillary of the fibrous
10 layer of the present invention resides in the fibers, themselves,
rather than in inter-fiber spacings, capillarity is not lost when
fiber-fiber spacings become displaced. In addition, the capillary
channel fiber layer of the present invention provides its fluid
drawing and directing functions even when the layer is soft,
15 fluffy and comfortable to the wearer, in contrast to .compact,
dense and relatively stiff batt materials which function by
inter-fiber capi\iany action. Thus, it will be appreciated that
the absorbent articles of this invention function in a
substantially different way, using substantially different
20 materials to provide substantially different benefits than the
various art-disclosed absorbent structures which do not employ
fibers having intra-fiber capillary channels. ' '
It is to be understood that the manufacture of capillary
channel fibers of the type employed herein forms no part of this
25  invention. Attention is drawn to EPO Application 391.8?3'(c1ted
above) or to its co-pending U.S. Continuation-In-Part Application
entitled "FIBERS CAPABLE OF SPONTANEOUSLY TRANSPORTING FLUIDS",
Serial No. 736,627 , filed 23 July 1991 , Inventors Phillips,
Jones, et al, Eastman Chemical Company, or to the co-pending U.S.
30 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, all
incorporated herein by reference, for further details regarding
35  means for manufacturing capillary channel fibers.
While a variety of capillary channel fibers can be used
herein, the' following consideration of various points relating to
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wi th Findl ey adhesive 4031 at high, nmediumand |ow (0.78-0.87; 20

0.38-0.57,;
about 0.07 g,

on hi gh,

nonol aur at e,
phosphat e),

medi umor |ow finish level) gives excellent adhesion. O her
finishes herein include Eastman's LK 5483 (70% PH [ PEG 25 600

pol yoxyl aurate (13.64) nonol aulht-e]/30% pot assi um | auryl
Eastman's LK 5563 (45% PEG 400 nonol aur at e/ 45% PEG 600 -
monol aur at e/ 10% 4-thet prefareed\gaphl lamy| changal of thess| fod cdheds insorparattdne

0.28-0.33 “wt. percent of fiber) finish levels. Typically,
0.08 g or 0.05 g, respectively, of Findley 4031 (depending

pol ymer avai | abl e @goMthEAIFticleshigeh trﬁsweidvehm\m dre {16 PN Chhear t's

(see, for exanple,
t er epht hal at e/ pol
which is avil able il"uc gueture and §

ategiiefod BE SR boriistor

rel'ease pol yner,

'nt haI at e 50| I
2 1s sint TheFibefiscusede

fi ber-coating ethylene

and

enpl oyed }M Il var yherbm ¢anoi el ﬂ&pimgefrsmoahﬁb@mveﬂieﬁ@ soiﬁferawﬂidhn {sX O
i n. Spl ra

pattern,
%o

usi ng a
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Shiithaofe€ ¥Bk: Polymeds dn e slbatbienty el BaroRn-o
ene, 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. Conveniently,
the po‘lfymen' are melt-extrudablée. Typically, the capillary
channel fibers herein will be prepared from a synthetic
polyéthylene terephthalate polymer melt having an {nherent
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
examp‘le, U.S. Patent 4,829,761 at column 8.) The IV of a polymer
melt bears some relationship to the abi'lity 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 would 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.
. Preferred capillary channel fibers herein have a denier_(denier

per filament “dpf") of about 10, and capillary channel fibers
having such a fine denier, but whose walls are stable, can be
achieved especially from polyester having an inherent viscosity of
about 0.9. However, in commercial practice using such high IV
polymers may require special processing equiplpent. As a quite
acceptable compromise, and in order to achieve capillary channel
walls without {n-use collapse, polyester/polymer having an
inherent viscosity of about 0.7 can be employed at a denier per
filament of about 22. However, it is to be understood that the
denfer of the fibers used {is within the discretion of the
fomu'lator, and the denier per channe'l can easily be 1n the range
of 25.

The depth:width ratio of the capillary channels herein is

preferably about 2.0, but processing restrictions, as noted above,

1g
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about 0.15 g for a 2 in. x 5in. pattern will suffice. Faor the spot
pattern, about 0.05 g is used in an area of ca. 2 in. X5 in. - 32 dose
contact between the topsheet and the underlying |ayer of capillary channel
fi bers can be further inproved by applying gressure during the gluing
process and/or by "combing" the uppernost- 88pillary channel fibers in the

| ayer to provide fiber prot whi ch give better

o act wnthe a3 el %.“P?#‘é’ég@?[ FOASOBt. (B QeRSHANAGER TAI® A0 ot dg
means for judgi ngst kepicahtyaemplnyedecdypinalt apssirgadilanpradueibledeapiylary | ayer
ot oy At e e st s SMUSttal Wbl iy e,
Vglroi 085_- ?nagms forhgggdgi%tb?ogﬁgﬁmgt gg &%Fd‘ﬁhﬁ&ﬁ% %laﬁ‘g fofY Eéhetﬁ?ﬁl'i nto
the capillary chadhts of; pequt| 37 gwicrens.beThe walls, themselves, are typically
- - about 3-15 microns thick. Although variations in these dimensions
are acceptable, capillary channel fibers prepared from polyester
and having these characteristics are quite effective for their
10 intended purpose. Such fibers cafi be prepared using conventional
operating equipment and readily withstand pressures of the type
encountered in sanitary devices, especially 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 can be of various shapes. Certain
shapes can offer particular advantages in particular product
applications. for example,, "U-shaped®, "H-shaped®, * -shaped”
and "V-shaped® capillary channels may be used. The "H-shaped"
20 fibers are one preferred shape. Furthermore, the basic shapes may
; be repeated (see Figures), or even branched, to produce fibers
contgining multiple channels, but it will be appreciated that when
more than about three repeating: shapes are used, some additional
stiffness may be noted in the fibers. The ﬁmltiple * " fibers of
25 Figure 5 offer the additional advantages of having additional
capillarity due to face-to-face contact and being easily curled.
‘While the polymers used to prepare the capfillary channel
fibers herein are not, themselves, water-absorbent (nor are they
_ absorbent to urine or blood-containihg fluid such as menses), the
30 fibers themselves are most preferably hydrophj1ic. Since most
synthetic polymers are hydrophobic, the capillary ¢hannel fibers
herein are 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, and such
35 processes can be used.herein. In general, such processes involve
treating the surface of the fibers with a “hydrophilizing agent®,
especially. a surfactint. (Hydrophilization, which results in
wettability of the fibers by aqueous fluids, can routinely be
measured, for example, using contact angle measurements. In

15

This is the replacement sheet

Date: 2 7 FfB 1997



~envisioned. However, a sinple Drop Test is conveniently enployed. In this
Test, sheep's blood 6r any desired type of artificial 15 nmenses is
al'oned to come to roomtenperature while stirring at a gentle speed. Wth
a catanenial pad laying horizontally, thelpad is visually sectioned into
hori zontal thirds. - Using a dropper held approximately 1/2 in. above the
pad, add 4 i ndl&ﬁnﬁtﬂil. dr sootagt Angdel tesso thae 90 psindécates tahd:yﬂmhil‘mcr d of

the pad and adGupface. A GKmPSurf&‘é’aF&Fcet h@alﬁhﬂdiﬁi\ Qiz %ﬁ bd Fda‘%?
in. intervals. Slrrulta tart the tiner I on t
first drop of He3stre h Fﬂlﬁﬁf 'nearfsé"'?“ ‘Ré’éSFEI y |‘P\f s‘é@@ﬁds‘“stmenim it
t akes each dr ofknbwn ptmeheaart.). tﬁnitabsmaantiiemum ﬂrcﬁpp?dt‘ék§éson
bl b0 ol bS on AETuAE abfads Aehfontf {rh SA1drE ABrs e snufapsaibn oFnite of
]Ehe p?gtorA\é:Lmerhtq Md;glg!lﬂ iAng aeae;nqu tMtgrﬁcrect elydrppbtidzing cheet
|ﬁ'[ gu t he underlmngi'ﬂ_ agﬁ:‘l’u f ?E&{?%S:%?Q @B%"Fr‘l‘g Bﬂeor]?m@agne quMy{:@p
appreci ated th 83 k-9 '3 Eo L m‘yemﬂﬁne he Mbna@ ds
enpl oyed by t hemonolaurtateoavaildble from Lonza, “Inc., Williamsport, PA, USA),
10 and ethoxylated oleyl alcohols (e.g., VOLPO-3, available from
Croda, Inc., New York, New York, USA). Other types of
hydrophilizing agents and technigues can also be used, including ,
those well known to those skilled in the fiber and textile arts
- for increasing wicking performance, improving soil release
15 properties, etc. Hydrophilizing agents can be added to the
polymer at varfous stages prior to use, though preferably prior to
drawing of the capillary channel fibers to their final size. For
éx;mp'le, the hydrophilizing agent canh be added in adv'ancé to the
polymer prior to melting or blended into the polymer subsequent to
20 melting. The additive hydrophilizing agent can also be applied to
the polymer subsequent to fdma';ion. 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
25 contact with sensitive regions of the human-body, it is preferred
' that surfactants used to hydrophilize the 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 Examples
30 hereinafter. Another method for hydrophilizing fibrous surfaces
involves su_bjecting said surfaces to ionizing radiation, e.g., in
& plasma, and such methods have the advantage that there is no
- surfactant rgSidue on the surface of the fibers. Whatever the
means, the overall objective is to secure capillary channel fibers
35 for use herein which are épontaneouﬂy wettable by the fluids they
are intended to transport. _
I1. Eiber Morphology - The capillary channel fibers herein
have, as noted above and in the Figures, capillary channels on
their outer surfaces. While the capillary channel fibers can also
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score of Excellent can be attributed to fluid novenent through the topsheet
and into the capillary.channel layer in 1-10 seconds; a score of Good for
fluid novenent in a period of 10-15 seconds; a score of Fair for novenent
in 15-20 seconds; and a score of Poor 35- 18 - for periods of tine greater

than 20 seconds. In general, for sanitary napkins enploying the formed-film
t opsheet accor di hgve o2 Lhadlowgentraly cors Wuish woudd| ayevider sqmecpdditianal

fgp: Ilary tchaﬂneltcabimﬁmt etial 9r¢Bﬁe$sdd7nm ReeRi 136w coPé Fibérst Rt be
mel 1) pattern of ea@#y?g- 1gn Seterabuataviong captPlary il berd Wil "o
into the capil | araenbralnrhol 1oy pegre apuld | eequierycther of bersxte| bensomedhatood
usi ng the Sabove [tepferethan Aserdterin OFde?  thalty theatene nbt necihgssealnderbent
articles wll pressure. A .central core running fhrough a cipi’l'lary_ channel
fiber would not be expected to quickly pick up fluids, since the
fluids would have to find their way to the end of a fiber before
proceeding 1into the core {tself. Moreover, a hollow core
capillary channel fiber could not release its load of fluid into
an absorbent reservoir core without having appropriate contact
between the ends of the hollow core fiber and the reservoir core
‘material. To summarize: capillary channel fibers having external
capillary channels offer substantial advantages in both pick-up
- and transfer of fluids, and the provision of a hollow core adds
little in the way of performance advantages, but can impact
negatively on the comfort level of an article made therewith in
contact with the human body.

Moreover, the capillary channel fibers employed herein are
preferably not in a straight-line configuration; rather, they are
either bent or, most preferably, are in a curled configuration.
It is easy to appreciate that capillary channel fibers that are
nonlinear have, for a given number of fibers, a higher loft and
increased resilience. By increasing the loft of the individual
fibers, the overall Yoft of pads made therefrom {is thicker and
softer. This allows for the formation of low density, high loft

- pads _which, assuming that the individual fibers themselves are not
too thick or stiff (see denier, above), are extremely comfortable,
yet effective for transporting fluids. '

However, the preferred nonlinear capillary channel fibers
herein should not be "kinked". As can also be readily appreci-
ated, 'Idnking a capillary channel fiber can cause points of
constriction of the capillary channels at each kinking site.
This, of course, would interfere with fluid f‘lov_t dynamics along
said capillary channel. )

In addition to the foregoing, there is another substantial
advantage to employing nonlinear capillary channel fibers. As
{ndicated in Figure 12 herein, it .is highly preferred that small
portions, or °“tufts®, of the capillary channel fibers actually
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5 contain sheets or batts of fibrous absorbent material such as
cotton fluff, cellul ose pulp, chemthernonechani cal pulp, and the |iKke,
wel’l -known in comercial practice. As is quite well-known from recent
conmercial practice, <cores which also conprise absorbent gelling
materi al s (soneti nes referred to - K& -10 "super-sorbers") are
beconming broadly used in absorbent articles. Especially preferred
absorbent gel | iPRBtrudat dntoy &t least some. afi \ther peshest aocificesy|dfc thei d
grafted starch. afbixlenrhereir.urAs oin decimagiried, athdsemtotiusioiy dradRgsfepent

cores is a rout Vas 0 fLi ' g eat oSS,
cotton, cloth, tghg&[‘ﬁg{ }@En 2 ﬁ{qhi }gﬂ %‘g}ﬁg@b@g;@g%g’%?g‘dﬁﬁ‘éﬂn, A
particul ar type SSF1ed£3PHBATY cebannel fFiberss r yepoby ushances ethere| st hi s type
of core, 5curl ed greatest AdkelihoddrtNat yachenbiee abFy ends fandyerd cuplls C{roSiHei Nked,

form as. the absSABHIaFE ghafifer’ PleeWidF F1o8CtRIRTG 1" LOF olffiEer a0
chenical |y stifftbaedopshept) Baterig] pihan fifonsubstantiably chimepr eprpidiarye
refined, curl edchaimelsoireytosbe fempreyddcel | ul osic fibers used in the -
practice of In a preferred mode, the éa_pﬂ‘lary channel fibers-herein are
' 10 *substantially curled” (or otherwise gathered). As is known in
the fiber art, fiber curling can be achieved by selectively heat
quenching the fibers as they come from their forming die by
heating one side of the fibers a bit more than the other side (or,
conversely, by cooling one side more quickly than the other).
15 Alternatively, fibers made from synthetic polymers such as
polyesters can be curled by stretching, followed by relaxation, or
by passing the fiber under tension around a sharp edge, followed
by relaxation. Capillary channel fibers can also be curled by -
) immersion in methanol. In a preferred mode, the fibers are
substantially helical. Whatever means are used to crimp or
otherwise curl the capillary channel fibers, they can, if desired,
then be carded to form an assembly of fibers.

The preferred amplitude of the curls is in the range of about
0.1 sm to about 3 wm, and, typically, the frequency of the curls
is from about 0.5 per cm of fiber to about 5 per cm of fiber.
Fibers with amplit_:ud'es of about 3 mm and a frequency of about 0.5
per exhibit good softness even in the higher denier ranged
fibers having ‘Iirge capillary channels. Stated otheruisé. an
average capillary channel fiber having a straight-line lengtti of
about 2 cm 1s curled or gathered to provide optimal fibers having
a length of from about 0.5 cm to about 1.5 cm.

III. Multifiber Pads - Havirig thus considered the type of
capillary channel fibers employed herein and their {individual
fiber mrphology. the formulator of articles prepared in the
manner of this invention will be concerned in the formation of
such fibers into absorbent articles. In general, the formulator
will be laying-down a bundle of such fibers in the article. In
one mode, the fibers can be blown onto, for example, an absorbent
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this invention is described in great detail in U S. Patents 4,888, 903;
4,822, 543; 4,889, 595; 4,889,597; 4,889,596; and 25 4,898, 642,

i ncorporated herein by reference. Use of such fibers in conbination with _
absorbent gelling materials, and nmeans for, ggnufacturing such '

conbi nations, are described in US.  Patent 4,935, 022. Such

plr‘e|toar alt LoEsd typiceaéluadlei mmhveelmh@sicuwbergt alideby e tmmre& mode,
gl utar al denyde, a . : 1 t1Lon,

pol ycar boxylic aci%ﬂyi“c)ng %a@%t‘is}g&atgrgﬂﬁeﬁogis ﬁgﬁk&néheagf%'r}%g?“ pre \x/PWe"bH‘“
appreci ated that dthatt aepid, isaid pad romprising Henetyonk of i mdsinleccapdl taryc
fibers are also knmdfnelantibersih fSubler auTEYilRIrs pads WSED fypiciny aabboygh

bbover ment oned - RubUr TECHeSFalbdY ekl aBURCR B, (Gee il B Patdd 7
citations in U S. Watthi84cmogpeeferably From @beut 991 otrpd0.254r ca) Hor abauser
types.) Once in fadin! h@.orémd foel dsel ani sarftithey ﬁlaﬁkﬁlsﬁefai'ﬁﬁfhm? Promvi de
e 1 pers used OBERReE {d1°(@8h )t ARG N 2@ 26°GT Kk LW 1n

_ pantiliners; and preferably from about 0.1 in. (0.254 cm) to about

' - 0.5 in. (1.27 cm) for use in infant diapers or adult incontinence
garments.. For use in disposable absorbent articles, such pads
will typically have from about 0.003 g to about 0.016 g' of fiber
per 1 cm? surface area, and will have from about 0.003 g to about
0.03 g capillary channel fiber per 1 cm? volume (measured in the
uncompressed state). The amounts of fiber per unit area and per
unit volume for pantiliners, diapers and adult incontinence
garments can be calculated based on the differences in- caliper,
noted hereinabove. _

Preferably, the denier and streagth of the capillary channel
fibers will be chosen such that the pad of fibers herein will have
a ratio of wet:dry caliper of at least about 80%, more preferably
at least about 90%. This ensures that the pad will retain its
soft and form-fitting qualities even in use. ’

Stated '.otherwise, for a typical sanitary napkin, approxi-
mately 1.5 g of curled fibers of the type described herein will
provide a rectangular pad having a 'surface area of about 160 cm?
which is suitable for use as layer (b), i.e., what might be termed
a "secondary topsheet®, underlying the {initial fluid-receiving
topsheet of the type disclosed hereinafter.

30 IV. Use of Myltifiber Pads in Absorbent Articles - Having
thus described the fibers, the fiber morphology and the inclusion
of the .fibers into a pad-like struct'u_re; the formulator of the
absorbent articles herein will now be concerned with the _
incorporation of such pads into finished absorbent articles. 'It

- will be appreciated that the capillary channel fiber pads prepared
in the foregoing manner will, themselves, have some amount of
holding capacity for fluids, such as menstrual fluids, although.
this is not their primary function in. the present articles.
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- 34 - Backsheet - The backsheet is conventional, and can conprise a
fluid-inpermeable polymer sheet, for exanple polyethylene or
pol'ypropyl ene, that is thin enough to be flexible. A polyethylene sheet
0.001-0.5 mmthick is typical. Fl ushabl e or bi odegradable 5

backi ng sheets can al so be used, e.g., wttdl pantiliner devices herein.

Optional Retai ni@' anf - The absorbent structures herein can optionally,
but preferably, °f’\)$'(99 Yre P2GF 1Mrdge i theo Foragaing, dipner saacedifodesiredear t he
user's body to atdmpriseh¢hstentdter stsodibnt core iof, pfurd @xamglecpantiiNinepsied

function. For , Il @l apki.n hded. wi gl,ue stripes
facing outward op .t e'i%rf ag'lg-ges%eegf %ﬁ a%fﬁaﬁﬁ@ﬁﬁf\fs"glgﬁ?%wh 'lfg'“is)li ns,
clips and fastenEb8ryiwild| be usgdnin \coaiunchiono with Ay rhserbertsongedaidrne

f ol | owi ng5 Exanpl ewref sevivitey ais| & uisenvodr tfoe Prds ivitdchfareherahbferred from

invention, but agy egi1ldvyceRirtel Fibémphd A€o FATE RFE! 1RBLIEC! Bkt cores

~ will comprise an air-laid felt of cellulosic fibers, or mixtures
of cellulosic fibers with absorbent -gelling materials. (It will
be appreciated by the formulator that such cores are well-known
for use in current, conventional disposable articles such .as
sanitary napkins, diapers, and the like.) Due to the extremely
fine structure of the cellulosic fibers in such absorbent cores,
the cores exhibit high suctional forces which tend to draw away
fluids from the capillary channel fibers and into the core for
ultimate storage. This is precisely the intended effect.- Thus,
for é-sanitary napkin, typical cores which comprise from about 1 g
to about 5 g of multiple cellulosic fibers and, optionally, from
about 0.5 g to about 1.5 g of absorbent gelling material, are
overlaid with a capillary channel fibéer pad prepared as described
above. As fluid proceeds into the article, it encounters the
capillary channel fiber network, which distributes the fluid and
then surrenders it to the underlying absorbent core, thereby at
least partially “renewing” the capillary channel fiber network for
the next infusion of fluid. In a preferred mode, the capfllary
channel fiber pad is used as a “secondary" topsheet under a pérohs
(preferably formed-film) topsheet. Thus, the capillary channel
fibers draw fluid through the topsheet, thereby 1leaving the
topsheet with a fresh, dry appearance and feel, then surrender ‘the
fluid to the underlying absorbent core, and are thus able to
continue the process until the core is saturated.

In a highly preferred mode, the pad of capillary channel
fibers 1s kept 1in close contact with the overlying topsheet,
efther by adhesive bonding or by tensional forces, whereby the
topsheet and capillary channel pad remain tn uniform, close
contact. As noted above, contact between the topsheet and the
capillary channel fiber pad is, preferably, so close that tufts of
the capi'l"l'ary channel fibers extend finto the orifices of the
topsheet, {itself. Likewise, in order to efficiently transfer
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enconpassed therein. EXAMPLE | THI CK PAD A sanitary napkin article is
hand- made using the folloew ng 20 conponents. Reference is made to
Figure 13 for the assenbly of the product. The specifications of the
finished product are as follows. Paraneter. 22 .
Speci fications Pad wei ght (g) 9. 82
[2e[_)r7] [0. '1]2 (2)504 fluGdrto the @bsortbght lcame ndteiopryoferable that there be close

: err : P : 226
[err] 1 Core | engtaﬁonlg‘i t(@iéh@’ by adhesive or tensional forces, or bylpé'?v dipg % 1
Pad width at cent efouShefed surface of the absorbent core, on by.mnepdie-punching dt h

at center (rmm some of the capillary channeVOfiters] ifto3@he absorbidt @akd)per
(inches at §.13 psj

(inches at 0.13 psi tween the capillary chan%ﬁb%&[m%ﬁ ]rdh5088§r§gﬁ Igg#d'pﬁnrt(mﬂ

8 [err] 1 Conponentdre. Thus, in a highly preferred mode 'there is an interconnect-

Speci fications ing network between topsheet, thence into the capillary channel

- fiber pad, and thence into the underlying absorbent core, wheréby
fluid efficiently proceeds through the topsheet, along and through
the capillary channel pad, i.e., the “secondary topsheet®, and
into the absorbent core. This interconnection is maintained even
-in the face of in-use stresses such as moisture, mechanical shear,

" and pressure-relaxation associated with physical -movements of the
wearer. ' _

' The individual elements used to prepare the articles of this
invention are described in detail, hereinafter.-

JOPSHEET - The finished articles herein are brovided with-a
fluid-receiving tobsheet. Such topsheets are made of materials
which are breferab‘ly hydrophobic, but fluid-permeable. Topsheet
materials of the type employed in the practice of this invention
can be prepared by methods well-described in the patent
literature. For example, according to the process of U.S. Patent
4,324,246, Mullane and Smith, April 13, 1982, a sample of
thémoplqstic material such as 0.0038 cm thick polyethylene film
is heated above its softening point. (The softeniug point s -the
temperature at which the thermoplastic material can be formed or
wolded and is less than the melting point of the material.) The
heated thermoplastic material in sheet form is then brought into
contact with a heated forming screen. The forming screen fis
preferably an apertured wire mesh screen having the desired
aperture sizé. pattern and -configuratfon. A vacuum s used to
draw the heated film against the forming screen, thereby forming .
the film into the desired pattern and having the desired hole
sizes. While the vacuum is still being applied to the film, a jet
of hot air is passed over the film. The hot air jet perforates
the film in a pattern corresponding to the pattern and -size of
apertures in the fo_rming' screen. '
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Pol yethylene ring rolled fornmed-filmtopsheet - ca. 9" x 5" 35
(according to U S. Patent 4,463,045) Capillary channel fibers SW94

(Edst man) 1.5 g Capillary channel fibers SW73 (East man)
0.5 g. Findl ey extended adhesive backsheet 9" x 5"
(Formul a #198-338) - 35 - Creped BCUNT$ paper t ownel

Shaped* Panty fastenfigdagérasible topsheets prepared in the manneh Xof/ ¢he X 3/ 4
B: gggz Rte}Me)agle 4piéﬁ(1'laner’ eit13 al patent dre conveniently referred to A e
Sur f act ant (pEGCémSE) The caliper of such films is impqrtant gﬁim.tdprhq for
ends caliper is too great, liquid May).aébumulate in the apertures and
5 not readily pass there through. For the manufacture of absorbent
-articles such as diapers, catamenials, incontinence artic'l'es. and
the 1ike, the topsheets typically have a calfper of less than .
about 0.075 cm, or preferably less than about 0.064 cm
- Another formed-film sheet material useful as the topsheet
herein is the resilient, 3-dimensional web exhibiting a fiber-1ike
appearance and tactile impression, comprising a fluid-impervious
plastic materie'l with said web having a wmultiplicity of
apertures, the apertures being defined by a multiplicity of
interseéting fiber-1ike elements, all as disclosed in U.S. Patent
4,342,314, Radel and Thompson, August 3, 1982. The Radel and
Thompson sheet materials. can be prepared ‘using hydrophobic
plastics such as polyethylene, bo]ypropylene, PVC, and the 1like,
‘and are well-known for wuse 1in absorbent products such as
catamenials, and the like.
Yet another type of formed- .film sheet material useful herein
is described in U. S. Patent 3,929,135, Thompson, December 30,
1975, and consists of hydrophobic polymer films having holes which
are in the form of tapered capillaries. These "tapered capillary”
topsheets are a]so_khown for use in absorbent articles, including
adult incontinence articles. They may be prepared from various
hydrophobic polymers, as mentioned he'reinabove- typically, low
density polyethylene having thickness of from 0.0025 to 0.0051 cm
is employed. .
- ' Reference to U.S. Patent 3,929,135 can be made in order to
30 further visualize tapered capillary topsheets. In use, the apices
of the capillaries in such tapered capillary topsheets are in
contact with the underlying absorbent core material. Generally,
tapered capillaries are in the form of a frustrum of a conical
surface, but it is to be understood that any generally tapered
structure, such as a frustrum of a pyramid or the Tike with a
triangular, square, or polygonal base, is within the term “tapered
capillary*; circular tapered’ capilldries, however, are used in
this description for convenience. It is also to be understood
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Absorbent gelling material (AGW slit core 70 mx 193 mm 10
non-slit central area; -total core wt. wth 2-3/4" 2.6 9;
contains 0.7 g polyacryl ate AGV non-slit center area Findl

Adhesi ve-4031

5%@5 g *See Figure '13(38)

shape. The shape is designed to 15 'provide anatomcal fit. The

SW94 fibers are o
approximately 22 d
dept h of about 48

thith ehétapered lcapi i 160 €ah O bgﬂn_@a—ie gﬁ.el.eftné’f qle of
BhoerOnt BT Saa ke Be s cPel £rmCtne) G amkbes sigeb ang

ey
f or

iver

whi ch has been st utha¥ the,angle @fctapeo can change condimuoushys (par.,ibecleurved) are
in the preferred HogéotheS@ritante fiohhbaseCtanapéx Wi g heif 13&1 ;1%5?&;5 fie
r

channel depgh of 1
|l ong and capillary

gl 8 Vape, 45 0 bBL s 71 o4 Fhe anotictonthe rejde

d a
in.

procedure, the ringfrihe eapildpanatt itss point o6 ®iminum apex lopeniingi diminsione, a

tenplate (2" x 7"
sprayed-with the F
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bPSU€?¥e‘ﬂ93€his invention is from about 10° to about 60°.

Base opening dimension of the capillaries is defined as the
maximum open measurement in the plane of topsheet at said tapered
capillary. Apex opening dimension is defined as the maximum open
measurement in the apex of said tapered capillary, which apex is
remote from the plane of the topsheet. When the tapered capillary
is in the form of a frustrum of a conical surface, the base and
apex opéning dimensions are, respectively, the base diameter and
the apex diameter. Base diameter and apex diameter are herein-
after used interchangeably with, respectively, base bpening
dimension and apex opening dimension. .

The tapered capiIIany apex diameter is a diameter.which will

allow 1iquid to readily pass frbm.the.surf;ce of the topsheet to

the underlying absorbent core. The apex diameter is from about
0.004 to about 0.100 inch (0.010 to 0.254 centimeter), preferably
from about 0.005 to about 0.020 inch (0.013 to 0.051 centimeter).
The tapered capillary base diameter is selected to satisfy
two criteria. The first of these is the subjective feel of the
surface of the topsheet which contacts the skin of the user. It
has been discovered that polyethylene can be made to exhibit
pleasing, cloth-like, non-waxy attributes when the base diameter
is within the range from about o.opﬁ'to about 0.250 inch (0.015 to
0.635 centimeter). Preferably, the base diameter should be within
the range of from about 0.030 to about 0.060 inch (0.076 to 0.152
centimeter). The second criterion {s that the capillary base
diameter be small enough to allow an expected liquid droplet to
bridge across at least one capillary. This criterion is satisfied
by the above dimensions for disposable diapers and sanitary items.
The height of the tapered capillary is defined as the
distance between the outermost surface of the topsheet (i.e., that
surface which normally contacts the skin of the user) and the apex

and
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adhesi ve. The adhesive is applied in a spiral pattern (see'Fi gure 10). The
| ayer of capillary channel fibers SW94 is hand-pressed in the center of
the glue sprayed area. The fibers run parallel 30 to the long axis of

the article. Capilary channel fibers SW73 are hand pressed as a swatch

(with fibers parallel to the long axis of gshe article) in the center of the
| ayer capillary channel SW94 fibers. This provides a Pre-Assenbly of the

topsheet and capbf | ey teperedetagilbanys. Thds beigheni cfeourse)edépehds Wpbs
Dhes ve. LZ&SL%@@?’“&*? s AN SRR B8 ok wntgt] Hive el
rel ease paper) i gelac %dg/ﬁ rf‘%ﬂE‘bFB‘P% deseripedy ITF?tMQBBr@ |§‘epltal?ﬁé'§dover
the This is the egpilasemshoukheetvidet & structure WithER «9%ihum  tenddity- to
5 collapse in use. The characteristics of the material of con-
struction of the topsheet in large measure determine suitable
ranges for the height. When the topsheet is low density poly-
ethylene of from 0.001 to 0.002 inch (0.003 to 0.005 cm) thickness
and apex diameter and base diameter are in the preferred range, -
-and angle of taper a §s in its critical range, the 'height of the -
tapered capillary can be from about 0.003 to about 0.159 inch
(0.008 to 0.404 centimeter).

A state of relative dryness on the surface of the topsheet
implies that most of the liquid which contacts the topsheet {is
transferred through it to the absorbent element. This in turn
implies that each isolated droplet of fluid in contact with the
topsheet must be in contact with the base diameter of a tapered
capillary. This state of affairs can best be achieved if the land
area (the area- of the topsheet that exists between the bases of

" the tapered capi'llaries) is maintained at a minimum. The minimum
1imiting value 1s the case where conical tapered capillaries or
pyramid’s tapered capillaries are provided in close packed array
(where the periphery of the base of each capillary is in contact
on all sides with the periphery of the base of adjacent capil-
laries). The preferred arrangement of minimum land area tends to
{fnsure that an {individual droplet will contact at least one
tapered capi"l'lary. A preferred arrangement in disposable diapers
-{s where the tapered capillaries as hereinbefore described are in
ordered arrangement with from about 30 to about 1500 tapered
capillaries per square inch of topsheet (5 to 231 per square
centimeter).

" Tapered capillary sheets can be manufactured in any of
several ways well known in the art. One particularly suitable
‘method 1s to provide a heated mold with male elements of the shape
and arrangement of the desired tapered capillaries (hereinafter a
pin mold). Each male element is secured in such a fashion that
its apex extends away from the base of the pin mold. A portion of
sheet material is brought {nto contact with the heated pin mold
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backsheet, and the creped tissue (BOUNTY) is placed over the AGM core. The
Pre- Assenbly, prepared above, is placed over the creped tissue, as shown in
Figure 13. Wth the Pre-Assenbly over the creped tissue, the article's
conponents are pulled snugly over the 5 edges of the form but not

so tightly that the conponents begin to putl2eaway fromthe form Firm

. pressure is applied to adhere the edges with the adhesive on the backsheet.
The article is renbetwgen rthe tmpddf @ndn anresiléerdnchacking platesed Pressprecis

#‘lgngoa roll e;thgﬂpﬂgh@%eﬂ{éaﬁlﬁbihstilaﬁ_ﬁﬂfedolfdf.Oﬁﬂdebtlg?naaﬁéstiﬁfenltﬁbﬁ’%‘ikfi‘eet :
rLps r ed,.an e r ps

panty fastening adﬁ&i?@%ﬁi Aiﬁig% %'I%e @l"ﬁ?@lg" thfheShSﬁft e€° s‘ﬁ[ﬁ? a&!ﬁ of

the topsheet is sptapered gaphl @ryitogsheet PEANSPHRSRatE) W Of acanstctiel Ehd |

~ TH N PAD 155 topsheEE 18" €61GAb et t TRGRrE fonFof Wiguikd i the
thin pad is equival epntm fﬁg& th'!att (:Cl(i%g\/\ﬁl . mpeWﬂ)uﬁsqﬁQEﬁagcgJ of
f (

the |ayer. of CCF sHdy 8T, a%n@pﬁ?f’qgﬁﬁf éql‘)ﬁé;??‘rfg?ru?ﬁ%&{r“g E%Peﬁg%d.

capillary sheéets in one of the aforementioned ways, it may be
necessary to physically remove material frbm the apices of the
capillaries so as to insure that the apex diameters are the
desired value. Such removal of material can be accomplished by,
for example, subjecting the apices to controlled abrasion or by
,hgating the formed topsheet so as to melt open the apices. See,
also, U.S. Patent 4,629,643, Curro and Linman, December 16, 1986,
for a microapertured polymeric film with improved tactile impres-
sion, which can also be used in the.p'ractice of this invention.

A h"lgh'ly-preferred fiuid-permeable formed-film - topsheet
material which can be employed in the practice of this invention
is disclosed in U.S. Patent 4,463,045, Ahr et al, July 31, 1984,
and reference can be made to that patent to further assist
visualization of the Ahr et al struct'ui'es. )

In genei'al _térms. the topsheets provided by U.S. Patent
4,463,045 are designe;l not only to provide a desirable cloth-like
tactile impression, but. also to substénti;ll'y eliminate surface
gloss. Thus, topsheets made of plastic do mot have an undesirably
shiny, “"plasticky" appearance.

"~ Such highly-preferred topsheet materials can be succinctly
described as being a macroscopically expanded three-dimensional
plastic “web" hiving at least one visible surface which appears
substantially non-glossy when exposed to 1light, substantially all

 of said visible surface exhibiting a regularly spaced, microscopic
pattern of discrete surface aberrations, each of said surface
aberrations having its amplitude oriented perpendicular -to the
surface in which said surface aberration originates, each of said
surface aberrations having a2 maximum dimension of less than about
6 mils, as measured in a plane oriented subst_antiall_y perpendicu-
lar to its amplitude, whereby said surface aberrations are not
discerntble to the normal naked eye when the perpendicular dis-
tance between the viewer’s eye and the plane of said web is at
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Assenbly of.the product is as follows. Cut capillary channel 20

fibers (CCF SW73) to 7 in. length; 0.75 g fibers used. Cut the
ring-rolled topsheet to size. Place the tenplate on the bottom side of the
topsheet and apply Findley 4031 adhesive (spiral pattern). Hand- pr'ess CCF
SWL73 fibers in the center of the gI ued argh-wth the fibers running
substantially parallel to the |ong 2 axis of thé topsheet. Lay the
Fi ndl ey backsheetleast fabeyt 32 imgkes, ﬁcac%f satd surfaceabacratians alsccbeimge on

the Findl ey Backspeetof @ﬂﬁa@‘r _ai'dfhe WRicdli ewhap@d eénbeighu o OWfdicritiee al grainat e
creped t1ssue. | SEPRAFLEMEIE. b s SPRORC reldetF -t RS IERR Mfhacen;
edges to seal . Fabsrratﬂensr dhat dhe pmaxdmur diameten Qfa@R.Yd'fi"F}k which caebe and
renove in 8 or 3 {yseefbed tdheNamy apPardabe SficON thbarmedriteof sdile surfice! €.

Pl ace the PFA on t S P The
speci fications ofd #H@&qsﬁl‘iﬁeﬁxﬂ %ﬁﬁéﬁ%‘e {LS‘%%e ‘f’%'rg\%@ §E§FY pgrtqlgﬁrqrret er
Speci fications Pa&aidevighble gyrface is less than about 4 mils, whereby any liglg 50 +
0.18 incident upon any portion of said visible surface is diffusel
y
reflected into a multiplicity of directions by said surface

10 "aberrations so that said visible surface appears substantially

non-glossy. .

The "045 topsheet materials can have at least a portion of
said surface aberrations comprising protuberances projecting
generally outwardly from the surface, and can have at least a
portion of said surface aberrations comprising depressions
pro:iec‘:ting generally inwardly from the surface of said web. '

The manufacture of these preferred topsheets can be achieved
by use of a forming screen or structure, -as generally noted
hereinabove, which provides said surface aberrations by virtue of
"knuckles" on the support member. (The preparation of such sheets
{s described in great detail in U.S. Patent 4,463,045, and their
method of preparation forms no part of this invention.) In
‘general, the resulting surface aberrations correspond to the
knuckles of a woven mesh support structure which directly-contacts
the visible surface of said plastic sheet during production
thereof. ' :

In a preferred manufacturing method, the woven mesh support
structure which directly contacts the visible surface of said
topsheet {s comprised of filaments having a diameter between about

" one and about two mils and a mesh count between about 160 fila-
ments per lineal inch (2.54 cms) by 160 filaments per lineal inch
(2.54 cms) and about 400 filaments per lineal inch (2.54 cms) by
400 filaments per lineal inch (2.54 cms).

Preferred topsheets herein are those uherein said surface -
aberrations have an average amplitude of at least about 0.2 mils,
more preéferably at 1least about 0.3 mils. Most preferably,
topsheets having an ampﬁtizde of each of said surface aberrations,
as measured perpendicular to the surface in which said surface
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Core weight (g) lam nate 2.54 + 0.09 Pad |l ength

(m o 232 + 4 37 - Core length (mM)
| am nat e 201 [err]- 1 Pad width at center (nmm
85 [err] 1 Core width at center (mm - 28 - 65 [err] 1
Pad caliper (in. at 0.13 psi) 0.211 0.005 5

Core caliper (in. 7
Conponentg (i n. aBérrQtich BFiginates, within the range of abbud Am”desf)ragﬁ)ﬁ

Pol yet hyl ene for rré:dl%'l r?lft 8‘5% h%v@fa%er Iv%uer oqfl etae ampdit@%?%obeﬁt I‘g? acent ot
4,463, 045) Capi | | supfachashecratrippsese W9@d3 ( East man) 0.75 g; ‘10
7'|': Ienlgth Fi ndl ey ext epp@shapdhrhat fPRC tBPsHREts whose backfaces are” reated O
(Formul a #%98 338)with hydrophilic latex are described in U.S. Patent 4,735,843,

. Noda, April 5, 1988, and these can also be employed herein.

In addition to the sophisticated apertured materials men-
tioned hereinabove, the practice of the present invention may also
be undertaken with hydrophobic sheet materials having simple holes

10 punched there through.

It will be understood from the foregoing that the aforesaid,
preferred, "sheet” or "film" materials used as the topsheet in the
.practice of this {nvention are  substantially different from -
fibrous nonwoven materials, which are characterized by a large
number of fibers which overlap each other throughout the thickness
of the material. Moreover, the topsheet materials used herein are
made from materials (preferably, hydrophobic thermoplastic
polymeric materials) which provi'de ‘a clean-appearing, stain-
resistant or “non-staining* surface, in use. ~Such topsheets (as
well as fibrous topsheets) can be rendered hydrophilic by spraying
on surfactants, e.g., PEGOSPERSE, in well-known fashion.

It wi‘_l‘l also be appreciated that fibrous, nonwoven topsheets
made from materials such ds polyethylene, polypropylene and blends
- are commonly used in commercial sanitary napkins and pantiliners,
and such fibrous topsheets can also be used herein.

. Such fibrous, i.e., non-forméd-film, topsheet materials which
cin be used herein include, for example, various nonabsorbent
fibrous or filamentous network sheets which are aqueous-fluid-
permeable by virtue of a multiplicity of holes or channels passing
therethrough. Such sheet materials can be prepared by methods
well-described in the patent liierature. For example, according
to the process of U.S. Patent 4,636,419, Madsen et al, January 13,
1987, sheets comprising a network of ribboned filaments of two
dissimilar chemical types, and with two dissimilar melting or
softening points, are contacted and cooled to allow the formation
of a network sheet characterized by said different transverse.and
longitudinal polymer materials. Such sheets can be used in the
practice of this invention.
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Creped BOUNTY: paper’ toiel Shaped* PFA (panty

fast eni ng adhesi ve) Six 3/4" x 3/4" 15

pi éces and two 3/4" x 2.5" pieces Rel ease paper

As needed PEGOSPERSE - 0.0l g 20
Wiite poly for ends 4" x 3/4" AGM slit
core non-slit center; total 65 mMm x 193 nmm core weight 2.5
g; contains 0.7 g AGH ' - vvith'2293/'4" non-slit center Findley

4031 (adhesive) other sheet material usefu fg%ngiszﬁhe rmamin *Aﬁ in
Example 1. In the follow ng a 1es||| an , the caiﬁary g‘hsar'u'gl
fibers are used FPPIASHGHANT Eﬁ‘r"ﬁ%‘l é’setWﬂS‘sB%' IPBIISt f&&'“é%tsooﬁbﬁ st
refined, curled cemgrdsirg twbi aerays Ofic fitamehtsctamientdd avch Weéplacshent

absorbent fi bers oho¥eT5f -9 degiest NIk FbrhER dadbe Hde to EdrdpidACharifl 21 | S
regardi ngst hei r Rﬁﬁi‘;?&%‘dr e02%4 7€e%${eldg%§w:[& eSneyd et al, to further .
assist visualization of this sheet. The aforesaid sheet materials
can be prepared using hydrophobic plastics such as polyethylene,
polypropylene, PVC, and the 1ike, and are well-known for use in
absorbent products such as catamenials, and the like. Such sheet
materials typically have a basis weight of 0.5-5.0 ounces/yd?
(0.0016 g/cm? - 0.016 g/cm?), a caliper of 5-25 mils, an open area
of 30-80% and 2 mesh of 20-40. Conventional nonwoven topsheets
can also be employed. ' : .
Contact Between Topsheet and Capillary Channel Fibers - An
important consideration in the manufacture of the articles herein
is to ensure close and sustained contact between the topsheet
material and the layer of capillary channel fibers. Such close
and sustained contact at the interface of the fiber layer and the
topsheet maximizes the fluid acceptance and fluid distribution
20 properties of the finished articles. As noted hereinabove, one
method of ensuring c'ldsg contact is by adjusting the temsional
forces between the topsheet and the layer of capillary channel
- fibers. While effective for its intended purpose, reliance on
tensional forces can cause difficulties in manufacture, and can
‘eveljf cause the: article to assume a cup-type configuration.
Ultrasonic bonding can also be used. '
. In a preferred mode, close contact between the topsheet and
. the layer of cipillary ‘channel fibers is achieved by means of
adhestve bqnding. ‘However, even in this mode of operation some
care is to be taken to achieve optimal results.
. It will be tppreéiated that using excessive amounts of
_ adhesive can cause the articles to undesirably stick to the body
of the user. : -

It will also be appreciated that using excessive amounts of
adhesive could undesirably clog capillary channels in the fibers,
theréby diminishing their effectiveness. Accordingly, “"noninter-
fering®" amounts of the adhesive are used. Such amounts can vary,
depending on the adhesive chosen, the pattern in which {t is
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concurrently-filed U S. Patent Application entitled "Absorbent Core for Use
I n Cataneni al Products”, Serial No. 734,405 , filed 23 July 1991

| nvent ors Buenger, Horney and Hammons, incorporated herein by reference.

For the convenience of the formulator, the 35 manuf acture of such

fibers, neans for refining the fibers and nmeans for formng said refined
frbers into absorbent sheets are described B@r-ei nafter. - 38 - Fiber

Manuf acture - The curled fibers Qrepared in t'he manner described in the
‘above-cited ref er ddddouBmiheseidth Aty tha sepiidary shpanelecin theSiibersi rads
which are preferalthg ttier cedntyoBting fthecdrday offeadtesdfe anérthes didmet&io ofgent .

verage dry fiber S Spueatte dings tn" (P Sptegt RUERS Slhad | kel ¥R

mllimeter an averséf¥escko Mipimizenthe stdckingopfathe arsiclgsote thep usen’st
nodes per 5 body.

The adhesive should be nonirritating to the skin and
otherwise toxicologically-acceptable for use in close contact with
delicate body tissues. The adhesive should maintain its bonding
properties when moisture is not present, i.e., when the article is

10 being manufactured, and, most preferably, when moisture is
present, i.e., when the article is being used.

The adhesive should bond both to the material used to
manufacture the topsheet and to the material used to manufacture
the c;piilany channel fibers. If the topsheet or the fibers are
surface-treated. e.g., in a hydrophilization process, the nature
of the surface treatment will have to be considered when selecting
the adhesive. '

Typical adhesives useful herein include materials selected
from latex adhesives and hot melt adhesives. Fdrtﬁnate]y, a great
variety of such &dhesives are well-known in the art, and by giving
appropriate attention to the factors mentioned above, the
manufacturer can select an appropriate adhesive for any set of
circumstances. In order to sustain good contact when the article
is in use, i.e., becomes moistened by body fluids, it is preferred
that the adhesive be insoluble in body fluids.

Having thus considered the general nature of the parameters
which must be considered when bonding the topsheet to the layer of
capillary channel fibers, the following 1llustrates preferred
materials and techniques for use in the practice of this
invention. | '

While the adhesive can be laid down in 2 random pattern, it
is most preferred that a spiral, or multiple spiral, pattern, such
as the one fllustrated in Figure 10, be used. Alternatively, the
spot pattern of Figure 11 can be used, but is less preferred.

In a preferred mode, the 1ines of adhesive are applied in the
spiral pattern using a 0.2 mm nozzle, but application using

_noziies at least as large as 0.6 mm is satisfactory.
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mllimeter and at |east about 0.5 tw st nodes per mllineter | ess than said
dry fiber twi st count;. an average isopropyl alcohol 10 - retention val ue
of "l ess than 'about 30% and an average water retention val ue of between
about 28% and about 50% Highly preferred fibers have an average dry fi ber -
curl factor of at |east about 0.30, nore paeferably at |east about 0.50.
It"is to be understood that the refining process herein does not
substantially 15 Thaf seldctigre off adkesdvegcampararyewtvhs thei nesisueh @ t he
process is carri [ c NP&ints L §iRt is or
no defibrillati onﬁ’o uﬁrll]lgr,orblﬂt |ﬁng h’"?ﬁ"{ﬁg é‘ts m "c'igt?ﬁ%ﬁve {’%ﬁé*c‘it he
original fibers hag, ghown; ﬁené? aﬂe“"*]edﬁéﬁi‘ ag s| é?lﬁttﬁ“ 9, bgy sqmewkat ¢ he
‘original curled Tesbesstisfiadtoyye thanr kotn riedt cadhesinvess 2Adhesivesr avgilapie

rohner o Xsfe&“ﬁ‘gﬁﬁﬂ""‘% R aves DL, éﬂsﬁ“‘}?%‘ il Ry 4bi,
preferably at |edt a0t %ﬂ‘@‘q%r éﬁé?’étﬁ% a%ﬁt“sgﬁ% &F"Qilﬂe r@Pﬁ}ed

fi bers have an aviind bey IHemmhow'llschydrepﬁdem alhdch nR@%atcouab cfor W3%gosd t he
L)teﬂngi g‘; thgno‘rl aul'manges epropet‘t%?f' Ny cofitract, T1REES H-soB2b8Y is

er a
hydrop gl‘rl'lic and may tndesirably separate when wetted under in-use
10 conditions.) A variety of hydrophilic finishes can be present on

the capillary channel fibers, and the type of adhesive can vary
somewhat, dependipg'pn the finish used, and its usage level. As
noted, the objective is to ensure good contact betweén the
topsheet and the layer of capi'llafy channel fibers at all t'lmes,
thus maximizing fluid acceptance and -partitioning properties.
With the Eastman capi'llary channel fibers such as SW194, Eastman’s
finish LK 5570 (49% PEG 400 monolaurate/49% PEG 600 monolaurate/2%
4-cet,y‘l-4-ethylmorpholinium ethosuifate [antistat]) works best
_ _with Findley adhesive 4031 at’ high, medium and low (0.78-0.87;
20 0.38-0.57; 0.28-0.33 wt. percent of fiber) finish levels.
: Typically, about 0.07 g, 0.08 g or 0.05 g, respectively, of
Findley 4031 (depending on high, medium or 1ow finish ‘leve'l) gives
excellent adhesion. ..

Other finishes herein include Eastman’s LK 5483 (70% PM [PEG
600 monolaurate," po1yoxy1 aurate (13.64) monolaurate]/:'.ox potassium
lauryl phosphate), Eastman s LK 5563 (45% PEG 400 monolaurate/45%
PEG 600 monolaurate/10% 4-cetyl -A-ethylmrpho\inium ethosulfate)
as well as the polymer available as MILEASE T, which is well-known
in the detergency arts (see, for examp'!e. U.S. 4,132,680) as a
fiber-coating ethylene tereplithalate/polyethyleneglycol tere-
phthalate soil release polymer, and which is available from ICI
Americas. ) ' - a

As noted, the amounts of adhesive employed will vary, but
typically range from about 0.05 g for a 2-in. x § in. spiral
-pattern to about 0.07.g for a 2 in. x 7 in. spiral pattern, using
a hot melt adhesive. For a latex adhesive, from about 0.1 g to
about 0.15 g for a 2 in. x § in. pattern will suffice. For the
spot pattern, about 0.05 g is used in an area of ca. 2 in. X § in.

15

25

30

35

This is the replscement shest

2 T FEB 1997
Date:



unrefined fibers prepared by the above- r ef er enced processes wi |l have
lengths in the range fromabout 1.6 mm to about 7 mm whereas, after

refining, the lengths of the fibers will typically be mainly in the average
range fromabout 0.25 mmto about 1.5 nm _3 Fi ber Refining -

Once prepared by any of. the aforenentioned, art - di scl osed processes, the
curled.cellulosic fi beneseicontaeti BEeb® ﬁh@OV¢meéhQnﬁ R Endé?@i‘idgnliﬂ?

practice of this i t K
Conpr i si ng about @E&u,i&ahf“a@w 2 PLFeFs o B8 JorsB6r DHERNAR, By akpLying,
passed through a Psessure jyring - thm d9ing novpeessi mﬂlay aby Speambingla the)
singl e di sk refingppérost | %biﬂlifpﬁtl@iﬂﬁ?rsﬁmaﬂv tHeClayer MtBC)provide

P .
mpor - ant ’y,”F?"*'ngil@ﬁé‘aobj g e BRL TR g %é‘%%és“ﬁ? aft it el
the twisted fiber Rdesi¥8ut substantially defibrillating them - - 39 -
Irrespective of the bonding method employed, means for
Judging the contact between the topsheet and the undernlying layer
of capillary channel fibers relate to the speed with which fluid
10 impinging on the topsheet is drawn into the capillary channel
: fiber layer. Various means for judging transported fluid through
the topsheet and into the capillary channel fiber layer can be
envisioned. However, a simple Orop Test is conveniently employed.
In this Tést, sheep’s blood or any desired type of artificial
menses is allowed to come to room temperature while stirring at a
gentle speed. With a catamenial pad laying horizontally, the pad
is visually sectioned into horizontal thirds. Using a dropper
held approximately 1/2 in. above the pad, add 4 individual drops
of blood onto the topsheet of the top third of the pad and add
20 drqps toward the middle of the pad at 1 in. intervals.
Simultaneously, start the -timer at the addition of the first drop
of blood or artificial menses. Record, in seconds, the time it
- takes each drop to penetrate. .the topsheet. Repeat the drop
addition with 3 drops added to the middle third of the pad.
Repeat the blood addition with & individual drops being added to
the bottom third of the pad. Average the readings. Any descrip-
tors selected by the formulator can be used to denote the speed of
movement through the topsheet into the under'lying layer of capil-
Tary channel fibers, and it will be appreciated that such descrip-
tors will vary with the standards employed by the formulator. A
score of Excellent can be attribdted to fluid movement through the
topsheet and into the capﬂ'lary channel layer in 1-10 seconds; a
score of Good for fluid movement in a2 period of 10-15 seconds; a
score of Fair for movement in 15-20 seconds; and a score of Poor
for periods of time greater than 20 seconds.
-In genera‘l for sanitary napkins employing the formed film
topsheet according to U.S. Patent 4,463,045, the layer of
preferred capillary channel fiber materials disclosed herein and
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The 3% aqueous stock solution is diluted to 0.5% consistency and fl ows

t hrough the Sprout-Waldron refiner using a gap setting of fromabout 5 mls
to about 30 mls, preferably about.2.5 mls. (Note: The Sprout-Waldron is
nodi fied by renoving the equalizing 5 spring so that- the gap setting
remei ns constant throughout the flow of thegyfibrous stock solution.)
Typical flowrate is 9-10 gallons per nminute and the refining anperage is
about 45 on a 25 the spﬁmblgluing(um ms1t) [pattenmeofiFégurieclon thqsmavgma@%e of

t he mechani cal eng t t f . n f

singl e pass of t e 3 hh‘ige ﬁpsﬁfetghﬁhe iﬁt&é'u{ X Qa%ﬁ?fff h%e?e}ﬂ’ﬂ
node, the curl ed '3¥#" ecF B Tz%?r\ H& @G‘I’? Mabwcmbwptkstn I,
which is a highly reffibsexbentifoer Typfdaltynd fkmizhed fabserbeht \ardfcias Cﬂf'lildl an

standard fg eenesgoRfdife3RedtiOWr BRttsO oD Piirod Oaﬁ’sog[# ﬁteﬁ%?nglﬁ{h B ¢ he

Eubled o 1 ul'osi CoPERFueea EelTRinsecpulsh 1anemithermosshin gt nulni and the
strengt heni ng pr dfke{ iwedltknowheinf cormierctadepracticel ahs oi sC quitee weH -Riowd
diluent in the shpghsrebétt ' EameRcia®’ fACFRRY- cores which also comprise
absorbent gelling materials (sometimes rvreferred to as
“super-sorbers") are becoming broadly used in absorbent articles.
Especially preferred absorbent gelling materials are the
polyacrylates and acrylic acid grafted starch. The manufacture of
such wet-laid and air-laid absorbent cores is .a routine matter.
Various fluid-absorbing sponges, peat moss, cotton, cloth, and the
Tike, materials are also usable herein. .

A particular type of absorbent core is preferred for use
herein. “In this. type of core, curled, twisted, preferably
chemically stiffened and crosslinked, cellulose fibers are refined
to provide fibers which can be used in sheet form as the absorbent
core. The preparation of suitable curled, chemicaily sf_.iffened
cellulosic fibers from which one can prepare the refined, curled,
chemically stiffened cellulosic fibers used in the practice of
this invention is described in great detail in U.S. Patents
4,888,903; 4,822,543; 4,889,595; 4,889,597; '4,889.596;_' and
4,898,642, incorporated herein by reference. Use of such fibers
in combination with absorbent gelling materials, and means for
nanufacturing such combinations, - are described in U.S. Patent
4 935,022. Such preparations typically invo'lve the use of
aldehydes, such as glutaraldehyde, as crosslinking agents. _In
addition, polycarboxylic acids can be used 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 way
be suboptimal as compared with the above-mentioned - 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.

10

15

20

25

30 .

35

This is the replacement sheet

Date: 2 7 FEB 1897



Foll owi ng the refining step, the 0.5% aqueous slurry of the 20

refined, twisted fibers is further diluted to a slurry weight .of. from
about 0.1%0.2% for use in the Sheet Formati on operation, hereinafter.
Sheet Formation - In general ternms, the formation of the above-prepared
refined, curled cellulosic fibers into-gheets 25 suitable for use
as the absorbent core in catanenials, and the |like, enploys a Fourdrinier

paper maki ng process wpatksheet anTier badkshest §oabnientivomy, tanddunOeumpr AR0a

i nvol ving verti cal RS t et 0Ss ygh- a4 er. See,
for exanple, U S f%%{@ﬂﬁei‘%@%@ mﬁ?n sth%g{'pr g%@séﬂmgvgr ggb{“%ﬁ'e i &
enployed in 30  PolyRrepyIeARethat dSrthin enquathte teoflexiblar i A golxethyliene |
]Ei Issue, filter Eaphéet 90001-0¢5 Izimk €hickiode viypicaln| iklgxshitﬂe_rraﬂwieagwﬁbmé
ilter paper, the n e ouf ,SU n SQUre:

rat her, t hg t hrou bﬁ%& g&{,%? géf@t‘é%nb i 6sje \(Iawr?%?b;ée'&" I ﬁ{ﬁﬁoﬁ’gﬂdé?@ﬁ ,%g‘fﬁss
above- descri bed aB8E¥fs s| urry conprising 35 from about 0.1%to about
0. 2% by wei ght of t he gpefonatdRetiadh figeHears! l-ulThei absbirtemts structuvies OHavegsl from

the head box of tRg, optionally, but preferably, be provided with means to hold

' them in place on or near the user’s body to allow the structures

10 to perform their intended function. For examplie, sanitary napkins

can be provided with glue stripes facing outward on their back-

. sheet §n well-known fashion. Various pins, clips and fasteners of
well-known types can optionally be employed.

"~ The following Examples further illustrate the practice of the

15 invention, but are not intended to limit the absorbent articles
. encompassed therein. , :
EXAMPLE 1
A sanitary napkin article is hand-made using the following
20 components. Reference is made to Figure 13 for the assembly of
the product. S
The specifications of the finished product are as follows.
Parameter ? | Specifications
Pad weight (g) 9.82 + 0.12
25 Core weight (g) laminate only 2.57 + 0.04
Pad length (mm) 226 + 1
Core length (mm) 197 +1
Pad width at center (mm) 8l £2
Core width at center (mm) 70+0
30 Pad caliper (inches at 0.13 psi) 0.611 + 0.02
| Core caliper (inches at 0.13 psi) 0.058 + 0.003
Seal Yength (mm) 8+1
Polyethylene ring rolled formed-film topsheet ca. 9" x 5"
35 (according to U.S. Patent 4,463,045)
- Capillary channel fibers SW194 (Eastman) . 1.5¢
Capillary channel fibers SW173 (Eastman) 0.5 g.

Findley extended adhesive backsheet . 9" x §"
(Formula #198-338) '
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paper neki ng machine ontfo a standard formng wire.
fiber flocculation, which would result in a nonuniform - 40 | ay- down of
fibers in the resulting sheet. The distance between the top of the head box
and the forming wire (the "slice setting’) 5|s preferably set at about 90
mls to avoid flocculation. The dilution water can al so be adjusted to

avoi d fl occul atl n As * noted, av
f1 occul ation ped @UNTY papéietéﬁeli g. Qhéi:'eag

di stribution of ??’H‘grg t%w;gt gﬁegb\tlg}” ?%easﬁggft o s tue]béﬂ g]pyd down to

is relati
the 23% | evel . A vacuum box is enpl oyed to renove any exetegeswder fromthe
formng wre,

after. which the sheet is transferred to a dr4s 8a.5®

An objective is to avoid

fabric. Eryl ng is acconplished using a standard throughoail,.dryer wth an
air tenpefature - of.about [err] This results in a sheet hi +‘{$ about 3% 4%
by wei ght noi st uReleaskipapecan requilibrate As needed :
Surfactant (PEGOSPERSE) 0.0l g
White poly for ends | 4" x0.75"
Absorbent gelling material (AGM) s1it core 70 mm x 193 mm
10 non-s1it central area; total core wt. with 2-3/4"
2.6 g; contains 0.7 g polyacrylate AGM non-slit
' : - center area
Findley Adhesive-4031 o 0.05 g
*See Figure 13(38) for shape. The shape is designed to
15 provide anatomical fit.

The SW194 fibers are of the H-shaped cross section having a
denier of approximate'ly 22 dpf, a channel width of about 37
microns and a channel depth of ‘about 48 microns. The SW173 fibers
comprise a carded staple sliver which has been stuffer box crimped
'to 7.8 crimps per inch and are in the preferred H cross section,
with a channel width of 38 microns and a channel depth of 19
microns. .Capi‘lla'ry channel fibers S_Hl94 are 6 in. long and
capillary channel fibeérs SW173 are 2 in. long.

In the making procedure, the ring rolled topsheet is cut to

the desired size, a template (2" x 7" opening) -is placed on the
back- side of the topsheet and sprayed with the Findley. 4031
- adhésive. The adhesive is applied in a spiral pattern (see Figure
-10). The layer of capillary channel fibers SW194 is hand-pressed
in the center of the glue sprayed area. The fibers run parallel
to the long axis of the article. Capiilary channel fibers SW173
are hand pressed as a swatch (with fibers parallel to the long
axis of the article) in the center of the layer capillary channel
SW194 fibers. This provides a Pre-Assembly of the topsheet and

capillary channel fibers. .

For conventence, the following procedure is carried out using

a concave forming' die. The Findley adhesive backsheet
(polyethylene backsheet with adhesive coating and release paper)
is placed in the form. The AGM slitted core {s placed over the

20
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(dependi ng on anbient humidity) to 8% 10% noi sture. It should be noted that
the sheet is preferably not conpacted during drying, 15 since this
intterferes with the absorbency capacity. Wile the sheet fornmed in the
foregoi ng manner is quite absorbent and suitgple for use in nmany
absorbent structures, it wll be appreciated that such sheets may be

somewhat sti ffer t ban:ksdeem,r and bhet brepédrifubud (BOUNTYS ats tplagednoyde Bﬁe AcH
pantiliners.

Em R

cal endered and/ or passed."'teh?re§1ik ﬁ‘f PF&H}P&&‘&S& lil?r?? gurg\{lon @repF%
the sheet to the pdisfues has 5'1°“Be1:‘brféﬂ""§of§ arlith F%Fbl é‘et%FsF'FPQYt 8¥RM the Thi s
cag be regeaL ed, ﬁeeqredl tizsue, tthe atesdiees compdnent § car?nplumw snugly icvef ¢hbe
under st oo at t e r r e e

hi ghl y abso?sbent a%&%ws Sthg % %t do‘E wﬁi%‘%a‘fhat ﬁl’e é‘gg{ys%s{“ %
However, the sheet 9“%}"‘%0@!“’&“&5@‘?‘?‘ fo’f"‘!‘oﬂ?sﬁﬂfrep&e?l’ é"E adheyve \then
moi st ened and subj edgesiwith the amhestveemg the ctntksteeuearrhb)ertiﬂéuserremdved

order to overcone r F‘m gl;etder

scrimof 30 cgmrtchlga ab non gn ;ﬂ%@f Jshﬂ# oaug‘oﬂ\yerr’

| ow basi s The release paper is peeled from ‘the' back o the’ b cksheet. The
10 end guard polyethylene strips are added and the strips of panty

fastening adhesive are placed on the article. The outer surface
of the topsheet is sprayed with 0.01 g of PEGOSPERSE surfactant.
_ IHIN PAD
15 Reference is made to Figure 13. The assembly of the thin pad
is equivalent, except that CCF. SW173 fibers are used in place of
the layer of CCF SW194 fibers (36), and no swatch (37) of fibers

is used. . .
Assedb1y of  the product {s as follows. Cut capilitary chanpel
20 fibers (CCF SW173) to 7 in. length; 0.75 g fibers used. Cut the

ring-rolled topsheet to size. Place the template on the bottom
side of the topsheet and apply Findley 4031 adhesive (spiral
pattern). Hand-press CCF SW173 fibers in the center of the glued
area with the fibers running substantially parillel to the long
25  axis of the topsheet. Lay the Findley backsheet on flat surface.
Place the slitted AGM laminate core on the Findley Backsheet.
Center the S2 die shaped tissue over the laminate core. Center
the topsheet/capillary channel fiber Pre-Assembly over the creped
‘tissue. Secure the Pre-Assembly and smooth at edges. Roll the

30 edges to seal. Peel the release paper from the back of the pad.
Tear and' remove in 2 or 3 pieces, then place the poly on the ends
of the article. Place the PFA on the pad. Spray the topsheet
with PEGOSPERSE; 0.01 g.

' The specifications of the finished product are as follows.

3 Parameter o Specifications

' Pad weight (g) . : 8.50 + 0.18
Core weight (g) laminate 2.54 + 0.09

Pad length (mm) - ' . 232+ 4
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wei ght pol ypropyl ene, such as AMOCO D2 scrim for exanple, can be |aid down
on the formng wire of-the Fourdrinier, after which the refined, curled
fibers are formed into a sheet on top of the scrim During formation of
t he sheet on such a scrim small 35 amount s-of the fibers pass through
the scrimand attach the sheet to the scfr??n'by a phenonmenon referred to in

the art as "stapling". Jr ri tphe sheet/scrimby this, progess is
preferred over '?'ﬁte gFF%&ng@vggﬁ%g"ess whi ch woul d i nvol $drnming the
sheet, placing Pad-widthatccesderfmeh t op of the sheet, &%dtslubjecting the
resul ting scrinmcabeiidtw atocenter () this latter type of gyrgcess it has been
noted that good 4.5tanrking;.do gQccur, and the scri ends_t o _decoupl e
fromthe sheet. Pga &Ribé}g“'ﬂ E?bd;ﬁs,&sq Fi bers prepared aracggfé'l ﬂd)%Fo t he
procedur eSof ExAerecalipgr (ins. ab&-Ehipsd) 898, 642 are ref ihod iin0:003
foregoi ng _Components . Specifications

Polyethylene formed-film topsheet (ring rolled; 9" x 5"

per U.S. Patent 4,463,045)

Capillary channel fibers SW173 (Eastman) 0.75 g;
10 ' ' ' 7" length
Findley extended adhesive backsheet ~9" x §"
(Formula #198-338) . '
Creped BOUNTY paper towel _ Shaped*
PFA (panty fastening adhesive) . Six 3/4" x 3/4"
15 ' pieces and two
' 3/4" x 2.5"
, pieces
Release paper ' As needed
. ‘PEGOSPERSE - i 0.01g
20 White poly for ends ' 4" x 3/4°
AGM .s1it core non-slit centef;-;ota1 . 65 mm X 193 mm
core weight 2.5 g; contains 0.7 g AGM with 2 3/4"
- ' non-slit center
‘Findley 4031 (adhesive) " 0.05¢
25 ' *As in Example I.

In the following Examples III and IV, the capillary channel
fibers are used in absorbent articles whose absorbent cores
comprise refined, curled cellulosic fibers. Thé manufacture of

" such refined absorbent fibers forms no part of this invention.

30 Further details regarding their manufacture are described in the

concurrently-filed U.S. Patent Application entitled “Absorbent

Core for Use in Catamenial Products®, Serial No. 734,405 , filed

23 July 1991 Inventors Buenger, Horney and Hammons, incorporated

herein by reference. For the convenience of the formulator, the

35 manufacture of such fibers, means for refining the fibers and

means for fuﬁuing said refined fibers into absorbent sheets are
described herefnafter. '

This is the replacement sheet

Dater 2 7 FER 197



manner. The slurry of refined fibers is formed into- a tissue sheet having

a Basis Weight (weight per 3,000 [err] of 35 pounds. The sheet can be used,
for exanple, in a tissue |amnate having a 10 central |ayer of

pol yacryl ate absorbent gelling material. Such |am nates typically
conpri sing about 0.68 grams of the -aB8orbent gelling material are useful as

t He absorbent core i -t hi ' i i
t he present i nven?i BW(}: &ﬁ%%&ﬁa@gh .Sérgl;qug%ehigtg tﬁ?ﬁﬁnggrgr gy
g?ggsio?/nﬁi ﬁS N ende#cyilmlosal ithii shyveraited sreferdnces nepmprise dndividualdzede
crossli nkedgf i geréurifsgagcseﬁ? %ﬁ%ﬁb&dh%rmegwggém? &Eh‘?“gm Cdct):]!j fferr:gd
dried, southern sBY (%388 _Ré)eﬁ tcrf’ﬁs\sﬁf‘kmgl Ag¢ 'prﬁ/iﬁgﬁﬁbe hg“ f"F‘Bér aqﬁ5€e a
moi sture 205 4,898,642t such oturdpd ufibens (kayei sal avarage &3vfdbersitwency) .
contal ning about SUes At REELbAD A L] DRE dddes betiEIheteR ln Wherage .
sol'ution in 59, 304l F °F ] t"“cﬁe GOMR% Pa‘rated?&%ﬁ(e%gpf‘ﬁ ?% %’fsiggrg’éq‘e ¥prﬁgéht ©
60 mi nutes. This miBimeteraksd at least about 0.5 twist nodes per millimeter less
than safd dry fiber twist count; an average {isopropyl alcohol
10 retention value of less than ‘about 30%; and an average water
retention value of between about 28% and about 50%. Highly
preferred fibers have an average dry fiber curl factor of at least
about 0.30, more preferably at least about 0.50. It is to be
understood that the refining process herein does not substantfally
15 affect the foregoing 'parimeters. inasmuch as the process is
carried out in such a manner that there is Tlittle or no
defibrillation of the original curled and twisted fibers. Rather,
~ the original fibers are, in genera‘l'. reduced in Tlength. On
. average, the original curled fibers employed herein have lengths
20 ranging approximately from about 1.6 mm to about 7 mm. -After
refining in the manner disclosed herein.' at least about 30% of the
resulting fibérs. preferably at least about 50%, more preferably
about 90% of the refined fibers have an average length which is
from about 20% to about 40% ‘of the length of the original,
25 " unrefined curled fibers. Stated atherwise, on average the
unrefined fibers prepared by the above-referenced processes will
have lengths in the range from about 1.6 sm to about 7 mwm,
whereas, after refining, the lengths of the fibers will typically
be mainly in the average range from about 0.25 mm to about 1.5 om.
30 Fiber Refining - Once. prepaved by any of the aforementioned,
art-disclosed processes, the curled cellulosic fibers are refined
to provide the fibers used in the practice of this invention.
, In a typical process, an aqueous stock comprising about 3% by
weight of said fibers and 97% by weight water is passed through 2
35 Sprout-Waldron (now available as Sprout-Bauer) single disk refiner
(available from Koppers Company, Inc., Muncy, Pennsylvania, Model
105A-LAB) using a deknotting disk of the 17804-A type. Import-
antly, it is the objéctive of the refining process herein to cut
the twisted fibers without substantially defibrillating them.
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25 referred fo as "steeping". The steep pHis about 3.0. 3.

The fibers are then dewatered by centrifuging to a consis- tency ranging
from about 40%to about 50% The centrifuged slurry consistency of this
step conbined with the carboxylic acid concentration in the slurry filtrate
in step 2 set the 30 anount of crosslinking agent present on the
fibers after centrifuging. In this exanpl38 -about 5 weight % of citric
acid, on a dry fiber cellulose anhydroglucose basis is present in the
fibers after the inThe 3k ¥WASYS FiRRk goTution Js dituted tonQ.S%oRensistency on of
the crosslinki ngn@eows ithréugh Sfe Sprout-Waldred uefindri usirgt @ ¢ap cettiwgated by

hemt cal's on' 1 h! RYRRABOIE'S mhRe6 ApaLe Gl Tohtaf @y byt 28 ol

ers-are
defibrated usi n{Netespribgt Sprout-Waldron is modified by removing the equalizing
5 spring so that the gap setting remains constant throughout the

flow of the fibrous stock solution.) Typical flow rate is 9-10

gallons per minute and the refining amperage is about 45 on a 25

hp. motor. (Use of the amperage term 1is a measure of the

mechanical energy imparted to the fibers during the refining.) A
10 single pass of the fibers through the gap is employed.

.In an alternate mode, the curled cellulosic fibers can be
used in combination with crill, which is a highly refined southern
softwood kraft fiber having a Canadian _standard freeness between
about 50 to about 100 ml. (TAPPI standard). Typically, the crill

15 comprises up to about 5%-10% by weight of the curled cellulosic
fibers. Addition of crill can impart desirable strengthening
properties to the final sheets, and also can serve as a diluent in
the sheets, for reasons of economy. |

Following the refining step, the 0.5% aqueous ,sldr:ry of the

20 . refined, twisted fibers is further diluted to a slurry weight of
from about 0.1%-0.2% for use’ in the Sheet Formation operation,
hereinafter.

Sheet Formation - In general terms, the formation of the
-above-prepared refined, curled cellulosic fibers into—sheets

25 suitable for use as the absorbent core in catamenials, and the
1ike, employs a Fourdrinier papermaking process ‘with a standard

fixed roof foming technique, and involving vertical transfer of

the sheet across a through-air dryer. See, for example, U.S.

Patent 4,889,597. In the process, a breast roll is employed in

30 the manner knmown in the art for preparing facial tissue, filter
paper, and the like. However, unlike the manufacture of filter

paper, the sheet herein i{s dried without substantial pressure;
rather, the through-air dryer system is employed. .

In more detail, the above-described-aqueous slurry comprising

35 from about 0.1% to about 0.2% by weight of the refined, twisted
- cellulosic . fibers 1is introduced from the head box of the
papermaking machine onto a standard forming wire. An objective is

to avoid fiber flocculation, which would result in a nonuniform
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Wal dron 12" disk refiner (nodel nunber 105-A) whose plates are set at a gap
which yields fibers substantially individu- alized but with a mnimm :
anount of fiber damage. As the 5 i ndi vidualized fibers exit the
refiner, they are flash dried with hot air in two vertical tubes in order
to provide fiber twist and curl. The figers contain approximtely
10% noi sture upon exiting these tubes and are ready to be cured. If the

nmoi sture content Ofayldgunf bPFiberss 6" et @é 1
oxi t1nG the f L ash aylddun erss 16 siltang atheet. 10he distance Beliedapon

tenperature air qﬁey{‘f'ﬁglr #@S "‘5%20% t'Eé l}s{“ﬁﬂg ‘f‘ %0()}%9 %E%QW*R )

fibers are then plﬁc@d'efﬂrlbhay%tahﬁ abopt 90 mids 59 ravodd ot@ﬁcﬂﬁﬁfqgegﬁ%y ]Ei(r)?/

a length of time agyjueiond whber can a]sothﬁdﬁltﬂidB téi avoid nflocedlateen dgpends

ggaﬁrgleear?ﬁerg sg];rpICI : rth 4 ?égq'gf& ?‘gt (lflolzaﬁaa Jﬂeréﬁ@écfigr Isr"e%erl od
of about 8 minut eshlVMIQ)sisBilbﬂtmdllb @b gtathution ohFIpsiod in the

oven. Dewatering of the sheet is re'lative'ly rapid down “to the 23%
level. A vacuum box is employed to remove any excess water from
the forming wire, after which the sheet is transferred to a drying

10 fabric. Drying is accomplished using a standard through-air dryer
with .an air temperature of about 300°F. This results in a sheet
having about 3%-4% by weight moisture, which can requﬂibrite
(depending on ambient humidity) to 8%-10% moisture. It should be
noted that the sheet is preferably not compacted during drying,

15 since this interferes with the absorbency capacity. While the
sheet formed in the foregoing manner is quite absorbent and
suitable for use in many absorbent structures, {t will be
appreciated that such sheets may be somewhat stiffer than desired
by the formulator of sanitary napkins and pantiliners. Using

20 standard techniques, the sheets can be calendered and/or passed
through rollers in an "S* configuration to fiex the sheet to the
point that it becomes soft and pliable to the touch. This can be
repeated, according to the desires of the formulator.

It s to be understood that the sheets prepared in the

25 foregoing manner are highly absorbent and quite suitable for use
in catamenial products. However, the sheets may lack strength for
some purposes, especially when moistened and subjected to
stresses, e.g., during wear by the user. In order to overcome
this .problem, it has been determined ‘that a thin scrim of

30 °  commercially available nonwoven, extremely porous, very Tow basis
weight polypropylene, such as AMOCO D2 scrim, for example, can be
laid down on the forming wire of the Fourdrinier, after which the
refined, curled fibers are formed into a sheet on top of the
scrim. During formation of the sheet on such a scrim, small

35 amounts-of the fibers pass through the scrim and attach the sheet
to the scrim by a phenomenon referred to in the art as “"stapling”.
Preparing the sheet/scrim by this process is preferred over the
alternative process which would involve forming the sheet, placing
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20 6. The crosslinked, individualized fibers are placed on a nesh
screen and - rinsed wth about [err] water, soaked at 1% consistency
for one (1) hour in about [err] water, screened, rinsed with about [err]
water for a second tine, centrifuged to about 60%  fi ber consistency, and

dried to an equilibrium 25 noi stg{e_ content of about 8% w th
anbi ent tenperature air. The resulting indtvidualized citric

aci d- cr_ossl [ nkequelsl:wm X fop‘;'ot?ert:ﬁe agﬁeertef hﬂ@df}éﬂbeuﬁ at{tﬂge i | bed

manner, and are rired | n h at a s scrl m

Basi s Wi ght of SE5invisheatqso vacyum. SHT FE‘rﬁ Plb tsy 9&§s%fg‘8"QRFéF <1 P%ﬂ PSE“ 30
the sheet/scri mnoted thitiigood f'stapliag! doedrmos cotcury yandathel seriaf ténds Sto

i nvention. Fi ber &usp b Ngliol akqe?egd crosslinked fibers are nade by a dry
u

crosslinking proces tilirzin 4 butane tetracarboxylic aC| d (BTCA
as the crésslinking BBk T g ibersi Preppsed Lacror iﬂ?sl*r%k@& procedurg jofor s are

produced in aCCCBXMIIEe Iwam.tShePtmeimamﬂ aees neif el i othees Fordgoknganpl e
|1 with the Tollyaihdid ﬁéfgﬁ%%oaﬁrnfume fibéts" Yis' FoihedP 1At a B30W © !
g sheet ’Mm a Basis t?eight (weight per 3,000 ft.2) of 35 pounds.
The sheet can be used, for example, in a tissue laminate having a
10 central layer of polyacrylate absorbent gelling material. Such
laminates typically comprising about 0.68 grams of the absorbent
gelling material are useful as the absorbent core in ultra-thin
sanitary napkins of the type provided by the present invention.
Fibér B - Individualized, crosslinked fibers are made by a
15 dry crosslinking process utilizing citric acid as the crosslinking
agent. The procgduré used to produce the citric acid crosslinked
fibers is as follows:
1. For each sample, 1735 g of once dried, southern softwood
:  kraft (SSK) pulp is provided. The fibers have a moisture
20 content. of about 7% (equivalent to 93% consistency).
2. A slurry is formed by adding the fibers to an aqueous medium
' containing about 2,942 g of citric acid and 410 ml of 50%
sodium hydroxide solution in 59,323 g H,0. The fibers are
, soaked in the slurry for about 60 minutes. This step is also
25 . referred to as “"steeping". The steep pH is about 3.0.
3. The fibers are then dewatered by centrifuging to a consis-
" tency ranging from about 40% to about 50%. The centrifuged
slurry consistency of this step combined with the carboxylic
acid concentration in the slurry filtrate in step 2 set the
30 amount of crossiinking agent present on the fibers after
centrifuging. In this example, about 5 weight % of citric
acid, on a dry fiber cellulose anhydroglucose basis is
present in the fibers after the {init{al centrifuging. In
practice, the concentration of the crosslinking agent in the
35 slurry filtrate is calculated by assuming a targeted dewater-
ing consistency and a desired 'que'l of chemicals on the
fibers. '
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of H20, 64 g of BTCA and 4 g of sodium hydroxide. In step 5, the 43 -
fibers are cured at a tenperature of about [err] for a period of about 60

mnutes. The resulting fibers are refined and formed into a sheet/ scrimin
t he manner of Fiber B for use herein. 5 - 42 - Fi ber D -

I ndi vi dual i zed crosslinked fibers are nmade by a dry crosslinking process
utilizing 1,2, 3 pfopalexter Fhﬁr&ﬁﬂﬁ'e@ Aibersadre rdefibrated; uxinggaa§enout- The
i ndi vi dual i zed cross| Wafldedn f12%ed$sianmefrerdynadli numbeeolO5MAF ewhisé hpTakes
Todi {1 cat Lons. The. 2?8??&9??2%2%“5*'%‘“' Fiehlis ¥eberd Bivsedht B8 Sngtvigur, o o
pul p, 1187 g of water 31@edgbek with a minimum, ampynt: of),Eikar damaged, Asndhg g of
sodi um hydroxi de. In $adiwidualized Filierssexitetieurefiinet, cthegrgrer filagh edrgéd about
[err] for a period of yaoHbt Gr I thE Srertical tubes in order to provide fiber

twist and curl. The fibers contain approximately . 10%

moisture upon exiting these tubes and are ready to be cured.

If the moisture content of the fibers is greater than about

10 10% upon exiting the flash drying tubes, then the fibers are
dried with ambient temperature air until the moisture content

is about. 10%.

5. ' The nearly dry fibers are then placed on trays and cured in

- an air-through drying oven for a length of time and at a

15 temper'at_ure which in practice depends on the amount of citric
acid added, dryness of the fibers, etc.. In this example, the

samplies are cured at a temperature of about 188°C for a

period of about 8 minutes. Crosslinking is complieted during
_ the period in the oven. S '

20 6. The crosslinked, individualized fibers are placed on a mesh

screen and rinsed with about 20°C water, soaked at 1%

copsistency for one (1) hour in about 60°C water, screened,

rinsed with about 20°C water for a second time, centrifuged

to about 60% fiber consistency, and dried to an equilibrium

25 moisture content of about 8% with ambient temperature air.

The resulting individualized citric acid-crosslinked cellu-
losic fibers are refined in the above-described mamner, and are
formed into a sheet on an Amoco D2 scrim at a sheet/scrim Basis
Weight of 150 pounds. After softening by passage over S-rolls,

30 = the sheet/scrim 1s suitable for use in the sanitary napkins of
‘this {nvention.

Eiber € - Individualized crosslinked fibers are made by a dry

crosslinking process utilizing 1,2,3,4 butane tetracarboxylic acid
. (BTCA) as the crosslinking agent. The individualized crossiinked
35 fibers are produced in accordance with the hereinbefore described
process of Example II with the following modifications: The
slurry in step 2 of Example II contains 150 g of dry pulp, 1186 g

of H,0, 64 g of BICA and 4 g of sodium hydroxide. In step 5, the
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The resulting fibers are refined and fornmed into a sheet/ 15 scrimin
t he manner of Fiber B for use herein. Fiber E - Individualized crosslinked
fibers are made by a dry crosslinking process utilizing oxydisuccinic acid
as the cross- linking agent. The individualized crosslinked fibers are
produced in accordance with the hereinbefore described process of Exanple
20 Il with the follow ng nodififica#Bons: The slurry In step 2 of

Exanple Il contains 140 g of pulp, 985 g of water, of “sodi um sal t “of
oxydi succi ni ¢ acfiersisre 1eurRd aQB%Pﬁtﬂ%ﬂ‘ﬁFl‘tf abous 1 'g fers @) penigd fafber s

are _refl ned and fyutted miutes. sheet in the manner of Fiber A for. use

herein. 25 Fi vidya C | ber made
by a dry orossl i nki ni rrggﬁltgn%téi'ﬂgi-s & L‘%Fﬁn@d Eﬂbsséob'lﬁ%ﬁegncé ossﬁ%eg‘{fn
agent and sodi un$'-‘é'd!lfid\t the; apnes %%f&'l’%}'s@ f""T‘Ffé herednvi dual i zed crossl i nked

f;bers ar® produced fipepds6r Hmtieidust iZedt trosbbinked fibersonre aedc by hedryorocess
Seccr o togf o SR, BN\, £ grosplibton O
368 g of sodium £rass yﬂgjng@geg,t.of The individua1 zed cross?inked fibers -are
produced in a_ccordance with the hereinbefore described process of
Example II with the following modifications: The slurry in step 2

of Example Il contains 150 g of pulp, 1187 g of water, 64 g of
1,2,3 propane tricarboxylic acid, and 3 g of sodium hydroxide. In’
step 5, the fibers are cured at a temperature of about 165°C for a
period of about 60 minutes. '

The resulting fibers .are refined and formed into a sheet/
scrim in the manner of Fiber B for use herein.

Eiber £ - Individualized crosslinked fibers are made by a dry
crosslinking process utilizing oxydisuccinic acid as the cross-
linking agent. The individualized crosslinked fibers are produced
in accordance with the hereinbefore described process of Example
I1I with the following modififications~ The slurry in step 2 of
Example II contains 140 g of pulp, 985 g of water, 40 g of sodium
salt of oxydisuccinic acid, and 10 ml1 of 98% sulfuric acid.

The resulting fibers are refined and formed into a sheet in
the manner of Fiber A for use herein.

Eiber £ - Individualized crosslinked fibers are made by a dry
crosslinking process utﬂiziné ‘citric acid as the crosslinking
agent and sodium sulfate as the catalyst. The individualized
crosslinked fibers are produced -in accordance with the hereinbe-
fore described process of Example Il with the following modifi-
cations: The slurry as described in step 2 of Example 11 contains
200 g of pulp, 7050 g of H,0, 368 g of sodium sulfate and 368 g of
citric acid. The steep pH is about 2.0. In step 5, the fibers
are cured at 2 temperature of about 165°C for a period of about 60
minutes. :

The resu!ting fibers are refined as above and formed into a
sheet/scrim hav_ing a Basis Weight of about 83 pounds. After

softening by passage over S-rolls, the sheet is suitable for use
in a pantiliner.
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citric acid. The steep pHis about 2.0. In step 5, the fibers are cured at
a-tenperature of about [err] for a period of about 60 m nutes. The
resulting fibers are refined as above and formed into a sheet/scri mhaving
a Basis Weight of about 83 pounds. After softening by passage over
S-rolls, the sheet is suitable for use in.aggantiliner. -~ - 44 Fiber G -

| ndi vi dual i zed crosslinked fibers are made by a dry crosslinking process
utilizing citric acid Eibet l6e- dndbeiduakized) crgssitinkedafiibers surdi made by a dry

hypophosphite  as.. o gt lsdi Vi lLzegd Cr i d
fibers are prOduc}aols%ﬂgl&ngr?gﬁée?\lmu%ﬂigﬂbe éiQm{h%qahé%eﬁ‘nebec?g?%im‘(ﬁ'g
described procesdgest dnpsediun | hypopkpsphite 1 A8 oviheg wBtRlYStat i ofhe: The
slurry as descri beiadividuslzed crofsHnbedftbdris areprodited2in Scovikrdamcepwith38 g

of sodi um Rypophosli {ereinbefore described process of Example II with the

following modifications: The slurry as described in step 2 of

Example II contains 326 g of pulp, 138 g of sodium hypophosphite,

5§52 g of citric acid and 78 g of NaOH in 10,906 g of H,0. In step

5, the fibers are cured at a temperature of about 188°C for a.

10 _period of about 6 minutes. ' .

R The resulting fibers are refined and formed into a

sheet/scrim having a density of about 0.125 (at 0.1 psi pressure)

and a capacity for sheep’s blood of about 8.0 grams of blood/gram

of sheet. Such sheets are useful at various Basis Weights in

15 sanitary napkins and pantiliners. ) .

~ In an alternate mode, the scrim wused to support and

strengthen the absorbent core comprising the refined fibers can

comprise '-'cap'i'l'lary channel fibers. Typically, such scrims

comprise about 80% by weight of the capillary channel fibers and

about 20% by weight of a fiber whose melting point is below that

of the capi"l‘lary channel fibers. KODEL.fibers are suitable, for’

example. The scrim is prepared in standard fashion by heating to

partially melt the lower-melting fibers, which, on cooling, bond
the scrim together. _ '

As noted, the layer of refined absorbent fibers is laid-down
on the scrim. - The resulting structure is then positioned such
that the serim 1s in fluid-communicating contact with the topsheet
of the finished absorbent article. '

EXAMPLE 111

A lightweight pantiliner suftable for use between menstrual
periods comprises a one gf'am layer of SW173. capi'llary channel
fibers overlaying a subﬁtantiaﬂy rectangular pad having a surface
area of about 117 cm? and containing the sheet/scrim comprising
Fiber F as the absorbent core. The capillary _channe'll fibers are
laid do_un substantially paraT‘le'I' to the machine direction of the
core. The 'sheet/scri'lh plus layer of capillary channel fibers is
interposed * between the formed-film topsheet of U.S. Patent
4,463,045 and a flexible polyethylene backsheet. Adhesive bonding
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552 g of citric acid and 78 g of NaOH in 10,906 g of H20. In step 5, t he

fibers are cured at a tenperature of about [err] C for a 10
about 6 mnutes. The resulting fibers are refined and
sheet/scrimhaving a density of about 0.125 (at 0.1 psi

capacity for sheep's bl ood of about 8.0 grgns of bl ood/gram of sheet.

sheets are useful at various Basis Wights in 15

and pantiliners.of Rthanc&lill PiryaicRanRlefibeRe RCRheN tupSRedto 15 UND @ §c1aded

strengt hen
capillary

fibers. K

t he
chan

L f
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Ay £ TRCTRT) e "I 1 DGR
by wei ght of thedisshargesrwithouing

rrse t

_ ge need,£py ahserbent gellingamaerialeos by wei ght
of a fiber whose nelting point is bel ogxANRAE I the capillary channel

period of
formed into a
pressure) and a

Such

sani tary napki ns

80%

standard Tashi oinbg;sﬁgéﬂ%f"ﬁ ,\'i%gtﬂg‘é&ﬁtghg‘ﬁ?{ﬁ@h&g?%@ﬁﬁ@?@g%rﬁwg R

whi ch, on cool i ntWo fdars extending rautwardt

| ayer of refinedp@baaebdatigh idfeuss.i PataitdasBI478, Van Tilburg, -August 18,
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1987. The absorbent core comprises a sheet/scrim having a Basis
Weight of about 150 pounds, per Fiber G, herein. A 1.5 g layer of
curled SW173 fibers overlays the absorbent core, with the fibers
parallel to the machine direction. Assembly follows the procedure
of Example II, herein. The nonglossy sheet of U.S. Patent
4,463,045 is used as the topsheet. ‘ '
The sanitary napkin of Example IV is modified by needle-
punching the layer of capillary channel fibers to cause a

_ substantial number of said fibers to partially protrude downward

into the absorbent core. This provides additional fluid movement
in the Z-direction, i.e., out of the layer of capillary -channel
fibers and into the "absorbent core. Alternatively, the upper
layer of the absorbent core is combed or roughed such that fibers
from the core extend upward into the layer of capillary.-channel
fibers.

) A thin pantiliner comprises 2 formed-film topsheet, a poly-
ethylene backsheet and a 2.0 g layer of curled capillary channel
fibers SW173. The fibers have sufficient fluid capacity in their
channels to absorb a regéonab1e amount of vaginal discharge
without the need for other absorbent materials.

EXAMPLE VII
The sanitary napkin of Example IV is modified by replacing
its formed-film topsheet with a fibrous topsheet according to U.S.
Patent 4,636,419 or EPO 215417, respectively.

Having thus described the invention herein in great detail,

some additional points are included for consideration by the
formulator. It will be appreciated that when capillary channel
‘fibers are optionally used as a scrim onto which {s wet-laid an
absorbent fibrous core, some of the surfactant on the surface of

pom 1§ absorbent corepds prerareds he
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on the scrim The resulting structure is then positioned such that the
scrimis in fluid-comunicating contact with the topsheet of the finished
absorbent article. EXAMPLE |11 30 ' A lightweight pantiliner.
suitable for use between nenstrual periods conprises a one graml ayer of:
SWL73 capillary channel fibers overlaying ggsubstantially rectangular pad
havi ng a surface area of about 117 [err] and containing the sheet/scrim
conpri si-ng Fi ber theazaptidanpschapeek fibers. CEhebeapinsedr gwayhanThils tabeyes are

35 laid do tpidcid By Pappdidation faadmehwesu«ilri on gf the
core. The sheet/\gcbh W g *ayeryo?dpgapl | ary channel fi bers&lﬁlt‘sﬂ [ %t r'posed
bet ween the for mekE opsheet of U S. Patent 4,463,045 and a flexible

pol yet hyl ene backsheelt willhebe Forthendippyeciated Abat the iwmatse aintegrity efhannel
fibers to tyie top§GPhentS SErudtdesOS&prising the refined, curled fibers
disclosed above can be further enhanced by various means. For
example, ‘ultrasonic or heat bonding can be used, especially in
conjunction with the use of 10-15% by weight of thérmoplas'tic
fiber (e.g., KODEL 410 po’lyestér) admixed with the refined fibers.
10 In yet another method, various spot-bonding means can be employed
~ to affix the backsheet to the core, especially over those areas to
which the panty-fastening adhesive is applied.
Finally, it is to be appreciated that the preferred artic'les
herein can .employ slitted or partially slitted absorbent cores, _
15 together with curled capillary channel fibers and other extensible
components which, together, provide a degree of extensibility (on
the order of 15%-40%) to the article. This extensibility provides
better 1in-use fit, comfort and decreased staining when the
articles are affixed to the wearer’s undergarments.
20 In still another mode, the central portion of the 'Iayer of
- capillary channel fibers can be gathered into a small *loop" or
*tuft". This loop or tuft thus extends upward from the layer of
capillary channel fibers to firm'ly contact the topsheet. More-
_ over, the loop or tuft is positioned centrally fn the overall
25 ‘article, such that it can provide rapid acquisition and transport
of fluid into the remaining portion of the layer of capi'l'lary_
_channel fibers, and thence into the fluid storage layer of the
.article. Advantageously, such "loop" or “tuft® not only concen-
~ trates capillary channel fibers at the point where fluid impinges
30 onto the article, but also orients ‘the capillary channel fibers
which comprise the loop or tuft substantially in the upward
z-direction, thus enhancing fluid movement in the downward
z-direction of the article. The following Example illustrates an
absorbent article having a substantially central, z-directional
35 tuft of capillary channel fibers. _
EXAMPLE VIII :
A layer of capillary channel fibers of the type disclosed
herein (6-inch length) is gathered in its center to provide a
slightly raised oval "tuft" having the approximate dimensions:
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her ei nabove. The pantiliner functions to absorb vaginal

di scharges without the need for absorbent gelling materials. EXAMPLE IV 5
A-~catanenial product in the formof a sanitary napkin having two fl aps
extending outward fromits absorbent core Is prepared, per the design of
U S. Patent 4,687,478, Van Tilburg, August 18, 1987. The absorbent core
conpri ses a sheet/scrimhaving a Basis v&ﬂbht of about 150 pounds, per

Fi ber G herein. .5 I L. of .1 d,SWL.73 f.ib I th
absor bent core, 2W€t ﬁ"ﬂ‘é f?%'grigecr}é?@ﬁl e} -5t o'F"ghés‘erTéE ﬁ%“dlf’? gé?'i g‘xgersﬁggrrbl )e/
follows the progednt)s and SEwAPImm (2-directiendi.n The twfted hundleoof fiberiseet of

U.S. Patent 4, ‘E@ﬁ B¢ Mell@ 1536€s auft&r cbPPgirRiion By W) Feorvéfient means. The
sanitary napklnép

| difi 3 - i
cap | Loty channdvpisaiiys the' tushots RekaadCthrbon °Eondini R BFLAR 4 Bhenel’ Tl
partial |y %r ot r udepapamwanr kiydrophd 1i¢ cpodmer. bising othe pregedurasodistdased

228: f : gp;' CL;ﬁLg‘eFQVr&nEﬁE thPtednBundi élioTeribePd isi assembTed! ifto §mabscrbent of
article with the tuft residing approximately at the center of the
overlying topsheet and with the tuft in close contact with the
topsheet, as explained hereinabove. In use as a sanitary napkin,

10 the article is positioned (e.g., intralabially) to maximize fluid
uptake by the tuft. In an-alternate mode, the ends of the looped
fibers in the tuft are cut to provide a fleece-like, z-directional
bundle of open-ended capillary channel fibers. In sti1l another
embodiment, the layer of capillary channel fibers comprising the

15 base of the tuft is positioned wholly or partly within the wet-
laid or dry-la{d absorbent core of the article, rather than'atop
the core. In this latter embodiment, a commercially-available
layered laiminate core comprising two outer tissue layers with an
intermediate layer of absorbent gelling material (AGM) can -be
20 used. The capillany channels at the base of the tuft can be.
. slipped into the internal, AGM-containing layer. _

The capillary channel fibers can also be conveniently formed
into a stable sheet for -ease-of-manufacture into absorbent
articles by means of various bonding processes. For example,

25 about 20%-30% by weight of polyester -thermoplastic fibers (e.g.,
KODEL 410) can be commingled with the capillary channel fibers and
the resulting fibrous sheet subjected to direct thermal or
through-air heating.

The refined curled cellulosic fibers can be conveniently

30 formed into a stable sheet for ease-of-manufacture into absorbent
articles by means of various bonding processes. For example,
about 7%-15% by weight of polyester thermoplastic fibers (e.g.,
KODEL 410) can be commingled with the refined curled cellulosic
fibers and the resulting fibrous sheet subjected to through-air

35 heating or ultrasonic bonding. |

Incorporation of the additional thermoplastic fibers into the
capillary cﬁanne1 fiber layer or into the absorbent core layer, or
both, offers advantages in addition to the sheet stability noted
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20 fibers and into the 'absorbent core. Al ternatively, the upper

| ayer of the absorbent core is conbed or roughed such that fibers fromthe

core extend upward into the layer of capillary channel fibers. EXAMPLE VI

- 25 A thin pantiliner conprises a forned-filmtopsheet, a poly-
et hyl ene backsheet and a 2.0 g layer of cutl48d-capillary channel fibers

Sbsorh & reasonARE: 4 “Lé#r**%’*‘arwg'vfrgf%ﬁéétb‘ﬁépoégia%aqﬁh J0ET RBSSBL A or
ot her absorbent nekher cenes or3dn the capillary channel fiber layer, or both, & XewePLE
) e T2 gl e Ot hy e e, 0
4,636, 419 or PO 2@‘54%&%5%@?@'? v ?g‘fﬂarki‘%’aﬁ'h sgﬂ‘ggt‘ﬁi Bé’é’;"%f'hg"iméh i on
herein in gréat detiser, @dﬁe‘eﬂdwwﬁéﬂﬁl a meanst whergby flpid: joverfdow faround
consi deration by ttie éeyesubfithé artidle ¥ Hipddedariv Sippeedlfdyatherhen
capillary chamnel fibeggoabg-QRhiabiy! 'ah UPEFIESoR S wReBBiy Ve Lah °be
prepared by laying-down a sheet of the refined curled cellulosic
fibers containing the thermoplastic fibers onto a standard plastic

10 backing sheet. At a position about 0.25 in. inboard from the
outer edge of the sheet, 'a substantially continuous ultrasomic
bond approximately 0.125 in. wide is formed around the {)eribhery
of the core. This not only forms the fluid-impeding seal, but
also bonds the core to the backsheet.

15 In an alternate mode, the thermoplastic topsheet, the core
containing the thermoplastic fibers and the backsheet can i]‘l be
bonded together at or near the periphery by means of ultrasonic
bonding. In still another mode, the layer of capillary channel
fibers containing the admixed.thermoplastic fibers can likewise be

20 bonded to the core (and also to the topsheet, if desired). 1In

: sti11 another mode, the presence of thermoplastic fibers in the
core and/or in the layer of capillary fibers allows for spot

. bonding at various points across the article, thereby providing
additional integrity when the article becomes wet.

25 -Hhile it will be appreciated by those familiar with the
physics of fluid t_nnsﬁort that the articles herein conveniently
make use of the differences in spacings between topsheet, capil-
lary channel fibers and core to establish a pressure gradient to
draw fluids in the z-direction, other means can be employed to

30 establish such z-direction fluid-flow gradient. For example, if
the holes or spacings in the topsheet are smaller than the width
of the capillary channel fibers (and such intra-fiber channel
widths as wide as 90 microns wmay be useful for transporting
relatively thick fluids such as menses), then the desired pressure

35 gradient can be established, for example, by selecting a topsheet
which is more hydrophobic than the capillary channel fibers.
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absorbent fibrous core, sone of the surfactant on the surface of - 46 -

the capillary channel fibers can be rinsed away. This can be readily
repl aced by application of additional surfactant, e.g., PEGCSPERSE It wll

be further appreC|ated that the in-use integrity of 5 This Rﬂ‘“”d
structures conprising the refined, curled fibers dISC
be further enhanced by various means. For exanple, uItras
bondi ng can be used, especially in conjﬂﬂctlon with the use of 10- 15@6by

wei ght of thernnpl aims. fiber (e.g., KODEL 410 polyester) adm xed with the
(el ed 110005 10 un ansgrbett etk ShadiEbOgdeq §ol Ou2 Pt bond! ng. eans
areas to which the (@nty-fluid ermexblel nosfikrous fapmd-éﬂlm Ropshieby havvingi 8 t o
be appreciated that theRaSieeb{\Ag2Frdnt! Face and back face, said topsheet
having multiple openings communicating between said front
‘face and said back face for passage of fluid- through said
topsheet;

(b) a layer comprising fibers having external intrafiber
capillary channels whose—-channel widths, on average, are
léss than the width of the openings in said topsheet, said
layer underlying the back face of said topsheet (a) and in
fluid-transporting contact therewith;

(c) a fibrous air-laid or wet-laid moisture-absorbing structure
underlying said layer (b) and;in fluid-transporting contact
therewith, said §tructure-comprising multiple non-capillary
channel fibers or mixtures of said multiple fibers with
absorbent gelling materials, wherein, on average, the width
of the spacings between said multiple fibers in the

_moisture-ébsorbjng structure is less than the width of the
~ capillary channels in the fibers of said layer (b); and

(d) a fluid impermeable backsheet underlying said pad (c).

2. An absorbent article, characterized by:

(a) a fluid permeable fibrous topsheet having a fluid-receiving
front face and a back face, said topsheet having multiple
intrafiber openings communicating between said front face
and said back face for passage of fluid through said
topsheet; -

(b) a layer comprising multiple fibers having external
capillary channels under\ying the back face of said
topsheet and in fluid-transporting contact therewith; and

(c) a fibrous air-laid or wet-laid moisture-absorbing structure
underlying said layer (b) and in fluid-transporting contact
therewith, said structure comprising multiple non-capillary

channel fibers or mixture of said fibers with absorbent
gelling materials.

.
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herein can enploy slitted or partially slitted abs r e&HQSOde%Repﬂa&d
together with curled capillary channel fibers and ﬂg

conponents which, together, provide a degree of ext “mm‘\Wt he order
of 15% 40% to the article. This extensibility proui -use fit,
confort and decreased staining V\,hen_tgg_artlcles are affixed to the ‘-

d t I till t h tral
por 1 Lon of 't Fe-| AeATHCIEagrrardine 4aaiem i waPEinaFhe, ST Cefael,
smal1 "1 oop" fibets uire"spontareouslypwettabld.s t hus, extends upvvard fromthe

layer of capillary channel fibers to firmMy contact the topsheet. More-
over, the loop or tuft

t d t h
article, suchthab® |3Ft'!,%?ﬁ SOSI 9 & p‘ﬁgqﬁr lﬁ'*’é\'etif‘of\hegﬁgnﬁcg é‘f)tUF?“ et uid
i nto the renatopsheetoandi cheolayere olfay:epi'ldargcatphanmt yFibensiné$ mdimtainedand

tpggge gpto tpﬁhwqﬂtéffs%egﬁfbﬁee%ru&meémm ttbﬁét&et%ﬂagiﬁﬂ?@éb?SX p pyuch

oncen- trates capillary channel at "t he
poi nt where fh@ﬂddﬂﬂrﬂgm%;es 30 onto the article, but also orients the

capil lary channel fibers which conprise the.loop or tuft substantially in

the upward 5. An article according to Claim 4 where'ln the capillary channel
fibers are substantial'ly curled.

6. An article acoording to Claim 5 wherein a portion of the fibers
partia'l'ly protrude into said topsheet

7. An article according to Claim 2 wherein the intrafiber spacings
which comprise the openings in said topsheet (a) are, on average,

larger than the width of the intrafiber capillary channels in said
layer (b).

8. An article according to Claim 3 wherein, on average, the width
of the spacings between said multiple -fibers in. the moisture

absorbing structure {c) is less than the width of the capi'l]_ary_
channels in the fibers of ‘said layer (b).

9. An absorbent article comprising a layer of capillary channel
fibers having a raised tuft of said fibers extending above said

layer, said tufted layer being in f‘luid transporting contact with a
moisture- absorbing structure.

10. An article acc'ording' to Claim 9 wherein said moisture-absorbing
structure comprises a wet-laid fibrous structure, an air-laid fibrous
structure, or a laminate containing absorbent gelling material.

R
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z-direction, thus enhancing fluid novement in the downward
z-direction of the article. The follow ng Exanple illustrates an absorbent
article having a substantially central, z-directional 35 tuft of
capillary channel fibers. XAMPLE VII1I A layer of capillary channel fibers
of the type disclosed herein (6-inch-lenth¥) is gathered in its center to
provide a slightly raised oval "tuft" i§$? « he approxi mat e di nensi ons:

- 47 - 2-3 inches (x-direction); 1.5 inc y direction at w dest point);
and 5 M1 0 nm (z-direction). The tufted bundle of fibers can be held in

its tufted confi GABGORBENDYARTICERS)Y CESPECIARLY SCATANENTALY, HAVINGIt is

ol yrer . Usi'ng. t neBiPReER, Euuh hPRECEEbusrry. SRR ¥ A 0T ©

fibers is assenbled into an absorbent

Absorbent articles, especially san:Ltary napkins,

contain fibers with intra-fiber capillary channels. In-use,
the capillary channel fibers direct menses to a storage
layer, thereby minimizing the product failure and staining
of undergarments. The capillary channel fibers can protrude
into, or through, a topsheet to provide very aggressive
transport of vaginal discharges. '

Figure 7
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article with the tuft residing approximately at the center of the overlying
topsheet and with the tuft in close contact with the topsheet, as explai ned
hér ei nabove. In use as a sanitary napkin, 10 the article is positioned
(e.g., intralabially) to maxim ze fluid uptake by the tuft. In an.
alternate node, the ends of the |ooped fibers in the tuft are cut to
piovide a fleece-like, z-directional bundle of open-ended capillary channel

fibers. In still another enbodi nent, the |layer of capillary channel fibers
conprising the 15 base of the tuft i$/@ositioned wholly or partly
within the wet- laid gr—t | d absorbent core of the article, rather than
atop the core. i aTbodi nment ,

| ayer ed |alﬁlH%t‘ 2 '>|ng Wwo outer tissue

internedi ate | ayey A ling. material
used. The capillfary c A base of the t
the internal, AGNtcontd . |The capi i

be conveniently f i staljl e sheet for

into absorbent akticlég

vari ous bondi
exanpl e, '

Fig. 3
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25 about 20% 30% by wei ght of polyester thernoplastic fibers (e.qg.,
KODEL 410) can be comm ngled with the capillary channel fibers and the
redulting fibrous sheet subjected to direct thermal or through-air heating.
The refined curled cellulosic fibers can be conveniently 30 formed into
a stable sheet for ease-of-manufacture into absorbent articles by neans of
vari ous bondi ng processes. For exanpl e2/@bout 7% 15% by wei ght of

pol yester thernoplastic fibers (e.g., KODEL 410) can bg copm ngled with the
refined curled cell ?”" fi bers angrah sul ting fi 97» heet subj ect ed
to through-air 35 / 4’1 I ng or ul bondi ng. ’4( ' [

r

addi ti onal thernopl ﬂﬂ | bers int
it

into the absorbent ¢g yer-, or bo
A

the sheet stability
/

| ber | ayer or
addition to

o
Q
=
<
)
— 3

Fig. 6A Fig. 6B Fig. 6C
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above. In particular, having the thernoplastic fibers present in the core,
or in the capillary channel fiber |ayer, or both, allows the manufacturer
t® provide a seal at the periphery (at least in the crotch region) of, for
exanpl e, a sanitary napkin or panti- 5 liner, said seal providing a
nmeans whereby fluid overflow around the edges of the article is inpeded, or
st opped altogether. More particularly, an article of the foregoing type can
be prepared by |ayihg-down a sheet of the refined curled cellulosic fibers
containing the thernoplastic fibers onto a standard plastic 10 backi ng
sheet. At a position about 0.25 in. inboard. fromthe outer edge of the
sheet, a substantially continuous ultrasonic bond approxi mately 0.125 in.
wide. is formed around the periphery of 3fBe core. This not only forns the
fluid-inpeding seal, but also bonds the core to the backsheet. 15
In an alternate node, the thernoplastic topsheet, the core containing the
thernoplastic fibers and the backsheet can all ke D i 3 at or

' apot her node,
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fibers containing the adm xed thernoplastic fibers can |Iikew se be 20
bonded to the core (and also to the topsheet, if desired). 1In stil
anet her node, the presence of thernoplastic fibers in the core and/or in
the layer of capillary fibers allow for spot bonding at various points

across the article, thereby providing ttional integrity when the article
becones. wet. 25 Wiile it will “be appreciated by those famli ar
with the physics of fluid transport that the articles herein conveniently
make use of the differences in spacings between topsheet, capil- lary
channel fibers and core to establish a pressure gradient to draw fluids in
the z-direction, other yreans can be e 5ﬂﬁ§LLo 30 egtabl i sh such

z-direction fluid-flow|gradient. For exanple, 1f the holles or spacings in
the topsheet are smallgr than the width of the capillaryjchannel fibers
(and such intra: L dths. as wide as 9 ] be usefu
for transport ety <t eTTSeEST '
pressure 35 can be established, for exanple, by sel ec

t opsheet whi hydro-hoblc t han the capi llary chgnnel fibe

I
mm n I wm n mmhm Mmm oml
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Clainms: 1. An absorbent article,  conprising: (a) a fluid perneable

nonfi brous fornmed-filmtopsheet (9) having a fluid-receiving front face and
back face, said topsheet having rmultiple openings comunicating between
said front face and said back face for passage of fluid through said
topsheet; (b) a layer (10) conprising fibers having external intrafiber
capill ary channel s whose channel w dths, on average, are |less than the

wi dt h openings in said topsheet, said |ayer underlying the back face of
said topsheet (a) and in fluid-transporting contact therewith; (c) a
fibrous air-laid or wet-laid noisture-absorbing structure (11) underlying
said layer (b) and in fluid-transporting contact therewth, .said structure
conprising multiple non- capillary channel fibers or m xtures of said
multiple fibers with absorbent gelling materials, (d) a fluid inperneable
backsheet (12) underlying said (c) characterised in that, on average,
the wdth of the spacings betwee aid multiple fibers in the noisture-

Fig. 12
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absorbing structure is less than the wwdth of the capillary channels in the
fibers of said layer (b). 2. An absorbent article, conprising: (a) a fluid
perneabl e fibrous topsheet having a fluid-receiving front face and back
fface, said topsheet having multiple interfiber .openi ngs conmuni cating
-Between said front face and back face for passage of fluid through said
topsheet; (b) a layer conprising nultiple fibers having external intra
capillary channel s underlying the back face of said topsheet and in
fluid-transporting contact therewith; and (c) a fibrous air-laid or
wet - | ai d noi sture-absorbing structure éﬁrlying said layer (b) and in
fluid-transporting contact theremﬁth,egé structure conprising nultiple
non- capillary channel fibers or mxture of said fibers with absorbent
gelling materials, charactersied in that said interfiber openings in the

t opsheet are on average han the width of the intrafiber capillary
channels in said | ayg sy ticle according to claim1l wherein the
capillary channel jA'bers are spontansgusly wettabl e.
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50 4. An article according to claim1 wherein the contact between the

topsheet and the layer of capillary channel fibers. is. _n;al nt_,_aj ned..ei.

t ensi onal fdrces’ between said |ayer or by bondi hg nearns: ZAR **art‘—qfél e 5G
according to claim4 wherein the capillary channel s’ubstuarn”t’%ﬁ?/
curled. 6. An article according to claig 91 5 V\,herel N -'_a._.”rt i anagfid #héo fiiaged
partial | gjaimet rude into said topsheet. /. An article- .accondingad o. .ab giaged.....
wherein, on the average, the width of the spaci ngs between saized multbigiged ...
fibers in the noisture absorbi ng structure (c) is I(e;;s than the \é\ndt[;_ of
the capiil ”c&rﬁkﬁ bers of said |ayer = ggent
articl 2 gc?oraﬁamﬁgé@ P H rising a |ayer Laf’ caplml il “"Cﬁ?hgﬂzgl-mffbew
havi ng a réa)s%cﬂmqum@ablgalqubrpbéK@mﬂrf&mdpn@eebwmwmgda flgtigeneceiging drontif t ed
| ayer being i

St uct ure. o, P 2 Babs GRS LipnsHalin it Bpdfihel Yifipfitdiny Sbhveen

noi st ur e- abso¥ak frgntdaea end said baskface tos passege-of Aluid througtosaid tnpsheetur e, an

?r; { elr ?;F. F iy 8Ysye? L(T10)CEShSrsiny fifers HEVIRL Ext&Mal HuShbSt éﬂ)ﬁf&f'}jsﬂénrﬁ@ WwhOs
channel widths, on average, are less than the width openings in said topsheet, said
layer underlying the back face of said topsheet (a) and in fluid-transporting contact
therewith;

(c) a fibrous air-laid or wet-laid moisture-absorbing structure (11) underlying said layer
(b) and in fluid-transporting contact therewith, said structure comprising multiple non-
capillary channel fibers or mixtures of said multiple fibers with absorbent gelling
materials,

(d) a fluid impermeable backsheet (12) underlying said pad (c) characterised in that, on
average, the width of the spacings between said multiple fibers in the moisture-
absorbing structure is less than the width of the capillary channels in the fibers of
said layer (b).

2. An absorbent article, comprising:

(a) a fluid permeable fibrous topsheet having a fluid-receiving front face and back face,
said topsheet having multiple interfiber openings communicating between said front
face and back face for passage of fluid through said topshest;

(b) a layer comprising multiple fibers having external intra capillary channels underlying
the back face of said topsheet and in fluid-transporting contact therewith; and

(c) a fibrous air-laid or wet-laid moisture-absorbing structure underlying said layer (b)
and in fluid-transporting contact therewith, said structure comprising multiple non-
capillary channel fibers or mixture of said fibers with absorbent gelling materials,
charactersied in that said interfiber openings in the topsheet are on average larger
than the width of the intrafiber capillary channels in said layer (b).

3. An article according to claim 1 wherein the capillary channel fibers are spontaneously
wettable.
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. An article according to claim 1 wherein the contact between the topsheet and the layer of

capillary channel fibers is maintained either by tensional forces between said layer or by
bonding means.

. An article according to claim 4 wherein the capillary channel fibers are substantially

curled.

. An article according to claim § wherein a portion of the fibers partially protrude into said

topsheet.

. An article according to claim 2 wherein, on the average, the width of the spacings

between said multiple fibers in the moisture absorbing structure (c) is less than the width
of the capillary channels in the fibers of said layer (b)..

. An absorbent article according to claim 1 comprising a layer of capillary channel fibers

having a raised tuft of said fibers extending above said layer, said tufted layer being in
fluid-transporting contact with a moisture-absorbing structure.

. An article according to claim 1 wherein said moisture-absorbing structure comprises a

wet-laid fibrous structure, an air-laid fibrous structure, or a laminate containing absorbent
gelling material.
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