-1- MACROSCOPI CALLY EXPANDED THREE- DI MENSI ONAL POLYMERI C WEB FOR
TRANSM TTI NG BOTH DYNAM CALLY DEPCSI TED AND STATI CALLY %F SI%%;UI DS
. FROM ONE SURFACE TO THE OTHER AND AN ABS{RBENT BANDAGE Al D VEEB
TEQjNI CAL FI ELD The resent | nvent I on has rel ation
macr oscopi cal |y MA&Bﬂg@ UIW'MWQWM%QIHYMERIC
capi | l'ary networks of W?f QRM%M T MICALAYi t both
dynam cally dep 1 RE \SFEEQS MSTSQ'EW H- CQ ﬁG'trg@ FLYIBS from one
surface thereof ’%gh wm BW_ FNIRMENGoN t o
macr oscopi cal |y expanded three d| rren5| onal plastic webs Wwhich have been
provided with relatively large capillary networks to 10 transmt
dynam cal ly deposited fluids during high flow events such-as urination,
whil e the uppernost surface of the web in which the relatively |large

capillary networks originate, i.e., the body contacting portion of the web,
is provided with a multiplicity OfTrEtﬁi'N I pillary networks to
transmt 15 static fluids which c FERL FlELD! th the uppernost surface

of the web to the opposi té\esurfm@éeot t hinvestiany capas | arselationact iten. The
present 'nVent'OﬂaE&%cBHféah9r é)@ﬁa'ﬂdélﬂ tRrdelBimErfsifhals Y5l e{ﬁﬁbﬁ: Awebs

controlled fluid transfer ranes opshe posabl e
di apers, wherei nceﬂfe"?‘asgéaeglt%'m 5\‘;““#&? vﬂfg I(’éffgrg\gerﬁ'z%rt%tef%é‘&g‘fe?% ni mze
| at eral spresdi ntramsmite bdeiwodytraahitally d depositedg tlbmsdyaﬁm cstatidally

aravi tat Fonal - heggh gty ! flohOofl s rhde LHEEMHY! B otoe, caPTI 1 ary

net wor ks and an un erI absor bent While the
s | capi L lary networ ks Tihe t Memtt i invenglon hbasebfurthen oetation tthe

weArer’s skin arfagidseplcdill Qxbavadd Rr-eé-ditlnsobal RESHL WebdAhikhe

wearer's skin. i's believe l'er ‘cap | | ary net wor ks ar e

ori ented opposi t'é?‘{/e faesm Pﬁ%V'F’&F’gE“%[SFHtWYn'éf%r@"éiﬂt metwarks ttrey
proj ect out weo dl grahsmit thha%héﬂthﬂEpdsm FRIids tdAENNGChigts fldw Yeasits! es.

The baffle effect cf'%)racse%” fon t%ﬁ\i{ l’c'he uépermost surface of the web in
- which the relatively  large capillary networks originate, i.e.,
the body contacting portion of the web, is provided with a
multiplicity of much smaller capillary networks to transmit
15 static fluids which come In contact with the uppermost surface
of the web to the opposite surface of the web by capillary
- attraction. :
The present invention has further relation to the
use of such webs as controlled fluid transfer membranes,
o 20 e.g., as topsheets for disposable diapers, wherein the large
capillary networks prevent or at least minimize lateral
- spreading of the deposited fluid by 'using the dynamic and
gravitational head of the fluid to drive it through the large
capillary networks and into an- underlying absorbent
25 substrate, while the small capillary networks in the portions
of the web which contact the wearer's skin are sized to
provide greater capillary suction than the wearer's skin. It
is believed that when the smaller capillary networks are
oriented oppositely from the large capillary nefwo_rks so that
30 they project outWardly from the absorbent substrate they act
as tiny baffles. The baffle effect forces deposited fluids to
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35 2 undergo a nore tortuous path to reach the edge of the absorbent
devi ce, thereby increasing the probability that the bulk of the fluid wll
enter one or nore of the large capillary networks before reaching 't he- edge:
of the, absorbent device. 5 It is further believed that the higher capill g#
suctioh provided by the smaller capillary R2etworks in the web hel ps renove
Static noisture otherw se retained by the skin of the wearer, thus
“providing i mpr owsdlesgon adrmones stortheus ppattento i neacht i e ddge i tHer
relation to 10 ,stp?ﬁa aps ks tkUc Waer gi he
capillary sucti gr?gb of ?Iﬁgi&tzs?né% l?@g%%?ﬁ'a‘iy&g hﬁ%'ﬁg" ﬁ}?rg {'Tfe
macr oscopi cal | y bastis0fd hie tfinide will nenter cong orl more cofivtie |laege icapéiiamdi at e
that of the wear@twsrRdltefopddredchitig Ofnd g ¢ INd WbsBRBERE YliegiS! T at e.
ubstTa api d

Thi s enabl es.the absorbent 15 s te to | dl'y renove the norsture
from the snﬁHiF dspifurther helieyadis that ¢ the ?‘dﬂ)‘%?feeF?Pl'héYelﬁUCtinfbvi di ng
a Isus.tai ned ski providen tilaft&ﬁnsmihgrpéﬁsti]gaﬁyiml ksnimatﬁeslw'bb't helpd hgr -
relation to nacr opi - expande r ee- di nensi ona astic . webs
havi ng suffici-éﬁ&'gvg-%ﬁgFﬁzﬂ°b ur EaP&}?&”'s%rf‘&%'r"égibb’aﬁE% g'f'& BECHR ng
co-pl anar that eoearect thustpwraviding: impeovesd skirkidryaeds. t he . underl yi ng

absorbent substrate is DSt LAl | t ai hbs are
subj ect ed 28 conpressit@é)l'%%%@é %‘ggéﬁéﬁﬁyﬁgaasu\é@‘g;wﬁr oﬁ?'?ﬁenm) enent s
of the wearél. disposable absorbent bandage mteuciRmesDVvhRTeint thmsapitarybeen

known in the di sgegiah! e ofhsofHeent shamélagecapitiabPal ddtwoPkEXt NAME! the

desirable to construct‘iépstj%gt | v(? ' 'd'er\‘ll _cea such as di sposabl e, o

di apers,' sanit TROTORRORIGRLY | sERndsehnthupertimensioRaln PIasds s webs liegd t he U

like, 30 whichirteematiatet chatipiofl \thabswedret!ss cBRirpednbodghatf |gfi dgheduri ng

hi gh flow event SHGAADS AL b O, 1a M\ ut [ \readi ng,and | eakage of

t he di schar %d ?PS]E g@?éoﬁ%‘*}@hgggﬁb&&?&' THIE' S'na%ies Hne absorbent
substrate tq___rapid_ly_.remove -the moisture from the smaller
c_apillary networks qf .-the topsheet, thereby providing a
sustained skin drying action.

L T.be present inveni_‘._i_on ‘has - still - further relation to
macroscqp_it_:_ally .expanded . ihree-dimensional . plastic webs

20 having ___suffic;ient_ Z-direction caliper and resistance to
becoming 'co-planar._that_ contact. between the wearer's skin
and the underlying absorbent substrate is . substantially
preveni_:ed when. sa_ig;l ~webs are  subjected to compressive -
loadings tY_pically caused'_by routine movements of the wearer.

25 - o BACKGROUND ART

It has long been known in the disposable absorbent
bandage art that it is extremely desirable to construct
absor'ptive devices, such as  disposable diapers, sanitary
~ napkins, incontinent devices, wound dressings, and the like,
30 which are able to rapidly absorb discharged body fluids
during high flow events, such as urination, without rapid
spreading and leakage of the discharged fluids from the edges
of the ab_sorbent ba_nda_g_e structure. It is further recognized

in the _clisposab.le absorbent bandage art that disposable
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of the absoerbent bandage structure. It is further recognized in the

di sposabl e absorbent: bandage art that di sposable 35 3 absor bent bandage
.structures should present a dry surface feel to the user after the
absq,ptlon process has been conpleted to i nprove wearing confort and to

m nimze the devel opment of undesirable sking conditions due to prolonged 5
exposure to noisture. Prior art web structures used as the wearer

contacting sur f acsaPueheRofiniigh EAUAIREs Sudl R ot pesens ab| dryli ARghce have

been of two basic varieties, i.e., .inhherent % pervi ous ‘structures,
such as fibrous rf8&hot@nshesmsero afien,the np $QF'R5IP§‘ nﬁf‘&qsél dhascheens

pol ymerl;: webs ;Mu léﬁetdeftlbquxp?f,w dedri Vtcﬂnﬁ?ﬂrBSf%Oftofhﬁb?ﬁn?@rfﬁ@b'“ty
via aperturing er m ui 0 rethrou oth varietie rior
art body cont acthém oPf HEQﬁV‘EE& "bl% itigng dup,to pro °"9°‘P

macr oscopi cal By exgposandcd, moistures- di nensi onal 15 configurations.
~utilized herein,. the cr op PgL, d"

descri be t hr ee-di rrensi onaFFWebsm ﬁgg sétg'ﬁ&{%ﬁ%x ﬁ fef & sV\ﬂ'gJ] gpe“ bbons
and films which mréacm@nsurzfagsem disposabi¢ handages such mudﬁsmsabdﬁ a 20
t hr ee-"di nensi onald;gﬁ 4 NRavd rg%,p 3 hedsifolArirtiebace.t hgﬁﬁ i bit

sal

the three-di mensmna pattern orm.ng structufre,’ Sdi atter’n being
readily visible téUildrTEeﬁ\ﬁWHﬁl SEERGIYTRS e SHEH ?ﬁef'BéP'p%nﬂP%‘U?‘é?“%l Anthce

between the vpewefiuid-anperVidus hﬁawraane gicrthe b/ma'iélﬁﬁeﬁg)fvﬂ'\lhhaﬁa\?é 30
cm Such ma rosco |ca.He¥| nded gbgm ?ﬁ

typically caused et?"coﬁfBY o slrf %%re(?f ‘fsrrﬁ’rﬂ" t uP’é% by
eqtl)/ossi ng, i. aprerturing ﬂmmmlytsﬂmd:tﬂme thecetipraugha pBotlervarietiepri sed
primarily of ma'd? BFRIrS Gkt Wity tabn@ g \g%s héve BM%%” used i 8l

structure 30 exhibits a attern primri | |Tlary
and in macroscoplcally ‘expanded, three-dimensional

15 configurations.

As utilized herein, the term "macroscopically
expanded", when used to describe three-dimensional webs,
ribbons and films, refers to webs, ribbons and films which
have been caused to conform to the surface of a

20 three-dimensional forming structure so that both surfaces
thereof exhibit the three-dimensional pattern of said forming
structure, said pattern being readily visible to the normal
naked eye when the perpendicular distance between the
viewer's eye and the plane of the web is not more than

N\ 25 30 om. Such macroscopically expanded webs, ribbons and
films are typically caused to conform to the surface of said
forming structures by embossing, i.e., when the forming
structure exhibits a pattern comprised primarily of male
projections, by debossing, i.e., when the forming structure

30 exhibits 'a pattern comprised primarily of female capillary
networks, or by extrusion of a resinous meit directly onto the
surface of a forming structure of either type. Typically, it
has been found that capillary networks having a maximum
cross-sectional dimension of 0.25 mm or more are visible

'35 to the normal naked eye at a perpendicular distance of
30 am.- By way of contrast, the term "planar", when
utilized herein to describe webs, ribbons and films, refers to



net wor ks, -or by extrusion of .a resinous nelt directly onto the surface of a
forming structure of either type. Typically, it.-has been found that-
capillary networks havi ng a maxi mum cross-sectional dinension of 0.25 M) °
or nore are visible 35 to the nornmal naked eye at a perpendicul ar di st adfce
of 30 é&n. By way of.contrast, the terg "planar", when utilized herein-
to describe webs, ribbons and filnms, refers to 4 the overall condition

of the web, ribhgg everall eonbRTon/ io?V ek hvel,heIBEOE bre ¥itmOWwhenTRfdwass Opi C
scale. In this co%e?xt 'i(gl anar" webs, ri bb%ﬁ a'nd__lfl I gs nﬁ{f‘nl ncl ude webs,
ri bbons and fil RY H& MGKeAn&Ye e s MACER3CORIC  $C8le v d Mo fhbh FoBtexbi h 5
si des, said surf'ptanartiewebdsi oribbons brdnfjimsaday yindudd| webs, trilsboreked eye
when t he perpendi ; | |nc eL v i - apd the ne of
the web i & 30 ogfnd Mitns haViAG° A8 hANE riscd aPiEFadady Bpobife o pREZ O
the random 16 isides stsaid asutfpcei aberragiomsd nop bring: nteadifye (visitder to of

fib : : ; bl f
i brous nonmveqhgeggﬁeél_ %ﬁrmnw%@gﬂgﬁﬂéﬁ distarlld Letweds frPabl e o

rapidly transmttin dyna ~deposi t uirds to an underlying
absor bent subst Mewer'gagye c‘mch-r%?- Plang of atheoyeeb,ig, SO0t @e 1 ui ds d™¥posi t ed
are quite viscOyfreaterd., nenses, 15 |liquid bowel novenent, etc. This can

o Ol B 8% " el it SEAL . ) ST o
edges of theobardtgstitidi operdngs sformedi by ntheoentargledafibers ofufibroysar nent s.
|n addition al thoualeht WS, PIRIHoRE_rBRABIYAT 1Rt | SFe Hdr hiANLS
nonwoven topsheets are, in géneral, effective i renoving static | sture .
from the wear er 'c@paRien of t rapidlyr transmigtingodynamically depasited fluidsi ta \
reverse flow tQ@roGfderWifg aBSOFEERSisuBstatd] NBartidlRAAYY ik 25itLaGons
_rl_ﬁ}/vgtﬁg\r;\gtt?; t%gkége_ gxtﬂfﬁnthﬂl#&%?l gl ng_ 1Dl S} c%g _ abso.r'_bentnsgubst rate.
g t néyei 148 y 3BP OABLRCUIFCOURs t 8- T« ot IENSEB} anar
t opsheet $6r udiquids .bowel movement, etc, This can lead to unsightly :
accumulations on the  wearer contacting surface of the
tops_heet and, in extreme cases, leakage of these materials
from the edges of the bandage with resultant soiling of the
wearer's outer garments. In addition, although it has been

20 observed that prior art fibrous nonwoven topsheets are, in
general, effective in removing static moisture from the
wearer's skin, their fluid pervious nature normally permits
reverse flow to  occur under compressive  loading, thereby
causing rewetting of the skin by an  underlying moist

25 ab_sorbént. substrate. This rewetting tendency is particularly
pronouhced with . the planar . topsheet structures.
Accordingly, prior art efforts to solve these problems have
led to the de_velopmehf of embossed, three-dimensional,
fibrous norwoven topsheets. ' -

30 -~ One  such embossed, three-dimensional, fibrous
n'onw_oven' topsheet - structure is disclosed in commonly
assigned U.S. Patent No. 4,041,951 issued to Sanford on
August 16, 1977, ' ;

‘The Sanford' patent discloses a preferred

35 disposable diaper - structure . comprising a moisture absorbent
layer disposed between a soft topsheet and a moisture
resistant baCking .sheet. The nonwoven fibrous topsheet
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"Accordingly, prior .art efforts to solve these problens have led to the
devel opnent of enbossed, three-dinmensional, fibrous nonwoven topsheets. 30
.One. such enbossed, three-dinensional, fibrous nonwoven topsheet
strugture is disclosed in commonly assigned U S. Patent No. 4,041 ,951

i ssiedto Sanford on August 16, 1977. Thes Sanford patent discloses a
preferred 35 disposable di aper structure conprising a noisture absorbent

| ayer di sposed feeﬂny aco:ﬁpf-frsesomheeﬁteyﬁ %tméﬁﬁrerecdrﬁ%irﬁhgntabacki ng
sheet. The nonwov bro she refera ? ri ses an nt egr al
structure contai 'HPﬁEF'é ibﬁ pﬁ’? e faﬂ%ﬁ)é‘%@ 3?&5‘?% cpntant fatel y
conéI act theduppemppsttmmrfamfad oheth®i moigtar@babsbednt! dapéer. ThRe
nondepr essed ar ntact the ot ln.5 JJh. use.
in a particul afﬁ nfenredfes SRR4CEE SRST LBherR CoBACE TR FE4Ts Hnohoet

i s conprised5of B sutseeantinal lay pantinelarivg preferted embiddiment, wshe
resilience such uhfloldf HIBPSAECtoddHUtt 1@ ESMBFRed! %fs%bféetﬁﬂet‘éﬁ{i

t hr ee- di nensi onal character upon renoval pressure a gal ns¥ the 10
t opsheet by the PRRIWeRSINGgPaterial 9%@‘%89&“’“ Tﬁ%"'\?BFﬁl §‘|6<él’!;et Matoshged by

the dépressed argpshedt!Oténdsy toarbsitle h&hp%ubﬁta'rﬂihlwe irﬁ@léaamea-fs:drml dly
deposited fluids,, fromthe edges“&)‘vﬁi e d|

separation provi RRF3GYER hUPPR, & n&fo qsﬂ,\rgn&%{eﬁ e%%’ipg céhﬁf such
a 15 topshes towspaet obypr thenbodly r movementsaadf ithe wweardehe Mhestvaldsor bent

core and the Ny, U r I, tmﬁﬁ.@ t he
f 1 ui d- pervi ous n% vn é(;d n% \Agegndﬁg?éésea WQ?M %e revve?tl ng of
ere‘ ski n when cowpésscr \r@qusad!sagasmef &apidly slaag-'ei ifiwids., cHombe the 20

ee- di mensi ona¢ddes &f the aﬁgsheeﬁhﬁéetwpﬂwﬁase%ebe.-aﬁaa &&«ﬂaeatth err{)t S
i nvol ved gs eets

1 deal th th it
Comorised | of 118y o thhpaRleSiimeRRloRALEy paBY: Cue Wresiienss oot FushioBar

15  topsheet helps to prevent direct contact between the moist
absorbent core and the wearer's skin under most
circumstances. Nonetheless, the fluid-pervious nature of the
nonwoven material may permit some rewetting of the skin
when compressive loads sufficient to substantially collapse the

20 three-dimensionality of the topsheet are experienced in use.
| Other attempts to deal with the rewetting problem
have involved the use of topsheets comprised of
fluid-impervious material provided with various forms of
apertures. For example, U.S, Patent No. 3,814,101 issued to

(Y 25 Kozak on June 4, 1974, suggests a tobshe'et of non-_fibrous,
| 'hydrophobic film which is provided with a plurality of
valvular slits which allegedly restrict the reverse flow of

. liquid from the absorbent element of the device.
Commonly assigned U.S. Patent No. 3,929,135

30 issued to Thompson on December 30, 1975,

suggests a macroscopicaily
expanded, three-dimensional topsheet comprised of
liquid-impermeable material, ~ ‘but provided with tapered
capillaries, said capillaries having a base opening in the plane

35 of the topsheet and an apex opening remote from the plane of



apertures. For exanple,

June 4, 1974,

provided with a plurality of valvular slits whi ch all egedly restrict the..
reverse flow of liquid fromthe absorbent el enent of the device.
Patent No. 3,929,135 30 gssued to Thonpson on Decenber

assigned U. S

U. S. Patent No. é,'814, 101 i ssued tao 25 Kozak on

suggests a topsheet of non-fibrous, hydrophobic filmwhich is

30, 1975, suggests a macroscopically expanded, t hr ee- di nensi onal
t opsheet conptlig ddpshest,| $ajdi apexnopenind | beingaincintinate hbhtaqlrwwrded

with tapered

Come | 1abs bPﬁenéadecthhE@&' Gh Néd ”%i(?;mfk%ﬁg Oﬁggg%{én the

pl ane 35 of the topsh ex openi ng renot

t he topsheet,
absor bent pad

deposited on the \/\/earg%o‘%giﬂ fg? ng surfiace of the topsheet are

transferred 3t oSYRErE w dnnihe Jevers, q"ée‘F‘Ii% '|5n"t|'H§"|eévase

shpadagex cﬁl\é&ﬂ%giepesirtgdl oni the mearer orontactingt isurface

Oommnl\yf

of i kh& edopsieet! hre R altdnstaPred Degt tﬁé‘“%ﬁ&rbﬁrﬁ' ui ds

reel

direction is i nmbld&dealngh&mesmmmgfoﬂmsﬁaﬁéﬁal €dpifthrieBe tapered

capill aries.

Cace in o koihe matisid e e dean (B 372

contacting surface in a“al's

in commonly. abedgnedntamt&g sunface {0 ammsam iabsoelerito Yadidgeet al .
on August 3, 19§3nte-§lie %Onm%'%i%eﬁssi n"‘c‘ammoﬁ"fﬂ a(?s?énedal u, 922 8lfen

di scl oses

pl astic V\k‘b

of apertures in sr‘ﬁ"ﬁﬁpo apg suff ac% "t hBPEY?

roved ﬁHCFOSCOpIC& hree-dimensi ona

& scl osed

eil §3i.81%gissugd ftPn@aQ,eél et ?'nr @n dAveust ohal 1982i.crostructure

15 conprising a regulated - continuum of capi I lary meleWogdnsmériivoi nating
i n and extendln f.r gm,one face of, -t he g,eb an ermnatlnglnth

form

FCIgses ef N r UPRARYSS: nent |

the capillary nmacroscopimadlyof ekparated ngtimeeedlmertdlm'\ah r quldsyie olweb qui d
Q’%,ﬂﬁ@ sgi bﬁigeléééfe ap dﬁo&ﬂ”p igggls&%c@u cont i nuum

transport. 20
of fiber-I ilk-se

20

25

30

35

el ement of substantt al T form
comprising . a. regulated contmuum of . caplllary networks

originating in and extending from one surface of the web and

terminating in the form. of apertures in the opposite surface

thek_eof. ~In a preferred embodiment, the capillary networks

_ a:_"_e of decreasing size in the direction of liquid transport.
The web's fiber-like appearancé is comprised of a continuum

of fiber-like elements of substantially uniform U-shaped
~cross-section, each end of said fiber-like . elements being
inteféor_mected -to at least one ‘other of said fiber-like
elements. In a particularly - preferred embodiment, the
intercc_innected_. fiber-like. elements are substantially nonaligned
with res_pect' to one another to -enhance  the fiber-like
appearance. _ : _

_Whi_l_g_ macroscopically expanded three-dimensional
plastic web_s" of the type generally  described in the
aforementioned commonly . assighed Thompson and Radel et al.
patents have met '_w.ith.good success in permitting rapidly
diséharged b_ody,:.ﬂuids, such as urine,- to be transmitted from
‘the surface on which they  are initially deposited to an
~underlying absorbent core element with little or no leakage
from the edges of._ the bandage structure, it has been

o/



"cross-section, each end of said fiber-like elenents being interconnected
to at |least one ot-her of said fiber-like elements. In a particularly
_preferred enbodiment, the 25 interconnected fiber-like elenents are
subvgannlally nonallgned with respect to one another to enhance the
fibér-1i'ke appearance. Wile macroscopicallpy expanded three-di mensi onal
plastic webs of the type generally described in the 30

af or ement i oned cmﬁsen#gd aﬂ'ﬁatgﬂw widarep'so iskimdndiadstill dbokl ang afeehtmoibtive,

met with good su ransm hoggf rgft Eﬁ?%anrd%%‘gdkyong't%%h ﬂg?hgogéd{,al U'SqﬁF%SUCh

as. urine, to bet ateron whi'c I Iy
deposited to an uUhdeahyibeg qwmme!vorcbmr!smdwthhtl matcresmplcajly eakage

35 from the e@(gian%dt ?ﬁreeb-afl'ﬁ?igﬁgnﬂtg%e webls! of&hePR7k dxs{!o?%ferved

t hat the wear stil nol st upon renova t he
bandage from Phe ‘ﬂe&h%ra@'ﬁ@ﬂ?ﬂ"@%c@ﬁept%aﬁ? ghamnrson eadi Radg! ;ttrdhst r at ed

that macroscopi calrey W@é&wéﬂndbmw révéirig d’ﬂebﬁeofveéﬂ"eﬁ"é ype
disclosed 5 in triﬁ af or ene tlg ned }; o Th son and%Raq *Pcet‘

hi ghly_effective S5INprafifgn: FISGNPEIRA ¢ R@Yof s W BAaYS, Passed , 1BfR.the

di scharged body fundeﬂy‘ln@veb[sasbmt |substrite, umleisl belﬁg/emsmabenucbubﬁt rate,

o oel1 Ve Ak it EOa et 08 Sl bR QR e Sl

when absorbent 10 e are renoved
from the wear@r' stpyeturies ﬁlaplomix@gt@ ts |o|ﬁgtmsowneherexmqudn@rm| st

absorbent core. tﬁathespea-s Bo'i!)b‘i‘é 'rﬁ:\te&hé ftatréwﬁﬁinfg' Mnctﬁ@taﬁaéngheg skin

durlng the period or rio ol une di schar a IS si,np never
moved from t he MRSt e? ?rgﬁf’ﬁ %e°af atheme i B kP8 e‘ﬁig thag thig ZIH‘?:H’ ge
h been transm tdondad¢ts thee skhscd-.hﬁng theb plet-ivice ot hserigds tdfehigic votumei C

cross-sect on Canyblated ShHOKK Sihily’ ReyePHamolik®pick T5L! GUERALSR (he

low capillary Macroscopi C cross-sectiqn
capi | | ary netlor laftem theebulh qfnthealfmidodiscd)\argg has been transmitted to

the absorbent substrate through the macroscopic cross-section
capillary networks in the. web. This is believed due to the
low capillary suction exhibited by the macroscopic
cross-section capillary networks in the web in relation to the
20 relatively high capillary suciion exhibited by the wearer's

skin. _ o |
Accordingly, it is a principal object of the present
invention to provide a  macroscopically expanded,
_ _ three-dlmens:onal polymeric web with precisely controlled fluid
W, 25  transfer characteristics tailored not only to the fluid, but also

' to the range of flow conditions anticipated in use.

It is another object of the present invention to
provide a  macroscopically exbanded, three~-dimensional
_ polymeric web which exhibits an ability to transmit rapidly
30 deposited body fluid discharges through capillary networks of
' macroscopic cross-section to an underlying absorbent
substrate, which is resistant. to becoming co-planar under
compressive loading, and which exhibits an ability to dry the

wearer's skin of moisture remaining in contact with the skin
35 '



20 relatively high capillary. suction exhibited by the wearer's skin.
Accordingly, it is a principal object of the present invention to

provi de a macroscopi cal |y expanded, three-di mensional polymeric web
wigh precisely controlled fluid 25 transfegp characteristics tailored nogs#
only to the fluid, but also to the range of "flow conditions anticipated in

use. It is anoth bj @t t e p d a
macroscopi cal |y Qjg‘;'(’:aantwé Iﬂilk :vgef){ %ﬁy a“‘ﬁgﬁ%&r)dc%g ﬁ?ﬁ hbe&"m bits
an ability to trdhe '!'tFﬂﬁ)ltBIS?"BQ SWNQ'G %Gb‘f!tuuqtmschar ges through
capi |l ary networks of MacIOS8ORNGthér Ostjeé€Cof Othe t;Si-esiﬁt HVERtlon "9

absor bent substrat: Ich,.rs resistant to beco | anar under
conpressi ve | oadiff év'%as%ii & "fsﬁ%n"bhﬁ §"énth£ocqqayy%98 g Hunfaes af s skin
of noisture rémithengvéln émntwhithwithle tdapilidryn Abtworks oot emadrsbepie of the
rapi dly di scharg m SQ ore of the
structure. |sedzg.n(§)#1§grgﬂ§§1 e@?%% Pgégﬁieh n@ﬂﬁt?% "l"ga h Yd@fsuch a
web wher ei n the irapiilaront amti'mgksurwam ofar® tsubstantially V\smallert hdn

capi | lary networ k§o§-s&REibAS C ORig ci,ggﬁe,s ﬁbﬁ r,.grl Héﬁ& eﬁ‘ﬁ\“iqﬁal o W th

a mltiplicity of %gg* | | argﬁl networ
in cross-section,’S suction af-Pyt"mr%@ét ¢ef<|Hi4)|ﬁ"Pngm9!ﬂ’tf i Ci ent
capi |l ary sud®i oobfectsr ®hkgh '&:oﬁtaitltl the Isurfhcer OfMtAgi ﬁ&blgeneﬂ&ll i® tiai ch

abeor bent subst 1 Sheection 1t SR AT ing) abipbeie suBEkiate Ry, rapitBeyec of

the present invedttr@§tioD.provi de such a web, wherein said smaller capillary

networks 15 are orientedo creat
a tortuous path whi C&%S@:ﬁﬁ \ggﬂtbﬁﬂf n%%?taﬁ%pwgségggho%&ﬁ%%qg of t%eJ

absor bent devi ce PPN n@r W&%% nY PF@" said smaller capillary networks
15  are oriented outwardly from the absorbent substrate to create

a tortuous path which deposited liquids must follow to reach
on edge of the absorbent device. thereby mcreasing the
probability that the bulk of the deposited fluld will enter one

or more of the large capullary networks before reaching the
20 edge of the absorbent device.

DISCLOSURE OF INVENTION
According to the present invention there is provided
. a » macroscopically expanded, three-dimensional
fluld-handling polymeric web having first and second surfaces o
located in substantially parallel planes ‘which are remote from -/
one another, saild web including - a  muitiplicity of
fluid-handling capillary networks of macroscopic cross-section
for rapidly transmitting fluids which are dynamically deposited
on ‘said first surface of: sald web to said second surface of
said web using the dynamic and gravitational head of the
fluid as a primary driving force, each of said macroscopic
cross-section capillary networks orlginatlng as an aperture in
sald first surface of sald web and ‘having a continuously
~ interconnected sidewall extending in the direction of said
second surface of sald web, sald continucusly interconnected
sidewall terminating to form at least one aperture in said
second surface of said web, whereby the bulk of said
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probability that the bulk of the deposited fluid.will enter one or nore of
the large capillary networks before reaching the 20 edge of the absorbent
devi-ce. DI SCLOSURE OF | NVENTI ON According to the present invention there is
projided a nacroscopically expanded, three -dinensional fluid-handling

pol ynmeric web having first and second surfacig | ocated in substantially

paral I-el pl agg ﬁagﬁwp?' st © n ai d I ncl udi ng
a nmultiplici t%/f | ui c{1and| |ﬂhidc)g})fl Fraarn& nepaorf Qi f%\l\?ﬁé op| c -
cross-secti of” rafﬂ ds®l éﬂS‘Pﬁ‘gt iSWrfacei of vsaidh web d.yynarsa&dil ly

deposi t ed onmaerascbplcst ausi-&@&tlﬁﬁ saaﬂmwb tﬁeﬁﬂiv‘*ssec gﬂ sw face of said

web using th t at ad of the fluid as primary

driving forcgupéeéggﬂbgfsaasg g’ﬁah‘? ogb% JBRCRASCOPis, %ﬁ?ﬁ‘ﬂﬂ@ﬁ‘;ﬂ net wor ks

ori gi nating a@lunmpmmrhsuortgmmffunhesunémgfa TaitipiRityagf having a

conti nuously H%ﬁ gg aict ed_si dg gend in the direction of said

second surfa&% Pg4B8, capi EEXt Pﬁ HRIks eACB eEnNBicRJosigénates
terminating a8 &orapertheesinoseidpfirstesiupfasedosesaid ﬁébf ang 9§ said

web, wher eby S y Lgall osjited flyid Is

transmtted ?{rlggntggglkaﬁyr gt"g%&? aéq B?gggsgleét gcgh §E?“Hace of said

web by sai d BaEFescepie crpssssectirpnfluigrhandyingecapikiargaid first

surface of saeewaenslnwnerehnsehé 836&95588t503595§h§§8$+En%§gghé#a%31d

networks ori urt |nclu | CILt ui d- |
capillary neg%iigreﬁﬂﬁlgiaﬁxl BRCY ? Fné?eéegénﬁﬂ é&e?tﬂ?@? naxis owhieht
surface of sapinedBeandith thésmaximainl gzresal-isectiﬁnﬁl0§§m§£§i6§no§han sai d
MRy 0SCopi ¢ gafasﬂéﬁ%kg“aﬁh%d faag! EQQSC hi’%ﬁ??gﬁt‘ %ggmﬂg@&;g the

cross-sectiona ape of each sai d snal defi ned
by a major aRPs QHIEﬁldbnﬁcwubb hhehm!nbmuuxcnnaseseetlenal|@ﬁméndiann5|on

of said netwetksapd Aetwdek,2¥5Smehsdra8NperPeh8sui HaNS- éam major

axis thereof, said smaller flu:.d-handl:.ng cap111ary
' networks exhibiting a degree of capillary suction
sufficient to transmit static fluid, contained on the
surface of objects which contact said first surface of said
web, generally in the direction of said second surfacé of
said web by capillary attraction.
When used as -a body contacting topsheet in the

context of a disposable absorbent bandage, such as a
disposabl'e diaper, the smaller fluid handling capillary
networks in the first surface of the web are sized to provide
a greater capillary suction than the wearer's skin. The use
of such a body contacting topsheet in conjunction with an
underlying absorbent substrate which exhibits an even
‘greater capillary suction than the smail capillary networks in
the first surface of the web provides a one-way driving force
which tends to dry the skin of static moisture, while the
resilient three-dimensional nature of the web substantially'
pre.vents rewetting of the skin w_Hen the web is subjectad to
compressive loading due to body movements of the wearer.
Thus macroscopically expanded, ' three-dimensional polymeric

~ webs of the present invention retain the gush handling and

. anti-rewet capabilities of prior art polymeric webs of the type

— kS



mm coinciding with the mnimum cross-sectional dinension-of said network,
as neasured perpendicular to said major axis thereof, sai'd smaller

fl ui d- handl i ng capillary networks exhlbltlng a degree of capillary suctlgn
sufficiient to transmt static fluid contained on the surface of objects &
whi ch Jontact said first surface of said wgpgenerally in the direction of
sai d second surface of said web by capillary attraction. Wien used as -a

body contacti ngg*eaasilgfztdismdsba Wntwta@i‘eaedtuaﬁeéaé&zﬁmahﬁpréa‘% nditndage,
such as a di sposag pﬁé il er fl ul an LI % capil |l ar'y networks
in the first suPPRSofO¢ b'ﬂBfP'br itocRadel &to 9 5?’85{ élheb,’apl'! | ary

suction than thaddéderes ' <aski proﬂ‘lde upeeciselsvucbngnrtud;dcosuinctu rigopsheet

in conjunction nder exhi |ts an
even ot oat er _cabtprolfliesios ban e BRERIUSIY BUBRRER VM oA o e
first surfacd of timitegbbpsisyibyesempisical wagledtion mf fpartieular cﬁbtcnmls to
dry the skin of ygl@tic noiSture, while the resilient three-dinmensional
nature of the web substantlally prevents rewet.ting of the skin when the web
i s subjected to conpr esshnve thesgli we du@“b@dmsnmwih tbe tsmaligrar er .
Thus rracroscmton eabmatrexméttdm#kst haree- %#:imea O%t@dwdtfralngrr%wta VﬁJgE.I Itglt ne
resent inventio ai.n in n nti-r.ewet "ca
Brl or art pol ym?BF spﬁg 'BFV egg g%rﬁ&aPFyt&Vsaaéggﬂ ‘P’h‘qhne |
af or ement i oked (fmu)dlepossedmewspm aniderigp ahtoraocus padht to Reseh awf al .
However, they. . elgg%l the'uhdopBent'RUICE Rsq Aglae, SIGHIREE SortRf] |

drying capablll previ ous ¥ tai na ‘my on 5
a limted basi sof)ythénﬁﬁP‘Pi!E#d Jlidcpassesointeathe darge cephianys netwerks n \J

those web enbgdfsrants dﬂaﬁrreh&u meedgémdfi e CaPsdrbRhY dBGICHO" k?g |
oriented outwardl aya e absorbent substrate, they tend to act
as tiny baffles” 9?#'5?1 tn reduced eakage from the absor ent device. A

15 secondary beneflt afforded by the outwardly oriented smaller

capillary networks is that the tiny apertured ends of the

small caplllary networks provnde a softer, more comfortab!e
wearer contact:ng surface. .
Preferred methods and apparatus for formmg sald
20 macroscoplcally expanded three—dumensuonal polymeric webs
are also disclosed. | |

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims

partlcularly pomtmg out and distinctly claiming the present -/
25 invention, it is believed the present invention will be better
understood from the following description in_which:
_Figure 1 is a simplified perspective _represen.tation
of an unfolded disposable diaper employing a web of the
- present invention as a body contacting topsheet with portions
30 of its components cut away; ' ) __
- Figure 2 is a greatly enlarged, simplified -
perspective illustration of a segment .of rnacros_copically
expanded three-dimensional polymeric web suitable for.use as

35



10 force deposited fluids to undergo a tortuous path to reach an edge of

t he absarbent device. As a result, a greater portion of the deposited fluid
.passes into the large capillary networks before it can reach an edge of the
absgyrbent device. This results in reduced | eakage from the absorbent
device. ' A 15 secondary benefit afforded byithe outwardly oriented smaller
capillary networks is that the tiny apertured ends of the small capillary
net wor ks provi de ad topsheet ifpra: disppsabighidiapemr such oas athath shawrt atre.
Preferred net h0d$i§gﬂe gpparatus for formng said 20 macroscopically
expanded, three-difensional polyneric webs are al so disclosed. BRI EF

DESCRI PTI ON OF THE DRAW NOSUFRi | #A tige 2sp@teatiyatandargeshncpensrective h

claims particul agnetegirdph Nefod s@gmenll Sbf Nat | actobicapitdlliyhcepfitcd 25

i tion, it_i lieved th t | tion will be bett der st ood
{rom the ol | 8 A BEUFEDERERT| POVRRER.  Mebur 811 The o YpRp| PEVEEATY -

per spective repr ddastratedrinoFigureudf ol ded di sposabl e di aper enploying a web
of the present invention body cgntacti sh (th porti 30 of
its conmponents cut away; %‘laé"%?e (?’2 '?sga %%egtly eq’g%rié&g’ed,&m?l'%afied
perspective illperspective oflustratigneef an miteroetivei c macyossopicadiyd

t hree-di mensi onale,pahye8! | thrEd-dibhsiBhs) [ BolyHePicdSwes of 32‘029’3%?“ In a

di sposabl e di aper, such as that shown In Figurfe 1; Figure
greatly enl #PgedvVeRBHPRbecti ve photograph of a segment of a
macr oscopi cal | y expanded Bigurr eeigliarsimplified sphémadei Hiustedtionf of tde

col arged. - oi ol {AreLrsE, cprabrn M Yfichc, il ope otlieed o nBrpdce
macr oscopi cal | y @asaaskapically caxpindedsitbneg-dioensionat padypmerict webpr efent
~ the present invention;

15 Figure 5 is a greatly .enlarged perspective
illustration of a segment of a forming structure suitable for
producing a polymeric web such as that shown in Figure 3
using a process such as that schematically illustrated in
. Figure 4; '

20 Figure 6 is a greatly . enlarged, pian view
photograph of an alternative matroscopical!y - expanded,
three-dimensional polymeric web of the present invention; and

Figure 7 is a further enlarged photograph of the
web shown in Figure 6. '

25. . DETAILED DESCRIPTION. OF THE INVENTION
While the present invention will be described in the

context of providing a macroscopically expanded,

three-dimensional, resilient polymeric web suitable for use as
_ a topsheet on an absorbent bandage such as a disposable
30 diaper or the like, the present invention is in no way limited
~ to such application. The present invention may in fact be

pract_iced_to great advantage in many situations where it is

desired to transmit fluids which are either dynamically

deposited on or which statically contact one surface of the
35



10 invention; Figure 4 is a sinplified schematic illustration of. a

preferred process which may be utilized to produce nmacroscopically

expanded t hree-di nensi onal pol ynmeric webs of the present invention;

Figure 5 is a greatly

enl arged perspective illustration of a segrré‘:g?‘
of a férnming structure suitable for produciypg a pol yneric web such as that

shown in Figure 3 using a process such as that schematically illustrated in

Figure 4; 20

web to ifs gopposite sarfate @mbtty peevéiygesk apl fastVvi ew

hot h of |, t | Ve . i cal | d, t - dj ' |
ol yrer i ¢ wob ofMEHEHS odloE Ty CHIS o evRRS FiGIEPEION  of e, (ARRIER| o ged

phot ogr aph of t hdesceiptidrowoontaifeduheréin - 2Bhich TelatesD&BAId_EDréléSﬁilrl] PTI ON
OF THE | NVENTI ' { . .l Nt L i 11, Qe ' '
WLl o SRkl oh Y bR o RARREIY Uidbar” it

cont ext of

t hr ee- di rensiSonadllow @nie iskilechdnythe iartutsh readilybadaptothasinvestion: ¢psheet
on an absorbent Qpada@@sieegh as a disposable 30 diaper or the |like, the

present invention is in no way limted to such application.
invention may in fact beFjguraitelptd pesapeckivanyifye Ph Aardiseesablei ons

where' it is desi
deposi ted on’ or

whi p star\}c |- cont'a%_t. one surfgce of .the 35 }2 web t
its opposite sur A toarg?"é%é Yer5 have Rean oHf AMRY 40 PPERyCIearty ( he
show thee sttcdurald details ptofonthdent embediniesrtei n Thhech
I : . _ ) , . bl
relates to a preficpbesbig! bifet gsapé’fe#_éd U8 Gendtall PR hel ReflrdnBBOoad ©

reverse dinecti

di aper will 5

to other devicedumerphrel.l | & g

15

ddrbent r Bandabef | comisrivitigc h aar diaperhein dyRaniflided

OW one SKi: In the art tO rea

& aflyid s ranvigus vitepshest aotii $hesaprasent
invention is shown at 2. The .other two major components of
the disposable diaper 1 are the__ab's_orbént’ element or pad 3
and the ﬂu_id-.impér’vious backsheet 4. In general, the side
flaps 5 of the backsheet 4 are folded so as to cover the edges
of the absorbent pad 3 and topsheet 2. Topsheet 2 is

- generally folded to completely enclose the ends of the

20

25

30

35

absorbent pad 3. The drawing df_diaper 1'in Figure 1 is a
simplified representation of a disposable diaper. A more

detailed description of a preferred embodiment of a disposable

diaper is contained in commonly asSigned U.S. Patent No.
3,952,745 issued to Duncan on April 27, 1976.

As will be appreciated by those skilled in the art,
the precise performance parameters for the. disposable
absorbent bandage generally shown in Figure 1 will depend
upon the use to which the structure is to be 'pUt. For
example, if the structure is to be 'utilized as an infant
diaper, it has been observed that urine' disChaEg'e flow rates
on the order of 6-12 millileters per second and voidings on

the order of 20-120 millileters per di'stharge are not -

uncommon. [f, on the other hand, the disposable absorbent
bandage is to be ‘employed as an adult inc':on_tin'ent brief,
urine discharge flow rates on the order of 10-25 millileters

The present

(0]

e | nvention

\/



"absorbent bandage .conprising a diaper in an unfolded condition.
Various | ayers have -been cut away to nore clearly 10 show the structural
.details of this enbodinent. The di sposable diaper is referred to
generally by the reference nuneral 1. A fluid pervious topsheet of
the ~ priesent invention is .showmn at 2. The other two mmjor conponents of the
di sposabl e diaper 1 are the absorbent element or pad 3 15 and the

f1 ui d-i npervi ouspéBacsensac: and voidig@scionl theherdemioff 188509 giilliieters

backsheet 4 are bet delsaar | Rao6fiehh o ddfieothtésie 2DSRE bop Pad 3 and

topsheet 2. TopsSheet I S “gener letely encl ose the
ends of the absb?fﬂ!ﬁ?ftﬁﬁd P\Pi"teﬂweméfr aln ngreaten; detaily ithe Figymshe flows 3 20

sinplified remas&atm@nwharaéteausii&posﬁabtm dicpispeet 2 dFR" cbélekaaleqd
description i ﬁref red enbodi ma't of a di sposahl e |aper s cont.ai ned
si Y Y3 &5 308

in comonly WarelYs, o ‘HFWRIB QPLLAE e t8 BERELY APy |

27, 1976. 25 transmissiés of Idynaeiegl}y damﬁédbﬂulds)ste tHe una@driyinghe art,
t he preci se perf B t r dage
general ly shown % Ce&rte&& %fer |{l'ﬂf& gg e f}%&%ge%& Eﬁ?he S ructure
is to be put. Feftbﬁal’mﬂd?gﬁf the structure is to be utilized as an

nfant S0 diaper. 11 han BEBMSPSE VBlylrained | Aediarligbamste toral es on

the order of 6-12 mllilet per second and vol di ngs on er of
20-120 il 119 et 8R¥ ghesn ﬁF dhge degign ofpr2 LPMP“CPPQ (S?P’E tot her

hand, the di sposmulse abeotabwlinmrada@mﬂ 2heotyyse 'cﬁ-rmyp;eobfamawriadtdot
T s o Che iR A L il P Bl o>
mMileters per mescdlfrfgengrref}ow oram téuecwﬁfee'eeﬂ mabsrlala | | Foe
L TR Pl g, L SN g bRl
as appropriat®, 98e Rantinoseast cnenealsAMbisns, tempagaticeeal |1 I% depueyerad
fluids to the ungigs| tbpsheet is also intended to transmit liquid bowel
movement into an underlying absorbent substrate for long
term retention, viscosities are often in the 0.05-1.4 Pas.
range. For infants, discharge flow rates for the latter
20 material are often on the order of 15 millileters per second,
with voidings on the order of 90 millileters per discharge.
On the other hand, if topsheets of the present invention are
to be employed in disposable absorbent products such as
sanitary napkins, wherein menses is the primary fluid to be
25 absorbed, viscosities in the range of 0.005-0.05 Pa.s. are
common. Discharge flow rates for menses are often on the
order of 3 millileters per second, with voidings on the
order of 5 millileters per discharge.
When macroscopically expanded, three-dimensional,
30 apertured polymeric webs of the type generally disclosed in
Figure 6C of the aforementioned commonly assigned patent to
Radel et al. are employed as a topsheet for an infant diaper,
it has been observed that leakage from the edges of the
diaper can be substantially prevented during typical infant
35 urine voiding situations. An exemplary topsheet of the



absorbent substrate w thout significant |eakage fromthe edges of the
bandage. In addition to varying flow rate considerations for 10 ahy given
fluid, the design of a body contacting topsheet nust also take into actount
the typejor types of nmaterial to be transmtted fromone surface of the web:
to the other and the differing flow rates for the different materials. o
For exanple, urine typically has a viscosity on the order of about 15 one
centipose at nornmal anbient tenperatures. If, however, the topsheet is

al so i nt endedaforveinentioned typpiiekhibited anvepemtarreat (premdeublew ytheg

absor bent substrat 0 e fken in the
0.05-1.4 Pa.s™ s?ﬁ&g Cngg'SEg{'%n%%'ﬁgL cﬂh‘gﬁbr %I gdv'\zlshﬁét es&ftgrgt he | atter
20 naterial aemem\‘tt ofi the twab'sr bedyotontacting. |$lmf%¢% gachsetosald with

vol di ngs on t Efjﬁrné’fw&@s”&kﬁiﬂlﬁhﬁr Qenesgowaﬂghaﬁased (Radridgcspier hand,

I f topsheets o e’ present inventio re to V\ﬁé g_’;) ed 1 n disposabl e
absor bent -‘broﬁ{Rﬁsssm as S@Rifary y H&E)‘K?'HSS VIS nénse8EMYMe prinary

fluid to be 2grgdssesditshal Vdinedsidn on ttlie toder &f00. 76 mid, 005- 0. 05 Pa.s. are
comon. Dschargeflg)w rates, .faor %’é ?re oftgl on_t he orde

milileters per secondeSRite tRAIA chapdls Spch gysh é?‘grs per
di scharge Whsituations s adippers: Iq»tilézdpgndadh tdpsheets nstilt i mevedal Sdticapertured

pol yer | ¢ webaofhukleid YR BENSih ¥nd! AhARRY LTaRe Bfiodh (die

af or enent i oned conmbn assi-ghed patent enpl oyed as a
t opsheet Tlr the idibpar ﬂTQ!p Meai'TBE'Sb&@ﬂY@bséﬁvm'ﬂtﬂﬁt optaraniierf rom t he

edges of the gapgial, Gen &)ebenaeéantthatl Yhe' Metsid dprdsedt t vhl omle infant 35
urine voiding sityations. sheet f th

r |
af orenent i oneWe@fRfeSe 'Bl t‘éd %ﬁ’lt oﬂé‘ﬁ aﬁ%a"ﬁY’QW%d B9 hé‘%Wb%tcopl c W/
cross-sect i onuaderlyiing yabsairbenk core| chbut gativerttto thep bigleert capilldry web' s

body contactin fa cf.,of,..s | r t g

pent agonal | y ﬂa@gﬁ %&li?ttgg QY Ihe Wegr&a'g ek"ﬁ %h@ﬂ \9@55‘%5?@@ tg {Hen
15 relatively low capnllary suction exhtblted by .the much larger
macroscopic cross-section capillary networks._present in the

ma(:roscopically expanded th_r-e_e-d_i_mensiona! polymeric web. It
is believed that the higher capillary suction of the skin
prevents the macroscopic cross-section capillary networks in

20 the web from removing this moisture from the wearer's_' skin
after voiding has occurred. .

Figure 2- discloses one preferred embodlment of a
macroscopically expanded, three-dimensional, apertured
polymeric web 20 of the present invention. Web 20 is

25 particularly suitable as a starting material for topsheet 2 in a
disposable diaper such as that illustrated in Figure 1.

Macroscopically | expanded, -three-dimensional,

- apertured polymeric web 20 exhibits a mmtiplicity of

cylindrical capillary networks 21 .and 31 which, when viewed

30 from overhead, are of macroscopic cross-section, i.e., they

-are visually perceivable by the normal human eye when

viewed -at a perpendicular distance not exceeding . 30 cm.

- As can be seen in Figure 2, macroscopic capillary

networks 21 are generally larger than macroscopic capillary

35 networks 31. This differanze in size is not a requirement of



5 cross-section capillary networ ks ~ havi ng a maxi num
cross-sectional dinension on the order of 0.76. mm Despite their ability
.to handl e such gush flow situations, diapers utilizing such topsheets
stii}’rqveal static nmoisture in contact with the wearer's skin upon
removal 'of 10 the diaper from the wearer'd5body. As pointed out earlier
herein, it is belheved that the, noi sture ﬁresent on the wearer's skin is

h
not due to rewdli®REESeNt JRveption, Byt is jHystrated maraly tn: refleet shahyt
rather to the hi gher sppidfl ally ntairbseopiex Bapillaey. reYwbFits 'E@dE ndt B N When
contrasted to the, 15, rel atlvelé’teltow ??:gzl Ilafr¥ sugt on e hlgéted' b# t he
much |arger macr dSRHFY AFEess (e | Hne, FYntacs Ak k%ébr ent'ti 184 he
macroscopi cal | y dwopeveed téuogaizédiethat oimalthpsé ysttuatiorveelwhérie idiffeeénteved
t hat the higher Lyl | ti.Q e,skign p e | C
Cross-secti ongc-awpar@ét&gﬁq w%r Eggi (r?likfg‘b _ttﬁe B\}kbé'sélogj%}tgféeén]bvﬁgg&o%ﬁgpé
moi st ure from t herassnsectionsidapilianyer netwatiksg ofasdiffening esize-i gaye
di scl oses one pr gfiafégddenbodi nent of a macroscopically expanded,

t hree-.di nensi onal, apertured polyneric web 20 of the_ present invention.
Web 20 is 25 particul arl i Gfnessl.c the size of t PRy RACUCYIAr MAcresseRifcet 2

:vg a di sposabl e (Haﬁﬂﬁrysgﬁgtmrk hﬁh“"fj Usjer aheﬂifianﬁwugﬁ'g%a thatI the
croscopi cally .expa , ree-di rensi ona ert.ur 0 iC
web 20 exnib! PrideBal it ping, ok Tof FepRmiing Simiealy cBRalfR 51
and 31 whi ch, whdluidsefitomh 3be firstn sufaceds, ofir theofwela@00ota dhiec second
Cross-section, i .g§rf: § r i l I el I Ve human
eye, when vi ewed ast%l raaéegrge%dlsgﬁv?réadkgt gﬁ%_e%ﬁ?x%%@o??gﬁ?ﬁ&%gﬁ%ﬁ As
can be seen in Fiofuthe ofluig cFatbesptban apapitlary suetienkexbibited Benthe |y

| arger than macr ¢feemetiy &FPiHd aetwerk, networks 31. This difference in size
IS not a reqﬁ'érement‘ of t he _pr.esent inyen is dllustrated nmerely

L on, but
to reflect thdt the size OF &M Rfr5%¥pi2 %Lé%‘i"h a#ly FREMoMBETeREOR G0t e
i dentical across crboss-settion sapiilacy oktwoek WBbh dffiginaltés ias an aperture

23 in the first surface 15 of the web., Each aperture 23 is

. placed is fluid communication with a second aperture 25

located in the second surface 16 of the web by means of a

20 continuously interconnected sidewall 24. The arrangement is
similar with respect to each of the macroscopic cross-section

capillary networks 31 which originate as an aperture 33 in the

first surface 15 of the web and which are connected to an

aperture 35 in tertiary surface 116 of the web by means of a

\ 25 continuously interconnected sidewall 32, _

As has been pointed out earlier -herein, macroscopic
cross-section capillary networks 21 and 31 function to handle
gush flow situations, i.e., fluids rapidly deposited onto the
uppermost surface 15 of the web are transmitted via the

30 larger networks 21 and 31 to an underlying absorbent
substrate without substantial leakage from the edges of the
absorbent bandage to which the topsheet is secured. By way
of contrast, the smaller capillary networks 41 located in first
surface 15 of web 20 are of such small cross-section that they

35 do not functjon‘ appreciably in gush flow situations to transmit



however, recognized that in those situations where different 5 fluid
materials are likely to be encountered, nacroscopic cross-section capillary
networks of differing size may be . preferred. In general, the size of any™—. -
particul ar macroscopic capillary network should be sufficiently | ardb
that the 10 principal driving force for tt6ansmtting dynamcally
deposited fluids fromthe first surface 15 of the web 20 to the second
surface 16 is prsignificanty quastigiesaof c rapidlyr dischacged offuld: adiredtly hto f I ui d

rather than Capi{Hear yotdrlyiAg C¥BidFbeRt D¥ubitraté:C > Ratnéf, ”E"aga P! K

As can be seen 1In gur'e 2, each nmacroscopl C Cross- sectlo IIar
network 21 ori gi PREMOE &s‘"avn whieh: originate;. astmaﬁth smahs am,rtyses)f‘i& he web.

IEacht agertuiﬁ 23nl %uﬁat@e]gls ﬁl}hul?etsﬂni&ﬁhaahl 96|ambry ashiﬁioati | turel 25
ocated in the secon rface 0 ont | nuousl y
i nt er connect @d <% |St5"124 secongacy , an e\;ﬁﬁ?"& §Pﬁfq 3/.5 W‘% ot to
each of the nacrmpeptively,ossfsetﬂa onwebapi20l, aricenpt vudhs &ﬂmtﬁluobslvl gi nat'e
as an aperture ja

connected to ansig'ﬁée ur g‘%’? %{dg's‘?{lg?y;@ rfacrebqf?e%ggp'?wmé\e%tg'g/elﬁeans of
a 25  conti nuowveralintengthnras: measuretd aiong 3he jengitudinak axjmiofit the out
earlier-herein, Wﬁconhs:\cmasmnm Qﬁicﬁ?ﬁﬂb#' ﬁfytﬁ@t Hg & FlmAgt 31

function to handl flow situation fluid de 05|ted
o L B diviidr, peite P - wSeB, e imasrosecnicaly.

| ar ger
networks 21 arthresddimensiomal weberidyiisg forined: beAs Suahstbatmuthout

substantial |ea rom €84 0 a h the _
t opsheet is sectﬁgg'rL 2 ggg'”?ﬁgoﬁ r%fstcgsflﬂaq@ n%?%r %gﬂl quﬂﬁ'@' \sgt rks 4i./
| ocated in firstfosmr amurydﬁ im[quateenaryosusface 216apf th)é’g- section that
they 35 do not funCt'OAsaﬁm%‘éaéﬁpfetﬁtﬂasﬁyfilﬁdcsbkllﬁh' P9 StHeP aft ansmi t

16 significant qyaNd et®and’ sedbnd durfacss °%Gnd Yol Fespectivery’ of

web 20 are preferably s_eparated from one anothér a distance
sufficient to prevent contact between the wearer's body and \
the underlying absorbent substrate even when compresswe
loadings on the order of 3.45 -.6.89 kBa - .

20 - w. ' are.exerted upon the web 20. - (Experience
has demonstrated compressive loadings of this magnitude may
be exerted on the web due to movements of the wearer's body
in activities such as sitting.) As with polymeric webs of the
type disclosed in the aforementioned commonly assigned
25 patents to Thompson and Radel et al., this resistance to U/
becoming. co-éplana_r is also desirable in webs of the present )
invention to prevent rewetting of the skin by fluids which
have aiready been absorbed into the absorbent substrate.
_ - However, = unilike macroscopically expanded,
30 three-dimensional, apertured polymeric webs of the prior art,

_ pol&meric webs of the present invention also exhibit a
multiplicity of much smaller capillary networks: in the body
contacting surfaciej of web. It has been found that these
small capillary networks 41, if properly sized - and positioned

35 adjacent an absorbent substrate exhibiting an even higher



‘the underl ying absorbent substrat e. Rather, capillary networks 41,
which originate as relatively small apertures 43 in surface 15 of the web,
.extend a relatively short distance 5 toward the secondary and tertiary

surfaces 16 and 116, respectively, of the web 20, i.e., each
continuously interconnected sidewal | 42 may ke only slightly greater in
overal | length, as measured along the |ongitudinal axis of the network,

than the initial tddpillanyssuetion;ecoinpety vferyrr‘emcﬂl‘)el WiYWEthe WlaireF'sOm

which the macro JFok:] 0 is forned.
As can be seen in gu"?’elﬁé'?‘o E'Rﬁgﬁﬁ% ﬁ%ﬁ"@agﬁﬁ} h?e?v\ﬂ‘f 88+ terminate
to form apertures 45 in quASethrqe ann‘r&ciaténa)\pfthnsb ﬂﬂlledsurwthé e,
appreci ated by thqg |:|;§<,J)J "fa“bﬁ"%g@' aﬁéed t té%ﬂ c%i;ﬁ"ir a!‘l L“;'f aces,

15 and 16, res ectlver¥ ar.e er y'sepa
anot her a di st dncigUre | &4 éﬂ tﬁﬂ"b\ﬁ@n %dﬁtﬂlqedomn-th'@%mw bs body

and the underlyi ngaiﬂmor- r%ﬂasi-rregmmemnswﬂw EW&F%tmef&ﬁél%d‘gﬁ on
t he order of 3.45 upon the web

20  (Experience tf5'§ Hé'f?ﬂ ar 5‘95‘8‘50&?%‘@9?‘3&“}%&?9?? ﬁ"c fﬂ’?pﬁ'ﬁgﬂﬁzﬁude
may be exerted on nangeyweshapecand sunfacechemistryhe ifipdoerrpurposdy ofnthis

activities such a p%bfﬁéﬂfvn Astmt Qéggéw{ibﬁay\egﬁ?“ tJ}e a%oecgéﬁ%agsed I n

t he aforenenti one comonl y ‘assi g Tho on an
al ., this resil8t afatwepk b@c@#ﬂﬁ’g CHYpPaﬁ‘aiO" axig yehi sesmiasid@su withe pheof the

present invention rﬁaximweaéssr-euemwslgdnﬁeﬁm of| thebheEand%n\aha Crhirmve
al.-ready been absorb | é% t he iiﬁi$rbent'ﬁ§Ub trate However
an‘a o'

ma\_%oscom cally nstidthal MirAgUm, quﬁs’pBFﬁﬂ%'??'c webs
of “the prior art, qimbpannl ofv\ms retwohle, 38 gseasuredyvperpendicallasoto ethlei bit a
multiplicity of mm EbfC et %ﬁi,y

surf:'A(I[:)eI o:‘ \>//veb %'sr@%%e% fg‘ljmncf{&&%{ﬂf h%@'n’% I E?gs | arr&?%?&)'b%% 41,
i f properly sil®ed C&ﬁ&"‘ﬂﬂﬁgt i fiefinipg the capitiany, %Meﬁttfwwrtisvbr

exhibiting an evemdtwdPRl In this regard it has been observed that when the
minor axis of the network is less than 0.25 mm (0.010
inches), the capillary network will compete very effectively
for urine in static contact with the wearer's skin. For minor

- 20 axis dimensions between -0.25 mm and 0.5 mm. -+« there is a
tapering off of the network's capill'afy suction. Accordingly,
skin drying capillary networks such as 41 .~ -  exhibit
a minor axis dimension ~+ of 0.5 mm or less,
while macroscopic cross-section éapillary networks such as 21

U 25 and 31 preferably exhibit a minor axis dimension on the order
of 0.5 mm or greater.

While it is generally desirable that macroscopic
capillary networks 21 and 31 exhibit a relatively large minor
axis dimension to present the greatest crosé-s_ectio_nal flow

30 area to fluids which are dynamically deposited on the
upéermost surface 15 of web 20, the upper limit on the
dimension of the minor axis is determined primarily on the
basis of rewet considerations. That is, for macroscopic
-capillary networks having very large minor axis dimensions,

35  there will be greater opportunity for the underlying



b d

17 capilary suction, conpete very effectivel'y with the wearer's skin to
renpve noisture.remaining on the skin's surface. As wll -be appreciated by
those skilled in the art, capill ary networks 41 need not- be cylindrical,
shown in 5 Figure 2, to function in the intended manner. They can be EItQéI’
regular or irregular in shape, and wll 'sti 118 function in the intended

manner, provided r | ze range, shape and surface
chenistry. If, fo%%?%égegag%mﬁg QR§e5$?| YERrYnS skin ctoseontact i omel

shape of the capidnether 1as the welk 2G iseisubfattey eor@dés&e,axg %g?e,
col nci des Wt L IEonBrusdvE a8 > kil TS ppel Lg, ISR end 8

m nor axis which, coincides
of the network, @rné’&%df‘@l?'pé?‘lfemlé'@ﬁanacmscémcnardss-u&ﬁorofc apiifasyet wor k,

the minor axi § wirndtwooksuligy rb@méﬁ CEH¥skA! Id,.pgﬂé? pg%‘l nlog,g t he ca{r)\gel ary
suction of the | net wor In*this regar 5 edh d that
when the minor g%"é“%& taél%twﬁéf‘vﬁlf'ﬁ jabspehent I‘gﬁpﬂl‘m end the w¢dlred’sD
| nches), the caplﬂNlaryndeltvﬂmekrmd;e of0 EDMp PeskIV lﬁsaﬁys Sl!r% Edud ein
static contact wig gamgu'égaéﬁwrgnagbﬂ For- m nor X NSt on

‘er

bet ween -0.25 mm e’is a tapering off ‘of the network's
capi |l l ary suction. ACCOrd$W§'a]'|Y8kl their ydemsitypi bhdrysm&mg kSoUChedS 41

exhibit a mnor awdcrostdBiasica ” | ess, while
Macr 0Scopi ¢ Cr osg: %gﬁtld(;ﬂr? cc%f'l :é;/ ?leet?v\%'r(ﬁs su%n arsqulr?St'V&ncf"BP“e
preferably exhi birf wap dspen aribn ypen the @anticipatedoirs use flow  or

greater. \Wile iconditipnssral |y . desirabl at macroscopi c capillary

networ ks 21 and 31 exhlblttare ively. mnor axis dinension to =
present the greatest cross-séct %%tr?al SH(%' %0’"ar%%?°t'(°6“9flﬂhﬁdspfmrﬁh are

dynanical |y depdRYentipn otp Ry ide pduab purpose acapilfaryf n‘eﬂboﬂ& wienupper

limt on the1sli meombie Ghet fer 6@&%@?( i r r|I on the -
der at | onsﬂ ' tﬁ gnqﬁ%gr%g g q"l r #"fet wor ks

basi s of rewet: ngénl Al e

having very |arge hifor 5§Pg cdl”t‘?@ﬁ% s@ﬁ&“’-BSaPt‘lﬂéWe ne\ﬁmrksba ag rstxag ler
opportunity forpasmewmerEyamgles might mclude star-shaped passageway,
wherein the points of the star behave in a manner similar to

the smaller capnllary networ s, while the centrally located

20 portlons of the star behav in a _manner _similar to the

macroscoplc cross-sectton capi lary networks. - Other examples

of such dual purpose passadeways . might- include snowflake

shaped passageways, dogbong shaped. passageways and the
like, _ - _ : B
25 ' In general, |t has been found that to provide .
adequate physical isolation and rewet protection between an '

underlying monst absorbent substrate and the wearer's skin, a

physlcal separatlon betwee-t the farst and second surfaces,

| i.e., the perpendlcular distance between. surfaces 15 and 16

30 of web 20, is’ preferably at .least 0.18 mm - 0.25 mMm  mgst

preferably at least 0.375mm.  As will be appreciated from

an inspection q_f Figure 2, the separation between surfaces 15

and 16 is established by the overall length of the macroscopic
capillary network sidewalls 24, In general, the sidewail

35 length will be on the order of half the major_axis dimension of




" 18 absorbent substrate and the wearer's skin to contact one another as the
web 20 is subjected.to greater and greater conpressive |oads. Accordingly,

~the .upper limt dinension for the mnor axis of the macroscopic
crggf-section capillary 5 networks is normally chosen on the basis of
preventli ng contact between the absorbent sufgstrate and the wearer's skin
under the range of conpressive |oadings anticipated for a particular

environment. Si ”tﬁ@r|ldrge§thecaﬂﬁaﬁ t YnetWishk, SBQC'ﬁQasu:‘éEl bithglO the
macr oscopi ¢ cap|

ne and. 31 re ne.an er [
depend prinari | y ﬁ“q'ﬂﬁ't éﬁﬁ 8 B"-F"ﬁ"g!% Jfr %(ﬁﬂﬁ ?‘?cf'l'l’§ chtt { al so
possible in. er’ctthel reffecttée of masa'rlal i thienirigondaringr cthied anabirak gpose
capl |l ary netvvor& %i nekg c ﬁtyrge éng aunci?)og,l té?rtgi lthq “‘ ‘r:.:mI g
pi I lary networks £ ﬁ cro copre POSEes e P % cgpi °|"§yi 'ngt\kégks in a
si ngl e passadewagapiliaayphetwvarikgisidewall ik ist thats whichi irdtislgeacsypieter ei n
the points of thﬁ?]ét%rregehﬁ"éﬁrebn sgmgaghu?emiaar for: NG STHidrBEcaRp! |1 ary

networ s, while the central | oc ortions of the star ave
a manner si ni | ar ©XBARHEN dé"@opWE cr o§§°‘§ec‘th°on aregeingar yithevilbr 8. Ocher

exanpl es of 530hgd&ﬁi'swpogﬁama%aevﬁﬁérdﬁcgbtc l lt;?bt@-%e&ﬂéM'@#ﬁll%WDEd

passageways, dog eways.and_the i n

general, it has B%Q"ﬁo 3%&' 8 e %%eﬂ“ﬁ?r %zésﬂ:lﬁ\enﬁ‘?&satlon

?Rd r ewet prmEcexg).rL l:qapl\ldamyn ametumtksl 9Ingantersf.iara£ssm:crmt ﬁﬁgﬂmabedand
e wearer's sKki [ Qﬁ% io[S

surfaces, i.e gﬁggrxa CCII cu aﬂﬂél stani e¢1 gelljrfgces @%%6 30

of web 20, is prittermpdiate ;sunfaces 15. apdnhb. d‘ hes same isr@lso F;recewabl y at

| &bt 0.375 MM respedt Wo! the RN CGhmafied Eaﬁmhag | RXWEPks OV OfwiicgUr € 2,
t he separation bettt\gsﬁn surfaces 15 a esta

[ 1
ot ot o e B3R ¢ dskeTnary Sutsach 286 T8 AchianBoopanted Bagaia’

the sidewal 115 to and located intermediate surfaces 15 and 116. In general,

a new surface remote from and parallel to first surface 15 will

be established for each set of capillary networks having a

distinct size and shape. Thus, there will be as many

intermediate surfaces in web 20 as there are different size

20 and shape capillary networks originating in web surface 15.

Figure 2A is a greatly enlarged perspective view

photograph of an actual web sample 20 of the type generally
illustrated in Figure 2. _

Figure 3 depicts an alternative embodiment of a

W 25 macroscopically expanded three-dimensional polymeric web 730

of the present invention. The web 730 depicted in Figure 3

is a fiber-like web similar to the one generally illustrated and

described in connection with Figure 6C of commonly assigned

U.S. Patent 4,342,314 issued to Radel et al. on August 3,

30 1982, ' _ Web embodiment

730 exhibits a multiplicity of apertures, e.g., apertures 731,

each formed by a multiplicity  of intersecting fiber-like

elements of generally U-shaped cross-section, e.g., elements

701, 702, 703, 704, 705 and 706, interconnected to one

35 another in the first surface 734 of the web. Each fiber-like



35 length wll be on the order .of half the major axis dinension of 19
the largest capillary network, as neasured al ong the |orgitudinal axis of
.the network. This is due to the fact that if the effects of -material -~
thinni ng during the nmacroscopi c expansi on process are ignored, the Ao
materfal conprising the 5 capillary net wopl sidewal | 24 is that which
initially occupied the area framed by aperture 23 prior to nmacroscopic

expansion  of tdimer€tomprise® o Nasef %eaehnge gt Vhdde %r%ﬂe%ﬁ@‘)d t hat
‘having smal | er najor and

for macroscopic¢ cr oa %ctlon capi | lﬁ %n\/\g

mnor axis di miPEAteAsIn firstesyrface J3f | &ar P%rﬂ@t@f has (2 sidewall sur f ace
;1? wi | 11' b;e estpdp ftloabed G0N asiaéwalgﬁ portistisc F0BB) aé&?éhéw tanﬁad:wcat & o
|nerrm|aes ac e sape_.is alsg.true w r.espc o the
e tenl fer SRR, b sidewall o eReont; ity ‘Sehatall, [EDER, | O
216 in a pl &ne directinredoparthel cecobd tsurzfadel d34t ef i theer webi. at eThair f aces

15 and 116, 1 inf8ERhg JIAGHIPUpSATSNY I the’ HHEr (ke Pafeilenth 4Fy (1 ot

surface 15 w || set cap |I etwor ks having a
di stinct size -atﬁrcognag@d tohuene t @apthen,; i"lteb@eﬁ@tﬁart e rf"t,ﬁtrreiﬂdat e

surfaces in welyedbnds durFace 2lo? dinkef eweet Hrie  Eerminabél %hsa&r&mw lary
networks originati

nvveb urface ure 2Ais a atI rged
perspective Vi éﬂf‘ﬁﬂgf%mp'ﬁi oRf 35?8?5 \f\gbt%nﬁ‘:@"gosgf %E"g ?
greﬁ[r;e(r]I ally ub:c ugheawed ton fEngLupe_r:tulré‘s gete 3Thepsidewatinportions aifi tee :
enbodi nment o r [ nmeric
web 730 of ¢ he TRt UIE FROBREF oY bk SHRARRS SubskERIN HuTbBAG eV TS
fiber-1ike webtgi tihe abpasey ndfélmn@fgéherdlem}nt?a | arsttheye thayn ded@ogieded in \/

tcgngggte: Ogt Wlalt m.%%ﬁggftafu@om?br@m IfteitebySprédi &Ry dpevtared 4 | ssued

Veb enbodi ment 7330 iBx Hei secondnsur %aﬁﬁl 233 )Pfoﬁhﬁp\ﬂ!??u\"ﬂgh Aarg. smaller ¢ ur es
731, each f9r mHaRytife APertitdsCi7eY i the! dirseciuracki P34 -df kBe web.

In the latter case each resultant "'ca_p'ilia"fy'néiwork 750 formed
by each set of _interconnected sidewall portions is of
decreasing - cross-section in the direction of the second
surface. | .

20 . Despite the foregoing similarities, web 730 of -the
present invention differs from the fiber-like web disclosed in
Figure 6C of the aforementioned Rade! et al. patent in one
important regard. Namely, its uppermost surface 734 contains
a multiplicity of relatively small cylindrical capillary networks

25 741 originating as apertures 743 in surface 734, said
apertures being interconnected ' by means of continuously'
interconnected sidewalls 742 to apertures 745 in tertiary web
surface 736. '

: As with the web’ embodlments shown in Figures 2

30 and 2A, web embodiment 730 transmits dynamically deposited
fluids from its uppermost surface 734 to its lowermost surface
735 via the multiplicity of macroscopic cross-section éabillary
networks 750 formed by intersecting fiber-like elements 701,
702, 703, 704, 705, 706, etc. The smaller capiliary networks

35 741, on the other hand, are pre‘f_erab'ly" of a size similar to



Ly

"el enent s of generally U shaped cross-section, e.g., elenents 701, 702, 703,
704, 705 and 706, interconnected to one 35 another in the first surface

. 734 of the web. . Each fiber-like. 20 el ement conprises a base portion, e
g. £ _pase portion 703a, located in first surface 734. Each base portion has
a Sidewal | portion, e.g., sidewall portionsq{03b, attached to each edge
thereof. The sidewall portions extend generally in the 5 direction

of the second shbagmalléss capilldpy nétvorkdhati ﬁaerﬁegftéﬁeoélhﬂﬁ‘é’a'z?
portions of the fiber-li kg el enept s 3rgx ntcgrconnecte 0 one anot her
Intermediate thShOWR Jp Ejgures. gnandsihs o Accordingly, they anedabletai nat e
SﬁbStaBt i al }y coruffactively ycompdteo for amgttﬂ«"el :rémﬁmngemngaéhsrufr?ﬁ% Z,$|5 Ef 10
the web to form re ‘. The sjdewa rtigng of the fiber-1like
el enents may be %&%ﬁge&%gﬁéf%t f'&ﬁ fﬁ??ﬁ%n&?@u?ﬁ& IS‘B tFRNSMIL o SUER ¢ i on
of the el enenbs dnoisture nky bhe adirection t bf r embecsutfacehd36asandortheon,

t hereby produci nq, RS iHEES e tRe d rf 35 gof b which
are snaller 15 '&an 'E %bapgrgtg%rrbeds’ﬁ??»?af’%&%ﬁg fﬁlst'ﬁgﬁﬁac%ef 7§§&§Fp§he web.
In the latter caddtr@gt®@Neesultant capillary network 750 fornmed by each

set of’ interconnected Sr@id@ua&:bpican?t | ongxpafided®] decCtraalbhensional
cross-section in _,the, directi %ggio t h second surface

e 20 .
Despite the for eSHIEE e | meRts Potoe type rﬁ%ﬁl'vi $hewn; da
di ffers fromi@he Fighees 12,k 3Avabdds scdro bl made-in Laccobdarde wWith any of

af orenenti oned I . efhBdRiHent ﬂF,g," o] reg I Its
upper nost surfa?gﬂ93ﬁpé§g§%ael ns aﬂ'{r?{}:t?i pli (g"l {HQ g';gq;r}éfaﬁ \%99"2‘%&1 ‘the

cylindrical capi [PaP§NGIBGuor Keommonly 11 as§ignfichat$Bngl75842- apeitures 743 in
S ace 734, said-apertures.being interconnected by neans of continuously
I nterconnected sidewalls 742 to apertures 745 in tertiary web surface 736.

As with the web enbodi nent@nghmuch n prefenred 2pedcesandfarA, preducingodanent
730 transm t §5dyNLeraidopiGiRPS ekPanded,  three-dimensional, apertured
polymeric web of the present invention is schematically
ilustrated in simplified forni_ in Figure 4, Basically, the
preferred process is initiated by extruding a polymeric meit
400 from a conventional extruder 401 onto a three-dimensional
20 forming structure made in a manner similar to that taught by
commonly assigned U.S. Patent 4,342,314 issued to Radel et
al. on August 3, 1982, . |
The three-dimensional forming structure 405
traverses a first fluid pressure differential zone preferably
N\ 25 comprising a statiohar{r vacuum chamber 410, The
sub-atmospheric pressure existing within.vacuuml chamber 410
causes the heated polymeric melt 400 to three-dimensionally
conform to the surface of the forming structure 405 and
thereafter apertures the macroscopic cross-section capillary
30 networks thus formed. A baffle 415 prevents the polymeric
melt 400 from being disturbed by fast moving air which is
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fluids fromits uppernost surface 734 to its | owernost surface 735 via the
mul tiplicity of macroscopic cross-section capillary networks 750 forned by
intersecting fiber-like elements 701, 702, 703, 704, 705, 706, etc. The
qal ler capillary networks 35 741, on the other hand, are preferably ofea
size simlar to 21 sthe smaller capi | I arganetworks 41 in web enbodi nent
20 shown in Figures 2 and 2A Accordingly, they are able to effectively
conpete for noi stdrawe eirtonivasuum t bhambes aamohnebj e@bmmngacdfl evveb

face 734 and tg,t ch b the . direcli '
:ﬂiface 736 anc?ow'hgﬁgnderﬁlyl ng@gbso’ subg.t"r at?W mea@ of tg‘&pl Il ary
attraction. Macr gsaaypscapically emqmdededhree—diﬂmuiedaingeemm impantedr i c web
enbodi ment s of t@tmaeva&rﬁhau fnatfititfied el tne P! Gthe? ﬁenﬁﬁér@qgff’ fan be

made in accordan w th an : process e ures 6,
8 and 9of theSco-thenweRyis r@(ﬂ%’(‘lﬂl'%‘%l‘ﬂﬂ&j theBW,!WRZIS_ﬁ" Gubjecudn

preferred procexpe forming’vstuiimg prafdr'ébly Wbowwreﬂdﬁb &XPangag.
t hr ee- di nensi onal apertured polyneric web &ﬁ'? | nvention is

schematical Iy il IthePr 2345kPan si’ rrpl F‘F'ided"ﬁtSFrrFPﬁY'Fl ‘preferably| v, the
preferred procesaccemplishedit by meanst ofida nlpwa grelssure i gpw tno%@le fy26m a

conventi onal ext ngﬁ 41 cggﬁ n?it%ri” ?dgml,ﬁaal &,g's af% |Ugg§|trt4.cture

made in a manner simfar - y commohl y assi gne Pt ent
4,342,314 i sdled coglingd&ater mh'cfbn'w@w\m 3intgggdhe trailinghmeartionnwfsi onal

formng  str UCt WaRuuf) ScRanib&@ SER abil rg‘rhv&wshd)ras&usﬁbdétiﬁo%il:ﬁahta' zone
preferably 25

risin acu
sub- at nospheri c FH"gE?d‘Pe %!?EF%S" ﬁ“ﬂ&ﬂ%ac ﬁ‘?’r?éﬁﬂnﬁé? lemperatuees; °cfhe
heat ed pol yneri c thel weld(iefooe tikrpsses nthves trailingyedge fafr vaduurh hehamiidrace of

the formng str Uqltlpl ﬁel‘bg5 t@nﬂrmte%i'iﬁb-ﬁgﬂtw ‘iﬁetvbﬁ U %ﬁﬁggdt?ent

cross-section capi
loss of caliper and closing of some of ‘the apertures created

therein.. Although the water assisted cooling is generaily not

“required at speeds below 15. 25 metres  per minute, this water

assisted coolmg operation facilitates operation of the process

at much higher ‘speeds without adverse effects. Details of

.20 the foregoing water assisted cooling operation are more fully

set forth in the commoniy assugned Euronean patent
Application Publication No. 0141654. _

Upoh_ completion of the water assisted cooling phase

of the pr_og"."ess generally illustrated in Figure 4, _the

25 maCroscogically expa"ndeci three-dimensional plastic web has, W/

with one. important exception which will be hereinafter

described a three-dmenslonal shape. generally corresponding

to that | of _fo_rm_mg_ structure 405 illustrated in greatly

enlarged form in Figure 5. Apertures 731" in surface 735 of

30 web 730 corresponding to apertures 831 in forming structure

- 405 have, by this point in -time, been formed by the action of

O




" 30 networks thus forned. A baffle 415 prevents the polyneric nmelt 400
from being disturbed by fast noving air which is 22 drawn into vacuum
. Chanber 410 once. aperturing of the polyneric melt 400 occurs. To
ensuke that the nmacroscopically expanded three-di mensional geonetry

i mparted by the vacuumis .maintained in thepyeb, the tenperature of 5 the
web is rapidly lowered while the web is still subject to the forning

vatcuum preferabtnf'e b»acasdn?w:mm-umo ellibv\rr]e\}éiesdhbaﬂo ﬁa]féB aence of col d
wat er spray. ref era aceanpl_i she ns, of a sure
spray nozzl e 425E Ir?%g {/f‘r?c f% ege Yoy 19p zg pool
of 10 cooling Wapen'tumbscaui sirdrfnmmlhgt stntdtnut-eahOSngthwrapmltaoﬁonvaxfuum
chanber 410 by e e

Char o thin LonsdRtb, p2"Patlin tRadbi> SAACTd ndipIy e PELAIARR: o
trailing edge5 of catawuwpnamwfmmael mortionsr eobntheprpalympaick webt he wb
W th consequent i':éinchfiﬁ thal éltpg,rtugggl Q4PSijRgy I‘@c mngf gtpﬁfémpertures

created therein. Alt assi st ed co I'S génera not
required at speef§cordi BG/MB. 2‘9 macrescopfeall Ymﬁﬂ‘tﬁa@ hlg"ﬂﬁ&ré%‘“%?'!ﬁ‘ed

cool i ng oper ati opidsai | web! efvesPeiotl i @8 @his hgoimtocesclude THEh shialiepr
speeds w t hout adve e ef fect gsn%lﬁet ails of 20 the foregoing water
e

assi sted cool i ngc?fb' 5Y| 7t fully set forth in the conmonly
assi gned Eurtpean patEmdrefmm,i the iveeb e. reddihedSdn fopming stpleturen of

the et er assi st gk cfolialy BHERCIOTeddies BaOHRETy, I60bRbatre! Lhtidbnat o

in Figure 4, MECroScopi ca rmensi onal pl astic

b has, with oﬁbambﬁfp&wanthwewngoﬁnd\mrai,ﬁngvmmqismsf which ¢pincige
desCribed, a thfﬁ&rﬂlﬁﬁifmboﬂ@i mpm@eneba&iv.aﬁorrwﬂedhnﬁ\é%aﬂfmt of

Lormng, SLUSUSy 408 bl “BAAR o, bovleg 4 g ik 1ok U
apertures 8315 i ngénenaltyglstthecramgemzmwabytot hi 8273ckRe i n tlwaterbeen
formed by the acfé.toﬂoﬂle 445 extending across the width of the web, or at
least so much of the three-dimensionally expanded web as is
to be finely apertured. Because of the much higher pressure
of the water jet, particularly: when compared to the forces
20 applied to the web by vacuum chamber #10, the web is fully
conformed and fully. apertured in the image of the forming |
structure. This provides fully apertured capillary networks
741 in those portions of web 730 coinciding with apertures 841
in forming structure 405, -
o/ 25 If the effects of film thickness are ignored,
substantially all of the apertures, i.e., macroscopic apertures
831 and smaller sized apertures 841, contained in forming
structure 405 produce corresponding capillary networks of
similar size and shape in the resultant macroscopically
30 expanded, three-dimensional, apertured polymeric web 730.

The water used to produce fine scale capillary
networks 741 in the polymeric web is preferably collected
inside vacuum chamber 430 and is recycled, by means of

. suitable separating apparatus (not shown) to a high pressure
35 : S



23 the vacuum chanber 410. However, due to the presence of the l.arge

apertures 731
structure 405,

and the relatively small size of apertures 841 in fo

t he application of suction by vacuum chanber.-410 i s nor maH. y

rm ng

not sufficient to 5 cause rupture of those portions of the polyneric we b

coi nci di ng wit

h apertures 841 in the formay structure. Accordingly

, the

macroscopi cal | y expanded, three-dimensional plastic web does not, at this

poi nt, include pimpsndiicker redelivérs: \theetwatek suridér pfessure to nozalser ef or e,

the web is ret
secondary | ow

d on formng structure 405 at |least until it reac

pressure vacuum chanber 430, the leading and trailing ends of

hes

whi ch coi nci de wi th baf flihes aferemantionsgl rVeQmECIet\/af?ces}etiwedascmbeﬂaf fles

435 and 440 theirnegréafgro‘de@ﬂquﬁ\ fthehc&hﬁsw ssigried E&Eon&ﬂne;géen

range. of 2757

across the Wi diPpdicatign fplicaticn N%a9%5§,48 much of the three-dinmensionally

k Pa i

ter Jet nozzl e 445 e

|n th
ng

expanded web as is to be finely apertured. Because of the much higher

pressure of th
applied to the:
fully aperture

e water jet, ‘particularly vvhen conpared to. the forces
web by vacuum chanber 410, the web is fully conforme

d in the image. of the form ng structure. This provides fully

20
d and

apertured capillary networks 741 in those portions of web 730 coi ncidi ng

Wi th apertures
of film thick
macr oscopi ¢ ap
form ng struct
si ze and shape

841|nformng structure 405. 25 "~ If the effects

ness areThegnor #@suliantt ant macrascapically t he expandedes, . e.

Wé%fﬂ%l&ﬁl’ rh@ﬁcswaﬂ mrisurﬁi%rgéﬁerc‘?@ﬁa?é’&d in
espondi ng capil | networ ks of simlar

.fﬂ'“t Rg r%'é" Iaf'?an? rfb@r QUYPAC sFTYCtype 9% Mt dgeding it

e

t hr ee- di mensi oradoutajuiiet irodld 485, afteri ewhieth i¥ Ihay Bee divdctéd woefurithepr oduce

fine scale 48P
col | ected inNSi

15

20

25

/S R kS B ol
station (not shown).

Figures 6 and 7 are. plan view photographs,
enlarged. many times -actual size, of an alternative web
embodiment 1010 of the present invention said web exhibiting

a fine-scale pattern of upwardly oriented, aperttired capillary

y

networks 1011, the edges of which end in silky feeling cusps.

The web 1011 may be produced generally in accordance with
the process embodiment disclosed in Figure 1 of the commonly
assigned co-pending  U.S. Patent Application Serial No.
740145. o -

_ - Because the entire surface of the web
is subjected. to fine scale aperturing on a first forming
structure  prior to. undergoing macroscopic expansion and
large scale aperturing in the opposite direction on a second
forming structure, these tiny capillary networks 1011 are
present both in the non-debossed land areas of the film as
well as in the .capillary sidewalls of the macroscopic
cross-section capillary networks 1012. Due to the tactile

t



"suitabl-e separating apparatus (not s‘hovvn) ta a high pressure 35 24 punp
whi ch redelivers the water under pressure to nozzle 445. The aforenentioned

.water jet process is described in greater detail in the comobnly assigned
Eungpeag patent 5 Application Publication No. 0156471. The resul t ant
macr oscopi cal |y expanded, three-dinmensiongl. polyneric web 730 is

thereafter renoved fromthe surface of the formng structure 405 by feeding
it about idler ramnpréssiondiipartedhitonthe webybyeculipsof atiet emalV dapiarlP

' ti t..Sh , suitable r.ewi,nd stati t
P honny . Hgures nstaarkd Y7L U 1@ | ribriglik” Bafedifet g Mdlh siitedlny
Fi nes. act ua! si fer sus.tai.me_dabomatviii.th thee iskémdb o Furrtimerni-e) bécauise qnf esent
i nvention said V‘ﬁheeﬁg@t“&gfﬁiﬁ Fin€es -Se&évé]aqr'“si% YpNeRhY Hié ent ed,

apertured capillary networks the edges 0 Ich end 1n sirlky Teeling
cusps. The web 10BCrpssORie srossnseqtigensapiliary nnefwanksant®d 2viand t the

process embodi merimatierC asR@ry" nEtweries 11021 , t Afmé OBMTNeY t9p8i §BRErally

co-pending U. S. Patent Application Ser| 0 740145, cause the entire
- of g exhibiting;

No.
surface of the Mg i) %Qﬁ‘éﬂs fo af"idn§ SRER AlEpcLRRARIR

formng structur excelient fiuiduhaeditng rhd BRI Wiryoess tsenfits) doe. Ansrderr ge
scal e aperturing |

tructure.  these \AWpeE a3 RE orsleE, b2 Wekbe® SanaFtng s ath W e
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_ virtue of the relatively large cross-section of capillary

~ networks 1012, while capillary driven skin drying benefits are

provided via the small scale capillary networks 1011 present

15 in the non-debossed land areas which normally contact the

wearer's skin in use. In addition, it is believed that the

upward projections associated with the tiny capillary networks

1011 act as a network of baffles during gush flow situations,

i.e., large quantities of liquid deposited on the wearer

20 contacting surface are caused to flow ‘in many different

directions before reaching an edge of the absorbent

structure, thereby increasing the probability that the liquid-

will "enter one or more of the macroscopic cross-section

capillary networks 1012 before reaching an edge of the

\o 25 absorbent structure. ' o

The macroscopically expanded, three-dimensional,

apertured piastic web 1010 shown in Figures 6 and 7 was

formed from 0.025 mm thick polyethylene which was first

apertured on a fine scale mesh screen comprised of wire

30 monofilaments having a diameter of 0.094 mm ~ and a mesh

count of 47 filaments by 47 filaments per cm. The finely

apertured web was thereafter reverse w'rapped_ onto a

macroscopic forming structure exhibiting. an overall thickness

of 0.40 mm and a regularly spaced pattern of substantially

35 round apertures, each measuring approximately 0.66 mm at its

point of maximum width, said apertures being spaced



25 inpression inparted t.o t he. web by cusbs of the small

capil I ary networks

1011, web 1010 is nornally perceived as well suited for sustained contact
with-the skin. F
crhoss-secti onal

nétwor ks 1012 and the snaller capillary net\grks 1011,

urt hernore, because of the great di sparity in

-

size between the 5 nmacroscopi c cross-section capillary ~

films of the type

general |y shown in Figures 6 and 7 are also capabl e of exhibiting excellent

fluid handling ara#muhnmmemmmef iftom .ione. addthge Vv ekntErsteicehtes d

deposi ted on wea{cﬁg%t acﬁ*h@gﬂgf@s fg n}eﬁefu]asglég }\ﬁée 1as '%a-yrmg

transferred to ?
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cross-section of ffapémémtiondtt! WBindnhy lass dm& egganlizheyy .driven skin
drying beneglts are provided via the snall scal e capillary networks 1011
present 15 “in-t
wearer's skin in
projections associated with the tiny capillary networks 1011 act as a
network of baffles during gush flow situations, i.e., large quantities of
i quid deposited on the wearer 20 contacting. surface are caused to
in many different directions before reaching an edge -of the

absor bent structure,

will enter one o

macroscopi cal |y
shown in Flgures
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of substantially B%%hr o\y&g’tﬂge

at

Its point of

25

€ non-wearer conta r

he” noh-debosséd | and areas which normal ly contact the
use. In addition,.it is believed that the upward

t hereby increasing the probability that the liquid

fl ow

r nmore of the. macroscopic cross-Section capillary networks
1012 before reaching an edge of the 25 absorbent structur ehelBPocess B

t n erture stic web 1010
%f“?"ed dLECoy AERRIRGSa ooREsHrEr BF 3588 1 Aha vihi ch
was first apert ur“@iel'oﬂoa' fﬂaﬁ% Qﬁaﬂéommmcpemmgesm -of- wifr &eBO

filanents apert
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j The resuitant web 1010 exhibited an overall caliper
of approximately 0.51 mm as measured under no locad, and a
soft and pleasing tactile impression, particularly in those
non-debossed areas coinciding with the land areas of the
formmg structure.

The specific process conditions under which -

macroscoplcally expanded three-dimensional web 1010 was
produced and the apparatus utilized are more fully described
in connection with Example |, which is hereinafter set forth:

. EXAMPLE | _

The macroscepically expanded, three-dimensional,
apertured polymeric web 1010 shown in Figures 6 and 7 was
made in step-wnse fashion, generally following the two stages
of the process dts_clo_sed in Figure 1 of the aforementioned
GR 2175842, - = - 2

.66 mMm



" 26 approximately 1.70 nm from one ‘anot her,. center-to-center distance.

The web was fornmed using a two-phase form ng process of the type generally
;dlsclosed in Figure 1 of the aforenentioned, comopnly assigned GB 2175842.
Th rocess was carried out by applying a pressure of 6894 kPa and a water
flowrate of 14.90 lite per mnute per an 27 of web width at the first
hi gh pressure liquid nozzle and a pressure 10 of 3447 kPa and a water
flowrate of 11.9 liters per mnute per cm of web width at the second high
pressure liquid nozzle. Both vacuum chanbers were nmaintained at.6.75
kPa. The resultant web 1010 exhi bited an overall caliper of approximtely
0.51 nmm as neasured under no |oad, and a 15 soft and pleasing tactile

| mpr essi on, particularly in b e r
THa? I6p0e Ty RS PR3 o GG i iyl 0.0

| and areas of the forpm ructure speC| | C proce
whi ch nacroscopi @& |y hE)!'pa olidatec: - Theemeplasties 247630 Harrington,

produced and the aahwaaéusseszll | ZeThigr e«mrmfsulfeu ctﬁ&erlthed firle C@®lyeection
with Example I, |nafter set The

macr oscopi cal | y \A&{ﬂ‘gﬂ%ea 1"5% at n%ng??ﬁé)ll °Pa§§'oyp &Fp mirpte 388 1010
shown in Fi guses subjedted was 26e highdepressirep-watee fjashl ofThegewater! | vy

follow ng the twotezfgl%s%m “J;e;P‘FﬁCestﬁ°d*'§fé'o%$q’§'{}o°\',:vb% SF% of the

af orenenti oned GR
pol yet hyl ene, 0. 03%d mthe hwater cﬂﬁyollﬂaoeuteﬁ%r nopl asPeEs, mmmmer

Harrington, Del avgrossiM@éiihe diFectioMehm'osf Wab Wideh.! NThel APstliforming
' structure was a woven wire screen of 47 x 47 mahes/c:nhaving
10 0.094 mndia wires. (Cambridge Wire Cloth Co., Cambridge,
Maryland 21613.) This first stage produced a web containing
a multiplicity of small capillary networks 1011, approximately
0.1 mm in diameter, at a density of 47 such capillary
networks per linear cm in both directions. This finely
15 apertured web was then wound onto a take-up roll. The
second stage was carried out by taping a 1Sam by 30 m
portion of the aforementioned finely apertured web onto a
different forming structure. This forming structure contained
apertures of approximately 0.66 mm in diameter spac'ed
20 1.70 mm center-to-center on a 60° array. The finely
apertured web was reverse wrapped (smail capillary networks
oriented toward the second high pressure Iiduid nozzle) on
the flatter forming structure and subjected to a second high
‘pressure water jet at a2 web speed of approximately 152.5 metres
25 per minute. The water temperature was 68°C  the water
pressure was 3447 kPa - and the water flow was
approximately 11.9 litres pér- minute per cross-machine
direction an = of web width. The resultant macroscopically
expanded, three-dimensional, apertured web shown in greatly
30 enlarged form in Figures 6 and 7 contained small elliptically
shaped capillary networks 1011 measuring approximately O.lmm
across their major axis and macroscopic cross-section,
elliptically shaped macroscopic cross-section capillary networks

w



formng structure at a speed of 152.5 netres per mnute and 5 subj ect ed
to the high pressure water jet. The water tenperature was [err] the
wat er pressure 6894 kPa and the water flow 14.90 liters - per _=—
m nute per cross-nachine direction an of_web width. The first formng ~w
.structure was a woven wire screen of 47 x %7 neahes/ cm havi ng 10 0.094 nm.

dia wires. (Ca l.doe Wr.e Cl oth ... Ca | -Maryl and 21613.), This
first stage pr gﬁﬁ&ﬂ“‘-&’%’ﬂ%éﬁ?&?ﬁ"ﬁd’-& w%gﬁﬁ cit "cf1°5§néﬁ'rd§ OF| ary
net wor ks 1011, axiptoxTheteverall hoMload caliperdofinttieciexpahded daebi wasof 47

such capillary Linear cm In both directions This finely 15
apertured web vﬂ@{%ﬁ%"gﬁﬁd!’% 0 a take-up roll. The second stage was

carried out by taping aFremnthe Gregningrdessniption Ht s @ppacent cthad finely
apertured web opiis HfItHd Prasent Qﬁ%ﬂﬁoé%ﬁﬁi&é%hfﬁhﬁhf flbW! nsnaﬁﬁgct ure

cont ai ned apertures of approximtely 0. L | amet er spaced 20 1.
70 mm cent 49 o FeEIRtENCHN 19 ["aMet Fharpcterisiics | achievable  WsiBgweb was
reverse W appedmaérstbpicany! lexpandedy\otkred>diéisianaloyiastit hwebsCofd hi gh

pressure |iquid,ozzle) on.the latter form ng structure and suhjected to a
second -hi gh pre ftxp\ﬁaldﬁdfﬁd aft .atgﬁeﬂp%rﬁgﬁﬁtwe pSPBTORLY e?ils'égﬁéS netres
25 per m nute. pateats\aterThempsoratand twsRideir et ak.he Hoeserpr anHikee was
3447 kPa - aNd .4 t DEL WAL Sl | s gp% i s v 1 | i,Lre  per
m nut e per10 cr%’é’g?rrgg i%bai'r fevﬁ?%nggvntwop m%'&?&ﬁk'x?h]eca?’.es%l%{’ant

macr oscopi cal | yProMide degedeteroined rapiilarya suctiosy tRressungs, preyigusin great |y

30 enl ar ged 'fordatbihalt‘ineprie%t6aapcbrﬂyceﬁt$iﬁaaaloﬁﬂgbkisetﬂ | 678 A H?b_ghaped |
C et M S e T Tk PR, B b et b Sl & ™ "
cross-section o@mdomporeestvudtare daé th0 tBeireamthody cfpmianufatiurley 0.56 -
\r/]\T/enb vvagc ;83?0; {}?Trl'?[ e«.#{girgr ggﬁlr'irﬁnng-rg%do VEIFIhry'© sLiff8n C hhPidte Pisticdl® SfxPanded
polymeric webs of the present invention are precisely
controllable on a repetitive basis and ‘may be adjusted
upwardly or downwardly, as desired, by careful selection of
the size, shape and quantity of macroscopic cross-section and
20 fine scale capillary networks. In addition, webs of the
present invention can be made to exhibit a highly desirable
visual and tactile impression. It will be further appreciated
by those skilled in the art that the present invention may be
practiced to particularly great:advantage in situations where
25 very specific fluid transfer characteristics are desired by the '
user, and. these particular characteristics do not happen to
cc‘iin_cide with the characteristics inherent in conventional prior
art webs. -
While the present invention has. been described in
30 the context of a topsheet for a disposable absorbent bandage,
it is, of course, recognized that the present invention may
also be prac'ticed to advantage in many" other environments
where controlled fluid transmission and/or isolation is desired.
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Fromthe foregoing description it is apparent.that 5 webs of the present.
i nvention provide the gush flow, handlipgdf-and resistance to rewet
characteristics achievable wusing nmacroscopically expanded,

t hr de>di nensi ogenmmgl astic webs of the type disclosed in the af orenenti oned
commonl y assi gned patents to Thonpson and to Radel et al. However unl i ke

10 -prior art webs, webs oA maergscopicilly nesqRirided, CQﬁrm %f]e Ut at all

det I ned UhSS D!
R SR Hafeing GOl ek SABL N TR st rocns oo
fibrous webs viRcatedeimisubstantialiyopanatiet planes twhichd4fe trenidtéi fropet hods of
manuf act ur e, Jdi,e t héndtheR, haggld Nowand (mahhb@y uct | clg'aﬂ; ract efistics of

I i t vent i on Yontfol 1 abl e
g(l’)l yge r Ir gpet i tf?‘&'g L‘BﬁgﬁQQ rﬁ?eéﬁgﬁﬁytl‘gmrkﬁj oﬁtlu!:rumidlmpmhar dly, as
desired, by caroef edpidiy mnmmﬁgthewi hich *sgggﬁ%@yﬁg 4%?&5, -

I'TB.CI’OSCOpI Cc CI’ fine scale

addi tion, webd “ﬁchlg'gssgﬁ' %\Pgn”'@n"fﬂi’n tee saidd second xsurtface ofhi ghl y |
desi rabl e vi sisaid awebt msing etherpdmnn and grévitatioRal ulr,% oA} Eem ated by

porticotarly. d19d 48 3 orndhy SEwNG " fdfice. \hath. of, u«%ﬁg&é‘ﬁpﬁpﬁeﬁ ui d
transfer char &P8stsection Qﬂni"dmltllmw;tstd:ﬂglrmtng asdahhspertase tihcul ar
char act erltstlcssmiomgi Q@pﬁt 28 bf W resentﬁ‘ih L?&ta ri stlczelnnherent
i n convention ri or ar

described in 3ﬁt£1°ﬂ§"me;§35‘f" PGMBB flor taﬁdld!pmtdﬂ eofibsaidbent
baadage, it | secohndcsurface ofcsaishiwels, sard d‘ghqg,ﬁ{og; i‘}‘éﬁﬁﬁ&?ﬂ dmey’ al so

be practiced n na t her enwronrrents ere controlled fluid
traP\sm ssi on ﬁwﬁ é‘i‘?‘iﬁ@ﬂ% Sxdg cfit least one apersyrein asald expanded,
t hr ee- di mensi seeond | sudtfacan dof nsaidol yebxl mh&bb?a\'ﬂlﬁg BukkstofNgaigecond

surfaces Io_caq."\-ﬁL ﬂpd gg Iu&y al‘+ @m@&d/\h ch aredreﬂote from‘one
I ncl’udin

anot her, said

surface d second surfaco of said web by said
macroscopic cross-section capillary networks, said first
surface of said web in which said macroscopic cross-section
caplllary networks origlnatc further lncludtng a multipllcny of
fluid-handling capillary networks each of which originates
as an aperture in said first surface of said web and is

| substantially smaller in crosd—section than said
mactoscopic cross-section fluid-handling capillary
networks, wherein the cross-sectional shape'of each of said
smaller capillary networks is defined by a major axis which
coincides with the maximum cross-sectional dimension of
said network and a minor axis of dimension less than 0.5
mm, coinciding with the minimum cross-sectional dimension
of said network, as measured perpendicular to said major
axis'thereof, said smaller fluid4handling capillary
networks exhibiting a degree of capillary suction
sufficient to transmit static fluid, contained on the
surface of objects which contact said first surface_of'said
web generally in the direction of said second surface of
said web by capillary attraction.

2. A web according to claim 1 wherein the maximum
dimension of said minor axis is less than 0.25 mm.

I



fluid-handling capillary networks of macroscopic cross-section for rapidly
transmtting fluids which are dynam.cally deposited on said first surface
of said web to said second surface of said web using the dynanic and T
gr@yltatlonal head of the fluid as a primary driving force,. each of sai chet*
macr oscopi ¢ cross-section capillary ne ks originating as an aperture in
said first surface of said web and haviggpa conti nuously I nterconnected
sidewal | extending in the direction of “said second surface of said web,

sai d contlnuousgg terconnecteg si dewal | ., ferm nating io form at _| east one

sech ¢
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cross- sectloﬂr©ﬂ§n8§§ta°ﬁﬁér65@B§Pb°§rBgssééétPSH“PFE|Bnﬂaﬁdmiﬁﬁrcaﬁiﬁlary

net wor ks, , WigheéR &H€n6iQes- ﬁeehlenelmshﬁmﬁmOEreeehseétSand1snﬁhéas1on

o T o oot okaTa R Re aB meaFRkah BAkRaRAL EUARE, BG! HED KD BB

di nensi on Iesa1dhnet@oﬁkwnandowhereunglandhmaﬂaoﬂcnpwgnccosssssctlDOnaI

di mensi on of §§iﬂ ???“?F fE ?%Hrﬁdm@ﬁbﬁeaﬂhﬁuhiheh§18ﬁ'Qf”ﬁhoﬁeﬁéts
S } 8 an

t hereof, sai I ng captllary networks exhibiting a degree
of caplllaryosﬂétm@n suff|C|ent to transmit- static fluidcontained on the \/
surface of objects which contact said first surface of said webgeneral ly in

2 A web accor di fig t & B REcBRRARET ! 30, Snie R baRdRe h25), RaiAtH o
axis is | esseabhns@idSsmaller cross—sect1on capillary network has a
cont1nuous1y 1nterconnected srdewall extending 1n a
direction opposite sa1d second surface of sa1d web, said
contrnuously 1nterconnected sidewall terminating to form an
aperture in a thrrd surface remote from the f1rst ‘and
second surfaces of said web.

5. A web according to claim 4, wherein said apertures
in said third surface of said web form volcano-like cusps
which exhibit a soft and silky tactile impression.

6. 'A'web eccording_to'eny one of claims 1-5, wherein
the perpendicular distance between said first end said
second surfaces of said web is at least 0.38 mm.

7. A web accord;ng to any one of the precedrng claims,
wherein said macroscoplc Cross- sectron cap1llary networks
are irregqgular in shape.
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3. A web according to either oneof clains 1.and 2 wherein said
substantially parallel planes are separated by a distance of at |east 0.178
:mm and wherein each of said macroscopic _cross-section capillary networks is
defiined by a maj or axis which coincidesgsdth t he maxi mum cr oss-secti onal

di mension of said network and a m nor a¥'s’ which coincides with the m ni num
cross-sectional dinension of said network, as neasured perpendicular to the
axis of said neteqrka weth weeordingaitd WRG ORGOBIEC tﬁ@ﬁe&%ﬁtih%nCQQEHsl,ary
net wor ks - have % i, nor aéis dhgension&ﬁé at Iegst g§71 mm 4., web
accordi ng t o"RAYSsRe S8rA: FIBHIOF. SAPHIIALY, NELWRTLS; g8 Rf drregydarsection
capi |l l ary necwosk-Bastdoaoenti nuously interconnected sidewall extending in a
direction opposite said second surface of said web, said continuously

i nterconnected sidewall termnating to forman aperture in a third surface
remote fromthe Pirs®d Wed accoxdingr tocevyopneapf hbe. pFecedingbciedmsdi ng

to claim4, yhersin said ﬂl@%!’tb!éb%iibnc%bg-kgb'i:goﬁuE:E?‘iﬁlﬂﬁrgﬁb‘ﬂw%ﬁsf orm
vol cano- | i ke cusgi ahlch eﬁhlblt a soft agd silky tactile i1fipression.. 6. A
web accor di n§¥Ro%inG18fdmidar) SrR8STSECtinBALi ATBAe perpendi cul ar di st ance
between said first and said second surfaces of said web is at |east 0.38
mm 7. A web acgg@rdin 0 of .t recedin | ai whereiLn,.said
macr oscopi c cros§§§e§t%8% 8§%¥F?§§9 %8t%§?£g%§rgtigpéggkgﬁepﬁnghgbg?ms' 8.
A web accor dwhgrednagpidnsmeillemc cppdddairygnetwonks amer ofndissdmidalrl er
capil lary neppggkSsabeishalll aeedl.ar cross-section. 9. A web according to
any one of the preceding clains, wherein said nmacroscopi c cross-section
cqpillary networks are of dissinmilar cross-sectional area. 10. A web

accordi ng to anylaneaomaciteseopicdlly expawided, three-dimensional
fluid-handling polymeric web according to claim 1
substantially as described and illustrated in Figures 2, 2A°
and 3 of the accompanying drawings. '

12. A macroscopically expanded, three-dimensional
fluid-handling polymeric web according to claim 1
substantially as described with reference to the Example
and to Figures 6 and 7 of the accompanying drawings.

13. An absorbent bandage comprising an absorbent
element having a wearer contacting topsheet secured in
o superposed relation thereto, said-tbpsheet comprising a
macroscopically expanded, three-dimensional fluid-handling
polymeric web according to any one of claims 1-12.

14. An absorbent bandage according to claim 13, wherein
said absorbent element exhibits a greater degree of
capillary suction than the smaller capillary networks in
said topsheet, wherébyisaid static.fluid is drawn through
said smaller capillary networks and into said absorbent
element.
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wherein said smaller capillary networks are of dissimlar cross-sectional
area. 11. A macroscopically expanded, three-dimensional fluid-handling

pol ymeric web according to claim1l substantially as described and =
illustrated in Figures 2, 2A and 3 of. the acconpanying drawi ngs. 12. A w/
nhcroscopically expanded, three-dinenﬁg:bgl fl ui d- handl i ng pol yneric web
according to claim1 substantially as«#esScribed with reference to the
Exanple and to Figures 6 and 7 of..t he acconpanying draw ngs. 13. An

absor bent bandad8.c8Rpabsprhenk BpndagenfcepEding ﬁavpaghsrmeaeepf

contacting top$hMgeiasandr ¢4 uﬁciua%goaeﬁoieta&bammbbewbas pacitshepgheet
conprising a nmacr aaglcal ree Sl 0 i d- hgndllng
r

pol yneri c wBBCYUEE gces ﬁ§ oﬁBrgPCEIS?nﬁaldli Sex. eﬂﬁ 33?8?8 nt bandage
accordi ng teppbsiteldaidheopsheeti.d absorbent el ement exhibits a greater
degree of capillary suction than the smaller capillary networks in said

t opsheet, whereby said static fluid is drawn through said smaller capillary
networks and into said absorbent el ement. 15. An absorbent bandage
according to either one of clainms 13 and 14 including a noi sture-inpervious
backsheet secured adjacent the surface of said absorbent elenent opposite
sai d topsheet. _
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