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Apertured nonwoven webs are particularly well suited for use in disposable
absorbent articles such as diapers, incontinence briefs, training pants,
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Nonwoven Web, which issued May 13, 1997 to Curro et al.; and, 5,916, 661,
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body wastes, for exanple. . :
y sometimes hang-up ogget caught in the nonwoven web and thus become trapped against the wearer's skin.

One solution to the aforementioned problem is to provide apertures in the nonwoven web so that body
exudates may readily penetrate through the nonwoven web and into the underlying absorbent core.
Unfortunately, certain techniques used to form apertured nonwoven webs are either costly, create an
undesirable harsh feeling against the wearer's skin, or are subject to tearing, particularly when the apertured
nonwoven web is to be used as a topsheet on a disposable absorbent article.

One economical method of forming apertures in a nonwoven to solve the above-mentioned
problems taught in U.S. 5,628,097, entitled Method For Selectively Aperturing a Nonwoven Web, which
issued May 13, 1997 to Curro et al.; and, 5,916,661, entitled Selectively Apertured Nonwoven Web, which
issued June 29, 1999 to Curro et al., both of which are hereby incorporated herein by reference. The

nonwoven webs taught by both Curro et al. patents have proven to be effective as topsheets in disposable



Apertured nonwoven webs can be nmade by several other processes as well, for
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apertured nonwoven web, such as for a diaper topsheet, having a cross-machine direction dimension of
100cm could elongate in that direction up to about 150cm under a tensile loading of about 10g/cm (10
grams per linear centimeter applied to each opposing edge being grasped to put the web in tensile loading)
without significant degradation in performance or material integrity.

Certain apertured nonwoven webs may exhibit sufficient extensibility, but, nevertheless, fail to
maintain adequate hole size and shape upon extension. For example, apertured nonwoven webs that are

made by the slitting and stretching approach can potentially be made extensible by consolidating the slit
2



direction. This approach, however, decreases the hole size substantially
and will also increase the hole aspect ratio. Another potential approach
is to cornwolosmesces t he web and then slit and stretch it. Hoe®aeso2/231when such
a web is stretched in cross machine direction, the web will tend to return
to its unnecked state prior to the holes opening up, thus |losing the
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stabilized locations, incrementally stretching the nonwoven web in a direction substantially parallel to the

cross machine direction, and applying tension in the machine direction such that the web width after
applying machine direction tension is less than the web width after incremental stretching. An apparatus for
producing a web of the present invention by this method is also disclosed.

The extensible apertured nonwoven web produced has a plurality of apertures each having a hole
size greater than 2 mm?, and a hole aspect ratio less than 6, the nonwoven web having an open area greater
than 15% and being capable of at least 70% extension in the cross machine direction at a loading of 10

g/em.



subject matter which is regarded as form ng the present invention, it is
believed that the invention will be better understood fromthe foll ow ng
descri ptiwo oaodssks i s taken in conjunction with the acconp&oyiusg22ds@wi ngs
in which |ike designations are used to designate substantially identical

el ements, and in which: FIG 1 is a schematic representation of an

exenpl ary process for nmaki ng a nonwoven web of the present invention; FIG
2 is an enlarged perspective illustration of a web weakeni ng arrangenent of

the present invention; EkﬁEFﬁEéc&uﬂTWﬁk%RA%%em ation of a pattern
for the protuberances of weakeni ng_arr angemnen he Eresent i nvention;
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"nonwoven web" is used in its normal sense, and specifically refers to a

web that ™F4E°% structure of individual fibers or threads which are
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di spersegd h&kt bl own fibers. 4 WO 03/008688 PCT/ US02/ 23146 As used herein,

the term "spunbonded fibers", refers to small dianeter fibers which are

formed by extruding a nolten thernoplastic material as filanments froma

plurality of fi ne, USUPETUIND SESEPTRAPOF At IeSENPlong Spi nneret with the

di aneter of t extruded fifaments then being rapidly reduced as b for
exanpl e s use erein, the term 'nonwoven web" is used in its normal sense, and specifically refers fo a

web that has a structure of individual fibers or threads which are interlaid, but not in any regular, repeating
manner. Nonwoven webs can be formed by a variety of known processes, such as, for example,
meltblowing processes, spunbonding processes and bonded carded web processes. The nonwoven web,
without apertures and prior to processing as disclosed herein, is also referred to as the “precursor web.”

As used herein, the term "microfibers", refers to small diameter fibers having an average diameter
not greater than about 100 microns.

As used herein, the term "meltblown fibers", refers to fibers formed by extruding a molten
thermoplastic material through a plurality of fine, usually circular, die capillaries as molten threads or
filaments into a high velocity gas (e.g., air) stream which attenuates the filaments of molten thermoplastic
material to reduce their diameter, which may be to a microfiber diameter. Thereafter, the meltblown fibers
are carried by the high velocity gas stream and are deposited on a collecting surface to form a web of

randomly dispersed meltblown fibers.
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measur edmere e ‘foepefcmt . mpgh I@@é@nﬁéq Rerognt of their elay enﬁh)gw sxagple glangatsti 490 ref ers

to any SERb&MHO BloreiHd Ghiny SR BRRaIsGAT tee&eloifo sebstahtRAf) t'Hé!r F961GBlaxeli Tength, for
el ongat abl e, at | east abouttf Oog nmore preferably at gﬂé about 100% and

even rmr"é‘mﬁl?eef"e‘?“ﬁlﬂ’i 105 psseitof Hirtrretiensty 't‘H‘?BE?feaSBf’ftBersi”ﬁt "&i gni fi cant

resi stance fayweltele@Ste tehﬂmonlﬁstfg'/ ©fs tdny exipdil ivBiEtcdossthoCall Rigiin thdefifitidnai | ur e.
As used 1s]ﬂ the term"nelt-stabilized" refers to portions of a nonwoven
web whi ch %ave een subj ected to localized heating and/or |ocalized
pressure to st&bstedhrdialtieyerodasodiblelatiers thay friatyasl whih, updreapplivativinod @ hiasih i nt o
a stabi | jozed ddnbiBulel 4 %adi MR sooﬁ\%muafgffeﬁﬁgf sglﬁlﬁc&@lesé&c%ﬁs(w& & RRRE) & ed.,

al | COI’TpOSI tion per centages are wel percent ages. used herein, the

t er m " ab@oiisesing catpsrprbicefilupee {Catasgrophic fg@w @@@ewwn%%}gbﬁ%a%%wgnmbody

exudat eSethed Bilure WDkRioh RRM ittfal, G¥steY in 4 @k ® tchlle ROM] GERIMD eI BE: ]@L ages
agai nst or oximty to_ the bhody of 8thhe vear er, abso g contain

the vari lcﬂ&gaﬂ‘é{‘fl%"sm egsg}ﬁgfegsgafomeorﬁs'pﬁ Fetye e higglP’ feiPE pts éf‘btf’ &% is
used hermitdtiat mdes@n Iaﬂi;ﬂicﬁblﬁﬁ'l‘a%ﬁlhg fokck,| i€ blexgpataihié, ahleaat aoul G0%) mdrepreledbly e be

| aunder e t ere 3/ 00 [eused
as an abgaosr%)(%‘%tlagyf” an§ cfe” (n Blegk ?eratbﬁ' abougrl %’(}% é’ﬁtd‘ggél? Of)%é gJ %&%éﬁ %ta]p ‘er a
si ngl e ugwe &%ﬂt,halplr()esfceﬂ emklgmenpleg @estr@beiadlllred, conpost ed or ot herw se

di sposed of i JARI I%R:Yﬂ., e ke %éfl’tls{aﬂiligeqmﬁ}si tp i:)ﬁ'tl(gl@ Qf‘eﬁrfo)iwovél %mlﬁc@rh){\'r‘e been

subjected to localized heating and/or localized pressure to substantially consolidate the fibers of the

nonwoven web into a stabilized film-like form.

As used herein, unless otherwise specified, all composition percentages are weight percentages.

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

used herein to describe absorbent articles which are not intended to be laundered or otherwise restored or
5



absorbent article refers to absorbent articles which are forned of separate
parts united together to forma coordinated entity so that they do not
requi re swpasaossssrani pul ati ve parts |ike a separate hol dePCarusot/zyigs. As
used herein, the term"diaper"” refers to an absorbent article generally
worn by infants and incontinent persons that is worn about the | ower torso
of the wearer. It should be understood, however, that the present
invention is also applicable to other absorbent articles such as

i ncont i ng ncg as%ﬁ Iabes r%én;t arﬂglé) g tﬁ%nf mtendmg Bgﬁ&ﬁﬁ&taﬁm aq glg Gl aﬁ&P * giglrat?ly,
l'i ners, ﬂ [ ral ning As used
herein themb@ﬂmm@h@dersﬁzﬁﬁeﬂ@@%ﬂsﬁW®MIﬁ@ﬂgvémébémgw%@héﬁmﬁﬁefbp@ﬁﬂarea of

a_singl e;3RRNL Hi&o refelREIEB: bBcIUNILICE afdiforRb 88 sefabiie BB LrogeR B S a
mllimeters. As used herein the term"open area” refers to ihe percentage

of the teeuinaigt edivop Myt theshdorpohteaying separafp apipiative paals s tgrants hotdsr oA dngrer m
“hol F aspeaskd heddid, ﬁle trfn "GiAger'T @feds @0 m‘abiohﬁntrmc@rge@xaug wol Hyfﬂ&anﬁlaﬂ(Dﬁcheﬁt of a

single aperture. that r ox

di rect i offopsdhaisyRe af’ﬁ‘ﬁﬂ’a?‘f&tf”isg%lﬂ?d’%?%s poh‘ﬁ‘l ng “fldem?)ﬁ% h%“r’e(‘)'%sthat cl"%rlesnegt

di rect i ofaventidn ishelsoveplichhtei tog othwe babprti@aku erticlesn suckivs ahcon@emtﬂx@fg,omadnﬁn@cq he

“machi ne-direct ion’ . Oridie [£Ghl on

corr espolrllngf ﬁ%%%nl(t)s’ @Wgrlig%%g?dqg\% gct I o?‘ygl%%%&tté gHa%?l%d .e., the "length"

of the web, Asusehisreiratbhione bl sigt rifasrio thFigeeragp ?@cﬁf “fbe APt ShASHEle apFUEhe

machi ne- ﬁka@@&tlﬁgﬂmome@ for dxdMple, y&ugmmmgferst he web, is the cr oss machi ne

direction as used herein. For typical pers pro Hced on h tg %d d| aper

equi pment, t hés Brdhgeinge Fﬁ“ﬁe"lﬁil Fré%:trffffﬁt © pegniage ﬁ‘é‘ﬂtare\?\é
correspogdsuds0 a direction generally parallel to a transver se cent erI | ne of

the finished, diaper,. as descr,i bed nmore full. rein i,s this .direction
in which i mprov gﬁ?@ﬁ?ésml%ﬁ t‘WaE‘%“f aspegt atéons‘}sl %’le faltlgy ar e rezéxllsrt%ctlh © mjor B A

di aper cﬁ:uglﬂapmt@tisapm‘amqmmalamﬂnbl y, commonly referred to as a
"chassis™ cogp il e 8 ishhf R U &9@@ gsﬁsndalg% o beb W Bhink ALK OUS

backsheet joined to the tops Neet . Bsor core I's positioned between
the t opstefbft W%éinm&é’efba@ii@h@eﬂvmcm'ﬁé’ﬁmga&?éfo e epechiapfitecionr-t Hs dERHPM ses

ot her CORBARERAL e a@ecdﬁmwesbdﬁd&m t@erﬁnear au&ho@éf veb dtihcGbrz €6, (8 qlﬂg@amjms,

el asticized |l eg cuffs; _ elasticized waistbands; and a fastgn ,sésﬁée

pr ef er abF§P: Efd?Fpﬁ“?CE’f‘?lﬂ}‘eé““ﬁalTlhe gifection FapsETe i %ﬁé‘}‘?’ﬁlié?e?”f"émb Le. thy B

mechani catb, fs&ﬁbﬂﬁhaﬁacmmecrt@asammaeﬂlandl ng menber. A di aper aI so has two

centerlines, Ion udlna nterlln nsy t The
GnaiflL e 'n!n{‘ the
term "l ongi tudlt’ﬁlé apgré pﬁ’(slueC L Sﬁeeg g ?er e%mpmegt t crﬁ% axis, (g ection

in the pbmmewwdbhwt@nhpwesmm@t t0|asilrg@nleg@b1‘alib' paadllplgtnedrawwrbﬁ (e@ergne of the

=

appr oxi ”ﬁﬁls%lec?/ th?ei’r doritf¥atdbre By Bb:bih.CR is RLiQ RN & Myith SRGD RmhtsS WARGENI
wearer into rlght hal ves when the di aper Is worn. The terns
"transve?’%e@ﬂblbmafe'dfsmder al", as used herein, are interchangeable and refer

to a |ine, axhStypital Hidp&CldnPAseWRI Gobtaitub @B aweﬁlm momﬁmplraaeed% ab rhe“msaper t hat
is generally per, dlcular t ngi t udj n recti di vi des
the woar STPTSHEGR PIRGHPE tB%?ﬁ b"gd%/ lqulﬁ‘aﬁ“{?%‘)’“sa%‘ ‘fﬁkﬁ gﬁ’e@ tUSA(‘.’PZ/ 23146
Whi | e t hebsérbgas beetis, pdsitiench detcsdredt topshind ahd ehe cHaskalidbie NThec dinper prefprable fadeenbl ed
in a var ico%p}{seg foth\é\{ec!olnponents as known in the art, such as elasticized side panels; elasticized leg cuffs;

elasticized waistbands; and a fastening system preferably comprising a pair of securement members (e.g.,

tape tabs or mechanical fastener members) and a landing member.

A diaper also has two centerlines, a longitudinal centerline and a transverse centerline. The term

"longitudinal", as used herein, refers to a line, axis, or direction in the plane of the diaper that is generally

aligned with (e.g. approximately parallel with) a vertical plane which bisects a standing wearer into left and

right halves when the diaper is worn. The terms "transverse" and "lateral", as used herein, are

interchangeable and refer to a line, axis or direction which lies within the plane of the diaper that is

generally perpendicular to the longitudinal direction (which divides the wearer into front and back body

halves).



known configurations, exenplary containment assenbly configurations are
descri bed generally in U S. Patent 3,860,003 entitled "Contractible Side
Porti ons wornssposabl e D aper” which issued to Kennet h BPCTRIse}/231ah
January 14, 1975; and U. S. Patent 5,151,092 entitled "Absorbent Article
Wth Dynam c Elastic Waist Feature Having A Predi sposed Resilient Flexural
H nge" which issued to Kenneth B. Buell et al., on Septenber 29, 1992,
each of which is incorporat ed herein by reference. The topsheet can be nade
froma web of vfgnheméo{oﬁag Blinel QUSHLES Bl BERE %Imemla% g 28 biew,fpva%a{ Bwdil©

al | ow vi scous e funny an nmenses

t hr ough lkegn ge!tﬁgmtmnse dxqmnlatyh@nﬂaw@ﬁ gsserphdin eaﬁmuaﬁl(@yarﬁp ﬁ@g@c@ igensralif mtlﬂ%

aper t ur eg, 0psiee) enélt‘fé-ﬁsboﬁ{a@ab%pﬁ& ey fomglﬁsaﬁleqﬁapela Reich ¥kRd aSR&kdn B.at i 0.

In a pref erred enbodi ment, the open area is greater than about 15% and the

hol e si zBudllondpraay &t 1P7r§aﬁnda15§nﬁat32t %5|1n°92 quiifled oARsorbrE aiplee Wit PrmiG Hasfitd/ or
maxi m m]c alseresing Balify A PRAkHRD ResilRud Flextiall Fass" sﬂlﬁ&tﬁiﬁkrﬂtt& Kﬁmufg. 1t3)1kw Iéﬁil.;‘hnl hol e
size re a e si.ze. e hol es shou e circular in
shape an B%%E??\)gg{z egei’c‘gﬂ’éfl%‘ts@’ﬁ?rp‘frﬁe e‘f’é‘%y?%f&cﬁcet hat the standard devi ation
of the aver ag@hehqiskeeisuaﬂ &c msde\i@rya wabadlf khe pidgent incuativa, thirehy beipx amypiral owato
shaped, | es b ' I

ot oh | saar el bl o iy HIELLP R P Ll B, W BuSeaBRRSI M Bk |
el | i pse, bangatin diey properifes piifhe approwediiephest (M?ﬁ) aT§ GPA aFpR; hele siaseiand hefetapriest ratiph® r anges

di scl osed ,RREE dhbodindt, thelop@Bre-ié T hker Eh@@abbﬂllg%aﬁdjﬁgﬁolé' @el iQgrkafor BeinBEabl y
| ess than about 6. The topsheet made according.to the the present invention

conpri se¥a Kt WGWS@W%W%EWW%hOIﬁWW“%H’m B?lesﬁln@fFﬂ YhE¥ensi bl e
i's meant ndrdi@tholt bige BRAIS Weﬁge ONRBY edeallyeite aﬂestshmmee&amr i nv;erahdl felatlveE'X hibits

cross-direction exte alo of ab /C L about
70% nor%°nff)‘f‘t‘3’?8rsgﬁls [ﬁaffa?EF %"tﬂf%éiﬁ ?J“tona%b e oeevSleZﬁls%'D Pe pre ‘3?% ?3 about
120% By examyle ofal sharghaviesonyd avebs ﬁlpmwmeddeaﬂleﬁlalggmct raljy, v@igh fselefied @lthe i n t he
above- msa%s Qnﬁ% r;as e P!eﬁlpsg nson%aogfafg@cm Bflesa% e Sh: i Wi about

50% at out cm | oadi ng. erring t there 1s Schematically
i || ust r atheghnges dliﬂ@@edalelpmmﬁ@mﬂdﬁmp%wﬂsmt fﬁ“’hﬁ I@?fFfflbly lssethemdioi% apert ur ed

nonwoven web il i RkkEndd0 Ecc&ﬁﬁg 25théhd SRS @Rttt copHics PRigAP L:@nabls et
article. According to the pr.esent i nv%%tl on, ur.sor. nonwoven web 102

rec

i s suppl Puowsa weh By highy F"I‘FQSI%fSé’i‘eF“aI at @e’ﬁ‘F‘“éic‘t?Pg n REHACPATHEB YR can be
supplied e)&ﬁ)itdi:rﬁs@-ﬂﬂicﬁbnmﬁﬁslbllﬁy §.2,load o€ o, 10 painaii @Sleasedbout, 70%f morerprieferablabt f or

hat chi ng ommer ci al _processin however I onwoven
web 15 BTl S mEE Been Rl BB Bk OB A 3 kRO O
a finitebyfCatdwtalndh tanabiovehantiened Uk grttduts ekinbit drd- diragtimt estensibilithef e §'hat s
measur ed 4 0 {HheL TR ne direction (MD) which is the direction of web travel
during processing. Li kewi se, the width is measured in the cross machine
(CD) directi oReferipgetofleiwbhst ifsehematislly iystraied it HR0 # giopRstiTos proficairt Fdlnoven

ext r usi OB BEiNe §RHRS! noSwvEh W8 suifaBlE for &% &HRbRheetloR Qmapo@%ietabdowem agiclpr ocesses or
known spunbondln

processes, .and passed directly 106
wi t hout first b"@’%ﬁ‘é t%B]ﬁd’éedenaHW”B?‘P tPEPEY" § ?Fwaveéluvﬁ% %8 roi"FP le‘g'ﬁs tﬂ% SHfSven web
102 may heeext BRpicblrer n@vash iwveb }ercamb}rkaipasitab discréts wébgreg., aeets, tpatcian efogof
processed t%){al for%atc%?%ge sin esggrl c%fﬁmerc&lr prf)créss%gd rvs%%ei“ ﬁemgr %e&%‘{ R;vlel?%s

descri bed” reat can processed by
t he met hewplsfl at jok stpokeand s sich it bemqnsubm asrbetmaal fnutn@mﬁlwénn wEnts legth e so

processegs cofiexfihistelO8 OREuBEH HEREMAS §fStion (MD) which is the direction of web travel

during processing. Likewise, the width is measured in the cross machine (CD) direction.

The nonwoven material 102 may be formed by known nonwoven extrusion processes, such as, for
example, known meltblowing processes or known spunbonding processes, and passed directly through the
nip 106 without first being bonded and/or stored on a supply roll.

The nonwoven web 102 may be extensible, elastic, or nonelastic, as long as it can be processed by
the methods described herein and retain the properties described herein. That is, a great many types of webs

can be processed by the method of the present invention, but not all nonwoven webs can be so processed.
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As shown nore fully below, a correlation has been found between the CD peak
tensil e elongation properties of a precursor web and processibility of
such a weWwoioaweess web of the present invention. |In generalPCTusonitiaé n a
hi gh- el ongati on apertured web of the present invention, the precursor
nonwoven web material should exhibit a peak CD tensile elongation of at
| east about 150% nore preferably about 175% and nost preferably about
200% "Peak CD tensile elongation"” refers to the highest force exhibited in
a st andag ol st hifly ﬁewacozam b bRIQREE bdresn BE cb GRS o %onvg?og%&f the
present invention are measur ed using | nstron or equ
li ke, ustfAgressonyehadd pragsesibiliyy af guch a w%tlﬁ@@meb@ft@soresqnm&@ﬁ@r lgenerah éo obtaip| e
wi dt h t eshigelelonp@fon Qp@iuicd GEb éfzméﬁ@mt, n@AGR, 1he pﬁ@ubsomwsm vdeﬂglﬂtfér?]al @ﬁ)luﬁ8ﬁm
an e sl ac

crosshead eed nches

pr el oad V@Egéﬁga}‘g\,\e};ﬁ?n\s’\%sek’ln%%&n g% 1?aSE9r\]’ﬂ?tbl|59 %> PR pﬁf?&\}?lé) AL I P Betd @Fipeak
t ensi | e e¢fonignblioon20pY.o plealt CDSQHSl[M’eﬁﬁgﬂtlSﬁl’refelﬁ mﬁh&)kﬁgnst\mbe éz&iﬂ?utermy a ld@ndard
SPUNbondgdy NER. TRl Bk UG 0rsH cBs & é%%g,geg PRIAGH S lculc WG, AONYOVEN
no nwov e Mg mumntmyhe@ée umd@ndafd teristeetpst frlgthcrﬁOhgeSpdﬂ genmelsthswamble augith thatad

exanpl e wagghé/ﬁéhe& Blm %mhtﬂrv%s %lﬂcﬂl‘sqg 5'§%m? Q%Lsﬂgg sﬁ%&pwa%rtwo Me? @ Ininute
one ene, ethyl ene copol'ynmers, propyl ene copo yners, and

pol yprop Iene
but ene “Slf’ﬂ%fén thelsﬁ"ké’reb’@%’f@r?nééra@nbodl nment, the precursor nonwoven web
102 (pri or t OAPI0RE &S alds&gbltaytha hevadshbel ob ﬁemetensms QB8Atiod P¥fIe, qﬁlacursé}as a

basi s wei ght of betwe uar e net apnd. 70 gsm nore .
pr ef er abi° g"“ﬁ’%’f Wé’elﬁﬁ ?H'ebﬁ? %‘Bl%ﬁg %&ﬁ gbqweb AT EE‘?’F%‘%?I ‘Yf el & PR s
wei ght  fveb iclh agbedf nfeltpsineibirs, 1tamylmcma¢ melhBwh Middeibere €The aboibtenditb d 0mbhe s m
h:“kﬁN: Z?réard ﬁfé@%? fog‘%g ﬁ’%.‘%ﬁ é&ﬁ?% for exa%nr?% gocfyolie o Egcer{lp\im %o XOYV%ns 1nc91%2de rgr?' orbe a
spunbondexie oiiolypropsitrae] polgetiatend, ethgeme oerelyinery, epropml\%ne aonebyingts) @d\bﬂtme bopolymerbonded

carded wgh, pré¥rre@ teREddinRit e pJe&uﬁpﬂcﬁ%@h 'weE(i)éZ ffﬁ' Y in%cesstl&eoygﬁeeﬁé{ﬁaa%? gaonwoven
web 102 may be a nultilayer web havin yers of spunbonded

pol ypr oWﬁsgﬁ@ve@a@hhaﬁéﬁﬁgw%ghba%?eéw%?g Bemf PSS ﬁﬁ%dﬂﬁtef 2o exgl Hb®ti W60 gr ans
per Ssquaseeripyf Bd‘cwe(efj} sms)n 30THE 496 S0 YES.OMA KEBWY e Basik OvkighBdor BRpe @pked t0 a
polyrrerlclcatl / Q q4é gggate Suitable polyneric filmmterials

i ncl ude Bt é?%sﬁgwm? Mt ed “Co5Pbl yol ef ms, such as pol yet hyl enes,

pol ypr opyl enéd;ikewdt,hy krnpther ebgtitheptyghe precypson pytiverve welo P2l nyayde 8 mubifagler iategsie
copol y nﬁlraﬁn Ry Lﬁﬁlplg QFIE%PJEL ﬂge)r f)f aﬁg %Llldgcf:\?é%? eﬁ?ot A ledsp gne ti’aggr oga ngl}b}{) Gozb
cel l ul ose esters poly (et acryl ate polystyr vi iyl
chl or i de®)bondeg W@eé%b or otbf’@ Flytal?lemﬁemé Fog gaprole. thyy RECCpreriT ppfYOgen %eb dﬁ?azmylbh e
copol y MBfiilaydekbtk@idse 1a§e@smf @ﬁhﬁﬁde@%{yﬁf)pyleﬁé) BRh BAtHk A Esid Vbh%h?@gm ab3iA20

precursor nonwoven web 102 nay_al so be a conposite made up of a m xture of
two or rOFYEU OYEPFEPE e PHE &My, a mixture of fibers and particles. Such
m Xt ures may "hlepfeaﬁsmdmwexadm 10g) mhy &bqbﬁedaad{aaﬁnenpamﬁm&rdﬂnauaaanateo stihsle gas
strean1| mhlc ond fib re carried so that
on ot e R e Bt bR Bdor s pRIMIRE A 5t MBI PP Bl B o

wood puhpwksiapbmmﬁabemﬂmandpﬁanxa@m@bmmmommm@mprnﬂmlﬁmb@nﬂﬂeaﬁmmmmmf t he

fibers. cBal %@Rgé{ 9(9&@%8%&@5/(3 le@g%/é)%g](fh@ lmﬁla o%@g%ﬁ gglp (I’ll:l};? %ﬁl§nd§ﬁom d be

j oi ned by ding to forma Web str ctu
polyester; polyurethane; compatible polymers; compatible copolymers; and blends, laminates and/or

The

combinations thereof.

The precursor nonwoven web 102 may also be a composite made up of a mixture of two or more
different fibers or a mixture of fibers and particles. Such mixtures may be formed by adding fibers and/or
particulates to the gas stream in which the meltblown fibers or spunbond fibers are carried so that an
intimate entangled co-mingling of fibers and other materials, e.g., wood pulp, staple fibers and particles

occurs prior to collection of the fibers.



for processing, such as fromrollstock. Suitable bonding techniques

i nclude, but are not limted to, chem cal bonding; thernobonding, such as
poi nt calwopdawnigsgs hydr oent angling; and needling. Precurs®cTrusnmgsien web
102 is unwound froma supply roll 104 and travels in a direction indicated
by the arrows (i.e., the machine direction) associated therewith as the
supply roll 104 rotates in the direction indicated by the arrows

associ ated therewith. The nonwoven material 102 passes through a nip 106

of the web mﬁl@%@mge vﬁi, L)pﬁbe@moaagag@mbywmg% fz)\{erwkéb%&&cu&e%ﬁ%d 112.

Referring to FIG e nonwoven web weéakenin roT er arrangenent
conpri s rI%iocﬁﬁi’ﬁl&éP‘ﬁéﬁffOf%’a’llﬁq?Ha?mt?t%ﬁ hoedmgf%mawﬁméu@nwwhn%qu tg; effemispl 112.
One or hhdingdfhetldBonBat, k@h RERiInCRIRAGRE hydRbktSklink LA aRGikhe snooth anvi |

roller 112 N% be heat ed and the presaure bet ween the two rollers may be
adj ust ed by weFFSOLMIUR HeahdO% B PrYW et harpgdrl &Y tenpETatus @RCF‘F‘ any,
and pr esisditaed by)the @i (ireg fhik kigchine &i@eﬂibn)aznd)cmdl mere\slthabﬂlk h@ﬁy tone ombfat&mﬂe]& web
102 at | ocations at er ned r ol I 0.is
confi gur é‘glt{éﬁ %ﬁ%?/tée(d?’%? feu glsrsomcate ?’fﬁlca’f ‘sur °§%ne f,’j%%ﬁ%fs %r FafPity of
pr ot uber@ﬁe@be\mb“pd@m@’mll@hmnﬁs lqawbmllwltléwd ldvllt wardly f r om surface
114. The pr Oﬁaf@%{gac@@ﬁas zlé@no%@vemvéoo@e%ﬁeqmg eouér Maﬁgqﬁs ‘?'169 33819'[139@4 JaRlRea thH

each protuberance 116 bel ng conf |gure di sp ose recipitate a

weak enedalerfar lles i ihind |af@epﬂ} kel Al Prg ﬁ@oﬁmfm\vetwrrwb@le& profles 144 gnddhe g

pr edet ersgohte dnvmaaneen §) Iﬁefy HARIGHR a&dﬂl ﬁiBJsﬁre sérakdh lile 206l 1S Rhy RNERjubtbl Byheell
nonwoven web 10 tterned calendar roller 110 has a

a
repeat i ng*Patr'tét H’ 1?5‘?“‘% rﬂE)V\%B‘@fl e E%mi’llé ‘&/n‘i‘“(‘ill?reé&‘f SRGOUHEIY YRkt rels

ci r cunf etabiticethofonsaved webel 0244 phulity ef iatidnvel y, t he pr ot uber ances 116 may
extend aroun r t circ rface 114.

A suitable pg¥ tgggt%rqfe}1 Qanenda? r%uflpgg “ cm&e‘gﬁ%d o Qan f cmu%i@%ns sﬁlgv%e r:lgheﬁat ically
i n pl an plurdigy Pﬁlprﬁlubiranges or Battearu slemanisel 16 rvdiah bexteath owtwardly Gromawefag Uhe- The- one
corres p%ﬁ;@ﬁﬁ:eg Pret J?@dlﬂfaseh%f ppr@éeteﬂﬁ!letd p§trteﬁp{’v1!tﬂ ga@lg{)ljoﬂ&?atnbeoﬂg ’bemé: J:ogﬁgu?edcan

al so be con5|dered as illustrating a typ| cal pattern of nelt-stabilized
| ocat i orf8d §iposedcty| nEssipitted we ritafiierd decatigngin by roswevee veir E@etatefedhent i on.

As shoWpredbtaniddd pAriaQF REEESd, GRIRstizbd lo@tidne SthdfonPpaed RE0102.0As gbagdei@d rows

or colu Th own is.a regular eatl ttern of staggered
ot ot uberariteer =Rl Fl IR it s o Bisplrp el B BE PR SpRCRILRS, o
bet ween cabmiftrerQe Gﬂéhrfacmches Altefdativ@y,nthg prafiberanad3 Ot nbhy 2f46nd ehes foliiol8ormm) . 1 n
a preferr ns%mggi‘cm&Bceo%%écg?ﬁl ng RS is about 0.060 inches (1.52 nm.

The pr ofuberances can be spaced apart within a colum by a protuberance
spaci ng, PS gt tajern &g paieredsalerer iten i i0eshane ehénatigithin plap viewtsi §F- 3.0 one

enbodi mgaukesthe%r(;r@rahda§ NSk 3 O&Jto-mcorrg’}S&dJn&Qo He ﬁﬁ:ﬂeﬂg)f m@psqlabﬁéédtl&ﬁﬁbng an be

varied in nultiple ways depending on th nd product desired.
pr ot ubeF&ifce®n ﬁlé(i/]ée ‘Ei’nﬁll‘liﬁﬂlai Uertrpfing aé@ﬁﬁlé’@‘lt‘?%%fm%m?%@ lqcatiogy ?ne%‘taéﬁfla&éner ally

par al | elnodvevédweb abmeitig Aethélpréserd inveifion. M3 shdfn, ﬂl@ﬁoM&EhnE@E@fbb&Jareéulakﬁ%rﬁe each
protube(r??g{ge h&’:’lS a trlansv se_centerline, Ff%tﬁlenerall orthogqnal to the

| ongi t udt HEETRE R H P HES: TREP SRV i g e Rra e PO P e s PR iber ance
116 cor rzespdndsors eadheerdnamhm oW spRag RS df avead htoht 0030 héhed ONTH hrdindal
centerl i ng: Go0Gied & 0FUEY Egr@%rredtéﬁ%ﬂdlﬁa&‘? b §§3§%§ﬁ§% +ug§ 0sd B{Lﬁs 1.52

(l'i kewi se corresponding to't I mensi on reas para
t ransver®®. caAPORbppRsesTn be fpaged BRATvEtin o jobugni by atHieiubsyarse ub?éllnar?@&ner@élmd t he

corr espRAdi RBgheFRInibeakca Rhith 2 80vhicH il Bd.30R88 85, R TchdSR2d123d4 But the spacing

and pattern can be varied in multiple ways depending on the end product desired.

The protuberances have a longitudinal centerline, C, that is oriented generally parallel to the
machine direction, MD, of the web material. Likewise, each protuberance has a transverse centerline, T,
generally orthogonal to the longitudinal centerline. The longitudinal dimension LP of each protuberance
116 corresponds to the dimension measured parallel to the longitudinal centerline C, and is much longer
than the transverse dimension WP (likewise corresponding to the dimension measured parallel to the

transverse centerline T), thereby resulting in the protuberances, and the corresponding melt-stabilized
9



| ocations, having a relatively high aspect ratio (i.e., LP/WP). The aspect
ratio is preferably greater than 10, nore preferably 15. The height of the
pr ot uber awoas/ood6s®e. , t he di stance the protuberances extenaCirrusn/2iigs
circular cylindrical surface 114, should be selected according to the

t hi ckness of the nonwoven web being nelt-stabilized. In general, the

hei ght di nensi on shoul d be greater than the maxi numthi ckness of the web
during the cal endaring process, so that adequate nelt-stabilizing can be

acconpl i ﬁ)bﬁgns Haﬁn@@l@ﬁﬁ@ y hléhtas;ﬁ@éatlg ﬁ%n Lﬁfbl@ymTﬁe Q@)‘éct lPa\ﬁo Hsr}qgfgﬁa%} g[?ate; tﬂﬁl 1@8 pect

rati o of the C)I‘O berances correspon I n ect ratio
nel t - st aBPFiPEe Efblydéa’t”tedﬂﬁlghtcoémerpr%f%%t 5 tthpedti %?r § profbsramges é’ﬁ@idlﬁom the; of

the fin i:lﬁ:{il&d:yﬁlidgm Yurfeoet leul,sshcbllcﬂ)eVba&teQ facctnlﬂﬁg B 8& @f&heissrﬁf@iatnb%venmﬁ bélﬁ@ reased

aspect rat t i but S, eone advant ver, it
has been™d |§%§§%r@ﬂy?ﬁ§t ?8& ﬂ%ﬁﬁmﬁéwvi %Ff% %ggw“gﬁﬁeﬁﬂ1e si ze
for use dsing bpskedtisg prm:ed; @}ﬂ(asalbcluae ﬂel@q%ﬁlsmg tahee a:dat@rhﬁlﬁge only represents
about 10-20% ﬁX%eBQal ﬁl ggegl 9 91 mcci;p mV\yMe & cpreaggag' oecuber%Ilcesasc}?eCt
ratio of the melt stabl zed Toca ns arone coul sufficrent’to create
hi ghl y esaresneridise aspags eatip of @dmﬂéﬁ@ﬂmdtloomsmb@lntnév@do thiy averadl (Thexigaditlityvefi thed

result i Buidth nighe ehtiBe WBDorheRSleR ihRRioAPEHH: %c%seﬁaayﬁct%u&%&lﬁﬁ&tt@bi y high
hol e aspect ratio (major dinmension/mnor dinension of the resulting

aper t ur e8P expapgion pdiptaget Hesrryeroi has feep fiscopered that forgyehgyhayie syiteblenpep@eabl e
absor ben tmd halé tikeCloesse asTib@htsQl BikRE018 aia@:rs;qu@ a@ﬁrﬁagp bl epRithy aloilineadegr-coNi cal

shapes ext can have
somewhat ° ’ﬁf ngﬁgéa% éﬁ %ﬂ?#%%ég ‘ggk tﬁgﬁgﬁﬁiFmF@Sﬂ%?cmE% %ended
to ther ebnfﬂcientrtp tcreath chighlyopendifle tleaurgl eberit isi mieat th@tnsutlowq:hs ctouibessaintesm of

only thi a) @J&fv!/eg Whatelln% PI‘;IH;E%S hiv@ all fila c%};té%l}J n fﬂoﬂ:I a%%?tq: _\Aﬁliu(r:lﬁllsﬁon/rglfuort he end

surf aces l'1e 1n an ifagl nary r|g C|rc coaxi al
Wit h resfisemsion of theygsuliieg apegfres) dir ghejapmlicayipns roéinreeqst I.BSL@@IH%SQ Wdhﬁg%altldmésorbent

pr ot uber gpges 116 can be disposed in a regular predetermnined pattern of
rows and colums as shown in FIG it is not intended to thereby limt
the scope of TH&{reRrst LioRiererghy frt‘)“ci‘t?iie°°nﬁ3ﬂts¥a@?s VBt et atelanrador
shown. Then Flﬁi@cteuh@ ra8d) §8i8h PEYhadE sotkieSipo smpilcal Mgl ¥ndDduerates enm mmdugpaﬁ f& @bt about
g?t t ﬁ;?re ntegcﬁcli t%rilb,eai)%l{ Ojéll;hcl;] é‘c]égmof Ith(rf'; P e?elilg 11{1nge% f otutberta?]cgs &‘l s co ﬁ“%tmﬁ JS hbone”
Typi cal | @ller tl Heis ﬁmshgd sauttlat pl bf thxend sw;facets hY liveh an ighginrt m@earcnla@moﬂs whighdt an
angle  Olonfd wiPQLRA% BladsSPRulforilicfi? Machine direction of the nonwoven
web. These webs are 1 ncrenenta stretched in the cross nmachine direction
in order to opféauahghe Meubermeses §itewn bq disppsse i Hregilar widpermingd pajters fof rofye andnp| t

st abi | | Z@Hhnhegi B&VE hFI@L3, &Ns adaglte%deart@@&r@gy ﬁnlaﬂne écéped&qmeepseseft fov@fiort BenemaChi NE
direction, incremental . stretching needs to done i n the machi ne

di rect i ORARRPRGTPIgRaeRef shops.  Thegpr PREYBPY eéls%‘}sﬁi‘d{‘ Ay SErsterie! pafiqryphout
ci r cul arpagythed add@xaradll S0 @ partichlfs, it # belved ﬂ;ah‘&islcbgﬁeaph“hexfrmgbh&’ PARMOWET MEb 102

after haV'fﬁqorQﬁ§§§drounﬁ”zf’ 1ca%5‘$1§k%{"” msPhﬁe el Hfab ‘%%E%Qﬁtlsaan%

prior to passin iTSt i nereme ch|ng
syst em 1§25 deggees erlasstolf of dhermacking diactioh of tognaphven il Alssesvathe previstrnegally

i ncl udesyacil Y8l brb nEniNERKEDE th ordlElo opélt@qhé apéﬁges Ok ohRdinat B of Weakened,

mel t-stabi|ized | ocations 202 correspond to the pattern of protuberances
116 ext BHGTAEZE, B He st Pl @re&tsr@v@f%pﬂgsrfwe?fﬁeﬁthe aghngatirestigh | gspementg. As

seen in dnbihingtheeds Rede AEHR WM ERaWBDibOidn. Al M:032, Q0BG PRS2 23 ik

circular cylinder of steel.

FIG. 4 is a photograph of the nonwoven web 102 after having passed through the weakening roller
arrangement 108, and prior to passing through the nip 130 of the first incremental stretching system 132. As
can be seen in the photograph, the nonwoven web 102 includes a plurality of weakened, melt-stabilized
locations 202. Weakened, melt-stabilized locations 202 correspond to the pattern of protuberances 116

extending from the surface 114 of patterned calendar roller 110. As seen in FIG. 4, the nonwoven web 102
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al so includes coherent web form ng point cal endered bonds 200 whi ch serve
to maintain the structural integrity of the nonwoven web 102. Fromthe
weakeni ngwoaBloesssar r angenent 108, the nonwoven web 102 camcChasst/eat€hed in
the CD direction by neans of a tensioning force to rupture the plurality
of weakened, nelt-stabilized |ocations, thereby creating a plurality of
apertures in the nonwoven web coincident with the plurality of weakened,
melt-stabilized |ocations. Various tensioning neans can be utilized, such
as tent Oglko"lﬂeluciapm&grft web f@ming " G Eaﬁeﬁ@reqmﬁhg 56 Qhuich Wel tgrngggﬁaﬁlntﬁé Qﬂll:tﬁrgl

t hroughout the web is ach |eveé) by passing the nonwoven we rough a nip
130 f or nidisey ofdhempyveove Wb A@ent al  stretchi ng system 132 enpl oyi ng opposed

pressure  apphioateQreakeRay toler ddfgRRerd il (R MS hHRBYen SHb TECAS bW@&eﬁ:Hedaﬁ mee@st to a
to one another. Referrj now to FIG there is

degree are I ement.ar ,
Shown . BEPERILEFTS o f S R MhOPSindirEleI0t Mot ETly meg Sl Toggon
conpri si thqebyrnmamgmrmtaiht;s bff aptraibeis figthe Bdnlveves wiiBebirgident 1ah the fealinerwesert,al
stretchi r i a. P it eeth 1 and norr espondi ng
gr ooves lﬁ}%t R lLe?hlo‘;eaﬁﬁléng%g ?‘ m%ﬁ'é llﬂeléfll Fe %lu(r%clﬂe?ff s’euf:heﬁscgemé)fm%’ SPYEF T fag.

| ncr emenerefrresttembedihant gnifogh feayiontr@ehipyebout the yetais phlieved byt geswre theembtoviG@eband a
plural i t¥gh £ohr 85ROk 119 a ﬂ@pm&%néﬁ?mﬂgesﬁ@ﬁt 1*32 %9%109% ?{Jogeﬁ rebeift

intermesh with_or enga he grooves 163 on roll e tHe teeth
162 on r¥Pi@ersiageitsce §1>Pawuff1*fe~°owhl%\ﬁtj%?@féowére@%ejwéemmary ©rene Fpthesr 134,

The teeth of RAGHngBWIE FIGAL Sther@ BRBIvAld #rsﬁeﬁﬁv@ﬁ&b&'(ﬁﬁhem@ﬁial saach&@@mml n FIG

ci fects 3 PREPE Rretas VeRrairis Per h B Poore setiipel itet
porti on @ralithef téefht16d aeishiraygpndihg frh@ved ke tvhicll &@nd stdbutlifedndfe cirdubkdedtesof oB& and
apoxes of adi ity sk bl L hcibey | Bebhipof @ 12 b 3RBRES o B B8 ateou
0.30 i ncﬁ@fye%@ Shhe teetit 16Qonpljer 1-’én@terrnsshmtb¢r@pam the grppyes ke an whadd6, ehiB%heand
about 0. d&n 103GRRMer(136 ArmestBwidilor BXPhee theFooltS 1 €1 rd1Rf 13de@ﬂeh}eﬂp(;f edchRoudGRL N 1S

measured fromthe base of the tooth to the apex of the tooth, and is

pr ef er abeyeralby (HimnevfagFhapqd asishasmyin Fiq6 Rhejapgsiof e teethanay bedighlyzamdseil frsiedeen
about 0. ﬂ;ﬂcenmhﬁ&sxﬁﬁxeﬁiﬂlsm}vetand 0 90 inches (22.9 nun), and is preferably
about 0. 25

one roll cani eécé’tto E‘I%\gmﬁx SP?WStarPgmﬁl?? tﬁ HP?%W‘;WHE}F‘@EQ eetdqﬁzl‘?fgel "

ot her r ololiers 13éuu¢1116haspetthely,ttb@tehn tfitctgnefers @l the digarge betWeeelﬂh aiheﬁé)s) of djsdanti N t he
val l ey (g.u0- Thevadcﬂ &Y b%ﬁo%@veéaegbm%z f%oth (m msshg%t N6 LR g i gﬁefe%fo%set

pernmits interneshing o ers I"ers are

in an ibG¥EPHARRHD; ﬁ@and@bfélf %dﬁ W@eb@é’r‘i t 3-&liope [The hojght @bdeeth)eofahmeﬂvesrmeasurf:da
pref err egbneibedd sRRttooth iaehetag&t & 1Rftodil) @nd IJ ﬁ&&@&} b8 Mtk mé ReighidrYhe

partially int rneshlng ree to he teeth on the opp05|ng rolls
i nt er mese @ PelelrepAyOR - 18@%\? %gn@ﬁéd@%?ébcﬂiﬁ (&9 By AyLisienbly pout§de o
t he teetlhchest{mﬁhm)mﬂdoaoiﬁﬂﬁaﬁmhbae DOE, E, is the distance between a

position designat P exes. of .t eth on t
respective ro 2 %qu){l d%f Floq e ke m’% bﬁeone?]@ A)ﬁlgﬁ)%% sk ee?ﬁ&amgﬁgﬁfri rg&ﬁ
desi gnatsach that thelt@theof PRe mﬂéfr@, wﬂle160aplaﬂnmsﬂ1®ﬁallbh® g, ealieln 167) betweenrtgthl in @xt end

i nwar d beyandnt Rg. pﬂf%naﬂs OB bhRe %Rl LY mntﬂlaem&?sogé deq%éédo lol in an THE

opti nmum or effectlv partrcular | amnate bs Is ndent upon the
hei ght apfermehaspireetye c?PSm‘{nHéla‘E"éé? Ruea#gtherhe Iqmp@ferrsd gukgflimepfethgyseth of he\WD
03/ 0086885p?c@;re/ VR4 3ﬂ1§1@artlally intermeshing. The degree to which the teeth on the opposing rolls

intermesh is referred to herein as the “depth of engagement” or “DOE” of the teeth. As shown in FIG. 6, the

DQE, E, is the distance between a position designated by plane P1 where the apexes of the teeth on the

respective rolls are in the same plane (0% engagement) to a position designated by plane P2 where the

apexes of the teeth of one roll extend inward beyond the plane P1 toward the valley on the opposing roll.

The optimum or effective DOE for particular laminate webs is dependent upon the height and the pitch of

the teeth and the materials of the web.
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I n other enbodi nents the teeth of the mating rolls need not be aligned with
the valleys of the opposing rolls. That is, the teeth may be out of phase
wi th the waloBeysss o sone degree, ranging fromslightly offC3aiSo2/281¢6 eat |y
of fset. As the nonwoven web 102 havi ng weakened, nelt-stabilized |ocations
202 passes through the increnental stretching system 132 the nonwoven web
102 is subjected to tensioning in the CD direction causing the nonwoven
web 102 to be extended in the CD direction. The tensioning force placed on
the nonwoven,weh, L0¢q6a0s e te%pi,lolﬁﬁeerga mﬁ@ﬁ@éa B vk Hfferd bl e Pitleys Hfind €€L D
si ze, such that the Increnental . stret c IS sufficient to cause the
weak enedopprpsigtrollst Akt isi thedepth vy e pus AEPLIT 2ﬂﬂe @e Faipys o seme degeee-iragiog fpm elighihi t y of
aper t ur esrdQdocl b@dent with the weakened melt-stabilized |ocations 202 in
t he nonwoven weh 102. However, .the bonds 200  of ]t 15) %zur sor_ nonwoven web
102 do not ruft H‘Fém’HYj’i"‘?nn‘ﬁjebtlQﬁé‘fWé‘ﬁl Yigened, el piopilizeth | orAfigIS AOA 2 KA  en web
i n a cohmtemdntal efeethihgd @EterevmthaSonbvb&nweakeznedubJemed fo-tadsiatihgd inzldCID de@tiorons
rupture. Afte aSSI n u f| LSt crerre stret chi em 132,
the nonwBVER We n %Vsen\g’\fbdp%% ge% 1flhan t eecuv?nnd %ategrsmf“ﬁ% r Qager s%lftﬁweb

aper t ur esonivoveh fveb 1@gianhe adnhe& by angrélb pitcht BOE.| ar zeeth srze,gﬁudntbat ﬂnmptrmeetdl and

I ner ease&eﬁﬁ%%@fﬁaéne tb Yaulelhe vbe%keﬁer oaat-ﬁﬁ%d@&aﬂhmg td Rfture Gehtind PEARY b

width in't direction S on anount of tension applledtothe

web whenapiexuresy30¢ scofpident i @wlﬁnedsm?lﬁaéﬁ?%dmwg E&rin B2 noevaxeci®d,

nar r ow NGowe&dme ¥6Hds DRCAE IR Gpr&firsdr HBnWeREL ®edNLob@o a&huwedmﬁg tdnbi6HRa ey t he
tension in the ND suffici gnt ly. The extenS| on g es desﬁ%#)ed herein

are for PHERRRSHE APV TeRIR A SO Retraditin: ey 25thq S Fel-ERLIEEN O5H18PS ed i n
the MD. #bwichi s stage, for nonwoven of suitable baS| s wei ght and
conposition ag_. typica utilized as topshee SR £.di and
havi ng a hol eigl essﬁ ghra(%(%h ghf ﬁr mfementai C{P?L}ﬁg %‘ﬁtsm 132d n%E‘%Q? %@gggd?l 15%
the el onga@ttqrolwnalne Width @f Eenpreg@ehir rvgb.i apertyres yn éﬂbwtonﬂﬂh@()% maf-stehilized segionssi on  of
about  40;30% Jna%cgggameﬁabm@hn% &AL Ba@in@ ARecRin, BDOCAR SLOM Widh & Be cD

substantl resistance to further tensile loading and, in sone cases,

begi ns t@reﬁ@&rdep%‘{lfr‘@dhe jouRs 1of dnyipnsplicd e the pyeh cesy i X ediprrooreptal setphing i ng
Now t 0 Flysem 432 &K @xpbdiedSR@BRIng 4l S¥eaFERRE 0O the tvdae caﬁhQﬂ:VKaM%d o hcikdhgatd er

havi ng been cted to the tensioni for Iie by t r enent al
st r et chi HEF€yR '[:Ih@h‘ﬁ)l%‘g%eﬁg' dan e’S@“%@ﬂp"F% e e aé? %bﬂ‘,'\”/re’tnwganﬁétﬁet ¥en web
102 now wets Intithl @ifle ar noltansiad dpplied af thalddr tAtithé Sta@Dfr wdnivevansaif enitglde basis deagtt awi th the
weakened mnggléo Sat ﬁtélcall ut‘i:ilzec{ Oct(?i;[sllle tsis.\'1 (ﬁsg)gsaﬁg dlta ?s 03 IS ho sgz rﬁ FI G

£ g of % ¢ T a i°nc

4. A por I'rcunteren apertures
remant s ndfn prive agedftat Hhsy BF%.i tlzﬂsdorig@?@a@ﬁ ¥refenplogling |ig Orllﬁsabolyé’ioﬁé%eefxft?m at the

remmant Sex?e?éorh&l agourt 9- f(ﬁ@ 'th%tnoﬁ\%rvénh@éia a'% %ﬁrskaggof(bfrocésgﬁg mvqus?aﬂuﬂ\%stance to
particularly when the nonwoven web is used as a topsheet on a disposable

absor be nf‘m%ﬁ‘ fepsilp E’ad’@aﬂ% 0 SEREEAEASLPSsdt Ftichish e tprvisedest SeMLPCEY et chi ng
mechani sms  suRréfadihgnolv@s FIGNT fieid s khévld ayphotsgrﬁrfhtoﬁﬁlb A@w6ven el S12QRér@vidgteen

nonwoven b are descrihbed in ssued.to Ch ell et
al. on T\'?gf‘?“‘?%f’ %’fé%mngﬁﬁfcenaé’?léﬂg)?y thﬁcd’Fef)nSJ?\%tS%e %rsyeStlsemjlt%%/ ge L PEFEL T Rener

di aper dg®tognsh, thaatnwoe welr 92y veludee x ploniiy of dpertues 894 wWivkporremtident with the

fac |1 t al el Gl labilizel Iibpio O BOL L b Gk LAl bl FRE. G T &l pdiflh diSfe @S the

t opsheet have at extension at a eg | oadi ng.
i por t antircpmferhiist Pdggfmfgbpﬁb@% RRfeirclylgrremnants d99s¢fdhe, mekirperbilizadderstion 2%dIéFS

speci fi egliibRa®aN e rembts 205 help to resist further tearing of the nonwoven web particularly when the

nonwoven web is used as a topsheet on a disposable absorbent article.

Other exemplary structures of incremental stretching mechanisms suitable for incrementally
stretching or tensioning the nonwoven web are described in U.S. Pat. No. 5,518,801 issued to Chappell et al.
on May 21, 1996, and hereby incorporated herein by reference.

Newer diaper designs that require higher extensibility of components to facilitate better fit and
comfort require that the material for use as the topsheet have at least 70% extension at about 10 g/cm

loading. It is important to distinguish between pufe extension, and extension under a specified loading,
12



WD 03/ 008688 PCT/ US02/ 23146 especially a relatively | ow | oading such as
about 10 g/cm For disposabl e absorbent articles, including diapers, it is
i mpor t antwolvawogeke ext ensi on be avail abl e for body novenem®C3/usozizii4é ow
tension and also for ease of application. Low force extension contributes
to a feeling of confort, fit, and softness. For exanple, when fit about a
baby's buttocks regions, it is inportant that the diaper conponents
substantially freely extend upon novenents such as sitting, bending, or
twistin dj a doe

skin, cge whlé' dlrelisatlvel oy Hoadm%l Sucﬁ 01rltrll {%é.{nli oﬁol{%fﬁéégbslég#é&%%ﬁ%?%%r at @dmr%s appl y
to adul t dizgpens, 1vieis firgportanit ﬁl@ﬂ theckixiagpiog ét avaiablebrshody mevsmertyiade dovgtansive mtdsalsodeid t he

like. hsg.{?%ff?d’ Beatib® 1IBKS R QR NirBERH S Eblkg of QRENEKL and @Hcfﬁl&'sﬁ RASSPE
t hrough t frst |ncrementa stretchﬁ@ggjﬁéstem 132, the nonwoven web is

passed tHendirboriy badtF butt9Fk Iregionse ddh impe (Bt dirpes pqippReRls Mepsteigt e 32" |
Duri ng téﬂ@n@ﬁﬁﬁﬁﬁvdniaﬁg @Blems&hlg,aieﬁﬂgp&lmgungt rralsy@bdlweﬂdohs 108 c}fiﬁlbﬁﬁ, amsuual |y

B B e
i ncr errerihcaﬁdu@tcxtah@ials,rigmnﬂnmcégarrsenp,ramtéshke it is this second increnental

stretchi ng St”ﬁi%re;ore to ma € a%hl?pegz eﬁs(f\o?at {0 gﬂee(?f af&/lD %%lh%ﬁghtﬁ tfu@r&%ﬁa the
apert ured nonwoven’ havi ng requi si t ext ensf) aracteri stics of
t he cl aistretchingraysien il 3 the Tibrevopmmb dsspappgd fheoughnesy addigonalp emmé rcrnesfatstrgiphingand

rel ated ; net hodolgh L. fQbnd BEnRRGORLARE THRRBL Rlith 3§ SubdimbiIRInSH sl emy132'
can be, Znd preferably are, substantially identical to first increnental

st r et chi8Blyiey Epsismin homackigeditertiop.dieoyel width iy é%“@l"‘slei’)’i‘)l 2Bt hoyteme L) a8 ihas REOT unber
count er ﬂartﬁe s&bond ﬁl&r&ﬁeniaﬂéﬁ’étﬁ[ﬁ%ﬂ tradhis procat, @s MG s&wsd igdinkoal smtémngmﬁﬁ fdllewd’depeat ed
her e. referr ven we vention
is pr oce saé’ 1eplipny ‘ﬁgﬂg ée('fﬁ?f’dﬁ“i‘t r%old%cﬁ%%? aPem’ieg\% TR RY g%Vy tﬂgn;le(ll%ﬁte 4 ens'lbllt1 e sane
manner, dhmdctatistids of elspdditned Gvdnhi@. sahe prestigdologicss capmae setr mbetdd adigdede Wit h
respect t ner t Le lr Gl Qﬂgﬂg] ot her
rboa e BEL A B LAl (M UELAER A3 ol B Slorord Bfant BBy

si gni f i cidentibay toj fiystaecramaitte] speciye etssm BHrang feea d?s?flptlﬂbf"fp‘?afltﬁ’f% H“‘E‘@bt h of
engagenentnQpart dr Bt HBLheRE shQpng sdtem IBE Wl RR $eMd nbb. eIn%%EéQaﬁQd dnibodipERNt al

stretching system 132" is to put further extension { he
nonwov e B sn PRRoLits RSt inverfion isipatsesredih iy e f”éi’iemg‘ﬂa h‘f‘%ﬂ“iﬁ‘ %h

previ ousdhy sdnﬁkCﬁlﬁ{ﬂf&maﬁj lef.h réSpetteo Che danweliethddylogieX sedesdribdd ot with adspect ® meant
that after |nc chi ng and. n Ckl ac or di t ocess
describ e1acrﬁ1éern @ etclfni;gesy é/ na% g—ltoweve % é%ta her em&gd 5 seco ({1 gcr?rlie?tal esggcé nei al [y
t he sanesywtmlli?’ ¢an differsignficodsin caeiirespecti fpmampdmmalse pb@hfam @epthrvéeng@e@mof
stretchi g{ et it is able to extend substantially beyond its

origi naltﬂg g%lﬂlﬁrl/t he cross machine direction. This is believed to be
partly due toThelparpess@bihelbeserd friciements) stretching sybiemd ] is tp Pe Arthefg=ersipp eiertiln t he

web duripg hdhESRRHA inShd BECHH 20@tionkt indr&neR@l dh@t‘éﬁﬁk $fhl§étpr§vﬂiu§y aickdhdntanal
increnmental stretching can only be achieved, t at ab vg Wnen t he

pr ecur s oTretiReg Wek hBpj exEnsion pelential} i§ mepgt fp Fﬁ”é‘}?‘?ﬂt@ FT’tf COEI0g he
second i 10GlieqiiBEs dbscrited E&r@ﬂ)magolﬁb&m &b oqalby, b prefisbly Itseesseﬁuta\lrl@ﬂe samaetidth inBy
controll jing the.tensi 1t _exi n t chi ng
appar at UL TPk ESchR AR e BF st B Rish kR R R ER Al SOl O 7
pr edet er itsi anigigal ciidiie imgheaumss lmctnhe @ed@nr @lsple elieveg t@b@tr@ﬁls desrio the aecerdei-ike, of over
100% at %amla%% tp?éa&{gqmutéan&ﬁé weﬁ&uﬂlghﬁﬁmaﬁ a\éeetchinge rI]taig fiticanat misnasigagnt al

stretching of the nonwoven web b present i nvention may
stret ch in¢fensihiitsiching prayoshide PW@V?dr As ‘ttat“é‘fabwﬂ Yfll‘?ntﬂh"é’r??btﬁg t4eb GEvhts £ B8PS and

bonds ar @inimum extensibility. Otherwise, the second incremental stretching step simply shreds the nonwoven web.

By controlling the tensions of the web as it exits the incremental stretching apparatus, the width of the
finished nonwoven web can be maintained at a predetermined dimension, with a corresponding extension
potential of over 100% at low extension forces.

As noted above, the additional incremental stretching of the nonwoven web by the method of the

present invention may stretch the nonwoven beyond the limit of which the constituent fibers and bonds are
13



13 WO 03/008688 PCT/ US02/ 23146 able to withstand structural integrity.
Therefore, the precurser nonwoven web for the present invention nust have
suf fici erwOIBwssBRIr al properties to withstand such additi @calusonzyiesrent al
stretching. Such precursers nonwoven webs have been devel oped for the
present invention, enbodinents of which are described herein, including in
Table 1 of the Exanples section below Increnental stretching via the
apparatus described herein is preferred due to its ability to uniformy

stretch gbﬂ:eto Wﬁtaﬂ&r&a&&aﬂ nlitégnw Q'Lé?eform\é‘fﬁé%ser Itlolﬂ@m%ﬁ QIQJ‘I‘JI tﬁé Jr(%&ncf {ﬁbéﬁgonsfh@ﬁo coul d

be achi eved ~other stretching neanS, such _as tentoring, wt
subsequekire suésieaiotimensal mppertiss ta pyithsrad sugh addifiopal fncrepenty] dg?td‘tné n tg‘éﬁhé’é?c\’/@bs in
machi ne ghinf&eh Wed hive B&h @by clopIfa iy pReskihvRgtioh EbWERnEQMILiErd & rifda@et@Nnt Or i ng
wi dt h. Addi ionﬁli i f deslred Ehe i ncrenental stretching steps described
herein cAn" ‘PedﬁﬁgﬁEﬁFme%WQWB‘ﬁﬁ’tenperatures For exanple, one or both
of the i ncr enkot@dntaditreehigdwinte sppdrhtasrdsscdiged heteib & phediaied due to itdtability zd ngorhﬂat in
the stretc ) sof ten

ext endi nsgtre{llhﬁ'lg FVSQD cl%ss 1% ou(f Ber the, secoﬁ&%ﬁ_tm\/&) &gu\llcié\bee abm%fe%fﬁe% stri;:)tr er abl y

t aken upmeps, wichds tmonmxl WlﬂI.La 80seausnf “sqnmlié@lon”,ﬂﬁtqpéhah avild pityhe postdentored v iven web

102 may Q&h&@ﬂ:@%&%ﬁmnm&@ Beckth 40 & kR BreWliRs: By fiami S used to forma
t opsheet on a abl e absor ent article. Both %he first and second

i ncrement al s@ﬁldéttoéﬂb’ﬂﬁ et diet FaFea SHBHERERS 5 Fibed horgih oFY cpertormed at

Furthe ][ Mdveted teglgerm@g EFgR ItkdpleS brle & @Jsm lagthe anreﬁiliﬁtm&ethﬁlgdam dﬁM@ lbe h&h&gent ire
area o or in certain I ons or e, t secon

7 hor ement SRR CLHT i ah oo B ST fre e PO POR A PLelien TR ¢ he
back porWﬂmmbﬁhha;dlaper wher e high exten3|b|I|ty is desired. Wth certain
i ghl'y ext eyl 6, RLECHLSHS s IARIBN SR BRS wild o THY 1436 POGS]L HhErudi R GhY eve 2
hi ghl y exten5|51e apertured nonwoven ‘ﬁ ust one I Nncremnen

st r et chi mwyvevee pyeh h&% @adbeoﬁed dizgstly fool tresinetipn Bbpe Wh?rmttle tised by fornel p rgpshasi PND

t ensi oni AGosabif atshtb&t ARQE. 0ach, the web having the above-mentioned nelt
weakened regions can be incrementally stretched to at a relatlvely hi gh
depth of engal¥brebf fisbery secqpd @premepiaf sFetfhyet @ASTHBH o IS ptiEg oo eve

t he desi rgdler@petheifi@anentilhcliipZeh itk PEadne 6@f ho entidd tika CDhe X ¢beR Sl Pin|cértalh. | n

anot her enbodi.ment, . ap ext ensi bl ure onwaven web ¢

e o Ereny P etenBe SR et SR e e AGR RE EThhEe: gl e >
sllttlndeqwn&mpﬁnmmmn@mmpghﬁmma@Mmgdmmt@ patterned rolls, hydroentangllng
or Nydr 0apert tid, BrinHfgnl) efABRYdo il nSHRL A mt i) e g&m W Eona

material to at east e I ncr nenta stretc escri be bove
and thenemp?hlwmgurwemww eb wﬁau%a@h@wedmlrsgetﬁmwtepomﬁ%@fm follqgedlb wi dt h

(i.e., CRRRelpdaiR Jnl@qwmmm dﬁﬁ@fslaeﬁdacﬁbﬂay%b InBvidding abERBRStiondd it
reqU|S|te extensiblilit I, mpar rted to_an apertuyred non ven web to
make it ¥eHPghiE R CEh lmfeéneﬂ%‘m%?}@ﬁ fReb? relafirely Mg oRhwt Fgeeapent XX #ieos

ext ensi omu@mtbﬁmms’t@plgﬁmcma&die ﬂguedlopenaalibaﬂiole@fzélaﬁpb(\t&u@,l‘aﬁli:(el}s&teﬁnﬁﬂilhtyf orm ng
a hi ghl y-ext woven t he .present nt i e honwoven web
Neakeni g ar Panosh eRPURICR BB R et RS REA b el SO
cyli ndernonmybeucb hyfotltehlelpwmnet}ms, iich bxchydlittigg ang) stestcbring penfredisg Wﬂ@attémd mdswoven
mat €1 | al b e QLR AR BEMIBE b bt Gecthb! ASORNEm ERARAUNGR ovaNEhid: 0 1N

cyl i nder I's subjecte I'trasoni'c Vibrational energy whereupon
pr edet ercnap ﬁ@@mﬁrﬁglts@qtq@ng Ser ey ¢sprabedfabqvp@nd then applying tension in the machine direction to

reduce the web width (i.e., consolidate the web) as described above. In this manner, the requisite

extensiblility can be imparted to an apertured nonwoven web to make it a highy extensible nonwoven web,
the web having at least 70% extension at about 10 g/cm loading. In an alternative process for
forming a highly-extensible nonwoven web of the present invention, the nonwoven web weakening
arrangement can comprise an ultrasonic transducer and an anvil cylinder instead of thermal point bonding
protuberances. As the nonwoven material is forwarded between the ultrasonic transducer and the anvil
cylinder it is subjected to ultrasonic vibrational energy whereupon predetermined pattern locations of the

nonwoven web are weakened and melt-stabilized. A suitable transducer is described in the aforementioned
14



nonwoven web are weakened and nelt-stabilized. A suitable transducer is
described in the aforenentioned 14 WO 03/008688 PCT/ US02/23146 U.S.

5, 628, 09 wWpaBmeetess As di scl osed above, in this process, afPer/ysaysiing
through the first increnmental stretching systemthe nonwoven web is passed
t hrough an additional, second increnental stretching system that produces
the apertured nonwovens having the requisite extensibility characteristics
of the claimed invention. EXAMPLES Table 1 |ists nmechanical properties of

sever al UCSH\S,@.’)@W \ﬁ@c@h?t Ws%@l%&@qbgy, ih t&ﬁs ﬂxgc}e%p&tef){)asglﬁgethrcﬁ%{‘egﬁ E}IS% M}éfxﬁeﬁ{aLOn As

shown, certalin precursor nonwoven materials are not suita or suc
processi pfichingriysiens Hgmprsoves; veeh fisgawef frquah gw additioel seordsingipents! waiehitgesyyrmbcessed
into hi ghbtypreXtes Mg peuraD@htove@thavind MVOIRIEE lcBsiSIty \Mhhral8stiR e the HAMBE
illustrative of possible structures, and are not neant to be limting to
any part{"¢Uf'4t material or structure. All the sanples shown in Table 1 were
processed as described bel ow. For sanmples 1, 2, 3, 5 and 6 web weakeni ng
was achi eved ?¥¢M£3593| bondi ng of rollstock precursor nonwovens using web
weakening rollTer arrangenent 108 in a continusous process. For sanple 4
web weakeni ngTahdesl a%m@g@@amrmea@m sevefal yonwoyen heghrdsrheestd bio fhe imiaodoefelaur sor
NONWOV €N predeflinvelien.S ATMoRS, el pid&iFs6r dolfvEPhdtdiaRARAGH suithtde o 53 p &S‘sﬁa‘g

t hrough the web weakening roller arrangenent 108 was about 250" feet “per

mi nute (3Kotirls disgdesed dn 3@?@ Expplst evich [5ip be Reocqstef gnte highdy-axsnsipdst anstiired der ed

criti cal ndn@odefiarcidbdrt AEmOb b MestBBE BOMdssibl@udiads! 6 RRGot rhsdht @I WARitAE to

pressure, ifg. n”g.pre&gg&e, was about 700 psig (4823 kPa) for all the

sanpl es, “BEFPRETHFRLETE % an be varied as desired as |ong as sufficient

mel t stabil i zal thesnipls shotm @vigldle 1 erapro@peaibd desogbed bgdovp rkessittples!, 2y %5 and 6

consi der ' ' [ bei n ocessed, and

Ul T bl 6 ar i VA B0y AERAThL GRkb AR SBhy IS LS R SEREREE

wi t hout TeHergEanesepset i0fdrn eeptingrous Arprsssp Bertsemlretivebateasvaing wisablierrd uldagonigally

conf i gur gfiawishdats RAtHe FBurfdr @hERNRYehs. 1AH thayhila nv@ee/mazmg BEndBD e Qe RedCh) Of

0. 060 |nghes %1.52 nm, a_ protuberance width, WP, of 0.010 inches (0.25

), andTEeug B ibevetkiome rellegtineement 10 wasiabes 25 Qyfeqt gt nigute &bout (7 mstars e )

( Sanpl esmiugbut2he Giie PecliSP nbt@hSrel Zrifhl BTHhe DA 65 thd néhod. TALS piitbmddne

ext ensi bl ertured. nonwoven web wn. i el ow (except for

i1t asontEARRGEBERTS 4 SRR e G I Pin s B P B IO B e e

phernalIymeWMeﬁwHaywhakegmamﬁdgnmde$QEQMQMSmhewﬁiL@@g&aﬁm&ﬁpmﬁﬂnmam

| ner ementoaliich AkGRiRE REAGRSSAR: ARAERE R ARAY Gl Ml RIAIENAR de0 FI G
y & er pitch was O.

1. For these sanples the increnental strétching ro 60"
(1. 52 mijbiliipiefopeskilled dn bpad oyithgat uwdgspraigmtitispolhe merest alendapisfler H hwase) .

Dept h of coaigRg e Rhitetn' d¥kents 190 8avial ir&H spasineSROWR phd) BEHDRViRhtsNE 52 LEFUI Site
extensibilit mnt?oQ% dﬁﬁtrq |nq t he web. Sanple 4 wa%Fprocessed_u5|ng
mating f li’f&‘ilb%rlﬁt“é B > ght-810 fsfes ey Bt pRAZ PrtYoriaRce fngly [P Pt sithes 0-10icHess | i | ar
pi t ches, (2BOhm) Gsmsésavand 2)Sa0pd0aschesdl. inth)l(Sympiese6y. i bed in the Table as "50/ 50
PE/ PP bi co SB.Lurgi rocess” re, spunbond bs co i Si 50%
polyethylenethgg%h?Ed%§%%§§B¥%%§ g%gmggrgﬁﬁﬁﬁgﬁbghgﬁlefiEg? Qﬁﬁ?fﬁﬁ a
fiber d@mﬁsmcaﬁw‘t@ndedb@}mle 8, Biter Tvepattrowioaterarapigr dhaibbabllebdnddriBik, was

Si npso nvﬁrj)éeﬁed b§gne firdPhhd sé&_@ﬂh iﬁ&&neﬂ@lqgeté_ﬂngf)rlogessigg ﬁ'&g@{l‘tﬁg‘ h%%%%%}ﬂ[%i&%ﬁ@t% ’F(Ij@; known

in the art. Peak el ongations are typica ower o measur e y
1. For these samples the incremental stretching roller pitch was 0.060” (1.52 mm) and the line speed was

250 fpm (about 75 meters per minute). Depth of engagement (“DOE”) was varied as shown to achieve the
requisite extensibility without destroying the web. Sample 4 was processed using mating flat plate variants
of incremental stretching rollers, with similar pitches, DOE, as shown.

Samples 1a and 1b, described in the Table as “50/50 PE/PP bico SB Lurgi process”, are spunbond
webs comprising 50% polyethylene sheath/50% polypropylene core bicomponent fibers having a fiber
denier from about 3-5. The nonwovens are available from BBA, Simpsonville, SC, USA, and are made via

a standard Lurgi process, as known in the art. Peak elongations are typically lower than 150% measured by

15



15 WO 03/008688 PCT/ US02/ 23146 standard tensile testing nmethods (e.g.,
Instron, MIS, etc.) with a one inch sanple wdth, one inch gage |ength, 10
i nches/ mwotog/oessesshead speed, and a sl ack prel oad of onePgrarsn2/Sampl es 2a
and 2b described in the Table as "50/50 PE/ PP bico SB Sl ot-draw Process”
are spunbond webs conprising 50% pol yet hyl ene sheat h/ 50% pol ypr opyl ene
core biconponent fibers having a fiber denier fromabout 4-6. These
precursor nonwovens are available from BBA, Sinpsonville, SC USA and are
made vi ast@ndﬁ%neieqssmgrﬁefeﬁoag(e@r GRRSS MR, t@}/@lﬂ{ ghil ,-&leﬁeéa p1f '“gctab agsg densile
el ongation. Peak elongations are typical reater t meastr ed by
standardef‘@hé?%“@"’%”é@‘ft?W@SWW#&san(‘éSIQ?kPrelo fP’ES’rﬁfam MTS, etc ) vmth a one

inch sanple V\/Bedﬁph'és 20881 zmcdascg&@an Iﬂengmb as ‘15!@/50 PEOSHidH $BIERt-G&iWPRbEadsSPeed,
and a sla | oad ,of g,rtg]frﬁnf rsor vvegs are believed to be

made acc °F| W‘%’BCOSWBS“& ‘W?jle‘l%“ﬁ fcampagent Bbegshwving a
5470639, fitwndéner foBDHéd L. ﬁ&ﬁpieaﬁsoﬁﬁmamdns&h: anilhidle b BBHﬁSiﬁlpddﬁ\ﬂﬂﬁgSG lusA, same
slot dra Hoyeysr is_h eve r in the
sl ot dr a%dﬁagg 1%%? gireﬁgt er sé{(?t d"rawmétpmCBSS ?OB%X? ﬁgu‘(eﬁ%gﬁ’a&y eél%?eﬁl?l% eloP e 7 HBeak

el ongat i @ergesfons #1¢ s/plparllecgmatsmhamm%meaﬁurvda@ dtao@aeir tenSSarpﬁrhresnedadsa(nd Balsimwer e
made Wi t ek e )l RS o3 ethe e WidR 'ondREVRYERSH, tDRcHe 0/ 20%
PE/ PP bi co spu)nbond P En% owerIl ay\e\ér%gwaglzgtha OES%I(E}mlt%%BESh%@?:pSQdQEn&%bond
Both of t#kgE! Oadp?féﬁiﬁf%rm‘ﬁ?ﬁvﬁﬁvé‘ﬁeve%éfeé“e%@éo bzl apoRiding[toene g B pitscess
descri beﬁkn@bﬁgﬂﬂs ﬁdi‘dﬂtseSQmZQD tsaehesd) aﬁlﬁcﬂ|§397@i30 "!ﬁxﬂﬁlbs@a%n@ib RO b0 rhadl udddne325%

respectivel froma spunbond nonwoven nade
with a piﬂ”y%‘? dbag‘ﬁ é‘f‘f&ss g?)%ﬁ"?ﬁ\talrs Behe‘ﬁji%?tnﬁ ANBTBigns “(5%‘? PRy B PEATEEA Sider t he
nanme Sof bysimdZioDmexiaitioe, tied DepeBi2iqnesikn ﬁiﬂ@smg@tms@ RofovehHASbowdthe 50/ 50% PE/ PP
s o O SRERS AP S RPRO At ML w33l SP R0, HRILIR TR £5 83 800 O
was simlar Ehem s try t recur B that was used &t 6 Y ake 'sanpl es
| a and | WZOWE%@C%PW@G%@@ ﬂlebly\”@m(elsws a§0/l5@% REFE Hiroghenbor@D Byéhad( these

el ongat i fhbursdnibvaRSFerChlaRERg O Atk ORotR AR A6k at 0o MER L ED p@e[kocessed

into an extensibl e apertured topsheet with the added variation of "using
| onger bYhE29atof Bhort IPQMGeR % Earsriel-engt h = 3.81 nm). W thout being bound by
t heor Y, it ISSJ&@le!; e\edst hat mﬂd@&‘ﬁmﬁ@ﬂﬁbdnﬂ AgHwByeh Snaldith algdBpropylidit topbl@ter.

effecti webs of the . presen ent nfo as, t t n r bent
gar rrenlt \s{ﬁ“ V§(f"?.)n pliaped B@Ig%ﬁt"‘i”ﬁ%er f)ﬁa}nlie P%Spaé’lzg(gs ﬁ% ngoe‘?’?g&&é‘ga&ﬁ%ﬁg@g i ze,

and hol e as petlte 5p/a0% BE/&P &ico HBliLugt proxs sphboné Gatiyse hustl fre s@kiod satples Gaelisebf or  use
as tops h\gﬁts&llaﬂn ﬁQ&B&P@% Lo %§ thatleas t?s@t{t.to'nﬁk& s esI 1ta ahc? 11:1d bix 'Wgsgpgocgs?e%t h0| €

size and open area are sufficient fFEermt VISC us bod
t hr ough.® spep to hayy HighercED prak alsnga‘FPne cclighpn(D pegk slhregation epatbleé Hhésuetd tqaheso be

effecti Vﬁoo@s%ecﬁnt@@ﬁ theﬁﬁblé)ﬁ;e%ﬁnoﬁsﬁbet Mﬁ@ﬁe%ﬁdﬁ vapition o@%gﬁ&%er%@xﬁ%ﬁ@?ﬂ&ngfﬁor e of

t he garr@ Thus ? esent i nvention as a topsheet
exhi bi t ?Pdé@é@m%%l%@baw ’élﬁ&fé’em b%”a? Y B5oBhit ISdDﬁBWe%l%téhls B deneh Faeuds  hol o
aspect riahit for bfiictiveS@bASS the pro@ahiaehtion TorausdisSpaEablie sarbsat bamtntadd whe. The
open area, lugolle Sé zZe, and hol e aspect ratio are are neasured using an
optical m e cope equi pped with a digital canera and an inmage anal ysis
system The nTlerpaespdok sizg aidiobaspBatig tre indiogionyd the (1%iliss of the webs Newse Yor k,
NY) W E Moo in GRBAER 3o fenépar@uﬂpﬁlstdasre@ﬁarhw@&é?uﬁc enl da e Xuthi@ln05. L he

magni fi catl on needs to~ e nmagni tion is [ ow enough
to get aterpiEsspus kgillab'gsfettg' passthiopghy Rlawever, to function as an effectlve topsheet, it should also be

effective as a barrier between the wearer’s skin and the absorbent core of the garment. Thus, the webs of the

present invention for use as a topsheet exhibit an acceptable balance of sufficient open area, hole size and
hole aspect ratio for use as a topsheet in a disposable absorbent article.

The open area, hole size, and hole aspect ratio are are measured using an optical microscope
equipped with a digital camera and an image analysis system. The microscope is a Zeiss SV8 stereoscope
(Zeiss Inc., New York, NY) with a 0.5x condenser lens. Since the apertures are fairly large, the
magnification needs to be low. Typically, the magnification is low enough to get at least 15 apertures in the

16



16 WO 03/008688 PCT/ US02/ 23146 field of view For sanples with smaller
apertures, there could even be as nmany as 50 apertures in the field of
view. Theweanpbssss s illum nated fromthe sides and bottompPCThiSor/eHge i S
captured by a Sony DKC-ST5 digital canmera (Sony Corp., Japan) and the inage
anal ysis is done using Image-Pro Plus software (version 4.1.0.2 from Medi a
Cybernetics. The threshold for aperture size is set at 0.4 m2. Wen

nmeasuri ng hole size and hole aspect ratio, all partial holes, i.e. holes
that ar eﬁaalt,ywa@rﬁo} Ghbi¥s m s;nblfar F AR &lere @Juﬁreee%tbe amﬁg al %ﬁ@m&'@é% Hogsh On
t he other hand, these part have to be included for open area

neasurenﬁﬁ%@’T?h%mWﬁﬂd @dﬁmﬁ@@§6¥@WéP@mglves average hol e size and hol e
aspect ratio. TRoREd HeHurddS o HBHOKAAL Vst cﬁﬁa‘rg Mﬁﬁcdﬁly Taphny kndiRe SHXEY

hol es in areas where the NWo asi s, wej and/ or i f
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reasur e tiare o) Sl iRAREHEERATR Qi CoPhe SRR b K 185

met hodol baye @5196 nﬁbﬂedtfﬂepqnesﬁa Integursmmm Thﬂhlﬁ@lfﬂrel’llls SOftWée sizgsplaage ileltids agdas one
inch (2. pde 6Pt ragagsodlegﬁgst hle\masge fﬁﬁ @&’%& n(1a§ p&lﬁ 1 Ehnall GhaS headyRperd was

two inches per mnute (5. mmn), hé ‘sl ack preload was zero gram
It is neBWYSHPasisgeigstis IPWénfg?ra%tke gdaBSStﬂan setimsl Hheserhsles ered forhe exehded ur ed

webs, si ﬂ&ﬁa1améaaﬁ1g@tspathéyv@mdtsigﬁﬁ@xﬂﬁ&wrmeadeﬂgaﬂagsae ext ensi bl e webs occurs
at Iom/force i s cl

T se to b nce the .
e omental 1 y TEO R St gt et RUGHDT R Ty 4578 EHOTor
m | dly CHITSqapneat xsingpta;daridttensle tesuethddalagiest GFormie ksl ghotwnde Tabtehl, gRgempleengt h
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18 As shown in Table 1 above, highly extensible apertured nonwoven webs can

be B oduced b, bl HEAP Shvo kARSI NBICl DRG0k RLONARE bSOl wlle

precursor web 1s an |rrpor ant cessin W t
t he mel tmethodistisclosed derpie gt maktfl@rlg?@ma?f ﬂilerpgmdf@ca VEd ar HPROFtE: PragesyiRg) limitatiani | e

parti culﬁ&&ﬂm@ﬂmmﬁmo;mbm@dr%%%gahm,b%ﬂzntmnp@wa%wla@en illustrated and
described, it__would Wg)av ous ttg?,t hose, skilled jn t{]}e art that various

ot her conbi nal'tth Ba%‘ar fiFs f Bh ereEah Rty begr dnged dadb areitad % r om
the sc op@ounxf betoli@ous yiBest bkilled inl the drSthit Reoed difee conbin@idtkefld hiddil@YUATs canbe tnlade

appended %101%' Jg;?artmg from the scope of the invention. It is therefore intended to cover in the appended claims

all such combinations and modifications that are within the scope of this invention.
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all such conbinations and nodifications that are within the scope of this
invention. WD 03/008688. PCT/US02/ 23146 What is clained is: 1. A nonwoven
web conprweimmosaspl ural ity of apertures each havi ng a hol @C3iusez/gaieat er
than 2 mmez, and a hole aspect ratio |l ess than 6, said nonwoven web havi ng
an open area greater than 15% and being capable of at |east 70% extension
in the cross nmachine direction at a |l oading of 10 g/cm 2. A nonwoven web
conprising a plurality of apertures formed by application of a tensioning
force, said apertures coincident with a plurality of weakened,
melt-stabilized | ocations, said apertures having a circunferential edge, a
porti on Whatdedlaimediis cunf er ent i aI edge being defined by a remant of said

mel t - st api | i ZRGohRR @ BREm R Y%@mi{‘@t% &a Iqqfaf e ﬁ&%ﬁﬁ@n‘m’i‘ t he
cross machine direction opfrﬁlg% ea%? % at 21 | oa “ng SIZ ?x% g The

nonwoven web #FYESPHiRREt e EWhaé‘f6 ifropy e b g ving %PPF%‘ arfws@i“%f ﬂf‘fméé%dnd
nonwoven web b capablb st ISastv@biHRtenshva inveediosd Machin€ldi®Qiod S lodame beraklyy bet ween
40 and 50 gsm 4. The nonwoven web according to any of the preceding

cl aims, wherein said nonwoven web is a web selected fromthe group

consi stihg of Aackondedb canpdieds npiality of ipbrers foraedbyhpdkatop ufdiemtbadg fordeer s, a

web of el thbl &Y&rlap_%_ ST §mcuﬁgtdw1ﬁ1 Jrgllnrafltjy %Y§Eakg@& %eﬁt%l!abdx%ﬁ ll(#%ogg sgg 51%6 §t one

of said webs. € nonwoven according t recedi ng ¢l ai ns,
wherein sai d Foieevennisyial @gﬁap?r@@sﬁé?&w@ﬁnfﬁe@w%%m éeﬁa@émab?@mn’faﬁtl cle.

6. A nethod f@afd AEkKiBE-R lbc!aﬂchlls YSaﬁ)ﬁ{omrblw@o ARSI b &EnBQNMIONE BrolERichine

conpri si ng th step nonwoven web having a |l ength
measured in a %’égﬁﬂ&e’/‘b ?%gfq‘rst wi dth neasured in a cross

machi ne direction; b) weakenl ng sal d nonwoven web at a pI urality of

| ocatio to xl:heenaotvc;ovgﬂgelbura pea st abi,l i zed | ocati ons;

appl yi n3§ a first tensi accordfn 5rc%nyt 0 sgreﬁﬂ%m%ﬁ%l\s/’evﬁm Bt 5oLy, %‘ewegﬁ?scf
nonwoven web bagis Wpigipbqn‘mn laﬁtanéa(i gmppreferally beyweerdf 40medi0pyed, nel t-stabilized
| ocations creating a plurality of apertures in said nonwoven web
coincident with said plurality of weakened, nelt-stabilized |ocations,
said firkt teRSHEwONG wbrecadiaaigsmmy hearerdie Anmsafcrie Bid pnrere web iserdnd

wi dth; d) i ncgerpmta thy/zsib le@tsﬁtmgraga 5oRlidd cABAWRY BTME R Web of Plﬁr%ﬂdyd ¥k and
portions of said irection substantial arallel to

said cross ma¥ |°ﬁ£18g’¥m?”8§?eirsoﬁl taénug‘lat"'ﬂl“iaﬁr‘%md?‘ﬂnﬁﬁﬁf“ I‘§°fﬁ‘}dé§{’ r than the

second width; e) applying tension to said nonwoven web in the machi ne

direction such.t i ven web. . has wi.dth |l ess than sadthlrd
Giaen 55 v o Bk BBV ANRNED AER o B bl SR BB S BT
sai d nonwov entopsbist earvispisapiesbsprbertiagislei ¢ nonwoven web or a nonel astic
nonwoven web.

6. A method for making a highly extensible apertured nonwoven web comprising the steps of:

a) providing a nonwoven web having a length measured in a machine direction and a first width
measured in a cross machine direction;

b)  weakening said nonwoven web at a plurality of locations to create a plurality of weakened,
melt-stabilized locations;

c) applying a first tensioning force to said nonwoven web to cause said nonwoven web to
rupture at said plurality of weakened, melt-stabilized locations creating a plurality of
apertures in said nonwoven web coincident with said plurality of weakened, melt-stabilized
locations, said first tensioning force causing said nonwoven web to have a second width;

d) incrementally stretching said nonwoven web to locally extend portions of said nonwoven web
in a direction substantially parallel to said cross machine direction to a third width that is
greater than the second width;

e) applying tension to said nonwoven web in the machine direction such that said nowoven web

has a width less than said third width.
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8. A nethod for making a highly extensible apertured nonwoven web
conprising the steps of: a) providing an apertured nonwoven web having a

| engt h nesiowsmoBeB®h a machi ne direction and a first w dt hpegasor/zd4é n a
cross machine direction; b) increnentally stretching said nonwoven web to
| ocal |y extend portions of said nonwoven web in a direction substantially
parallel to said cross machine direction to a second width that is greate
than the first width; c) applying tension to said nonwoven web in the
machi ne direction such that said nowoven web has a width |ess than said
second wdth. 9. The nethod of claim8 wherein said nonwoven web is a
conposi te mat Bieiredthod ofpleimsG Weprein paidcranpeven GEb £ITERERSS 2 AESUIE FEVOY BT 8t her
mat eri al s sel gghi86. fnRsd &, group consi sting of wood pul p, staple fibers,
particul ates and superabsorbent materials. 10. The nethod according to any
of the preceding clains, wherein said nonwoven web is a web having a peak
CD ext engi bi IAEnyth&ffoﬁhaldngaﬁgmﬂ&&%lble@ekummmgvos&lv&btcﬁqbriéimglha steheofgr oup

consi sting of |ber fdoers,
web of nmel th%mprPYlg%anape%mﬁgmn ‘fefl bahag?g arreﬁmenrlea% ed%arﬁﬁﬁgng at% gfieast one
of said webs. llﬁrsfﬁhéhmmsxh@tjnaugasnmhmgdlr@h@ny of the preceding clains,
wherein sai d §ecudbERFARII hGRFAURER lockl] ShoRABMEBNCR Byl QoeH bi t

extension in tthe cross nhac irection of l east 70% at | Og/cm
| oadi ng. 21 in a direction substantially parallel to said cross machme direction to a second width that is

greater than the first width;
¢) applying tension to said nonwoven web in the machine direction such that said nowoven web

has a width less than said second width.

9. The method of claim 8 wherein said nonwoven web is a composite material comprising a mixture
of fibers and one or more other materials selected from the group consisting of wood pulp, staple

fibers, particulates and superabsorbent materials.

10. The method according to any of the preceding claims, wherein said nonwoven web is a web having
a peak CD extensibility of at least 150%, and being selected from the group consisting of a bonded
carded web of fibers, a web of spunbonded fibers, a web of meltblown fibers, and a multilayer

material including at least one of said webs.
11, The method according to any of the preceding claims, wherein said second tensioning step causes

said nonwoven web to exhibit extension in the cross machine direction of at least 70% at 10g/cm

loading.
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