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(57) Abstract: An extensible aperlured nonwoven web, and a method for making such an apertured nonwoven web, Tn one embodi-

ment the method comprises the steps of providing an apertured nonwoven web, incrementally stretching it in a direction substantially

GO parallel to the cross machine direction, and applying tension in the machine direction such that the web width after applying tension is

@D less than the web width after increrental stretching. Tn another embodiment the method comprises the steps of providing a nonwoven

web; weakening the nonwoven web at a plurality of locations to create a plurality of weakened, meli-stabilized locations; applying a

first tensioning force to the nonwoven web to cause the nonwoven web to rupture at the plurality of weakened, melt-stabilized loca-

' tions creating a plurality of apertures in the nonwoven web coincident with the weakened, melt-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

o produced has a plurality of apertures each having a hole size greater than 2 mm2, 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 gfem. )
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-~ HI GH ELONGATI ON APERTURED NONWOVEN VB and METHOD FOR MAKI NG FI ELD OF

| NVENTI ON The present invention relates to highly-extensible apertured
nonwoven webs and a nethod of naking the sane. Apert ured9denwary00ebs are
particularly well suited for use in disposable absorbent articles such as
di apers, incontinence briefs, training pants, fem nine hygi ene garnents,
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spunbondi ng processes nmay be manufactured into products and conponents of
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functlon U%ﬁﬁcﬁéfgﬁﬁfﬁﬁﬁQﬁW@ﬂ1@W§€Warged materi al s and to i sol ate these
materials Fr¥ L6 s Q&ﬂ%mQLwhﬂﬁm d?%ﬁr and fromthe wearer's garnents and
bed clothuagw@ ;ﬁ@@ﬁﬁbﬁ@w ekhatd articles having many different basic
designs are known to the art. A typical absorbent article includes a
l'iquid pervious topsheet, a liquid inpervious backsheet joined to the
topsheet, and an absorbent core positioned between the topsheet and the
backsheet. Nonwoven webs are often used as the topsheet because they are
i quid pervious and provide a skin friendly surface. However, in certain
uses nonwoven webs do not function all that well as a topsheet as body
exudat es sonetines hang-up or get caught in the nonwoven web and thus
becone trapped agai nst the wearer's skin. One solution to the
af orenenti oned problemis to provide apertures in the nonwoven web so that
body exudates may readily penetrate through the nonwoven web and into the
underlyi ng 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
di sposabl e absorbent article. One econom cal nmethod of form ng apertures in
a nonwoven to solve the above-nentioned problens taught in U S. 5,628,097,
entitled Method For Selectively Aperturing a Nonwoven Wb, which issued
May 13, 1997 to Curro et al.; and, 5,916,661, entitled Sel ectively
Apertured Nonwoven Web, which issued June 29, 1999 to Curro at 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
t opsheets in disposable 1 19 January 2006 WO 03/ 008688 PCT/ US02/ 23146
absorbent garnents, including disposable diapers. The apertures forned by
the processes described are effective for managenent of higher viscosity
body wastes, for exanple. Apertured nonwoven webs can be nmade by several
ot her processes as well, for exanple by i) slitting and stretching as
described in U S. 5,714,107, entitled Perforated Nonwoven Fabrics; ii)
perforating




" the webs exhi

with patterned rolls as in European Patent No. EP-A-0 955 159, entitled
Met hod for Form ng Apertured Lam nate Web; iii) hydroentangling or
hydroaperturing as described in U'S. 5,414, 914, entitl ed9%anewy206mr
Produci ng Apertured Nonwoven Fabric; and iv) hot needling as described in
US 4,469,734, entitled Mcrofibre Wb Products. The open area and hol e
Size are woo3sgEdrtant properties of apertured webs PCBUSGE84Es a t opsheet
in a disposabl e absorbent article. In order to effectively accept viscous
body exudates, the open area of each aperture needs to be greater than 1
m2, preferably greater than 2 nm® and nost preferably greater than 3 m2.
Al so, the total open area of the entire topsheet is preferably at |east
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issued June 29, 1999 to Cumo et al,, both of which ate hereby incorporated herein by reference. The
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punch holes in it via processes |ike hot needling. These webs are
unsui tabl e for diaper application as they are not soft. This is because of
the thick nelt edges that are |eft behind where the apert g9 gmuare00gr med.
Accordingly, it would be desirable to have an apertured nonwoven web t hat
has hole size greater than 2 mm2, total open area greater than 15% and
hol e aspewDos@sisd | ess man 6 and that can, in additiPCEUSERHODIt Cross-
direction extensibility greater than about 50% at about | Og/cmtensile
force. Additionally, it would be desirable to have an apertured nonwoven
web suitable for use as a topsheet in a disposable diaper, that can
exhibit cross-direction extensibility greater than about 70% at | Og/cm
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nonwovenvéeb has a wdth |ess than said third w dth. 3 19 January 2006
Accordi ng tocﬁremwﬁ:éanamemypﬁhym&aessanmmtsmrammemmmsepegm'l.ded a met hod

for maki n mmgove]%/ ,[%ét easgabl e r rdt0 3mn&9¥1\]9\é§e% bha%aﬁt%ﬁ' sing the steps

of a) pr&dlng an en web measured in a
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machlne irection to Is greater t ant eflrst wi dt h;
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grams per linear centimeter applied to each apposing edge being grasped to put the web in tensils 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 strefching approach can potentjally be made extensible by consolidating the slit




wi dt h. Al so disclosed is an extensi bl e apertured nonwoven web, and a net hod
for maki ng such an apertured nonwoven web. Also disclosed is a nethod
conprising the steps of providing an apertured nonwoven W&danuarng¢®nental |y
stretching it in a direction substantially parallel to the cross nmachine
direction, and applying tension in the nmachine direction such that the web
width after applying tension is less than the web wdth after increnental
stretching. Also disclosed is a nethod conprising the steps of providing a
nonwoven web; weakening the nonwoven web at a plurality of locations to
Creat eywab, pd. Wkcthing Y irOthe MRS MRGkion fBthike R thadRitd 4 7@ 8wer WQiodh icRABSHacHRiitiog a
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invention Bycddies, HR6INOBE deSraid 6 Bavd i SeRB@honwlRe ¥ HRNGS ieiza pesttriae d
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si ze greeit er aspect _rat ess’ than 6, the nonwoven
web  hatiertign siienghilisy e thanabent 5% at alhout {0 ‘"’f‘st@}bs%ﬁf?,fc"oel ng capabl e of at |east 70%
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Wil e the specification concludes with clains particularly pointing out and
distin fCFy claimng the subject matter which is regarded as formng the
present i nVethe, §rwould be desirdhls|tg ayeah ¢ohnpmicelivecttiop fug mrakingan gp¢rurel @onvgeantwsp

under sihaea ckHitackdirediol LRWINGy SQEEHinRbuOTMI L tgRmitdsik 8sRN | N conj uncti on
with the acconmpanying drawi ngs in which |ike designations are used to
designate substantially identi cal el errents and in which. FIG 1 is a
schematic representation ofSUYBMAR: INVENMIA@RS for nmaki ng a nonwoven web
of the pr asemfingitdW@klaipef of t Iﬁeemsz tﬁerﬁﬂpﬁﬂﬂeﬁﬁ@ﬁdvoﬁﬁ%@&ﬁiphﬁi@ aiphirdlitor at i on
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phot ogtiraqibn 0f leadimpofitdy/em web of the present invention after the nonwoven
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Accordmg to a thu' aspect of the invention, there is provided a method for making 2 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; ¢) applying tension to said nonwoven web in the machine direction such that said nonwoven web has 2
" width less than said third width. |




DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term "nonwoven
web" is used in its normal sense, and specifically refers to a web that
has a structure of individual fibers or threads which ard9Jamearya0@ but
not in any regular, repeating nanner hbnmoven webs can be fornmed by a
vari ety .Of Alég]o? in tgal; Purﬁ'lsgegt ofa mv 0 ere IS mv1 glglmeﬂmdg?l L0219 a\m Qlﬁ E%ensu £SSES,
spunbondi ng processes a bonde car processes. web,
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rel axed unbi ased Iength) and which, will recover at Ieast 55 percent of

its elongation upon release of the stretching, elongation force. A

hypot heti cal -exanple would be a one (1.0) cmsanple of a material which is

el ongatable to at least 1.60cm and which, upon being elongated to 1.60cm

and released, will recover to a length of not nore than 1.27cm Many

el astic materials maybe el ongated by nore than 60 percent (i.e., much nore

than 160 percent of their relaxed |l ength), for exanple, elongated 100

percent or nore, and many of these materials will recover to substantially

their initial relaxed length, for exanple, to wthin 105 percent of their

initial relaxed | ength, upon release of the stretch force. As used herein,

the term "nonel astic" refers to any material which does not fall within the

definition of "elastic" above. As used herein, the term "extensible"
refers to any material which, upon application of a biasing force, is

el ongat abl e, at |east about 50% w t hout offering a significant resistance
force (less than 10 g/cn) or :
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experiencing catastrophic failure. Catastrophic failure includes
substantial tearing, fracturing, rupturing, or other failure in tension
such that, if tested in a standard tensile tester, the fd9Jameary@0a result
in a sudden significant reduction in neasured tensile force. As used
herein, the term"highly extensible" refers to any material which, upon
appl i cat i @b osdosas bi asi ng force, is elongatable, at Irezasnakeat 70% nore
preferably at |east about 100% and even nore preferably about 120%

wi t hout without offering a significant resistance force (less than 10
g/cm or experi encing catastrophic failure. As used herein, the term"nelt
stabilized" refers to portions of a nonmnven web whi ch have been subjected
to | ocalized heating aRRIEFIDESCRIBTION ) AWINGSt 0 substantially consolidate
L he fi ber S] of witab@e spéaaamwaaudem@cmlgmah@pamng butlﬁﬂ dlgdn&ﬂmﬂhdnﬁgﬂhf orm As usegt
erein, u $s..ot her w eci cQ i n en es are weig
per cent ag§J§c TRET ey a‘(rad‘radeasg t{w %"an‘%"“n%%’sg%ﬁ“’ dﬂ% |c‘i egion w’ﬁl?eers to devices
whi ch abb@ﬁfb’ﬂfaﬁepd@efnfbalfﬂwe@diysmpé%mh eéa,kenamPpJWemb&eeqcmeaM y, refers to
devi ges g@&@hmammlda@eﬁona@akda&tdes@ﬁamisﬂst@ﬁaﬂthmmﬂe&mtéh?nmay ofb Ij he Wﬁar er
to absorb an t e v exudat es schar ge ro e body. The
term"disp osgl:tl)cf?'r‘1 a%h&a&cwepcfseﬁeurme In 1o %"r’efsbgm%%né gngh‘ienaermto%% es which are
not int eﬁ’&é‘tﬂm‘f"'&f“"be | aundered or otherw se restored or 5 19 January 2006 WO
03/ 008688 PCHIGSA2:h2ndrka pt‘r@htﬁ@dllu&iﬁuoﬂlaf kb Gledhennh adinenet e thel pre@ent, t hey are

i ntended;t Qi e discarded after a single use and, preferably, to be

recycl ed, conposted or otherw se disposed of in an envi ronment ally

conpat i bl e & 5 schepuatic jepreenption of a aﬁ%f"bteerﬂmﬁ?”("?eﬁ?fév PB PR abs or bent

arti cl esofihaipedant mresiod; or red of separate parts united together to forma

coordi nated iy, utsxnaagéafmﬁwémfbﬁafogﬂalo@gim&oea%mmgﬁa@&m&aomﬂeul ative parts
like a sedparateb used herein, the term"diaper" refers

I
to an ab88FBENT bﬁsr%feflgfagengétﬁ@*’“éﬁwﬁp %%EPH by infants and incontinent persons
that is worn FEboug 2 pepseeciivowey of aragmarains for firetching a menwover tvelsdidligl nebsefe  under st ood,
however , mtda@t; the pr esent invention is also applicable to other absorbent
articles suc Q nce, bri ncont nts, diaper
hol ders and Iq:lmﬁgr%mﬁ? %uons yg g%%d%r ﬁrﬁnﬁin{aﬂg‘?cg%sﬁ#emo refelqe and t he
i ke. Asmtfs‘@aﬂﬁerel n the term"hole S|ze" refers to the average size of the
open area of r. Shsrhgkrﬂhrgaepﬂintvuﬁv@hotogﬁiﬁaﬁuﬁtﬂﬂbvdnmehlltﬁcSpranﬁltrﬂvléﬂﬂnaft@ror exanpl e,
Squar e Moldol BRI Sea P RAL DSGh Bl JoBLM DBRAN, BLEFank&higles (0 LhE
per cent age o%? eﬁlaﬁp{hﬁ)ta area of el tvhatIl as acf)erat%e As used herein
t he t er nf'¥8f"e aspect ratio" is the ratio of the major axis to the ninor
axi s of a single aperture that is approximately oval shaped. By

"cross-machi ne di rectﬁmEEbﬁEgagpﬁoﬁheﬂﬁ@gM@ﬂ correspondl ng to the
cross-machi ne diyection of Wep du web production, which is

ort hogonal t ¢ tsfieereiprde It?f“h@""t‘ff"?"eﬂeﬂ’l ’6}‘?“&‘“1“}‘? L s 3oy ™57 Bduct i on, the
directi ownebd@trhasest;wwdwfwgwrﬂlel fibéreor khiemie aikich e merlaud, oimobih ezl rgetiet | on, i e.,

the "len @Ifanwg\la@web%&l be'f&‘m&dh@ d’maﬁm &Q{nglnrlﬁ&ésdepﬁuchweor gtion )
Lransvers tbl eesnsac hong.n Irorceesg:s ﬁ'gs Isl éb TOCESSES dll.;h ven be web, is the
cr oss- machi hvgngd’m?%%t POR T as IS8 “@leﬂm%?' T Cal 3%"& swepr oduced on

hi gh spe@t}mﬂwafyem@quWaStdh@%@rhe%B ﬁaeﬁlfﬁlTF@O*ath é’@@llfswebf the conponent
web material 9 earhe:eame&&s"mlceﬁarsqliefcﬁeotsﬁmag@aaﬁﬁe@h&vﬁg@&ﬁe&k& ®@mettr0 @ transverse
centerli ne of th ob ni snhed di aper, as described nore fully herein. It is

caterthana out
this direction In I'nprovenents in diaper

As uged herem, the term "meltblown fibers", refers to fibers formed by extruding 2 molten

thermoplastic material through a plurality of fine, vsually circular, die capillaries as molten threads or
filaments into a high velocity gas (e.g., air) stream which aticnuates the filaments of molien thermoplastic
material to reduce their diameter, which may be to a microfiber diameter. Thereafter, the meliblown fibers

.+ are carried by the high velocity gas stream and are deposited on a collecting surface to form a web of
réndemly dispersed meltblown fibers. '




extensibility are desired. A typical diaper conprises a containnment
assenbly, commonly referred to as a "chassis" conprising a |liquid pervious
t opsheet and a |iquid inpervious backsheet joined to the'@dpsmfz(}og&
absorbent core is positioned between the topsheet and the backsheet. The

di aper preferably further conprises other conponents as known in the art,
such as ewastrosisged si de panels; el asticized | eg cufHcIusnebEsti ci zed

wai st bands; and a fastening system preferably conprising a pair of

securenent nenbers (e.g., tape tabs or mechanical fastener nmenbers) and a
| andi ng menber. A diaper also has two centerlines, a |ongitudinal
centerline and a transverse centerline. The term "longitudinal", as used

her ei n, ref erss ufedhegin] therwem "spuxtiogled Ders"chefereio brab) diaetyr fibbrewidham @med byt he di aper
that is g;ﬁ'ﬁlﬂl%@LnLﬁén ﬂl@Jn&p%@gatéMltabﬂle(nﬁntﬂioma@ﬂﬁW&f R Bdadly ﬂ%[a@-'cépﬁflnesw th) a
vertical plane b| S ‘%h‘ x&%}@ Eear er. i nto F { and1 ri ght hal ves
when t he® S%{’Eilé‘Fth ?"i"fter Be me’f TR 8 R % PAPEPEP® a5 used
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descri beg?gnelgg L3 M%%;IPME’@““%@W 31860, 003 entitled "Contractible Side

Porti ons osa Ich 1ssued to Kennet h B. Buel |l on
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t hrough Qﬂg:ieﬂ wme%&d,ahangtﬂoh@thmmmmﬁ&a&cm&@mmy@p@crngaiee@ of the

apertured t eet ATS ar . hol spect ratio.
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size refers {o, auelage N0 skt B kUSTpb wihBIAAS uRRM e cireular in

shape and reIaPl consi s ize, suc standard devi ati on
of the a?%"?laa‘@eabh‘ﬁl e sizeis very small Non-round, for exanple oval
“shaped, hol essswedihdtnpthetam batedstigtatit-on aly npeil itte dpd Rigplidatrh of 2bgect rati o,

fo, € ab i bout 5 out offe: s res oree(le 1 T
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el lipse, I's not | ar ge. wng@a maj Qr axis Wthin the ranges
di scl ose8PHerag “r‘l‘““@’h’@faﬁmf FH?W"Z“%W" ’ﬂ"lﬁdés Hefgel pae Spotyig RS “pr ef er abl y
| ess- t haptheabibertin Bosioll fuch that) Fehielcd a vadthd teadieested ithe filirovduld eesfitfiree spidesent i nventi on

conpri seg caﬂergﬂéuynﬁé&am%ﬂh&m&p%&wmn,tﬂa%eﬂ\mgﬁ}%xieﬁme s Riaghl y extensibl e
is nmeant that | %erturef noNWov tB) " % p@gsgné ef§a¥1e t| on exhibits
cross- di F’ﬁ%’f‘%“"&’r‘i s ﬁ‘é‘?“B‘i‘T?P‘?‘méf"‘“&“I'aB% Efaé?ﬁ"b TS GIEITETY AL | east about
70%  nor aspabet W0%tFhd/cveptmore|prfastly abeb B0% W@@@%ﬂwetnﬂewﬁmt@mﬁ@@f erably about
120% Byfoy@yes%wé,@@am\eﬁ;g& @Jfgﬂlgced as taught by Gyro et al. in the

_ 2800/;/2'[ neg}):)g,{}ses ﬁ}Leiegﬁfel E)éelg}m -sta%élzed' refers tco rpc?ri?o%s oglanrogvgo%én% %& EaQt%eQII lity of about

subjected to locahzcd heating and/or ]oca.hzed pressure to substantially consolidate the fibers of the
nonwoven web info 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 whick 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
. s




Referring to FIG 1 there is schematically illustrated at 100 a process for
producing a highly extensible apertured nonwoven web suitable for use as a
t opsheet on a di sposabl e absorbent article. According to%Jaugyadent
i nvention, a precursor nonwoven web 102 is supplied as the starting
material. The precursor nonwoven web 102 can be supplied as discrete webs,
e.g., shewbasngasches, etc., of material for batchistg/yseasessi ng. For
comer ci al processing, however, precursor nonwoven web is supplied as rol
stock, and, as such it can be considered as having a finite width and an
infinite length. In this context, the length is neasured in the machine
direction (MD) which is the direction of web travel during processing.
Li kew se rendeded annibgibént drigle (i oty areidtenided td Ha discaried sfer aunglhiserad, pr@lXblydp beect | on. The
nonwoven a?ﬁfe@ A,@Lste&%m tﬁ@osﬁcpgfﬁﬂeﬁ e FrorRRA &&9&&}419&&5& e>gt HM&oN processes,
or
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met hods descr.i he grain t o es erein at
is, a gr B&P=HAERY Wﬁ%‘?{lﬁq‘f““"ﬂ ol ofi I gs‘ﬁoufrag ?:tg'ger&o mer tga[ %od of the

pr esent wwv@ﬂvfshlﬂwﬁvmhﬁtmﬁtPm%%ﬁwﬁvbh“WEBsm@@ﬁ“ﬁé“§6 ﬁ@ﬁ%@@%ed 7 19
“January 2@&@:&6@; a%mwm&mfgﬂﬁkéﬁmﬁ&aﬁw @hetikd ul |y bel ow, a

properties o recursor me proce33| such a web into a web
“of the pF@@@HP“Pﬁﬁéﬁﬁﬁﬁﬁmmpﬁ@ﬁﬁﬁ@FﬁFs to obtaln a hlgh el ongati on
~apertured welisafed hdin (o t@BSoptn areti\eeiat tb € per e gitecal serf nehieben web materi al
should exhibit a peak CD tensile elongation of at |east about 150% nore
preferably about 175% and nost referably about,K 200%. "Pe CD tensile

el ongati on" #ﬁﬁ@FQW?%&?WﬁfﬁﬁdW@E?°f8ﬁﬁ§m%?%%ﬁ%?ﬁﬁmpﬁm£m§1an ard tensile

test, Tessdllagmpe epiendpiogsatatyfovd dagedpr ecur sor webs of the present invention are
‘measur ed usi ng «LASkIAR letion W&aﬁ ! hlﬂsmmomﬁbﬁdﬁg Aind ojm&anchﬂ&iuagonst andar d
tensile te@ g%thodgﬂgﬁles ﬂmqs&‘mgl sa Ie" htesied was one

i nch (2. 485y g ae ﬁ?ﬁ’%g TS e hgs %Tgmﬁgl dsmﬁ%ag speed was two
i nches p@m¢m$m@®émﬂ@5G@E%w#maWﬂmmWﬂﬂ#ﬂMM?f§ﬂaﬁﬂmﬂweﬁﬂ@ﬁkﬂﬁs°6Wb gram As
long as iy, 830 |rdeh§1§dntedﬁ@1. AROME-iABEeisOR the GRILAGALKHEEDS int Bvid” ofgat | on

propertlegvﬁ é%&&&, mmc99¥9¥ gn.web 102 may be a spunbonded web, a
mel t bl owd v ond 8@% web. If the nonwoven, web is a web of

‘mel tbl own fi Gex *gmcah deapwan;pdwcop Hebépeﬁﬁeql@ﬁlewm%ﬂ’e Frefppshipedirection af o nwoven web

- 102 may laéupontraneles @kerifld daRdspohds fod d&g:n@(glaxyﬂmrlﬁra&ljﬁ h taBversd @aterlox oyl e,

pol yol ef ig., Eggn;g'damsedpg&y@!y%wsn il ioP B ARG aitel VPT OPYI ene,

~ pol yet hyl'ene, hyl'ene copol yners, propyl ene copol yners, but ene
copolyneP§m¢mWHm§“H¥eferred enbodi nent, the precursor nonmoven web 102
(prior to procesgisl [digpebyoniphses mhméntodssemume corpyogly agfirred \eent vy, has a basis

vei ght of B ,gshgfgq Duid PervibuImRnoR Ghd aSﬂ,\,g@ Rhckdu @5 {Theddd fle z,&h@tsrnn nor e

preferabl en about ‘30 snl A ﬁﬁé%e?tl erred basi s
wei ght fSVMWWéﬁ%HSW%$%Wh¥W”“gﬁ6P ”*@“be 108 ®and 50 gsm
~Li kewi se gonipisesartint dvmponapiyboldibwnein the art Iweh prelticired gide mmmmwuf&;oz may be a
mul tilay e,xasua;@& Sistoils; adaa\fasmg sym prXeBI Bl Brisin@ b pdir @ SbureDREmInBYAE..0T @
spunbonded @e J a ngge %qyer of a neltblown web, a bonded
carded wE PRy 8@W@§a§ﬁﬁfgﬁpgmﬁa 3" For exanpl.e, the precursor nonwoven
. web 102 may bbm@waWUhsW@&?@hmmeb%hamﬂﬁgﬂ@wemth@W§ﬂ@ﬂﬂ§b psEded -
pol ypro p)ﬁl}l@iﬂlﬁn&l'e@@ﬁd Reaush] roXe}s @ 2 B SkiS oMiBbcBi tin the A B BO&idper 46X 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 womn. The ferms "tansverse” 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).
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to about 60 grans per square nmeter (gsm. The precursor nonwoven web 102
may be joined to a polyneric filmto forma lamnate. Suitable polyneric
filmmterials include but are not linmted to polyol ef i nsl9 $anmary2006 '
pol yet hyl enes, pol ypropyl ene, ethyl ene copolynmers, propyl ene copol yners,
and butene copol yners; nylon (polyam de); netall ocene catalyst based

pol yner s; woebhusdspse esters; poly (nethyl nethacryl ate€Y/Uspasyst yrene; poly
(vinyl chloride); polyester; polyurethane; conpatible polyners; conpatible
copol yners; and bl ends, |am nates and/or conbinations thereof. The
precursor nonwoven web 102 may al so be a conposite nade up of a m xture of
two or nore different fibers or a mxture of fibers and particles, Such
m xtures may Wide howpyee, trbadidet, g i piveles carnddy b asseplledtii oatiegtodwelt o t he gas

stream i R bdafbubdd &?thaglc@m_ -m}‘a;ic Q@&nsl%,ec]{nﬁg%a&bﬂm@%s&i&gggnaa@m.galrri ed so that
an intingate entan co- qlJ n fibers and..qgt.he terials, e.g.,
wood pul B?”“%%Bg%qog""g'}ege@%m‘ﬁiﬁfa Q’g"‘aﬂr"f“?"é g’égmp °381§%]l§f?p§r 'bv‘]ru:c%omr_sueé t({)’q%“g%f %‘cti on of the
fibers. Sudl9n Jewry it 1972 0610) S\BORY I0DEE sglepbradep 21ivls VilsDypier Fsitwoven web of
fibers sk dunhonjipiaredidond Rendi Fgrd Bind'Omith AsuaedBHenB. Bt af dauct ur e
suitable_ fo rogessing,. .such fram stock. Suitabl e bonding
techni'qug?"‘7\“{’%’5:%91}dgg’,Ea ﬁ%%ghr%mﬁg?&%liheﬁﬂq)&ﬁﬁftg%c!,s: chem cal bondi n%;

t her nobondi ngle eyt carcde prsie fem & ¥ ChERAFFHGEveigra RERH Poilit TG ° %fd needl i ng.

Pr ecur s Ok1ioR@isisR b&i fudd,NikelGhdy dnd pabstn B aid ehedsds,0030abr@ipipd get stooll n th Bksand travel s in
2 directign kDYLAbAHn N oddifiullel S delopefiaren, Il God BE I ectbulo L T ON)

associ ated the . e sup roll 104 rotates in the direction

i ndi cat ed%@“@ﬁ@“‘%‘@o‘b@%ﬁb’éﬁ’ﬁﬂg %‘ml“‘lﬁ‘%‘rl%/w“ﬁﬁ‘?h & R 8FfikD ﬁb"f‘fgt erial 102
passes t REOUghom iRimes riBEmofidd hedmebolnea kempartgt, bl dues sded obmgement 108
formed by, Lold&l Sl Q ARt nhil Ge, REME e bikS stod Tl ofbuladin stbfd endiiwgven web
weakeni ng roller arran%grrentdzdma c?g{Frl seﬁla. Qattesrmglf%on_go%l ef(r)}dar roller 110
and a snGOEHFEGEhSAR =eh e pengaddevigipn of e evpracy Bole 28 18 ey Al NepsoG B ol endar rol I er
110 and thepl srrdatd hdes wuld ajsolie frmgtionplppvifed the ke appechmtogvhich§ defiprd a3ficessur e bet ween
the two @b b Sud B iR ol 45 bred etliide, ¥tk tho larkeD O30T BRIAGa thafdr 42 Okinde t he desired

tenperatuyre, if a .and_pressu o_concurren and nelt :
stabili zi ef“ﬁ%”ﬁ%%% N m‘{%ﬁn’%?eh"%asﬁﬁcﬁ?u%fs .y%rg{‘lééi%ﬁé%iéﬁggns. The patterned

- cal endar 1 ol | T torbiee miads agserlife] te)the therprepesf inyepiiem corogiey olighly pxtepshleiapiiFiical surf ace

114, and nawovd wib. iyl Highly GtcndbileqS HAE BRME QBEH n@bewd oftthogpremaitigenich6 Whi ch ext end
out vardl o bl O SHLR Gl TG of BLLIURELAREE S foihile hitppsed [ 2

predet ermne attern pr ot uberance 11 el ng configured and

di sposed ket @emwdme BorgprefEaly dhoe d20%nBY Yay Shoymrises, BYE et F BESi n t he
NONWOV eN byl HOPL intt@ akfvé-stiond U paaleixbittrosatitecpatettariviliodf swatdiiered, nel t
stabili zglgmj1 Q&Ha&@? in the nonwoven web 102. As shown in FIG 2,

patterned cal éndar roller 110 has_a_repeat.i g‘gattern of a%é)nf uberances 116
whi ch ext end P&ﬁﬁﬂ&mf%léhﬁ’fi“rséhm&fa}lyc’ﬂﬁ‘fagf‘ étnlé’@ BPeeg frpndema 2 ¥ A ¢ er nat i vel y, .
t he pr ot ehasitngesedidGovenb aitble fecksens Oopidet on 3ibposable phsortgrt arigeor t | ons of t he

ci rcunf er encey Qf g8 W b A Gentlitdintiod\ s St Rbrfobdbabdis bpiePald 8bagd cal endar
roller 110 i s_shown schemnat i q@l !my in .pla Yaée%%s in ELG t%és sBgcause the

pr ot uber ZAEEL TREPEREFEE IR 1 PsTOREPRER T B8 RNTR A& TG PTRE Pattern of

mel t - st alphtbriay fodbalciwatricessng, Forto@mergal prysssing JoVS RISGHST BIEYEH W83 | | ustrating a
typical papk®ds fon ek, MR, Lsvsh 8 kb b 2iderdd @ kidy @ Bilite OAthAnd A bn@ikel Bp@ I NONwoven web
aCCOr i N Do B 3 b N 60 bk Y10 Vs s R WP BRgSs can be Tn 2

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

- The nopwoven 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

tﬁe £nethods 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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of staggered rows or columms. The pattern shown is a regular repeating
pattern of staggered protuberances, generally in rows, each separated by a
row spaci ng, RS, of between about 0.030 inches ( 0.76 m)19daduarpB@ift 0. 200
inches (5.08 mj. In a preferred enbodi nent, row spacing RS is about 0.060
inches (1.52 mm. The protuberances can be spaced apart within a col um by
a prot ubewsngesspaci ng, PS generally equal to The pcoivedresance | ength, LP,
which in one enbodinment is 0.150 inches (3.81 nm. But the spacing and
pattern can be varied in nultiple ways depending on the end product
desired. The protuberances have a | ongitudinal centerline, C that is
oriented generally parallel to the nachine direction, MD, of the web

mat er i al As shovhewi Sily belom € lorrgiatiot ledbean ArgidetinastceCDipeal Resiertoggtiop eyteties| | ne, T,

g_ener al | ¥ra@lbRQUANA] prokinhif®r L ARG MO RBLs 1 HRLELRIAHRL In oHRGL b GG t udi nal
i mension_,

P of .each protuherance 116 corresponds to the di rension
measur ed® BEFATEEP a’fegm{aﬁ'gb #ﬁhﬁd’fefeﬂtdfvﬁgfn’ T PRECETr F"ﬁ‘@wﬁ wegn e‘Talssg?ruch | onger
t han t heexhibibim gy £ densilé vievergonont at/iRast dbqui B@ie.cesrecrenferably govtdi7 ity aadomesthe  di nmensi on
measur edypraknl abdal 20690 POARCD tohsldFHARHiSC1eRR B 1Rl gheR Forok JexhibktdAaK £ydataesul ting in

t he protuberances, and t correspondi ng nelt-stabilized 9 January 2006
W 05/ 0oBREH2pRT BBy e bR Rk 36 Bt Al 120 0T,
ratio (iMgS cquipmmntgojhe lippsng sarded tensiicsy nesthpdelogice. dp gepomh y S"g’?‘é&’@% sdhan 10, nore
- pr ef er abivag oieSnch Eli@m)) gapaybiith @ds o ifthgd (SEBH) @loEiRAREed was B0 ncedyer ihinet ance t he
pr ot uber aREE S e X1 ack QT Ll Gne &l CUl @r Cylindrical surface 114, should be

sel ected according to jtr_ e thickness of the nonwoven web bei ng
mel t - st abi | i 284°m Fhit GEHE e 2Povefrecrifgdi EhreakfPie fopesien SRBHH PE®™Yr eat er t han
t he maxi muwavénhtciiies be agfuntivinied web lp melhlawn Wi, ot dbendaiair@n dedr If Agnoprosmess, so t hat

adequat ey L rafitlobZAoRe) it G indRR: ARG REERE OThe hiw@EI\RD M2 maj e - has been
i ncreasi ng the aspe rances, the

shown that, b ct ratio of the praotub

cor r espofdf ﬁyd"b"‘ééuﬁlé‘lf"tpd"f“& R B oy Plﬁé’f’]¥°Ee§¥‘a8’imﬁlaiye‘%ﬁg?l%ﬁsdf‘°?“8%°§e Tontributes to
t he over it of @yreriensiyiivieit shylafe capbipnensf irpilodreplyhig bid putes topeheb| e web of the
present iNVRREIQRLdHEE th BEUBA QMRS B2 GifdE o Grobe@R by tHdbhdSd §fthed  geOMEL T C

Ul T abl SR AR o B Lot e ot e i R BB el Al ol 207
di- aper s, Preftsebly bettyesh thawy &° esprl 29 Pesip-e S epresly Risbrd bap wigtdes deperiorsisttongat i on in
the CD. Mfichtonsishawepanaivein@so b aspect ratio of the melt stabilized
O e e i o L e o A
wher ei n ¥eFies BisEmple pideast shslgwsr of preropded B IoitsT § atipsyere T %2 REBERYYRat | o (gj or

di mensi odtotied\@itded walb, BRRMS indribleGiatetiah €For @adple ttie PHuaP admiveees) 1R2enmy tielhe appl i cati ons
of int erﬁﬁtﬁdy&rkﬂ%ﬂ%%%&%@@h&ﬂoﬁéd%&%ﬁﬁéﬁé eal glggaﬂlts wei%f fnGbdaSe The

prot uberancés 116 are preferably truncated coni cal shapes which extend

radi al | yt°6‘:lﬂ’ft\ﬁ%“&]¥'§f”q‘fa’r’eg‘f’f?r§ﬁ‘?)f ace 114 and which can have somewhat elliptical.
di stal end s@dhefpecess: ninfvdven wicb 1 (3aaygbe jdited o 8 patyarric fil1e Gmokdenites. fubgdleeby |imt the
scope Of polyhGic RiSRAs iolidé Shtlade QR 1infed BY iy HBR! ARGEs1yehylRB piiykdBice, cCONT i gurat i on.
The rolfl}%;%iegcflﬁé‘)ﬂy%%’ g‘jﬁ%ﬂ%h‘%@(}}:’gﬁﬁt@{‘] t ﬂ%ﬁ%ﬁpo})yfgmt. hzlze gﬁldgif%fﬁisw:gﬂ lie in an

i magi nar C *coaxral” Wt espect to the
axig of - qallyshbeped molywfers;rogiiulpse estets] ply wmmmﬂgwmheﬂlpmnmwm(m%ﬁ(k& can be

di SPOSetholybiteR phiREthhnR! colfa@UOIoBiER; bRt do@lyRer® fand M, BBGatesGAI/MS as shown
in FIG. 3 .ir[i it§ not. intended to thereby limt the scope of the present

. . cofnlfma nsh ereof,

i nvention 1o the pattern of protuberances of shown. The protuberances may
be - di sposed- Therpreasgr nppwesdeveh A otimap elsobat wwposite aipe up of 2 pitue af thed ™04@| endar rol |
110. | n qusfehtifibddd ok mixthrt ofifiGersd parid@ dsubhidikmres frbysda aive by @ding'Hbe@y=nd/agbone”

_ pat.t er nspﬁMlBgto% 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

* ocours prior to colleciion of the fibers.




useful for the present invention. Typically, the, longitudinal axis of the
nelt stabilized regions is at an angle of 45 degrees or |ess off of the
machi ne direction of the nonwoven web. These webs are i nciShanwarg20§6
.stretched in the cross machine direction in order to open up the
apertures. If the longitudinal axis of the nelt stabilized regions is at
an angl e gbesscessst han 45 degres off of the nachi ne dicrasdziesas | ncrenent al
stretching needs to be done in the machine direction. Anvil roller 112, is
preferably a snooth surfaced, right «circular cylinder of steel. FIG 4 is
a phot ograph of the nonwoven web 102 after having passed through the
weakeni ng roller arrangenent 108, and prior to passing through the nip 130
of the first Theiers ok fitet shatdbbjbing bsbpaling mfcha 2cohefst welchwubauitsben i n t he

‘phot ogr af&hpmcéstb% SR MM C sl RuitarkORnckal Eéhﬁgl@éncﬁdé%u%e%éhwed gfchmkened
mel t-stabilize cations, 202, Wsa&ened -stabilized | ocations 202

cor r espofadieste °n sl“‘a‘raﬁ’“‘ﬁtf“hﬁ?aﬂ‘lgdﬁi ?ﬁ?fé]@%mff%e &xt endi ng fromthe surface
114 of patt erfredoc@twndart (03| erouid o Asipdesi 4nanf k@l i 2 dfronnonwoven web

102 10 18&&@@3&%&&9@5 DU AN EIRE) &a&g&&meés%@auﬁ@ﬂahmoﬁmmdes coher ent

web form.n nt . cal ender ed whi ch serv |nt ain the
struct up%f gm‘P cémdr'?y oF Ehe” ghﬁ%“\t?en AT OTD FArE ! gn’ﬁs‘ﬁe WE4RENni ng roller
arrangen@ﬁ?fﬂfwwwgrﬁﬁmﬂ iR formg Py welery LMkt et ched in the CD direction

by neans of ®Reft:£id34 KG] 2) e foboGed whtOwekketitz bll6t airdgomp !.DBadnjpﬂisbk 2@itersak ened,
el t- Sta*%iendm&gn'ld’a%é‘& dnvﬂrcHQ:qLZe%ﬁeoggol Gk hd) ue%eP nd§| érllwgﬁdt&pe”ures in

t he nonwo coln ura ene
nel t - st a’d}"?q’ ?@H“?%Héf’?b‘?‘fé‘““"%f‘ FhE)EfSSS“Fé?PF%’?"’E)ﬁ? Wg ‘\4?5%1‘%*“‘0"&}‘15“583’ ¥l 1i zed, such
as t ent O¥nbwigmearda @Vy@oriE the fesiftd tefifedding lif @yl ard FRadt Feti-ymend ivéaken MdmeRsi oni ng

thrOughoméeml@nm&embfagmﬁmqrohym%ss' ng the nonwoven web through a nip
irst_increnmental stretching system 132 enpl.oyi ng opposed

130 forned

pressure apé?ﬁpé'&fﬂﬁdr@eﬂ’?ﬁﬁuﬁdmt‘ﬁ?”%ﬁémﬁltﬁ?ﬁ%ﬁ%‘H%ﬁ‘Wg‘iff“?’af'&?@?% kR at |least to a
degr ee apleatigoriplogbrentarypatea ayments AN whidr exterf@eduapadly igm mofwetldd. FTI@ 5, there is
shown .a DaSREs hicue dihdw i p Jdéae@mﬁea G G@ATRIN cdh pRhbeihd MisheinSndikedn 132
conprisin Jnc enent.a ret ng l{ulf’ers 1§4 and 13b6 Thsfeé ncr enment al
stretchl?ﬁlgd'r°‘1’(3’ie Bypreyal telanvfffkffﬁ‘g '%f %Hion (%, PO POy R S 1B FRA 2cor r espondi ng
gr ooves f@ldtenpingd péitern st vesrkehed iyadirptebilizdiidoctions iy tee ngwocny b dp2e Ardowafn HIG| | er 134,

Ilncr elrrenﬁ %ue@asa@h@hbnagumbLlegeauag%nefnmﬁdr&sﬂ&&csmal“ﬁwh 16yboﬁtfchet,,ﬁ'ﬁlt h 1(15§4and a
pluralit correspongdi n roo on.rol ler ‘
i nter mesA W RS m%%eéﬁe ‘A?tﬁ QveP ﬂ\{ °n$ﬁf%’§°sgir;&e?aglef gapﬁoﬁ € the teeth
162 on rHW@Pfﬂ!EBWPF?”é?WW th or engage the gr ooves 161 on roller 134.
The teeth of Aeaﬁﬁhﬁam{nlf@@anaﬁeecalegﬁnereﬂhdiyshbvwsanagau&awmﬁdaaﬁedmcas shown in FIG

6. The for certain
ef f ects 31%221&%6%% % I ni s q%ﬁﬂﬂg%&wne%me%&gér%ﬁ{:%%&%g{%h_gmbﬁ%\?\% ‘'shows a

port i'on BF doprelsp pr pidercdiss Hytabte aitmice! padest of melberbilizrd) logaops ggpa °"‘1?“8’F‘1der s 134 and
136, r esjpe@ydnwe sycordingte tht gresent ygitibeC [AS shoverf tﬁd]ﬁotlibﬁanteh&n thisd repaler@atio@t ween t he

apexes o e e o Beufafibbe @MLWQCB 2 to about
0. 30 mcﬁg%gdw@&%&wm?ﬁepnﬁjﬁ?h g%l%jgl S re@ggr abl en abgut 0.05 and

about O. gf?“‘f"h‘&ﬁ’&% eqely seppzeied byn ror spicipg. RS pfy ”ﬁ@‘lab‘ﬂi 0%{38@% et he teeth is
measur e ckbouf f.20MmintHee(SHhwE). 0f 2 fréfered apbddimett, oot dpeina B apht (0Fcnche (A, and is

prefera qmmbmeesednlbe $p&eed dart wABE 2 Bt Y 2 pft,mﬂeia&e spheR1pR pG@iliybe bet ween
about 0. che S”f%‘ r{%’}“ nd 0. 90, mc@ago ? %%t%d LS preferably
about 0. °2‘§ “dhYe o 58y THHRE¥eeth 160 in
one rol Ian@:mneﬂbelbef'ah@enmwleaﬂ@ﬂnmnﬁmﬂhendm@@ﬁmfdomthe teeth 162 in the
ot her roll, The protuberances have a longitdinal centerline, C, that is oriented generally parallel to the

machine direction, MDD, of the web material. Likewise, each protuberance has a transverse centerline, T,
generally orthogonal to the longituding] centerline. The longitudinal dimension LP of each protuberance
116 corresponds to the dimension measured parallel o the longitudinal centerline C, and is much longer
than Es 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
. o B ;




such that the teeth of one roll (e.g., teeth 160) nmesh in the valley (e.qg.,
val l ey 163) between teeth in the mating roll. The offset permts
intermeshing of the two rollers when the rollers are "end@deuarp09h an
i ntermeshing, operative position relative to one another. In a preferred
enbodi nent, the teeth of the respective rollers are only partially

i nt er meshwog@smooddse degree to which the teeth on the ouap@sereu4éol | s
internesh is referred to herein as the "depth of engagenment” or "DOE" of
the teeth. As shown in FIG 6, the DCE, E, is the distance between a
position designated by plane P1 where the apexes of the teeth on the
respective rolls are in the sane plane (0% engagenent) to a position
desi gnat dodatitiy hyying meslatDely highepest e di.c. JRFEReBhe eppectritie isproioetty apfter@parellr ol | ext end

inward beye adrertﬂtsﬂsptham@ht%tmt puEshed, 18, iﬂeﬁilslaﬂ:y e Prothd@ncRRAAS kdadid Ol | . The

optinmum or_effectiv 0 L cul nat e S IS endent upon the
hei ght ancflﬂ%tcyhnc suﬁ‘ue% {.ul]:ibn%)seec acgox t%% gsroli‘égenonwo¥enw%%gvﬁeb 11 19

January Zeegbily GBSWBG‘BB“EF“@F} ‘E)S@Q?“@Biﬂi@tewpé‘ﬁﬁﬁqm@ﬁﬂ%’mﬁmﬂb the teeth of
the mati: ragmgtﬁblch&dﬁegeftcaa@tombtedealatkgmed:mang&anteheompadhtdeys of the opposing
roll's. That ig en%rmelt ‘i:a?ehEJﬂ %Ieasg% ﬂBQ&&‘? ra]‘éé. Bxhtft% E&b&ﬁa s,eti{s to sone

degree, rangin rom sl ht gb fset € nonwoven

web 102 ﬁ‘ﬁ’ﬁ?ﬁ@“&/ﬁ@aﬁ@mmﬁ%‘ﬁ ‘Wé‘tﬁt“f"tsi‘@ﬂ""teét?é‘teP‘t?ﬁ'éC%B‘?“sﬁ%t%@? t hrough t he
i ncr enentigithedSfighip teetnbiblg webyd e rpredd 2aventia. IE wCrenssd avpedd rafid) @mtiiigites oy ect ed to

- tensioni méuﬂelp%omvaﬂag%eﬁ&k@mhagﬁa%%r&% Q%M%smﬁoﬂ&%eato be ext ended
in the for ép?; nonwoven web 102

can be aa‘jdgét =(o| °b§f“ tﬁéﬂpiiteﬁgu Sﬂ°éa %F‘tl’ e Eﬂﬁ'ﬁm o} Yf"%‘&'-‘f‘t‘f EAF® t hat the
"I ncr enentleigationsip the CR.HWhileythe paragreidr of agriecd tio ¢f the celtigvbilized pcatippadioaredd bene| t
st abili ze@cteﬂatoa&eaem@mﬁ%mm abdAiRdUreS:, @tsa,%tebe@%masual wibsboldll Y fin anaper t ures 204

coi nci degte vgdng e ﬁea ned rrelt staﬁ ed Io at(nlaaon G%SQOZD/ tn t he nonwoven
web 102. PHREREVEF T he™ hid pre I8P "HEhWOVER Web 102 do not

rupture digepionpt ﬂl@ﬁ%ﬂﬂtﬁrﬁpﬁgﬁs) @ﬁéﬁraewuonmvnmeaumtuﬁ@ utehredlqaemtmfewnm/eb in a
coherent ag@adi ti on even as the weakened nelt-stabilized | ocati ons

r upt ure. Aft e['i:e %%éilanneg lﬂe p'llegeghlgglgtcate!l 'sh%:%gglﬂ%@%e%h *a&%ﬂ&lm g system 132,

t he nonwoven we ter t an t e préecursor web,
~aper tur e§% Wﬁé“r%‘b?”%%‘@ﬁ@“t’%@“ﬁ%’ﬁtd‘%t At Fresseld - &rEhi 3 5y pt ur ed, and
I NCr eas e dhiewkiteHigdbiiii thetcopd vf thd 1@eseBiiBGBon MREdRibdt@ceelof bt @ifiguraGb. THehe act uaI

wi dt h 'nmhéaﬁo%mlgatﬁﬁt@%ﬂ@ﬁeﬂ%um,tttqmﬁgﬂymtugtmt gt Rnaop!l ied to the

web when 1t exit he incremental stretching " system 132. As expected, _
nar r owi n&mﬂéﬁﬂlﬁéﬁéffﬂﬁé’ﬁ%’f’t‘tﬁmﬁ?ﬁ‘?ﬁg web can be achi eved by increasing the

tension in t ghokfd tepfofubagan@ntlb yen beldisgosadid emglaomedpmoipd pétresf rakeselr | bed herein
are for hdih&ﬁs%mm@ah IpiGs. §Tatr1§JoP.£t€nQed NEREy ]Wntttﬂ: sLobéJflth%gQJem ﬁ%mio@{%&ﬁeon appl ied in

the MD. At 02 % non vnsq) % amswegb

conposi t PEH" %‘°‘t"§7‘6?° a?fﬁ"%)”“uT’FP’i" EFAT™ 88‘&‘1%% & PR PEED é’“du apers and
havi ng apdieedealsidaraolgii® dy warticulah i iy bgieved hnt * fishenel” on fherdymbone” aatteres wofld bkt | east 15%
the el onggiide ﬁtsenlﬂveg{oﬁ My i@l Chhel B gitacBina Qo bfmablautam&&hé&%m aéiuta.@te ext ensi on of
abOUt 40 é?(gg SEES OI'e esrs]% Veerpachf\/}x@g[e%%n ofg:te%on.St g E]Jepr O&‘:essmugr: an ers
subst ant af “Fesi’stance Grrner>tensite 1N me cases,

begi ns tWechE@FPeSW@éFPDWHHEWIW*S@WWaStffFIEPctIfi}‘Pe ngt“‘hlta@giﬁi’ft‘%ﬁ’ Referring
NowW t 0 Flukp statftizbdRgichs isSt Sl dpMgrated e U gHeRPE @fthetnRint aRVON @dtentxl 102 aft er

having Deeie Selhi bl hOmbllS afip WAAL gfltzg,tﬁ BRLAEH DAL | NCY TNt 2

stretching s can be seenint togra nonwoven web
102 now Fiedr e ofstedli ural ity of apertures 204 V\:hl ch are coincident with the
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, meli-siabilized

~ locations 202. Weakened, meli-stabilized locations 202 correspond to the patiern of protuberances 116
ekteﬁding from the surface 114 of patterned calendar roller 110. As seen in FIG. 4, the nonwoven web 102
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weakened, nelt-stabilized |ocations 202 of the nonwoven web shown in FIG
4. A portion of the circunferential edges of apertures 204 include
remmants 205 of the melt stabilized |ocations 202. It is 1%ehiay@80G hat the

“remants 205 help to resist further tearing of the nonwoven web

particularly when the nonwoven web is used as a topsheet on a di sposable
absor bent warobosése. O her exenpl ary structures of i nacemsniadss stretching
mechani snms suitable for increnentally 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

di aper designs that require higher extensibility of conponents to
faci|itatlo ipekits@esherft trebalbraling panrbabendered Bala i200ewtich adrve tihsaintaint tr sraehuralfl or  use as the

t opshect fi@Mpordl noR@a hevib0 €Xt ensi on at about 10 g/cm I oadi ng. It is
inportant to | St ui.sh between e extens nd ext, n under a
specified | oa%im gewe%ﬁm”fé" ﬁgﬁﬁgpvtg’g’dlgnwvﬁ‘{ﬁ%g@gggb 23146

especi al |[dijectipn pyetheats jofpleysioging\forbegn ehptpre) the ple ity pE wetkrodt meit@m@#@mca%r di sposabl e
absor be ntthet@lfytcieﬁbgﬁﬁﬂuﬂh@(&f dginROin mdh@ﬁmnsm totmdle& “iufmeﬁtxa@tof thaheat he extension

be avai | abl Gl BOGY VIRVCHRALS, HOGSH LOMLLNS Nl gc',w%%for ease of
appllcatlon or ce extensi nconrlbte "t a1 e of ‘confort, fit,

and sof t Hegzed e’t’bﬁq*meét)(‘a‘tfw@“m%’éfﬁ“g’ﬁﬁmtfhed‘ﬁmt“‘h’a"%@wmﬁg ‘Bﬁﬁ"%"m’fkybr egions, it is
i mpor t antardighad nift 136 felind[I@ra M0 MpEaal sBeichig it@an 132 ainplyyink lofded preséet end upon

movenent g, ﬁédt&?m%ﬂﬁée—hjlnknﬁ &E&%ﬁkﬂum&%mid@b&%%]%& to oﬁe%ﬂag' aper does not

chaf f, rub or on t s ‘skin, tausin I1sconfort and skin

irritation. ﬂt@m&g&%t°€%§=ﬁtteﬁ%ﬁh?“eﬁ§e%wwt g“ﬁé‘tﬁ’l‘“ﬁ’“@%ﬁl"?@‘f’ﬁ?“’m i ncl udi ng
cat anmeni 332sgmpiising Dertaienad phetehing aullereld4 Sl 134 e indognedtal deetching odier & drclgicsat 0 make a

highly e Ihﬂ&%f@éﬁﬁﬁé SRS Fhding@lobved 16%&&&&1 aium 1R dibRitefehds Sonb:NCT €MENT 2l

stretchi ng woven t.hr h an additional,
second i Ill i‘ﬁ‘é‘?ﬁ’t‘%‘m&ﬁ?ﬁé‘e ’hpﬁﬁn ‘“@W fé’fts"l $f‘ b‘ﬂtt’h"g“ EEBHE i ncr enent al
stretchi evgoveStlﬁeTltq@bh 1P et hilef 154 lsmehalﬂnmeesateyhemqmsem@bﬂerw whilgdsl yi ng t ension

~in the rr&atlismerdjerrtamtér@aammbﬁnga@&e%d#tshslioﬁxoﬁte;aaeﬁseahafecﬁbeute the sane

| evel as it S _pri.or cQn nt Lyet In this
process, n?ra“%anﬁﬁ hapedé?:sgﬁo fn%éGfgnrtfaLﬁfpe’ﬁO ‘E‘e gal ) e?é‘lr&% owed by

appl i cat fopfsrtapeifesty ipthe Eebsd §8b- t hat pr oduces the apertur ed nonwovens having the
requi site extvemsdehhck tolFYG. 66K A6sQ pbrfidh bk MrmdHIQ ofthatbenaeh st i on. The

pr ocessi Rgersoﬁff Q{Wﬁe Tctwgl? %395% n&ltchs %I‘ers ltiynthe u%%%e thv%Lna\:Ee agexesrg?gd &gm Ogl es for

the second 1 ncrenent referably are,

subst ant P& | T Pihesn by E“B‘I"eﬂta@“ﬂ?qlﬁ a"P‘ﬁ&?“e‘FFBﬁ%t(“a‘-il "s7t5|2é¥”éH?°‘rf@Pr§f?§’tYem 132, and

t her ef or &fween ab@IOF dnfdibiowd 0115 igrhes 2T FB.81 ). IThe heightbedepth) ofiunh Gieardl of fir st

lncre”ent&tm%eétﬁmoa%m%%mé tﬁttmaetye&%fmﬁe@t &k Rk Grme! N @ preferred
enbodi nment , nonwoven web DI es invention.is rocessed in the

second i ﬁ?f"r‘é‘h‘@ h‘tt“{ffn et P B’FH%SW’Q f‘ﬁﬁ?‘i‘?ﬁ“ ?212 A PR SPEFEPHRAHEY . and wi t h

respect inchest($:S mgpandd. Shechgdbinmgi es as descri bed above with respect to

i ncrenent al %Jt@éﬁzqwlﬁl&e&n%&n%gbég?t%yonﬂmv fch frdnOtbe t&%rikﬁahﬁhe atehgl, embodi ment s
second i ner.el f| cantly in

str t.chin %
certain r%sp %"F i%%ﬁ?ﬁeg 160?%”]? ﬂg} ° Bt fyc(?tg’a"%‘{ﬁy hﬁfé)p]tewe ébégerrent of the
mat i ng re#ﬁhéqo%.ﬂﬂ'hféefpamﬁowedﬁngpﬁtée @e@@ﬁdvhrnrftf’rrdhemteatﬂgaﬂit@wvhl ng system

132" is. ﬁl@mﬂiﬂg, f)ﬂekﬁtlvhﬁtfsmﬁz)ﬁlﬂﬂﬁio(%ﬁb R N il saitrefeﬂemn@o&m m@taaap(\f@ta web in the

f orm of addh crm%mentteal 6]%5ut L‘tﬁ} a?bg‘l“epg w%‘;ch the{e”?tﬁ 1%{4 °§llfj°t§“é¥ ﬂ ncrenental | y-

stretched Web. gsm' >3'tens on p I's ean I'ncremental |y

stret chi ﬁ'gﬂ'&hafeﬁ@émhﬂgﬂﬁ@ém%glgagwft%@oﬁ dptsdh dedeminddd Ser ei n, the

“NONWOV eNDUE B, i€ B \dishe békieh dfoftfioR daiglaidd yPlances St thedddpdxys of BSteditoiBhe Wi dt hin

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 he1ght and the pitch of
the teeth and the matenals of the web.

11




the cross machine direction as before the second stretching step, yet it is
able to extend substantially beyond its original wdth in the cross

machi ne direction. This is believed to be partly due to t¥Jaasap280Ghn-1i ke,
or fan-folded, pleating induced in the web during incremental stretching.
It is believed that this additional increnental stretching can only be
achi eved, wossakas ed above, when the precursor web exdirhisizssias certain

m ni mum extensibility. G herw se, the second increnmental stretching step
sinply shreds the nonwoven web. By controlling the tensions of the web as
it exits the increnental stretching apparatus, the width of the finished
nonwoven web can be maintained at a predeterm ned di nension, with a

corr espondi ngn etkd entediments th Gtie st theaating frollp et notlid @Bénalt with Gwyvallsos efiftsi on f orces. As
not ed abg%;, thseTﬁaﬁdmteeéamwowlﬁmﬁl%wﬁgy;e;oﬁm@@ @fgink # sp@poven web by

t he net ho present invention may stretch the nonwoven beyond the
limt of °Rffi t?ﬁ‘Fatlyﬁ@s constituent fibers and bonds are 13 19 January 2006 WD
03/ 008688 PCHsWS0R#2G1 #® 18D hazing weakehetl, ieeit-sirhdized lopatiers A2erassds Fragghrthet y. Therefore,

the prec %Eér&'ﬁbal@@eﬁbmvs?s@m\&@bthéc MRfwobel QePIOE S Qubfctell RV EIbinG fh tHAUIY diredi@ve Suf fi C! ent
structural ?% oglenr ties t9 W1 ett‘}mdehnd nSUS B 34did on. g%ugffdgc%rﬁ%g&ttgel stretchi ng.

Such pre& AOhWOVEN® We ave been devel op present
i nvent i omomweyerwsH 192espr ks adistediby edinmberihe BEY: iobied Sﬁ%r‘“@? fhat thejingraps®i ng in Tabl e |
of the Ex@ﬁmgeseum&udoaﬁbttaeleﬁmd, hénenuisreTMcaibns 302 tetpei crglinyd urdinef appar at us

descri beg b4 mﬁéﬁ&%ﬁ%ﬁ& ';vgagen lttstﬁzﬂfzgd%cﬁlm.q |2b2t A tﬂecheﬁ%lreﬁ%moy stretch the

web acro$s I1t$ wever, e second stretch |nq step coul d be achi eved
by ot her Haweg e hpdty?00 ﬁfé%?ri’ée"“‘sgiﬁ‘,’ﬂ"%f’g weRel 8 Pt iy S ent

"consol i ehaihthieny thesbved Wdhtin svoubdrealt qudition dven 2 b eakepwif weitedbiligaddocktions nachi ne
directiop,tension thereby necking the web down to the pre tentoring wdth.
Addi tion Ip if desired, the increnenta ]EZetchl n gpﬂ) C%%SCI’I bed herein
can be perfor%ﬁ?gmﬂﬂg]e@%?rgﬁ?‘e%%?%@ﬁ%%%m o1 BPARS One or both of the
i ncr ementredter gt tat witlik pigherpebirer wb,pried e frgiens wipre thwtistﬁbzllZ?*igegf?E‘at in the

SLV e]E CB' Mé%%ﬁ&éﬁ%ﬁe&ﬂh@@hﬁ%@ﬁ%@&%@ﬁ@n Vl%b;.-ctdlarbﬁdﬂﬂjndﬁ aon grt endlkng
the fibers . t ho rea nwoven. we rably taken up
on W nd- ﬁ‘b“‘?"%&%"“?é’ﬁ g tD%)tP’% o e? té'?'he WV\QWhET VT mgrﬁ%eﬁmv%g%fgfrﬁ&meb 102 nmy be
fed di reésistbtyl?@oAae’mcwe@PWaﬂldlewemme’F@c lid °i‘“sbet}§3€lﬂ3dtbbmff?)“i‘%t%? t opsheet on a
di spos ab ltc%mﬁ lﬂl&ﬂ"l\hﬁﬂﬁi«n@ﬂﬁ IT6d ﬁtensﬁ@ﬁrbberﬁéﬁ @esdribdd Waﬂﬁ:&ﬁlﬁlﬂﬂy siamenent al

“increnen over e entire area of the meb
or only FW@@P&E‘&WWHW‘@J&F%@PS‘IFBP déR“éPﬁ‘ﬁl"%P“‘s é‘a"é"ééﬁﬂﬂs"i“'ﬁ’ﬁ*’r&éﬁﬁ‘ﬁt al stretching
can be denf a1t Ypeh freadf &t &6 0%, GOHMEIPANDighg lodngtidrely dpaick-s@orafion of a di aper

where hi gh extensh Bishd, ¥ nbn%mg@&eb raeﬁs stafd &fgmeesg @R ﬂmtm,h Bés:s%%fc% gnsi bl e

precursor nonwoven webs pQSSsi achi e hi ghly extensible

apert ur eH’“ﬁ‘i’b‘Fﬂﬁﬂﬁ%‘?Pgﬁ@ﬁnW"t%“i’ ’l‘i%’if“"d??"e‘"‘hrei”ﬁré’ %ﬁ““cg‘fay’gtf%‘ﬁ'l ng step instead
of two, foll crakgindiyw tolFIGT tedls Spwiagbbiogmephaite nmo‘teew@ﬂ@nﬁwgwmswﬂt hi s approach,

the web Eh%;l 3% éehﬁmﬁﬁgf\ﬁ%e mwy%%mhﬁl mmlgﬁfaedszr @Sba@ BSsedadithebe

incremental ly stretched rel atjv L,gh . d \genent (DOE) ,
after whieEH PRI ERYPOT® | ogmg’d’ﬁﬁheﬂpl Wﬁgaﬁ%% é& %hcl?%eecsmlmrle w‘dlq%g n area, hole
'size, aspekded atlisghiizainokatOB W3R (o8 fs ingwivpvert yeb|showa froFlRed enoien okt an

ext ensi blQuaR&kA !etfgédf RORMOIE Fhe B Benbai 2&5&:1‘ mRaarshyilitd haton@er tiw i ng a

nonmven},%‘%’\ﬁ¥ Hle 63?2‘? e%})ﬁ g\é\ppto rﬁsTt}%mger tearin, nghe anc?nwpw\én %Jb pgruuﬂgr vﬁglqh stretc h' ng,

per f or at
nonwoven web is used as a topsheet ona dlspusable 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 incozporated herein by reference.

| Newer diaper designs that require higher extensibility of compenents to facilitate better fit and
eon;fort require that the material for use as the topshcet have at least 70% extension at about 10 g/em

loading, It is important to d1st1ngu1s]1 between pure extension, and extension vnder a specified loading,
i2




hydr oent angl i ng or hydroaperturing, or hot needling, subjecting the
apertured nonwoven naterial to at |east one increnental stretching step as
descri bed above, and then applying tension in the nmachi nd9dianexsy 2006 t o
reduce the web width (Le, consolidate the web) as described above. In this
marnmer, the requisite extensiblility can be inparted to an apertured
nonwoven wehsdogssgrake it a hi ghy extensi bl e nonwoven pagfosoz2ise web havi ng at
| east 70% extension at about 10 g/cmloading. In an alternative process for
form ng a highly-extensible nonwoven web of the present invention, the
nonwoven web weakeni ng arrangenent can conprise an ultrasonic transducer
and an anvil cylinder instead of thermal point bonding protuberances, As

t he nO““QMﬁﬂu@ﬁ%ﬁﬁhﬂ&wbﬁméﬁﬂM@mﬂﬁdoQﬂiwaﬁambﬁmeﬁh&&as@ﬁg&mmm@nsducer and

Lhe anvl 3 St S & 8 ol Rapthd LASORFoY LRk ARG ener gy

wher eupo rmne cat1o nonwQven web are weakened
and nel teasetoamhmhzreéow Wrnf%?n@b‘ﬁs &ﬁéedla’é%fmfgﬁ Heateriere doicH P he

af or enenfiied fietoud AbalBs ko eiyhs, 206 fop Mt @3Y ARG Sonipipdils IBSRAEBIAF U. S.
3, 628, 09, RALGMovenlts ith SGHOS GlsBRRUBngl rul Ao Sl 05 85 St bl upAS ST NG

t hr ough I rst 1 ncrenment stretc ﬂ%%ﬁx %/s temth e,.non en web is passed
t hr ough ritcady? tkingAsne diseomfor il Ko E P e ¢ fdgfhﬁnﬁfpﬁlé °§§‘g§%’?ﬁ“ 't hat produces
t he aper ini@goamomia ientedegnmemg, adiE lkequi site extensibility characteristics

of the clai m&ﬁerefd:e!“(oeiﬂ&ké QVBngﬁ?&éMBieEésheéEa&larepa&mé th:%igs e ABkmRl properties of
several nonwoven we ‘?ﬁ‘g‘gr ocessed Ol NVENtion. As
u

shown, cFEHRE AR SRUPSBTITON r’fbé?“ *lmzi'{k{élm%all’ éemﬁ%]fm“" 1] 1?§Ibrlc e for such
- processi ggim 137heDugeris setsnddsncsmntals@ﬂchina thetvest @idfiamsiaialy it &n be processed
into hi gﬂbhﬁﬁx&mﬁh&mam{u&n%ﬁ% Wit R SRMARS. BEEhSHR e Rit@aspBant to be

11 ust rat| Ve O Oscr?tals etc tfhlﬂﬁ:t Ty 1tls%%|gﬁcc§1dﬁmr%ﬁta1£$@lﬁ}gs pQ'olQQedl imting to

any part TerT a S{ractu hown in Table 1 were
pr ocesseky chﬁ@s@ ﬁ\%@ﬁmfb@f FFfuccifp ansTipFpp Pegovens having 11.13 reguisit e bilile b weakeni ng
was achi &Mr&ﬂndabé drhiRrdiMded R@RBi. N gheOfrockstityl BiaRds, prupoar sowp, moneleaden usi ng web

Weaken! Mol sk ASEIRIN ookflflg flec 1000 b LS Bl ReSAmifyOr  SaID! € 4
ng -wa I eve trasoni cal

web weakeni on, ha dshe t.s of aI,he pr ecur sor

nonwov enidenfirgyto ﬁﬁé“?&ﬁ‘ﬁ saehipgs3tem 8% @‘dtﬂ}‘i'@ﬁ"ﬁ’aﬂ desgHintig iy &t PPIPfé‘“T’]? he speed
. through &hﬁa@ﬂ@bﬁﬂﬁ&@ﬁﬂh@a@ﬁdsbmmmmmgemdhmanmemﬂw%o feet per
m nut e (épx%h%veﬁemﬁzﬁ réennﬁl;nuon%p%ésseammbéé&né;ﬁheembntaneetﬂmmum mot consi der ed

critical to the operatlon of cal Pdarlng

pr essur ethe pamg manngg gnd Jpith Zespegt do th@véag‘eé‘ﬁtg‘lfgk’%ds 5%% §32§1thktf§5 or all the
sanpl es, inberentdl etcigizessui’e. Hogrr, becemqtbe@m’eps}mer@sb:wnéaﬂwﬂm%@h%s sufficient
melt st aé}!;tlnl B Qlrorl iR P00 respebt) Br SRBRIn BOLRIRHN PGB GRS ofal €
conS|der$d to he variable, depending on the materials being processed, and
sui tabl e t¥ns are within the abilities of one skilled in the art

Wi t hout undudhenupes phfstcat pementa etchng systep Hads & att Bweer rEtial110 was

confi gur gd aWintdroRakdbes fe HimN RG] IbGmAaMtA@ing of1 16 WeG@aL intaghe®By-( or pitch) of

0. 060 ingch t i,nch 0.25
090015 L B Mg AL S il L1

(Sanpl estotegesBycrpd hemswenopwﬁe‘@b qubegepd Rieyrably SpsHpiialY th%“@j Yi9%E form t he
ext ensi binecapekiiniekion SBMERMR e S islg swyc inis B ipl cgend supehtipliy b¢vendcept f or
ul trason C@%.!%@R{ﬂ%%%é%ﬂie%é&aon ﬁisf.s%@he%eﬁ'ﬁ 1P RJ% pasl a&@&ﬁnﬂ@& roller, the

t her mal I am nat e was rocessed ! Ij rs‘%ﬁﬁg e ond

i ncr emenfearfolded P‘%’E’%H’i“ﬁ@“bfhﬁ&@%mé‘%mﬁf% d ‘é[’)"' @ ?er ence to FIG
incremental stretching can only be achieved, as stated above, when the precursor web exhibits a certain
roinimum extensibility. Otherwise, the second incremental stretohing step simply shreds the nonwoven web.

By controlling the tensions of the web as it exits the incremental streiching 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 strefching 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 :




1. For these sanples the increnmental stretching roller pitch was 0. 060"

" (1.52 mm) and the line speed was 250 fpm (about 75 neters per m nut e) .
Dept h- of engagenment ("DOE") was varied as shown to achi ev@ W?@Qﬁu site
extensibility without destroying the web. Sanple 4 was processed using
mating flat plate variants of increnental stretching rollers, with simlar
pi t ches, Wokmsne@sshown. Sanples |a and | b, descri bedcrwsiznedslabl e as "50150
PE/ PP bico SE Lurgi process", are spunbond webs conprising 50%

pol yet hyl ene sheat h/ 50% pol ypr opyl ene core bi conponent fibers having a
fiber denier fromabout 3-5. The nonwoven are avail abl e from BSA,

Si npsonville, SC, USA, and are nade via a standard Lurgi process, as known
i n the akteto WRoaded ehdrliatipFerefre it ygirgelohwovdnavbeir tt bresent itsB%b metasur ed by 15
19 Januagy. 2806 m&@&%@%@mﬁ@d &E&Q@t‘o&?&&é&eﬂl@ﬂgﬂgd SlIcﬂﬂ'Sdmlsﬁ testing

met hods (e.g e.w dth, one inch
gage Ieﬁ‘ﬁ‘t’?temﬂfhtvﬁt}%‘?e%rﬁfﬁtﬁé“p{ﬁﬂ%é“g &‘?“é"gﬁ’@“& °pv§‘ﬁ%1 bedl??mﬁ’rel oad of one
grans. Sariping & TeHe 1afitk B2dopldoestmpbidrsd i n the Table as "50150 PE/ PP bico SB
Slhot ﬂ ; a\(/)vO Pr %ﬁ:&&m sa&@mg Ahhened awebs h&am@?rtfﬁtemeﬁeﬁémm@tommw ened

sheat h/ 50% ore bi conponent flbers. ha er denier

fr om abofff* 1%1?&6&' Tive ls{e %ﬁe}(f?ﬁ?vgb# Kol hm\/\ﬁve sSt'apacr(J e eacme‘feé{%loger?m g%ggBA

Si ps onv ifahsesackSEtentoying, with Hyybjecpeniccqrglifiation’] sigp Fetpmpld wt B PorteRPh¥® Br ocess to have

| - rel ati velyenifd dgkitidetonsie tbeby REGEE thewed oo Gat: plefntoriewilith. el ongations are typically

great er than g, PAR 8 b3 IRBECL RSP 1AL RG.AELBACS (0. 0.

I nstron, one 1 nch ne 1 nch gage |length, 10
i nches/ nFl‘PYEftdetelﬁ’FféPg%shégch"@B]éé’EF or Bgtfyjofdhe ’F”&??F?l sﬁ?t‘é't“%)é?&’rs(ff’“l‘t)‘?‘?é’cﬁ%am These
precur SOUnHﬁﬁé)h‘eataﬂ‘tﬁe doadhing u@derteOto udternBrOenvaee oty ind gidt io exeming de fbaor e of t he

foll ow ”%mH%JQa%ge”ts 5292239, 5470639, and/or 5397413. Sarrpl es 3a and 3b
were al so made using the  sanme sl ot drawuﬁrocess Iigg\,ﬁ@te llﬂt‘ is believed
that, due to"t'?%t‘?"f‘vﬁ’t’elna’ﬁ’swt inPrigably g epaRtip il 150 Pudtsig matieln e by BBA
duri ng neonudfrenctel ne?, may hefChregle e reddetigdine wivredfis sk o faon etopsheso 2nonwoven was

| ower . %%Lﬁédbs%@en?aﬂﬂle‘lb were made with two |ayers of precursor nonwovens:

the top |ay erBﬁﬁ/atge g‘ﬁu‘ﬁ'g(ﬁe“‘c’f‘ (){%[Et%fglpt{f 0 wpléjalg_ond an Qe lLoyer layer was a

50150% PE/ PP HEB 1precursor nonwovens were nade
usi ng t hEutdmre, H igprmentabsreieing graither helsieny ovetiba catirgard ofdbe Y ebyde ceBitpeak
.e|OngatlQQ&EQﬁnabﬁuﬁmkéQﬂaﬂﬂmﬁﬁﬁﬁwﬁgiﬂﬁs&hMQEWAn@ﬂﬂ@ﬁ&&ﬂﬁ@ﬂﬂﬂd 5b were nmade

froma spunb nvvo e a,pol ypropyl ene copolymer. This :
nonwoven]?uk ‘é’toﬁae rl\éﬂrﬁmé%% i wdcf % name Sof t span 200 exh_l bited a CD peak

el ongati on ofWithgaoin gy m@epfscm PEypcEbssEmay b Bl iYe 2 ¥l nbond t hat was
used f or exmlolengerEa@iplweEn 6@ withjilst 619 inciddesital Sirdtohingdtep findtead b, E’tlov«yd tyo t he

by BBA s 3 Lan t Y aen pr ocessed
by BBA okt Qe ! Ic&ﬁgagl %ﬂgg,%, SATEL 65 théheAYhohRmnlitla WS

el an at| on, me@%[)ﬁ q%D peak
el ongat i B‘ﬁk"é‘*ﬁéﬁ"’édmtbﬁi“‘ge%y i“&“hfj’e“’ atgrdie %d?thf’f(f“%ﬁ Rt e apert ured
t opsheet wdhtMD ténkie isapidieich adgav taetdbsinnd opph areashiola gjze] aepagytio, dEiRexmbilier n | engt h

Eﬁondbl egglt h Iu?nb;’theggmbm«mt, Mﬁéﬂ@dﬂapehﬁ&d}[hgnm#?@ c?)ﬁeﬁnﬁﬁ%ﬂstaﬂe&urﬁg& bel i ev?d t hat
is bond length i s near or .effecti presen

i nvent i offFRTE TRy °ﬁ‘§‘k’t"8’b’§?‘f€‘§ts‘§“ stym%?“%ﬂrﬁffhm&ﬁ%@%?%p&@ eat ggt he resulting
aper t ur elydioaengliBlvehydpesturie, eebot nhdling swjectieg theeppraturbglomows gl traledsio ar e

I ndi cat &@%cr%en&lh@etcﬁﬁ;estey Lsmes&ﬁadqtmt mtaeeta@yxtgqsnmsﬁmemﬁeemﬁmat s in

absorbent ar men n particy sired that ze and open
area are™ ?‘T(‘E’ ?tht(‘(? pnsélg‘fﬁh wc%c?o esmﬁd 'y Wa El e(%I‘Hl%eag%u%{twhrough

‘However , exegibilifyeat ‘PBGFPN&PQ togmaperfufednonioyen W@‘ﬁb@#&ét hlghiy P"%“F‘Ptﬁ eFovE ¥ be

- the web having at least 70% extension at about 10 g/om loading. In an alternative process for

forming a highty-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
pmhtberances. As the nonwoven material is forwarded between the ultrasonic transducer and the anvil
c}]jjtder it is subjected fo ulirasonic vibrational energy whereupon predetermined pattern locations of the

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




effective as a barrier between the wearer's skin and the absorbent core of
the garnment. Thus, the webs of the present invention for use as a topsheet
exhibit an acceptabl e bal ance of sufficient open area, hdPdamyas¥2@06d hol e
aspect ratio for use as a topsheet in a di sposabl e absorbent article. The
open area, hole size, and hole aspect ratio are are neasured using an
optical nwonnme@pe equipped with a digital canmera agwuvsn/2smage anal ysis
system The m croscope is a Zeiss SV8 stereoscope (Zeiss Inc., New York,
~ NY) with a 0.5x condenser lens. Since the apertures are fairly large, the
magni fication needs to be low . Typically, the magnification is | ow enough
to get at least 15 apertures in the 16 19 January 2006 WO 03/ 008688
PCTI LJ SO 2/S23RAB7 fpisteat. dAsofisclysedoalove, o fhis pragws] afgr pevsitichtbrouyia ik Gt igpemtlur es, t here

coul d eveﬂtcm sR%m {Eaﬁbﬂwcﬁ&l webis PG chebhbE:8 addfordiN@oohd @&eglenmo&etaﬁinﬁ%wﬁhe sampl e is

il lum na ed es an bot t IS tured by a Sony
DKC- ST5 didt °du°TSrE€§Pre %o he Iec{?‘é’tﬁzf%m{”ﬂa B 'géh “BR%) ysis is done

usi ng Inﬁg@“"Pro Pl us softvvare (ver5|on 4.1.0.2 from Medi a Cybernetics. The
threshold for aperture size is set at 0.4 nm. Wen neasuring hole size
and hol e aspe#%m_]daési o, all partial holes, i.e. holes that are only
partially in € area of interest, need to be excluded. On the other hand,

these parti alTettfol bt meghanical progerispofisyel nomerer wibs pipreved &y Bemrfideif®enent s. The
| mage- Pr gresilit igentoof Aubove, giingscavabieyen Hadits B4 mesumblel for kel pedsigect ratio.

Somet i Mgy, Ldfks AR @ra@;eymlé %Ehvm Be imssaq' 1&5 L é&mlbie %%&18 in areas
where the nonwoven basi s %rg |.ow and it 1he g Ing is |l ess than

opt i mal . PRREETHEESc ﬁ‘%"éﬁ" 'f"‘dn“ “V%‘Bfeﬂsﬂ’&féﬁ“mﬁ' W&Pﬂtm’?‘?@é@& s as they
woul d si enipdticdmmitirigl of owwere. t he aver age hol e size. Tensile properties of the

apertured web&ﬂmmm@hopm&mﬁwerpﬁf&memaes@mba&am@%m% AG adgkstron or MIS
i es. For the results shown

| equi prent _usi,ng sta dar. nmet hodol o
in Tabl e " “ERDe ¥5S evedg*’/\n&?ﬁ’%{"i’/l\g"é gm t°°kﬁm?"|mfrfm§%veﬁsrﬁmg ERYETFENgth was two
~inches (sﬂlqwra@ment Ie&:ewn@w gjorsis-oFoppanplet 4 wsb faakehingsvapashievedyitpporically( 5. 08 cni i n),
and the siRGkeddo i febuivd Bon®SErd. Bk Aamilds tHaSweRAGRSHAoMed, Be BRkpeddhe sl ack

preload to ro Lans fer. the rL UL e part of the
ext ensi o%rlg% hebs“céL ex enS| Wegtg was“ugzswetpium"féiem&ﬂ 'Feﬁe%tp is close to

zer o gr afigueldnheline tygeed i @et sppaifpred foritigal ot theoqperpiion) offapactis  Tis@atsp¥sent i nventi on
have  a.f kdhdedhg fréssurepiel, b gtesmwauga& B0 sz EBPAEkPa) ifdr all Ge shrifihQ) Ihii &@Bfrestue Mar k t he

two- i NCh o gagE.} SRGHS..Q g Qﬁﬁc@rﬂé‘ﬂﬁt\é@ﬂg{ )éﬁ(]?ﬂm%@ahhﬁccﬁ&&lub hg roll, or

otherwise inits fins con ce 0 teroII sorrethe

sanples Pt bepwible, %ﬁ@%?&fheﬁ‘f“@%“g@P&é%iﬂFF“é@WﬁﬁﬁméWWf ore appl yi ng
any t enshdities oflohe Pled)ia e ant yith2 GGue\ DRBAGIOE CIBB palRGEA LWBORLABINGwS~sW nn n a 0

0 configured with pattern elements 116 having a row spacing RS {or pitch) of 0.060 inches (1,52 mm), a
protuberance width, WP, of 0.010 inches (0.25 mm), and a profuberance length, LP, of either 0.100 inches
(2.54 mm) (Samples 1 and 2) or 0.150 inches (3.81 mm) (Samples 3-6).

To form the extensible apertured honwoven webs shown in Table 1 below (except for
ultrasenically-bonded sample 4), after the patterned calendar roller, the thermally bonded laminate was
processed by the first and second incremental stretching processes as described zbove with reference to FIG.
1. For these samples the incremental stretching roller pitch was 0.060” (1.52 mm) and the line speed was

-250 fpm (gbout 75 meters per minute). Depth of engagement (“DOE”) was varied as shown to achieve the
requisite extensibility without desiroying the web. Sample 4 was processed using mating flat plate variants
of incremental strefching 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 spimbond
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 sta;ldard Lurgi process, as known in the art. Peak elongations are typically lower than 150% measured by
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standard fensile testing methods (e.g., Instron, MTS, efc.) with 2 one inch sample width, one inch gage
length, 10 inches/minute crosshead speed, and a slack preload of one gram.

Samples 2a and 2b described in the Table as “50/50 PE/PP bico SB Slot-draw Process” are
spunbond webs comprising 50% polyethylens sheath/50% polypropylene core bicomponent fibers having a
fiber denier from about 4-6. These precursor nonwovens are available from BBA, Simpsonville, SC, USA,
and are made via a BBA slot drawing process to have relatively high CD peak tensile elongation, Peak
elongations are typically greater than 250%, measured by stapdard tensile testing methods (e.g., Instron,
MTS, etc.) with a one inch sample width, one inch gage length, 10 inches/minmie crosshead speed, and a
slack preload of one gram. These precursor webs are believed to be made according to one or more of the

. following US patents: 5292239, 5470639, andfor 5397413. Samples 3a and 3b were also made using the
same slot draw process. However, it is believed that, due to variations in the slot drawing parameters, as set
by BBA during manufacture, the CD peak elongation of this precursor nonwoven was lower.

Samples 42 and 4b were made with two Iayers of precursor nonwovens: the top Iayer was an
80/20% PE/PP bico spunbond and the lower layer was a 50/50% PE/PP bico spunbond. Both of these
precursor nonwovens were made using the slot draw process described above and exhibited CD peak
elongations of about 150 and 325% respectively.

Samples Sa and 5b were made from a spunbond nonwoven made with a polypropylene copolymer.
‘Thig nonwoven, obtained from BBA under the name Softspan 200 exhibited a CD peak elongation of 190%

| _The 50/50% PE/PP bico SB Lurgi process spunbond that was used for making samples 6a and 6b
was similar in chemistry to the precursor web that was used to make samples 1a and b, but was processed
by BBA so as to have higher CD peak elongation. The higher CD peak elongation enabled this web to be
processed into an extensible apertured topsheet with the added variation of using longer bond pattern Iength
(bond length = 3.81 mm). Without being bound by theory, it is believed that this bond length is near the
limit for effective webs of the present invention for use as topsheets in absorbent garments, due to the
resulting aperture size.

The open area, hole size, and hole aspect ratio are indications of the usefuluess of the webs for use
as topsheets in absorbent garments. In particalar, it is desired that hole size and open area are sufficient to
permit viscous badily waste to pass through. However, to function as an effective topsheet, it should also be

 effective as a barrier between the wearér'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 ratic are are measured using an optical microscope
equipped with a digital camera and an jmage analysis system. The microscope is a Zeiss S§V8 stereoscope
(Zeiss Tnc., New York, NY) with a 0.5x condenser lens. Since the apertures are fairly large, the
Iﬂagﬁiﬁcation needs to be low. Typically, the magnification is low enough fo get at least 15 apertures in the
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field of view. For samples with smaller apertures, there could even be as many as 50 apertures in the field
of view. The sample is illuminated from the sides and bottom,

The image is captured by a2 Sony DKC-ST5 digital camera (Sony Corp., Japan) and the image
analysis is done using Image-Pro Plus software (version 4.1.0.2 from Media Cybemetics. The threshold for
aperhure size is set at 0.4 mmz. When measuring hole size and hole aspect ratio, all partial holes, i.e, holes
that are only pariially in the area of interest, need to be excluded. On the other hand, these partial holes
have to be included for open area measurements. The Image-Pro Plus soﬂwére gives average hole size and
hole aspect tatio. Sometimes, the image analysis sofiware may pick up small holes in areas where the
nenwoven basis weight is low andfor if the lighting is less than optimal. These holes need to be excluded

- from all measurments as they would significantly lower the average hole size.

Tensile properties of the aperinved webs of the present invention are measured using Instron or
MTS equipment using standard tensile test methodologics. For the results shown in Table 1, the sample
width was one inch (2.54 cm), gage length was two inches (5.08 cm), crosshead speed was two inches per
minute (5.08 cm/min), and the slack preload was zero gram. It is necessary to sef the slack preload to zero
grams for the apertured webs, since a large part of the extension in these extensible webs occurs at low force
that is close to zero grams. Since the incrementally-stretched webs of the present invention bave a finted or
mildly corrugated shape, it is important to mark the two-inch gage léngth on the nonwoven when it is stifl on
the roll, or otherwise in its finished, consclidated width. Once off the roll, some the sampies may stretch

somewhat in the cross direction, even before applying any tension.
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WO 03/ 008688 PCT/ US02123146 As shown in Table 1 above, highlayuséx606i bl e
apertured nonwoven webs can be produced by the nethod disclosed herein. CD
peak el ongation of the precursor web is an inportant processing limtation,
wi t h bondwbengsdss of the nelt stabilized regi ons bei regTanoispert ant

paranmeter as well. While particular enbodi nents of the present invention
have been illustrated and described, it

As shown in Table 1 above, highly extensible apertured nonwoven webs can be produced by the
msathod disclosed herein. CD peak elongation of the precursor web is an important processing limitation,
with bond length of the melt stabilized regions being an important parameter as well.

While particular embodiments of the present invention have been illustrated and described, it
would be obvious to those skilled in the art that various other combinations and modifications can be made
without departing 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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woul d be obvious to those skilled in the art that various other

conbi nati ons and nodi fications can be made w thout departing fromthe
scope of the invention. It is therefore intended to coverl9janeas289hended
claims all such conbinations and nodifications that are within the scope
of this invention. 19 19 January 2006 WO 03/008688. PCTI US02123146 \What is
cl ai med i wpodoos@&snonwoven web conprising a pluralitycfusepswsé ures each
having a hol e size greater than 2 M2, and a hole aspect ratio | ess than
6, said nonwoven web having an open area greater than 15% and being
capable of at |east 70% extension in the cross nmachine direction at a

| oading of 10 g/cm 2. A nonwoven web conprising a plurality of apertures
formed by application of a tensioning force, said apertures coincident
W th a plkghaldadnyai@f weakened, nmelt stabilized | ocations, said apertures
having a,circunferential edge rtion sai.d circunferentjal edge being
ot nad By o & Bafioet oor S8k rly OBl e SsiilE "LAPE nonvoven web
capabl e of exad&hieleagpeci i lepsdhag 6, episknonmreh Fehdaving) juyopes plempraigfthapis%apdast 70% at  a
[.oadi ng of 10beid Gpible o3 at ledF 7% RARMR AR 20K BracBifGiBdcchh G 1hdhe3NY g@d t he precedi ng
cl aims, wherein said nonwoven web has a basis weight between 15 and 70
gun, preferably between 40 and 50 gsm .4. The nonwoven web according to
any of the prietRHvAgemErEg 2 Py ofjaprriys ifemed Bramligasen e tsosiowrefriteb  sel ect ed
from the grouspd e@iist sdinbiftey vath aphdalkin cfodalend, delcktabittdad Béatidni, B@Y Hermes Web of
spunbonded 11,613 iofhurutlBPel o b PlBWulrk RS See vAALLeAed L LY TBLETT

i ncluding at | east one of Sali'd webs. 5. nonwoven web accordi ng to any
of the precedPhFEalHE oot Fa 1 CEF I oh SRR Y frteien I e goss fieheet on a

di. sposabl e abietidvefut leagt7t% atd leadingof 1¢%/cmet hod for maki ng a hi ghly extensible
apertured nonwoven web conprising the steps of a) providing a nonwoven web
havi ng a_l ength neasured in a machi ne di rlection, and a firsbt w dt h neasured
in a cro¥s naChPREEFLEPidBhe %gﬁ%lf’i?ﬁ!&gggfmdw%‘ﬁ% YORBECAP % plurality of
| ocat i ons 't 0 bessexgighbbebyes L L andltistyrreffrablibeieent@end S0avel t stabilized | ocations; c)
applying a first tensioning force to said nonwoven web to cause said
nonvvoyen4‘web Ononwroyeggve racecotgi[]%tsa%j!r& ]}hQLrléIcEd%ll IIE]'JXS \%Ierei\ﬁ@al I%gnngv%ﬂwelg?sla%vébSt abi i zed

| ocations creating a plura ?y 0 apergfurés nosalrd nonwoven web

~*coi nci dent -vviSflﬁm%gqmcﬁeﬂwﬁwi%ﬁ?%f’fWHM@Mfﬁ%IaWWWh?Wéwﬁal ocat i ons,
_.said first .tenssaibien ey 6.6a Gk belerBladcmdigananye arssblxbd 0 have a second
width; d) increnentally stretching said nonwoven web to |ocally extend
portions_of said nonwoven web in a direction substantially parallel to said
cross mathi ne™PFEEE Ehacpeting o Y ofdheRieeiing iy rhyrdn saif ponxpved WP fidn t he second
Wi dt h; appl yitupghed e gispombldazodai aticaonwoven web in the nmachine direction such
that said nowoven web has a width less than said third width. 20 19

“January 3006 WO 03/ 008688 PCTI US02/ 23146 y ,
S . Amethod for making a highly extensible apertured nonwoven web comprising the steps of:

a}  providing a nonwoven web having a length measured in 2 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;

~ ¢€) applying a first tensioning force to said nonwoven web fo cause said nonwoven web to

rupture at said plurality of weakened, melt-stabilized locations creating a plurality of

aperiures in said nonwoven web coincident with said plurality of weékened, melt-stabilized

_ locations, said first tensioning force causing said nonwoven web to have a second width;

d}  incrementally siretching said nonwoven web to locally extend portions of said nonwoven web
in a direction substantially paralle! to said cross machine direction to a third widih that is
preater than the second width;

. €)  applying tengion to said nonwoven web in the machine direction such that said nowoven web -

has a width less than said third width,
C20



7. The nethod of claim6 wherein said nonwoven web conprises an el astic
nonwoven web or a nonelastic nonwoven web. 8. A nethod for_ mating a highly
ext ensi bl e apertured nonwoven web conprising the steps o ]%J%F%Wﬂggqlg an
apertured nonwoven web having a | ength neasured in a machine direction and
a first wwdth neasured in a cross machine direction; b) increnentally
st r et chi ngosaesssnionwoven web to | ocally extend portiremgsefzs®ga d nonwoven
web in a direction substantially parallel to said cross nachine direction
to a second width that is greater than the first width; c) applying
tension to said nonwoven web in the machine direction such that said
nowoven web has a wdth less than said second width. 9. The nethod of
claim8 wherein said nonwoven web is a conposite naterial conprising a
m xture 5of fbehSd aEinDdehe@h sfiPicBwddaRRE cofils@ it adse BooRAWeorfar om t he group
consi sting of od pul staple fibers, particul ates and superabsorbent
mat eri al s. (5‘°’}Q§ﬁﬂ °%€f’ eﬁg‘?} according to any of the preceding clains, wherein
said nonwoven web is a web having a peak CD extensibility of at |east
150% ang beingusehamting ehifhlyGntiiip@ire HpnweeRsd shrpid@s @f seps ddonded  car ded web
of fibers, a web of spunbonde ' Bl : fifers, and a
mul til ayer ﬁﬁf id ‘F{Gﬂg m?aﬁ%“&c{c}igﬁgvcg%@ﬁge%%% neglts)"&l(i ?%&Qm%e(%)émmﬂdq The net hod
accordi ng to anysigfdbmseeineceiimpdinedrediths . wherei n sai d second tensioning
step causes by ainclertapai¢Ehe vRlRotvoves e tdicilly edehdpmtionoef sdidnotvoen giboss machi ne
direction of at inl a%ﬂ‘é&on ZLQSOQltéﬁy pLQ]Q{tgggid cl‘o%qg&hﬂgdirecggn 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 2 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 haﬁng
- 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 melthlown fibers, and a nwltilayer

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.

21




