-1- . 22175842 DEBOSSI NG AND PERFORM NG A PC].;%ER%Q 4){\l;iB
TECHNI CAL "FI'ELD The present invention has -‘,el ation to a multi- 3 45 ‘“-‘,
ptocess for debossing and perforating a substantially continuous web
of substantially- planar polynmeric filmso as to 5 Coi nci de W|th the

I mage of .one. or wore three-di nensional fdDEBOSSEN D .
present invention has POLYMERIC, WERion to a nulti- phase process for
producj ng- pl astic webs which exhibit a conmbination' of desirable
attributes which were inconpati.-ble 10 - with one anot her when produced
usi ng si ngl e-phase form ng processes of the prior art. The present

I nvention has further relation to a multi-phase form ng process
‘capabl e of - produci ng macroscopical ly expanded, t hr ee- di nensi onal ,
apertured- 15 pol yneri c webs conprised of materials which could not be
.effectively processed on singl e-phase form ng processes of the prior art.
‘The present invention has further rel Al I| Il - phase form ng process
whi ch is capable of reliable, 20 hi e+H=—UO0US oper ati on,

t hereby greatly reducing t h& heopressintt hwammuehapl eslationwabh mmﬁupbdsé)y
said process. The pseiass 'ﬂ%emdeBBsBﬁ Slah Bdrdiating?! a1 , SBostaritialty

mul ti-phase form ng rocess (of n% Ccroscopi cal I

t hr ee- di mensi onal , 05'5 ‘{‘Wrselﬁ’e Bf aﬁs-'lbiséa"t' Plagar mtmgram fitm 30 g8l to
desirable fluisl atvincidepo¥ith’ ARG MiMag@Nof 3BARI birt ndtel Qhﬁé’éj-léiingﬁsmhgl

visual and tactile which are actually preferred.. b
consdmwers over m‘;\‘/’gﬁh@i%&%ﬁ%ﬁ%mﬁen fibrous webs when worn in cont act with

t ke ski n.. BACKGROUND ART 30The present  ivixentiorophasa| fyrther exphativad.to a
oo MU o TR R SeB o SR A Wik R 1
- a combination of desirable attributes wh:cx were incompatible '

10  wuth one another when produced using single-phase forming

processes of the prior art. -:: ' :

- The. present invention has further relation to a

- multi-phase forming_ process capable of producing

_ macroscopicatly - .expa'nd'ed, three-dimensional, apertured

15 polymeric webs comprised of rrtaterials which could not be

- effectively processed on single-phase formirig processes of the
prior art. | '

_ _ The present invention has further relation to a
_  multi- phase forming process which is capable of reliable,
~ 20 hlgh-speed continuous operatlon - thereby greatly reducing
. the cost of the umque plastic webs produced by said process.
| The present invention has still further relation to a
rhulti-phase forming process for producing - macroscopically
expanded,__ three-dimensional,  apertured plastic . webs
.. 25 -exhibiting'.._highly ) desirable_ fluid and vapor transmission
capabilittes in. addittoh.to visual and tactile impressions which
are actually 'prefe_i':r_'ed:-.'_.by.-.:.t:onsumers over . woven and
"nonw_oveh__fibrous webs when wornin contact with the skin.

 BACKGROUND ART- . L
30 Macros_c_:opical ly expanded, . three~dimensional,




expanded", when used to describe three-dinensional plastic webs, ribbons
and films, refers to webs, ribbons and filns 5 whi ch have been caused to
conform to the surface of a three-dinensional formng structure so that =~
both surfaces thereof exhibit the three-di nensional pattern of said formng
structure, said pattern being readily visible to the naked eye when the
per pendi cul ar di stance between the viewel's eye and 10 the plane of the
web i.s - - 30cm . By way of contrast, the term "planar", when uti | hN2ed
herein to descaperduptdspalymesiss webshansngenatrlty (KROwr én cthe act.t he over al |

condi tion of the web, ADDQRiPfed | IHBPUIED \th@weqem thﬁamlgggp,ecgﬁyon a
nd

macr oscopi ¢, scale. In this context '(&sanar I bbo
films may inceXpRndadhs, whemhdisedini@ Fﬁ@ehéwwq'mﬁ@sieeal eP'§§FiFace

abe(r]I r?tions glnweﬂe OFibBehs Shdeﬁlm§,al:€ef6tl§ ftaceve@ger Pﬂibdﬁgs a{\et fhﬁagn?
r eadi VISI e na e rpendi cyl ar_distance be meen
t he wg éhdn?‘ﬁ% Fﬁ’ﬁe%a'f‘s?cﬁet%ﬁ"gé E‘o 'f‘fo 6? @Feater
One’ nacroscopl dwdeydmmm fohmireg dstmuctucealsp apatt bothl phaﬁaees web
ohi b LS par bk Yexibls $Hb ! AfhesulnEHI R pBReh UbF HERCRrriAgOD One

surface thereo O ItS opposite surface an rea |so
transferred flstrisctuesn salsb pasterer beingingadily dvisiblestad the raa:lmbnvy assi gned

U'S. 25  Pat GRen3H¥? B easéadieamddmaﬂammeeﬁmﬂewmﬁfs?eQae afdS-
Thonpson_descrj bes a nma cally- expaﬂﬁ , three dinmensional topsheet
conpri se§0of |t P@‘?%ﬁg ‘g’éa b IBaterial ,3B6R proRWAPKOf (FORtBRY% ern o
tiaperedf Caﬁl I I&re exerms diplargat¥i,| Ivtréresutllized hendimgta di@a:.e'ilﬂepGlllﬂllait]c:c n Lh? "
pl ane of the tg 0 m ape,of the %
Popshcet . sai caBss iR SNscRis; HEm sh il Sy o ah i 8 3680, bont

pad utilized iwebherihboposarhl félmbebeneniewedhdaye thahnakédnpgeononopsheet
alous the Il CRatiddes 4] uiids thié’nétf]ﬂ't%x‘i"e&ﬁ%a?"?’@ebs.bPﬂ%o‘th0 the

absor bent el ement of {,ﬁye evice while inhibiting the reverse flow of these
fluids. 1¥his MMYvifias amay dnclugs webs,eikb °BP| and  fil@se havingcont act

with the usefinehbsdale h@adrface aberrations on one or both sides, said
surface aberrations not being readiiy visible to the naked eye
when the perpendicular distance between the viewer's eye and
the plane of the web is about 30cm or greater. |
20 - "~ One 'rriacroScop‘ieally expanded, three-dimens:onal
apertured plastic web which is particularly well suited to
transferring fluid deposited on one'su_rf_ace thereof to its
opposite surface and thereafter isoiating the transferred fluid

- from the wearer's skin is dlsclosed in commonly assigned U.S. 7
25 Patent 3,929, 135 issued to Thompson on December 30, 1975.
: Thompson

describes a _-mecroscopicelly _expanded,. three dimensional
topsheef comprised of liquid impermeable material, but
provided with a pattern of tapered capillaries, said capillaries
30 having a base opening in the plane of the topsheet and an
apex opening remote from the plane of the topsheet, said
apex opening heing in mtimate'c.;ontact with the absorbent pad
utilized in the disposable absorbent bandage. The Thompson
topsheet allows the free transfer of fluids from the wearer's -
35 body into the absorbent element of the device while inhibiting
the reverse flow of these fluids. This provides a relatively



previ ously been obtai nabl e. Another macroscopically expanded, three-dinen-
sional, apertured plastic web well suited for use._.as a topsheet 5 on
absorbent bandages such as"'sanitary napkins is disclosed.in conmonly.
assigned U S. Patent 4,342,314 issued to Radel and Thonpson on August 3,
1982. , The "macroscopical ly expanded, 3t hr ee-di nensi onal plastic

web disclosed in.the Radel and Thonpson patent exhibits a- fiber-like
appearance 10 andmuchctdrieri muwréacs oin wipntackasvithertheawsaml tharecbaded by

. consuners when Use?rﬁinualw\%éﬁro%maﬂél ng surface.. According to the
teachings of the a o_rerren'tionetgpcdrfrmnly assigned patents to Thonpson and

to Radel et al., plastic wéHPOthErMRErEFEORIGRY i BtRandedncthref-getade by 15 |
applhyi ngda fluid p:sia?xaw _epdi-ft-.fredep'tésﬁc'Wﬁb]thelrivﬂhtéﬁﬂfbe ude 8§ aswlel‘eed on
a three dinensipnal f t ure until- - \\ep croscopi

expanded to c-'on%l y Qi ?#Qr%gn? hééej'ﬁa%%r’rgﬂégﬂéﬁélsgg\?%&- i‘@g?i"&n?%f&f‘%@s?%r m ng
structure on whi chin tcansmordyppssigaed U.8heRaterntedt, 342,344 issuedhto Radel
macroscopi cally 20 e h - di nensipeyal - V\Blbl is, I sai d
fluid pressure di f?g?e)r‘;plgglﬁggg .%lé)plﬁ‘lﬁéag{c?raft is‘ggg'u.sl y u,nt?_l %%%E’Eﬁ&rrgagg
aperturing of the sxpandedy eiRresodimensionali plastice weler isclasedy ime ther ni ng

;te L gf; ;Jr gShast beenRa@aP!HLIThohpich Fataat Ce B - 0 Ber91iRE O8EpeHanek this - |

e ave ... been successfully utijize in roduci ng
T Oacon: cal 1 ox BEFGIAELIE irahragsin, A URAI Nag osan TaYoFABLY  Feciiusd By
exhi biting - hmsmy _cdsr@smér?&r whiencas@b s al weareri eovdeting - Sunfacebl e by -
consupers, the majority of - pha SSi.n e | . e
een unable to deliver all %‘#&%FH%@;%{O_ tg‘%sﬁrgggqi@ﬁi Z’St' g?iésgfugseg‘lgﬁagngl ngl e
fini shed web struccemmonlyarassigriest InatentshitghTpoogeen i and tpelddel et al.,

OBJECTS Q:* THE | NVENERAN Wes9T 8 NEHe/ afdrem@nfibned) Q?Tge OkahN®ePrRE&d! by
I nvention to provide a process wherein various_.conbl nations of previously
i nconpati bl e ciar agPRYigg| sfiuish BeessuEe; differentialsto thej webe while it is
macroscopi cal I'y expapgéeetedt bhes- thrgeRdiné@isiondleférming structure until the
' web is-- macroscopically 'e'xpa'nded to compfy with the three-
dimensional cross¥sécti¢_5n of th,e' forming structure on which it
is supported. When apertuhing' of the macroscopically
20  expanded, three-dimén'sional"- web is desired, said fluid
' pressure differential is applied_ cohtinuously until such time as
aperturing of the web in areas coi’nciding with the apertures
in the forming structure h_as' been completed.
While single-phase forming processes of this general
\UJ 25 type have been succésst_’ully utilized -in “producing
' macroscopically 'expanded; threefd,imehsional, apertured plastic
webs exhibiting 'r'han'y characteristics generally viewed as
féyo'rable b\j cd_nsufhé_rs_, _ihé majority of such é-i_ngle-phase
prdcessing tecﬁniqlljes.".__hajve.' been_unablhe to deliver all of the
30  desired .characteristics in a single-finished web structure,
~ particularly at high production spee.ds.' ' '



polymeric web. It. is another object of the present invention to provide -

macroscopi cal | y expanded, - three di nensional apertured plastic webs whi ch

offer inproved flui.d and vapor handling 10 characteristics along -

with highly preferred appearance, softness and tactile inpréssion when

conpared to woven and nonwoven fibrous styuctures. It is still another

obj ect of the present invention to provi hlgh speed reliable,

mul ti-phase preocess and 15a4n7¢ - ' ing and perforaﬁuhg

a substantially continuous ' r polyneric materi al

t'o coi nci de WI t h t he i nAgeordfingly, & ismneolb;ecmofgthespresentr revertioh i n the-

process. ther 0] pr 0 20 '

provi de mJI t | - él.m?'%rgocgssBpé'%(EE I"‘BFQE fggﬁ%adu%?%%h%gebasc%pl cally

expanded. thr e@fGNmﬂvoﬁmlmnﬂS&‘G uc&rqsteﬁstlcsm bih cproiviidedheindiaf f er ent

- phases of gthe %ﬁg&s&amséwéﬂaare&bsﬁd&aomme-@pemﬁl a?' t h&.%la)ora' ly
or spatially or hoth Is sti not bj ect of the

present inventi YPBris WePde such. nulti-phase process and appar at us,

wherein the latter. phasas ief a‘nhehar o¢isieat "B fifa SereseheCirmintforNOfo t0 al ter
either the solid ¥ C t he .web or - of the
characteristi cf”%ﬁg mgogg ﬁ%e"i\ﬁé% B§°§aoﬁ'l'8?‘%’a‘°" P gé§ rgrede
process. DI SCL@dastic OrebsEwhiVENIfON improvednfuid amd bapmdehanqu@ess
aspect ofyqt he Qr,.ﬁs.ggger;&&%nt 'aﬂi?'-d hegigni Sh@’rﬂyl dﬁgeﬁ rFEL 43ande!l ti - phase

process for debossi n perftorating tant 1 al cont 1‘nuous:

web  of subst aﬁ?ﬂ"!ﬁ’Pyaﬁl’aﬁﬂfﬁ"BolW&W M'i'ﬁ'l Fompared KL ARGl |y -
expanded, thregrohwovenl ﬁbabu;eneutwﬁd pol ymerl c web, said process . \J
conprising the steps of; ortln sai d b of filmon
a forming structure exhi%i% 5&@ ﬁg 953881‘??\%‘ :a'f‘geﬁggl“tmes whi ch

pl ace the oppogevvide hlgh-speed .rellable, , multi-phase process and
15 apparatus for debossmg and. . perforatlng a - substantially
- continuous web of substantlally planar polymeric material to
coincide with the image of one or more forming- structures

used in the process.. T - )
It is stlll another ob;ect of the present mventlon to
20. 'provude multi-phase process and apparatus for producing
| macroscopically expanded, tl\ree-_dimensional. apertured plastic
webs wherein the different phases of the process may be
separated from one another either temporally or spatially or
both _
25 it is still another obiect of the present invention to
provide such. mults-phase process and apparatus, wherem the
latter phases . of the process may be so selected as not to
alter either the solid’ state molecular structure of the web or
any of the characteristics. mparted to. the. web by earl:er

30 phases of the process. o

DISCLOSURE OF THE INVENTION |
‘According to the btoadest process aspect of the present

1nvent10n there is provided a contznuous, mu1t1 phase
process for. debossing

and perforating a substantially continuous web of
substantially planar polymeric film to form a ma_cr_oscopically
expanded, three-dimensional, -apertured polymeric web, said
process comprising the steps of: -




surfaces of said formng structure in fluid comunication wth one
.anot her sai.d formng structure noving In a direction parallel to the
“direction of travel of said web of film and cartying said web of filmin
» said direction; (b) substantlally continuousl y applying a first fluid
pressure differential across the thickness of said web of film al ong

said direction of novene(d) Oi:oﬁﬁhdoﬁﬂvﬂsﬁpfpﬁ'mhgt sdid web bFtfing i
fine-scale apertures, said fluid nressyre di

| b tl
great to cause said web of filfq% "pups( fpeture; ﬁ%é‘%riﬁg‘éﬁﬂfél CI% _y

with said fine-scale apertur éne~scale apedtdmsmwmclstphehumbe(obposed
conti nuously supporting said f p orgin
SOFbate@Plr Wafd YEhniG T4tk TLAILe® (O"ALA0

structure exhibiting a nmacroscopi c, i Mensi Sec
defined by a: multiplicity commmatmpymhcpossaewteronsaudaﬁerminges

whi ch.. place the opposed susiﬁfﬁarefma@a fmrwwecnoﬂ Lﬁagsusetbntﬂd ui d

comuni cation with one ..another, sal rm ng, struct moving In a
direction parallel to the di r e8ifestionr qf; travel o seFPéF’ wagboofs film and

carrying s?i d vvleb of film dtarn;ia gdsstdr @ebi 6n o %f?ﬁﬂﬁ (sit)d aifegtiongi al 1y -
continuously applying a se ssur | r acr,

t hi ckness of said web of fﬁgﬂ] Fﬁ*ﬂ'tﬁ Yq <gn é‘('ﬁ‘ﬂ"ﬁﬁ g ‘ 359 tﬁo#"‘"%al d
form ng structure, said secondpres$sured. diftercaslal eacnﬁsif thenthigknessi of)
sufficiently great..t-0 cause sg Fi gt O rdsid | Bifke ﬂéhst@pt [ aI

conformance with the macr oscopi c, three 8| mensi ongf‘dejross sectlon of
forming structure while . sub&oyemest| of said: forming Strnetmrmt%@iwy\g of '

§ai_ d~/ fine-scale apertures fogRf fike-scafd hpdriurés, BARP SHUR (reksueati al .
~ differential being sufficiently great to cause
 said web of film to rupture .in those areas
 coinciding with said fine-scale -apertures in
- . said forming structure;: - - -
(e) continuously supporting gaid - finely apertured
) web of film on a-forming strycture.exhibiting a
macroscopic,.- three-dimensional, . cross-section
defined = by a. muitiplicity = of. . macrascopic
. cross-section.- apertures . which.. place - the
- opposed surfaces of said forming. structure in
fluid communication -' with “one . another, said
e forming. structure moving in a direction parallel
(N -+ - to the dir_ection of travel of said web of film
| and- carrying said~-web of film in said
_ direction; and - _
(d) substantially - continuously applymg a second
| fluid pressure. differential.across the thickness
of said web - -of _'filﬂi"-a~long said direction of
movement. of ..said forming structure, said
second fluid. _ pressure. differential being
sufficiently great.to cause said web of film to
be urged into substantial _conforménce with the
macroscopic, _three_ﬂ:limenéionél cross-section of
said ~ forming structure while substantially
mainfalni_ng the in;egrit,y'. of said fine-scale
apertures formed by said fluid pressure
- differential. '
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Speci fically,

mul ti - phase processes of the present
capable of formng a filmwth very snal
capillary

i nvention are
and very large aperturés or 5
net wor ks i mmedi at el y adj acent one anot her whil e accurately .

replicating the mnacroscopic, three-dinensional cross-section of the

form ng

structure.

I n additi on,

macroscopi cal | y expanded, t hr ee- d| reSsi-onal , apertured plastic
exhibiting a very | arge overall caliper in conjunction with very tiny u
es either’i'fthe |and areas-ef the-web or in the end- wal

~apertur

- capillary netwogks-or..both, Accetdlng t.0. a. preferregéé)
e i nv&nt ion there is provi ded a conti nuous
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(b)
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rect i on of.

Edpressure o/

tacting surface of said

. According to a preferred process in accordance with the
invention there is provide'd_a continuous, multi-phase process for -
debossing. and perforating a substantially continuous web of
substantially planar polymeric film to form a macroscopicaily
expanded, three-dimensional, apertured 'polymerii: web, said
process comprising the steps of: N

(a)

-~ (b)

(¢)

elevating the temperature of said web to a
molten state;

- continuously supporting said web of film on a
“forming structure exhibiting a muitiplicity of
fine-scale apertures which place the opposed

surfaces of said forming structure in fluid
communication and a macroscopic,
three-dimensional cross-section defined by a
multiplicity of macroscopic eross-section
apertures .~ which also place the opposed
surfaces  of said - forming structure in fluid
communication with one another, said forming
structure moving in a direction parallel to the

_direction of travel of said web of film and
" carrying said web of film in said direction;

substantially continuously applying a first fluid
pressure: differential comprising vacuum to the
non-web contacting surface’ of said forming



-
.

*6- structure, thereby causing said web of filmto be urged into
substantial ctonformance wi th the macroscopic, three-dimensional
cross-section of said formng structure and to rupture in those areas

coi nci di ng with said macr oscopi € CFoss-section apertures in said
form ng structure; . . (d) cooling said web to its solid-state
‘tenperature; and (e). subst sttuctuirg. theneby ucausing asaidywel' of fHmctnd f 1 uid

pressyre differential Conpqeswgedarnfebgégmglrsﬁﬁsr%oh ldfickehithCines the

t.hi ckness of said web of fi rection of novenent of said
form ng structure, the ford@crawméd thyeedimensiamay cross-sestieg of

sufficiently great to CausRi§ FoPmiRP sthudturd drid rfépwﬁﬁxr'ensﬂ hasge ar eas
COI nciding with said" fine-scale apertures In said SFFérm n&Gestructure

‘while substantially mai nt3®a% ng CHEIINGgr WIth of G,

 three-di-mensional confi gur airiggg-deetigRd l@pe?ﬁ]"éksfl rimi T haidd ploeming e
differential. |f desired, the macroscopically expanded web can be fed to

- the high pressure I|qU|d j et ¥4 l"(?peratlon while it is-still subject to the
forning vacuum used -i n (e qoalinGapaighweb ta Itsisolidestate temparaturs;
situation, - -the high pressur@,d iquid jet -not. onI y pr.ovi des .aper.turing of the

forning 2?? Corur o, bot (aly sbstaetalyc SBREuRTaM | SbRY NG S R0PRE. |
benefits. At | ower produftbid npressare, dﬁfererhﬁlomﬁﬁr%gehreﬁ per
s e £ R AT B b .
desi rabl e to accel erate thewebodfi fidmpalongssaithydirection afpmbyement: of ow
pressure water spray or the alnl:lk‘?orming structure, the force’ applied by
said liquid - jet being sufficrently_great to -:use
‘said web of 'ﬂlrﬁ to rupture in those areas
coinciding with sald “fine-scale apertures in
' “said forming structure  while substantially
‘maintaining ‘the integrity of the .macrdscbpic,
E "th'r'é'e"?dimensibnal_ conﬂguration_f.ormed by said
| " first fluid pressure differential.

- If desired, the macroscopically expanded web can
be fed to the high pressure liquid jetting oberati'on while it is
still subject to the forming vacuum used in the initial phase

U of the process. .in.this situation, the high pressure liquid
' jet not only provides aperturing of the web Iin those areas
coinciding with the very small apertures present in the

forming structulre. but may also afford some additional web

: cool:.ng benefits. At lower. prbduction speeds, e.g. below .

15.25 metres per m:r.nute, ‘web’ coolmg is often carried out
simply by the flow of ‘air through or- agamst the film, _ '
while at higher production speeds it. is generally des:u:able
to .accelerate the cooling process by applying a.low . .
pressure water spray or the Like;



- 6A - Wile the present invention may take many different -executional
forms, multi-phase web form ng processes of.the present invention conprise’

at |east two discrete form ng phases, each of which utilizes a fluid .
pressure differential to achieve its, bj ective. 01e of the phases
I nvol ves macroscopically conformng t pol yneric to the

Suppor ted uhi I subj ecOME® GA8 BYERERS InVaNKp; baY sa&eﬁ?n%ﬁ&?gﬁ??rgn'f o'
Subst anti al apeexemtﬂ@alofomﬁaa wail ti-phasm seetar foxming opradedsey ofnithe  t he
mar 0Scopi ¢ Cros gﬁ‘ttl qugnﬁro[,‘ur&?.‘ﬂq# hgtf qé{gtngkw%t rafstcréﬁ u%m] J‘é occurs

during this pha ot her orm ng process
al so invol ves apbﬁ%ﬁwgeacﬂ |afi whigh d4tilizesqaf flwdarnneaswm dlﬁ@!‘phdst ite web

However, this phasieves §@SS dHjeawecd Vohe ”Bﬁroﬁfé)p';ﬂ?éée! eewaw.sng the
web to conform it to _the three-dimensional- cross section

formng struct BRETOSSAPIRAINY | 10 ?"WE‘&/ cf-Bj‘ectH%ﬂ"?'gct oWeR | W’apéh?ure t he
web in all areamacriseopit Rgoss-sectipnalt prefile of ithe fotmtnggstaucumeum,

andl or t e and By e ibrioRadd'Cwitd SITREC e B CPFetndn MF L "The
order in which phessuréi diffecantialsqi rﬁ}ltﬁtasﬁal a&mr&tplpihgedfvmﬂd widpdnd upon
the particul ar B#b}'eacan%raks"ﬁo?ﬁcﬂﬁ% o e'c:P ulﬁbe H&?Uﬁétﬁﬁ{: @6&9&@9{1&:5&' Iy

expanded, three- di nmensiona merfFe web. According to the
br oadest appar aPRertyEpedn 6‘?et Rﬁmfﬂﬁ/éﬁf%ﬁﬁ"ﬁh\éf‘@'% Q5EYTS AUring cHHS| nuoys,

nul'ti-phase appphawsdonthd asessg arldndoeétna"ratpm.:sea cwbﬂ-teanfdrahhg

t b of substa ol o/
macr 0scop cal | yPEGERGRES. (fyel¥ed iR 2 TRy dre e JrEbRet den, said
apparat us conpr tise rpjast(ia)w&b f iHoweviep;, nthig pbaseids Uess domcecmed iwitbusly -
supporting sai dey }Q‘Eﬁ%&ggfﬁaw y&hdihgStHe? H}aﬁg to! 'ebriebFm q¥NitQ! khad a

mul tiplicity of e ‘apertures mhl ace the opposed surfaces of
said form ng st threeadimensionali dcmsmsﬁtmueﬁ Wheh Grming otsteucture.

Rather, its pnma_ry ob;_ectlve is to ful!y aperture the web in
all areas coinciding ‘with apertures in the form'ing structure,
including very fine apertures in the non-debossed land areas
of the web and/or the end walls of the larger capillary
networks formed therein.

The order in which these discrete forming phases
are abplied will depend upon the particular charactenstics
desired in the resuitant macroscopically expanded three- _
dimensional, apertured polymeric web. : S Co \/'
According to the broadest apparatus aspect of the
invention there is provided a cont1nuous, mult1-phase

apparatus for '
- debossing and perforating a substantually continuous web of

substantially planar polymeﬂc film to form a macroscopically
expanded, three-dimensional, apertured polymeric web, said
apparatus comprising: '
(a) a first forming structure for continuously
- supporting said web of film, said first forming
structure exhibiting a multiplicity of fine-scale
_ apertu_re# which place the opposed surfaces of
‘said forming structure In fluid communication
- with one another;



-7. - (b) neans for noving said first formng structure in a direction
parallel to the direction of travel of said web of film (c) high
pressure liquid jet nmeans for, substantially continuously applying a first
fluid pressure differential “across the thi gkmess of 'said web of film along,
said direction of novenent of said first formng structure, said fluid
pressure differential being utficieptly great to, cause said web of film
to rupture in those areas c&’ﬁchﬁ‘ﬁ@ W t'?f’%igﬁi §aid: ifirst sfarming pstrugters i n
.. said first.formng structuré & directiorcpadallélotarithg disécticn Wrctraler
continuously supporting said fi B?'s%‘fé‘l"ﬁe@%?r{l gd web of film said second.
form ng structure exhibiti n? a nmacroscopi ¢, thr'ee-di nensional, '
cross-section defined by alChuhighpressyre diquidsciet oseamsi orc sabstamidiyon

apertures which place the Oﬁm_ﬁﬁdduﬂgf ;ﬁgg¢£f?e§@sgegﬁlg&o?,%Fs;% 28

structure in fluid co_rrrr_unicatioafyfwth!zan [ _
said second forning structurdifierential across; the, thiskness @f said webeof

direction of travel .of .said webfith. iong. said dfrectih OB rit ldfaghig | et
means for substantially conti n_ug'gityf@'ﬁﬁl ing a tsecon_d flu d pressure
differential across the thickne 'Y B&V\E%"HF ure,; s}d-ofivid pressure
direction of novenent- of said sdiffexentialr leing - sufficiently. greatl té.cesuyvd
fluid pressure .differenti.al bei _ LCLenkhY Qe 0 _Ccaus said_ _web,
of film to be urged into su stﬁ#ﬁ%l bgom%r‘qrrén?épgﬁ%'aif'hghﬁﬁ%rBg?épi c,
t hr ee- di mensi onal cross- sect.i onc¥nciding swisbnsaidr finegseale uaperturmsd iho

rupt ve sai d web in those areasgsigi ArseifopmiMg RtRfdtdegBCr 0ScOopi C.
s ~- (d) a second foi-mihg- structure for continuously
supporting said fine-scale apertured web of
- film, -said second. forming structure exhibiting
a macroscopic, three—dimensiona_l, q’ross'-set:tion
. defined by a. thu'ltiplicity- of rﬁaéfoscopic
cross-section apertures which 'place the
opposed surfaces of ‘said “second forming
. structure in fluid ‘communication with one

another; _ '
~ (e} means for moving said second forming
' structure in a direction parallel to the
_ _ direction of travel of said ‘web of fflm; and

U (f) - high pressure liquid jet means for substantizlly
- continuously applying a éecond fluid pressure
- differential across the thickness of said web of
- film .along said direction of movement of said
second forming structure, sald second fluid
pressure differential being sufficiently great to
. cause sald web of film to be urged into
.. = ... .substantial _cqnfgr;ma'nce- with the _macroscopic,
_-three-dimensional cross-section of said second
forming structure and to rdpturé said web in
' those areas coinciding with said macroscopic
cross-section apertures in said second forming



Cross-section
substantially
fornmed by said
which are out

apertures in said second form ng -7A- structure while
mai ntaining the integrity of said fine-scale apertures
first fluid pressure differential in the areas of said web

si de said nacroscopi c cross-section apertures. 5

The discrete form ng phases may be utilizeth on a single fornming structure
of the features desired in the resultant web or on nmultiple
ures, each of which inparts only a portion of the desiredy

I ncl udi ng all

form ng struct
‘features to th
the formng ph
one . anot her,

desired in the
each discrete

achieve a prec
apertured poly
characterbBstic
one anot her du
form ng proces

i nvention will

conj unction wi W%

sinplifia&d sch
the present-

supply roll of OBQbstaanth!e;ﬂ |y againar gependingc. fugan i sthepl pastcligran
extruder whi cheRyfdcigistits \Eddifde TR i rédii tdh ©BbR ridifc ekt fOr M ng

structure;
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e web. 10  Struciure while substantislly, mentainingurtheg each of
ases of the pintégFity | ayegg.uorr.ﬁ@ggcgp, saﬁg,lt?;egnrf fingg' mlar to

endi n ar, characteristics
resul t ant p(F)# $cﬂﬁé‘3%t§9caﬁ§§qn¢e ditfecentialyiny ithel es
15 phase cdrease dforsaidg mbcmﬁcﬁararbe JUtkidé Z&gldgt O

i se resul t, nded hr ee -di mensi onal ,
meric webs can {)'Q’%ﬁg@& ?’loéséxﬁ'f%ﬁ" égﬁﬁitffé?rons of
s whi ch TherdiscpeteV iforsing dﬂnushha{«ObebetmE&”Bﬁthb' e wth

e 1486 SRR i o, v sese”

speci fication irncthe uresgitant tweb (ﬂl‘alonsﬂqwﬁplq:libming [sbrudtungs Owachnd
distinctly cl abmmchhﬁnﬁgﬁge&{%hgv‘%}u&n i dhel ?ﬁ;}?#& efxégg”];elge RREsent

oIIovmng escription in

again particu

g better der stood rom
r

he accorrpanyl ng drawngs in which.: Figure 1 is a

f or

ematic i Irmtﬂmul madid applied- abaﬁ-@ }‘elhkmt ﬁp[tﬁbnfbrﬂfiﬂﬁess o
ustra
vari ati on of ngggé{ ﬁg ggé%e" é’reglq%? g'ﬁ?ﬂ\/\ﬁ‘ sr‘”ﬂ?ﬁtﬂ'edkﬁ'mwrert& n the

. Because the. process variables. for each ‘discrete
phase of the forming process can be optimized to achieve a
precise resuit, - macroscopically expanded three-dimenslonal
apertured polymer_i,c___ webs can be made to exhibit combinations
of characteristics which were previously thought to be
incompatible with one another due.to limitations inherent in
prior art single-phase forming processes. '

- " BRIEF DESCRIPTION-OF THE DRAWINGS
© While  the specification concludes with claims
particularly pdiniing out and distinctly claiming the present
invention, it is believed the. present invention will be better
understood from the following description in conjunction with
the accompanying drawmgs in which:- o :
_ Figure 1 is a simplified- schematlc illustration of a
two-phase film forming process of. the present-mventxon:
 Figure 1A is a partial .illustration of a. variation of
the process generally shown in Figure .1, wherein the supply
roll of substan_tially planar polymeric film is r'eplaced by an

extruder which extrudes a web of molten resin onto the first

35

forming st_ructure}

.
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35 8 Figure 1.Bis a greatly enlarged inset showing, in sinplified
terns, the condition of the polyneric web after it has been subjected to a
first fluid pressure differential on the first formng structure; 5

Figure 1.C is a greatly enlarged. inset of the.polymeric web after it
has been removed from the  first forming structure; Figure .1 D is a
greatly enlarged inset of the polyneric, b after it has been fed onto

a second forming 10. stru . . '
t hr eejdl mensi onal cross- seEH{gr%alweﬁgf 94 é"&(y %H fﬁfs’?'%ggggs’f "9 ut" ace
is in contact wit rﬁlmnbfedc@emsortmngoeditm mfetheamivperrycmebc afely fitavi ng
thereafter been S%@%&Q‘n tstb‘?e @80@6’ 41 Hige M w'r%sgurfef ec!i?fétrbﬂtugl ]os}ter

Figure 1 E is reat({é ~inset o ymeric
conpl etion of the th(ev\ﬂ"ﬁﬁ E’“'%Pﬁ'\"fﬁjuﬁﬁocess gener aI ly illustrated in

Figure 1; Figuse 2 is a grs@dne ettarleecbfgalawt adrilamg eV Qisétheofflfrsé
form ng structure utilized t th& ol rrer|c2 en_t he web
sdtte Bt f

is subjected to ap“}IYF?f'cfl e t fegpov nErrOH\ {y{‘q Ff rst

accordance wth. ﬁolrrmmg)rstcestunel;l ustrated in- F| gure 1 Figure 3is a
greatly - enlarged. photogr a a n e r g
structure. which codld be’ g?h ut| zédgé’r\/\ﬁg;egwhrhnlgﬂl%/ﬂ ?'E:ge\\/{%/eb‘;to fd

subj ected.to the fPQ’!!meﬂCuMPbper;%%rlé bas f beemt fegl Og'éﬂeaa$¢ﬂ5¢ﬂﬂl Ifasming ed in

Figure 1 Figurg 4 difudturecat anmﬂ{.aggedaf r %BE@J&C | V'tﬂ%@-“dxh@ﬁsmﬁﬁf m ng
structure on which. fhe orte urln?apgllcatlon

of the second fl w"?f"ﬁ?e%e{rﬁﬁ"@ako\éméhf%? eﬁ'i“'i'tdl 'tﬁerﬂmﬁltf i fyrfe df n
Rigure 1, Fi gure Scantaet mrrplthélﬁtoadhﬁ:mmg structusd, r sdidopolyimeric web

alternative Qﬁl{iﬁ tl‘?érf@a? r b%%ﬁc‘ﬁﬁﬁ ecgéa {aﬂg sQE&é&“\‘luid‘Vp‘?JlTsLSPé

Figure 5A is a gr Iy 9enl arge I NSE
dtfferentlal

15 Figure IE is a greatly enlarged inset of the
polymerlc web after completlon .of the two-phase forming
 process generally ‘illustrated in Figure 1;
' Figure 2 is a greatly enlarged fragmentary .view of
the first formmg structure utilized to support the polymerlc
20 web when the web is sub;ected to. a first ﬂusd pressure
~ differential generally in accordance . with the . process
illustrated in Figure 1; e
Figure 3 is a greatly enjarged photograph of a
_ _ fragment .of .an. alternative formmg structure. which could be
~ 25 utilized when. the polynerlc web. is. subjected to the first fluud
pressure differential generally lllustrated in F!gure 1;

Fsgure 4'is a greatly enlarged fragmentary .view of
the formlng structure on which. .the polymeric web is
supported durmg application of the second . fluid. pressure

30 dlfferentlal generally illustrated in Figure..1;.

' Flgure 5is a sumpllfled schematlc..lllustration of an
alternative two-phase forming process of . the . present
invention; R L o
_ Figure 5A is a greatly enlarged inset showing  the

35 condition of the polymeric web after it has been subjected to
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35 condition of the polyneric web after it has been subjected to 9 a -
first fluid pressure differential identical to the one illustrated in’
Figure 1; Figure 5B is a greatly enlarged inset showi ng the condition of
‘the plastic web after Its renoval fromthe first 5 formng structure
illustrated in Figure. 1; Figure 5Cis a greatly enlarged inset show ng the
condition of the web after it has been rEaned fromthe first formng . .
structure and fed onto .a second malroscopicC Cross- section f or mhaah

horear tor beeh iftecfd L Plittuct  JipbreRbialid ity T (g ol 10
5D is a greatl illustrategeinh ifigure dhowi.ng the resultant- web after conpletion
of the two-phase form eﬁgmﬁ%sis‘g%ﬂﬁ t‘%at%on o?eﬂ\é& gh&HrFq Fheld

Figure 6 is a sinplifi ematic | | t er nat
t wo- phase f or aondjtionr ofcthe RlFSthh\!ebp?QSEni;tsl ﬁ%ﬂ‘ﬁ'oﬁfo'ﬂ@ﬁe"@& s a

greatly enlsirg%i-min§e§trﬁ&wwmmmawdhtng&ref 1t he polymeric web after it
has been subjected d wat'er assi sted cooltheg -

Figure 6B is a greatly "e8HE? \sn§e9'§ Yi Rlarged Binet: shewing ¢
polymeric web abiditiont of atheb eeb. aftereitt has theen Pembeed piroms the firstui d

jetting proces e d t a o] uc whi ch the
vacuum form ng"%l‘b p%@e%gé}%asq{(yar p‘?gd %f‘; andggc‘g # ré%r%gggpt&r eatly
enl arged i nset ceoasnisectiome. fermingantstwabrrer erwitheut worenersing or isng

process gengr abliéntatiots! 'Hi@dweB hagH 3% t@xd?éifthﬁeﬁeé‘r‘i’%tﬁbéfbd Rooyre 7 1s a
greatly enlarged. fragment E%é\“ ew formng structure utili zed™o

carry out the B 5‘539%'5%9'&‘“? lxdisclosed in Figure.6;, Figure
is asinplified scherratnagurélmtrsahl gmeatw ennirged tdetpBROWIrgtHeNg

process of the AR WAYSURG cbhBldifon’ of > tRe SAL ML FSSHg' MO

) process generally disclosed in Figure 5;

18 Flgure 6 is a s:mphf‘ed schematic lllustratlon of an
alte'rn'ativ_e two-phase - _ formm_g process of the - present
invention; ' ' o | |

Figure 6A is a greatly enlarged inset showing the
condition of the po|ymeric web after it has been subjected to

20 vacuum formmg_and water assisted cooling;

' Figure 6B is a greatly enlarged inset showing the
condition of the polymeric web after it has been subjected to
a higher press'ure liquid jetting process while supported on
the same forming structure on which the vacuum forming

25 process was carried out; and :

Figure 6C is a greatly ehlarged inset showing the
_resultant web after the two-phase forming process generally
illustrated in Figure 6 has been completed;

. Figure 7 is a greatly enlarged fragmentary view of

30 the. forming structure utilized to carry out the two-phase_
-process generally dtsclosed in Figure 6; :

Figure 8 'is a snmpllfled schematic lllustratxon of

another two-—phase forming process of the present mventlon
Frgure 8A is a greatly enlarged inset - showing the
35 condition of the p_olymeric web after it has been subjected to
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35 condition of the polymeric web after it has been subjected to 10 a
fisrst high pressure liquid jetting operation on a formng structure of the
type generally illustrated ikn Figure 7; Figure 8B.i-s a greatly enlarged
inset showing the condition®of the web after it has been subjected to a
second, 5 higher pressure jetting operationowhile supported on the sane
formng structure on which the first Iiquid jetting operation was carried .
out; Figure 8Cis @ @ﬁfehthlgfemtasgede qutd sllemnggopémtlorswﬂ aant fopminger i c

veb STter, the tvo- Rigatrd SERAOPEESRHRy HORUAGRE N i1, o

conpl et ed,; gure
still anot her enbodi rrent ofFigureBBhiss @ memlwgenbrgeésmsebf shdwingr ¢bent

invention; Figure @dnditiondofthet WebCiftar Geth h
condi ti on of tgpwg& alfltogrolt has been 58 eacéte @?Osgﬁ?}é’géslf t? ﬁl%ig?gésure

differential heS BressWs IgtHNBeoPer tB’é’bH‘c’“Pﬂé"PHﬁ@ﬁﬁD@'ﬁ‘ ther same of
the formng struct forming striticjure B whichr ehé ! firenlIRjIAT jdteimel oplapading t he

condition of the as been subjected to a second 20 fluid
pressure dlfferen\t/\?'gfaga%g{%gr?’gflng a high pressure liquid jet which serves

to aperture the web inFighosdGrisas goeattypemdrged inset hshawingl the
apertures in the '?é%l?érﬁa oﬂfm%ll?é web Thitd rsm#orm ﬁhé&@' f’o?mir‘rﬁzt ceO!

the web before jt |eaves t | uence o g vacuum
Figure 9C is W gr#wy incRigurgcd hassbeearramnigtedic resul tant web after the

two- phase form ng process. Fgeralol s ial hwlrfﬁoecéchem&iuums@rmﬁn latfes“mr
conphket ed; Fi gure 319 at.i on_of process

geperally sinilar t%thte%afmi’ﬁgp\d\é'{tlneq% @Jrerggtphﬂﬁ e H@{‘%o rocRss ncﬁfpé"‘

exception that apreientdneentioozning structure is enpl oyed;  Figure'10A -
Is- a greatly enlarged msggg&;pvgmgst QegF%WtéﬂQrgédt#\%et“"%vﬁkberthét has

been subj ected to a first
15 condition of the web ‘after it has been subjected to a first

fluid pressure differential-comprising: ‘suction applied- adjacent
~ the innermost surface of ‘the- forming structure, ' i
' ‘Figure -9B:>"is:greatly enlarged inset ‘showing the
condition of the web after it has been subjected to a second
20 fluid'- pressure- differential’-comprising a hlgh pressure liquid
jet - which ' serves- to--aperture. the web in those areas
corresponding’ to-the small ap‘é'r-ture’s in the land areas of the
_forming structure:and~to further cool the web before it leaves
the influence of the '-fbrming' vacuum; '

o/ . 25 - “Figure 9C is-a greatly enlarged inset showing the
resuitant web -after the two-phase forming process generally
illustrated in Figure 9 has been completed; '

Figure 10.is a simplified schematic illustration of a

process” genérally similar' to that shown in Figure 9 with the

30  principal- exceptlon that a. dlfferent formmg -structure is
- employed; - ' ' '

Flgure ‘10A is a greatly enlarged inset showing the

~condition of the 'web after it has been subjected to -a first

35



11 fluid pressure differential conprising suction applied adjacent the

i nnernost surface of the formng structure; Figure 1 OB is greatly enlarged
i nset showi ng the condition of the web after it has been subjected to a
second 5 fluid pressure differential conprising a high pressure liquid

jet while still subject to the influence of the form ng vacuum Figure 10C
is a greatly enlarged inset showi ng the riesultant web after conpletion. of
the two-phase forning process generally illustrated:in Figure 10; 10\«

Figure 11 is aﬂ@rde@trbss@fd aﬁtﬁderﬁﬁsgmsambars]ngl swetidn apptiedodjagenst ruct ure

enpl oyed in t pr 0Cess ur 0 Fi qure pl an vi ew phot ograph,
enl ar ged many ?Lﬁ’ﬂrfa&so ¢ f?ﬂ"ﬁ"g StrH&t‘l"f'fscopl cally expanded,

t hr ee- di nensi onal apethmad IOﬁoliyngreatlyebnlanged Ussety srmvﬁﬁg th®- phase .
form ng procesgp, dﬂﬁﬂﬁr% t es«gbl thF tﬁt hg& gé cls% é{.{ gcc}nd Figure 13

I s another plan view p n% e web ust ure 12, but
at a nuch Bi gHyid gressyre @fﬁrpnéiah@mprisyng a high presaugsr iquidi s a pI an

vi ew phot ogr aglt wilé'seRA sUBject {0 ERE mﬂaehaalof tid T6rmitlg vacuum,
nmacroscopi cal I'y expapgded, ﬂé &dl nmensij ona ertur ed ymeric web

made using a two- phasE/gWien @c@§§aﬂ¥n$?‘él"9§ sinset o8 ‘I"ﬂ"ﬂh&'ﬁ‘edl scl osed
in Figure 6; Zesultant web aftegurconigletions ofnofheer two-ghasel fohmingb shown

in Figure 14, V, 1f|cat|on F|gure 16 is a
pl an vi ew phot%'g’cgg% &gygg‘égdﬁgg;atgﬁ Ji?eF%u'[ag::l'([igal size,  of " a
macroscopil®al |y expafitgsire fhrisea djnreativt snéargedpéuragmmapmlwm b€ web mde
utilizing a 3Gne mﬂ.ﬂ.hgfmﬁetm Eripo P G StheP brbdEasPb £ Eiglhrd HpSNt | 0N 2

formng structure gen simlar to the one disclosed in Figure 11;

Figure 17 is a sinpli beB:!-"?c%n‘ﬁt? cP'F'PIYl@l"r RPPH?Q’GPhan%?'ﬁége@vﬁa'bﬁase
regi stered pattk:ﬁw f@tmmg psieesss off tde Facrosddpidily | Nekpahaadwherein a

masking el emerﬁ“. (?imensl r|T-]%onagertured polymeric web made using a
15 two—phase forming process generally similar to that disclosed
" in Figure 1; D
thure 13 is another plan view photograph of the
'_web illustrated in Figure 12, but at a much higher level of
_ magnification; o

20 _ Figure 14 is a plan view photograph, enlarged many,
times actual size, . of a macroscopically _expanded,
three-dimenﬁional, apertured polymeric web. made -.using a
 two-phase forming process generally similar .to that disclosed o
in Figure 6; ' _ ' : N\
25 Figure 15 is another view of the web shown in '

Figure 14, but at a much higher level of magnification;
Figure 16 is a plah view photograph, enlarged many
times actual size, of a macroscgpicélly -expanded,
~ three-dimensional, apertured polymeric web made utilizing a
30 multi-phase forming process of the present invention and a
forming . structure generally similar to the one disclosed in
Figure 11; | _ , '
Flgure 17 is a sumpllfied schematic illustration of
_ another two-phase, registered pattern forming process of the
35 present invention wherein a masking element is also employed.



12 to produce a polyneric web exhibiting discrete predeterm ned areas of
mecroscopi ¢, 't hree-di mensional expansion; Figure 18 is a view of the

I nsi de of the maski ng el enent, taken along view |ine 18-18 of Fi gure 17;

and 5 Figure 19 is a view of the fini"Shed web shown in Figure
17, taken along view line 19-19 of Fi gure 1712DETAI LED DESCRI PTI ON OF THE
PRESENT . | NVENTI ON. Wil e the present .invention will be described in'the -
context . of piO\RTOENGe a Poymesisc webc gxhibitinge disgretel predetermined

t hr ee- di mensi onal , apgy bfimRtrostoisit Qhr%m@ﬁéfchﬁl”eﬁ?h%s:o guited for.use .
as a- wearer contactlng SLkrlface fé;piabsor ent bandage suc as - =

di sposabl e- diapers, sanitarfe Ri As vViewoahdthe é'%%‘ﬁﬁggfam meskinge,
t he present invent elemeing, itakan alemgl view tiflet 1B-98CHF FRjlrecal @mg  To the

contrary, thegpresent 15 ed. t at advant age
whenever it i3 desired to pr Q%Q‘tdpﬁgswie% |#B%g$ ﬁB'&? g ﬁﬂ% Ff’mj
properties, * charBigunei 7; daken aiengietipwsline figmithadfsFigure tiBtai | etc.

not previously obtainable wusing.. prior. art ..si ngl e-phase web formng
processes. The patte desi red shape, they

reated  may b be of a
ey be rogul atod or  rDERALED: PESGRIPTION o e S RIS

hnterru![ot ed, or any deSI re?lmwmhgaﬁﬂ&anttlheﬁﬁﬂbn wili”lfg. dt@ﬁéﬂbbédm thet g
escription uc s disclased herein -ap eir ste
B L& Reeds

use as topsheets Cksh&XPYIAIpg " 5 MICEOREORMALY s 684P2R
bandage cont &kt vmthresl-dmermmaiklawetturedtblasaid websr gadticulartapsuités

i nveltion to produgh ywebsaangl @ve§ it @gntathin%]lgﬁF' éi:?pbﬁ Cﬁﬂo?ﬂgnt ’%andagest he

pacticularly preferred mult cont I"nuous proce
present invention SY&h sc‘?w%rreﬂ'ﬁ@‘&?ﬁl’g}e30diaperﬂ usganitany i rf‘ﬂnkéme Iwoundh t he

enbodi ment shown i drdssings dnd atHeehikef: tﬁabﬁt-@gadtamwenﬁumer i | hd wi
conprised of apolp{é‘rﬁrlc mat er,i al ethlenelsfedfroma

supply roll 1 onto 'PHEdsE? s sReh qu%}lca%qusst %1"0 h¥n§° faryisthe Rieseptch a
formng strukiure inVentiont mayobel practidea ¢s gteatubdvantagel Whesdver it is

desired to produce plastic films or webs exhibiting properties,

. characteristics, -aesthetics, fineness of detail etc. not

previously obtainable usmg prior art single-phase web

forming processes. The patterns created may be of any

20 desired shape, they may be regulated or random, reticulated

or non-reticulated, continuous or mterrupted, or any'desired

combination thereof. The detailed description of the

. structures disclosed herein and their suggested use as

W : topsheets and/or backsheets in a. dispbsable_ absorbent

25 - bandage context will allow one skilled in the art to readily

adapt the invention to :produc_e webs well suited to other
applications. :

A particularly preferred multi-phase continuous
forming- process .of the present invention. is schematically
30 . illustrated in-Figure 1. 'In the embodiment shown in Figure
1, a .web.:of substantially. planar film 10 comprised of a
polymeric ‘material -such.-as. polyethylene is fed -from a 'supply
roll 1 onto the surface of:a.first forming drum.18 about which
a forming structure 15 continuously . rotates at substantially
35



13 the same speed as the incomng web. The formng drum 18 preferably
includes an internally |ocated vacuum chanber 20 which is preferably
stationary relative to the noving formng structure 15. A pair of
stationary baffles 25, 30 5 approximately coinciding with the begi nning
and the end of the vacuum chanber 20 argszlocated adjacent the exterior
surface of the formng structure. Internediate the stationary baffles 25,

30 there is preké@rsume/ spledi 86 kHEEIREOMING WM.V | The? féiring RIrBHs Uise _
differential to tPe gubs_t_antlall pl anar-~web of &0 olynméric film10-as it
passes across PRETEIARHY JRcludaso@p interpally; fecated oy Lﬁﬁbﬁlﬁmgzot he fluid
pressure diffentith ds ppeferablyoistationsryc Gefdtive toatie Ghovings farntingi qui d

Cubstantial Ty SRRy 855 oo LB of o "HieblareBy {HERqed” 2% 38

" Detail s.as 30 approximatelyucoinmiding swithothegbeginding pandit they endesfur e of

liquid nozzle ul Set Hqor lnBatal g1t ggm{ll SAl Eur opean
Pat ent Appl i cattﬁéonqég‘éﬁ‘ca t?é(r)nr?iﬁo %ﬁS%’%?lﬂoei%%ean‘gg S rélg‘ce"t31 ue:%etgp%?& a :
greatly  enl asdefaceoof theglerming \struetinest Uitermediatethej statianasyed in
Figure 2, incl udpfedt 251130 Rhérfd Gy prefémibly | pidwided ddnsaPsy bpphAingb across
all or any desirgd, portion of ift-s .?ulr{a .. ~For d sHosaﬁlge di aper, t opsheet
appl i cati ons tﬁeggi':g;?é'ﬁﬂ?'é?s dl‘tftﬁr%q?y?gﬁﬁesq%@?b@ ¥eP\REaR ‘ﬁ%guﬂf 1ol
and about ‘1@ npbBymericli filmetioras.2b pakses racrgasithg sugtidre cihamberegdhar had
attern or it £ ol -y, 4SS JESi bl ot . 1l Met hads
gf constructingm g’ﬁ‘l‘%&g%?%d %qﬁir‘%%- |nnéns_t_|5§nafl|d.'at L%sérﬁwftg?ﬁgﬁwn%'nbers f .
this general t@pelicatordmeansseemprisesoanbigly pressynediiquil mtzgmt354, 508, 256
i ssued to Radelynpéh aldis@ardfes ABT ijet 2. of19fguidd veoMBdy assi gaegh U S.

Pat ent 4, 509, 908 14 | sst .tgo Mullane,, Jr. on 1] 9. 1985,
substantiallly ul#\?gorm?y across the entire \éﬂti\ ofc') the web. 10,

15 Details as to the construction, positioning and operating
pressure of liquid nozzle 35 ‘are fully set forth in the
commoniy éssignéd'Eufopeén Patent Application Publication
‘No 0156471, - o '

_Forming  structure 15, a greatly en!a'r"g;a;'.l

20 fragmentary segment of which™is illustrated in Figure 2,

" includes a multiplicity'of relativély smail ‘apertures 16 across

all or any desired portion of its surface. For disposable

'diéper topsheet applications'. these épe'rturés3typiéally range in
size between about 1 mil ‘and about 10 mils in diameter. W/

25 Their Spacing rhay be in a regdl'ar pattern or it may vary

randomly, as desired, in the resultanf. web. Methods of

- constructing suitable three-dimensional tubular forming

members of this general type are disclosed in éommohly

assigned U.S. Patent 4,508,256 issued to Radel et al. on

30 April 2, 1985 and commonly assigned U.S. Patenf :116509,908



The apertures 16.in the form ng structure 15 may be of any desired shape or
cross -set tion when the forming structure is fabricated wutilizing the
| am nar construction 5 ..t echni ques generally disclosed in the

af or ement i oned comonl y assi ‘gned patents. Alter natively the tubul ar shaped
form ng structure 15 rmay be conprised of norH anmi nar .construction and the
desired pattern of apertures 16 created by nmeans of |aser 10 drilling -
or the like. It idssted teodbillane,t drusen bhprid S 198E. | | ke conpri sed of
pliable material and operat usl y, about .a pair roll In the
latter circumstance it is ggﬁgr é&{/tu%gg f%b'r'elgﬁg fﬂm@ﬁ‘%es Herurs o I s MfYor t
beneath the pliabl ebéedft aniyedesirned shapbj ect exbsst-ge. tidre wihiénui the foeming e
A5 Tl er ent i arbgndeol b distiviidred”. uéﬁirhg a&mh mindk! e eBa'd

structure which can be used to -provi fine-scal e ape uring o

polyneric weB 10 cd®f n&%@sagmeai'mqlecmm in1the aferementianed semMANIvY ¢ he
hi ghly enlarged fr aggpin ?amgraph of ‘Figure 3. In 20 this .
situation a rmlt|pI|C|ty o]

nter nts 117 a re
i nterwoven with one anot herAk avP e g" %&H ﬁé\a!’é#n °'§HB§ gg"”f:ﬁ"é‘fe
general |y shown in 75 guag Be a:bmptrisdde mﬂJrriutc-eamifnarhe:oﬁstmm@rstand:tthe

115 The woven- wi r cidgialy | bA@ERA " S¢ TerkGrE Y (S0 AP! Abafl 9P NEEF | ©
material. 25 . ven w ructures I | anent s
117, 118 rangi fg i nliingtan theokkeo. toimalse mssikiano use balls eesthe

counts ranging fromke coﬁrl?yecﬁfbfpﬂiabib Ghatepiab lafd bdpe"rjatﬁ\ Lontihuolisly
respectively, wll ery soft fe ellng ured webs . when

tt%’ lL.cally pro
subj ected to 30. A ghais; lﬁ°ésl ‘i qdPd 5 iagters SireymsRnse 16235 ¢
35, as general |y shyameratlyFidgsirable fBheprosidé i saﬁltablemshbpapemenmhcmbat ed

in such vebs subst aliigibl oufP LARROTH. g LAMbNElel SBAC Ee CYRALC brdbshPE

i nterstices 116 bet'we the I ntersecting
appr eci at ed 115y thosﬁﬂfﬁ{'ﬁmleﬂ tOnB\tQié @irstortim» degree of conformance of the

pol ymeric web 10 to the Still another suitable forming structure which can
' be used to provide fin_e-scale aperturing of the polymeric web
10 comprises a woven wire mesh 115, such as that shown in
the highly enlarged fragmentary 'photograph of Figure 3. In
20 this situation a multiplicity of mtersectlng fllaments 117 and
' 118 are interwoven with one another to provide a knuckle
pattern, such as that generally shown in F:gure 3, about the
surface of the forming structure 115, The woven ‘wire mesh
- filaments may be comprised of metal or polymer:c material.
N\ 25 Woven wire mesh forming structures 115 havmg ﬁlaments 117,
' ) 118 ranging in diameter from 0.076mm to O. 178mm ' and
mesh counts ranging from 55 by 55 per sq cm .
to. 31.5 by 31.5 per sq cm . respectively, will typtcally
produce very' soft feeling apertured webs when subjected to
30 - the high pressure liquid jet 40 issuihg from nozzle 35, as
generally shown in Figure 1. The relatively small apertures -
created in such webs substantlally correspond to the void
'spaces created m the anterst:ces 116 between the mtersectmg
filaments. '



surface of the formng structure 15 and the size of the apertures created
be influenced by factors such 5 as the tenperature of the

etime it is subjected to the liquid jet 40, the pressure at
40 is applied to the surface of the film the tenperature

therein wll

" film10 at th

whi ch the jet
of the liquid
general , when
the formof v
greater wll

pressure |iqui

preferred tha!t G{te [ nocfg%hlna fwe]‘g' 'ﬁgsgwd%t@'?ugf g?ﬂe hg#:é ?ﬁe&@na

conprising the jet, the mags flux of the liquid jet,
the fluid pressure di ffer
acuum th

+

‘etc. In
ntial 10 applied to the web is in
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state.
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Wat ever  thetoOth@i Burfake offie thé NEm] ngmwéznpafateséymertwe np§eid al 10,

es beneat t he I| uid_jet. 40, S ondrtr n wr Il De generally
FRMPrEEATgy h251e qfrg’@é ﬂ‘r’i’ée‘?‘J i)'? &\ ‘r’ele 18%- At this point,
fine-scale apertures llh cgemasabpndnheg tthet hﬂuidelatessﬁry Sﬂﬁﬂekeﬂﬂﬂtures 16
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20

than a molten state. In the case.of. thé embodiment shown in
Figure 1A, a web of molten resin_ 10' extr'uded from a
conventional extruder 101 couid be: fed between a pasr of chill
rolls 3,4 prior to being fed onto the _form_lng_ structure 15 to
substantially. cool the resin before it passes beneath liquid jet
50, ' _ | o

Whatever the origin of - the incoming web of
polymefic material 10, after it passes beneath the liquid jet

40, its condition will be generally as shown in the greatly

25

30

35

enlarged inset of Figure 1B. At this point, fine-scale
apertures 11 corresponding to the relatively smail apertures
16 in forming structure 15 have been created in the film 10.
The small volcano-like cusps 13 formed about the edge of each
aperture 11 reflect a degree of thinning-o_t: the film just. prior
to rupture. - B

Following apphcation of the first ﬂmd pressure
differential to the film, the finely apertured polymenc web 10
is removed from the surface of the first fme-scaie forming
structure 15 about an idler roll 45 in the condition illustrated

n

structure 15 to

o/

Tom/ esu %ce of _the first

Qr@o?lﬁl tion



apertures 11, the surface 17 which contacted formng structure 15
exhibits a nuch softer tactile inpression than the 5 surface 14 which
was contacted by the li.quid jet 40. Accordlngly, surface 17 of the web
i's generalI'y preferred as a‘wearer contactln? surface over surface 14. The
overal " characteristics and benefits of suchi&oft feeling polymeric webs
are described in,. greater detail_in_ the connngé&glo assi gned,

p?_pdl ng U.S. Pﬂ&f@aﬁlﬁppplﬁﬁgnf@é?lial the insehHe reelCeoBR@Usen  of
the rst phase of ofheuempbeéearcmagtaéoam dssgjmaddrrrg Fdaghr 6f 1hetﬁaﬂy

f I t d we d t t t.h

b ocess Tor Mo 0sBBB rBRpaliei offie oreurtted "o RFET soRtadth, ' Hriidry
storage. In the | attuntuce r1(5uexhthsea mpphlsnftemmacﬂlethltpmsmndtlpﬂmstaeof
the process may, besﬂﬁfa%'éreﬂr U WHidn @ ¥ CEofiikFed P By 2B Aliqlid! fibE" 46

| ocation. Alternatively, : poi nt or enent i oned
conmonl y assi gned, op%-nshng sqgfaq; 17 Pﬁtt@ﬁt wabpis @&Dﬁbﬂ%eﬁreé?"m as

740125, the finelyaapRiaref eéonféehnéo smra&e duelrl istpfacy tiQut ﬁﬂer tdwrau
processing in  an end product wher per abr

' it
tactile inpressiGR3F %"‘Sb‘&Ft 2ed Wf'taeg r SHFB, éeﬁgg PO?VmeNC
macroscopi cal |y exmbéedard hueeendbeansmongb-eaneossdaaut ion the rammmonly

17°%01 the webitlo PROBRESsnRcPRIdPal ys: T BB T ARBadEH 20 L0 LT ch T

to undergo macrosc@wird,alt leee-7430 25di nensi onal expansion is, preferabl y fed .
ontoxa second formng stru |ch o] about form drum

50 8
that its opposite surfa_ce'cl{&éz cpop eﬁf%egferﬁ?fesf%ﬁft abhasg tﬁ mﬁ r’rY"ﬁg >°
17 structure 50. Féomming ¢hrocedsS distlosedi b géigaral 1y thenifirrelyt apécturiedg

drum 18 al so inclugdeg q¢Stad oggr )fg%aqgt g{‘:égﬁg?@%g?ﬁgga[}gdth@dgﬁ%% the.

interior of formng struc and
substantial | y d&i npreeess for tmcrssconisagxnywnu or-o)- ange\euvg!eﬁwom hior

vacuum chamber 55, «dfiSédPY storage. In the latter circumstance, application of
the second phase of the process.may be deferred until a later.
date, perhaps at'a different: focationy i s
_ Alternatively, as ‘pointed-out in- the aforementioned
20 co.rrrmonly assigned, - co-pending U.S.. Patent Application
Serial No. 740125, ERREEAE : |
the finely apertured web 10 may ‘be- utilized without further
processing in"an end product wherein fluid permeability and a
soft tactile ' impression are- particularly desirable, but a
U/ 25 macroscopically ekpanded, 'three-dime'ns-io'nat cross-section is
ot essential. : o ‘
Because of" the desirable tactile rmpressron |mparted
to surface 17 ‘of the web 10 in the embodiment illustrated in
~_ Figure 1, a web which' is 'to undergo _rrrécrO'scopiC', three-
30 dimensional-expansion is 'pref.e_r‘ablii"'f'e'd onto a ﬁecond forming
. structure 50 which oper'a'fes about forming’ drum 58 so that its _
opposite surface t4 -is placed in. contact with forming



defining a second fluid pressure differential zone wherein a second liquid-
nozzle 90, generally simlar to liquid nozzle 35, is positioned. Liquid
nozzl e 90 al so discharges a relatively high pressure liquid jet 100 agai nst:«
the surface 17 of - web 10 10 as it passes therebeneath. Because the

maeér oscopi ¢ cross-section of. formng sttucture 50 is considerably

. different than that of forming structure 15, the pressure and mass fl ux

" rates of nozzstrusture §0pr diormingydewnuss cwhichicdscgenenally (5imiﬂ¢retpress(3-vé

and 15  1mass fdihin a&ﬁﬁn%egnéoosnaeaéé% ItatiodiY gagaeﬂn @«%ﬂ gs to the

construction, @OSH onl n operati ng pressure’o ool o 95 may be
found in the closatad yaét%ﬁegﬁedt eEur"EB P&fenfO"Ni'M| c Pﬁﬁ-"FQJbISPeatlon No.

015%71 ThteI rrsfartﬂﬁﬁ@pld ‘bfa$f|@§57$%‘ﬁdl 080 Oéuﬁétléﬁtilﬂ SE&H@&E ewaﬂ itheVi si bl e
in e greatly e ra, men per eC|veo | S nore .
readi |y appar eﬁ?g* %l"f%é"?' ggteagngl ygcu 't“ﬂecnﬂ!'bg trtﬁefei’}‘,ont ai ni ng
fine-scal e apedefinimy Xl sesoﬁddflumd Opt'éisur!t differertizif 2cme oﬁhéaim ag
structure 50 s h hdi Sn ugkure, whi | e
its, surface #?mtd i>'h(‘)'ri‘g'en V\ééag%]bﬁ i'%l%??l ﬂ&%%a}%fceor fngly, the
smal | cusps 13isofposHéonasbr t d«qeidlln@zte 0 alsa dischangesnaz retatbely The
effect produceg edw pfrlegélgréWuﬁUﬁ 20 1o h?sm&%btﬂa‘ stirfsdel 4768 WeblQoas it

passes t hereben glenera il lusfrated inthe greatly enlarged
cross- sectibn 3% nbm55¢ﬁ In particular, the web 10 has been

caused to assune the Wcﬁ&ﬁ@ptl@e Cnagsostopic oa-o@shséutiad 6f fdrenihgr mi ngv

be appr ol at ot Uyt RS SRNPRAGEER, dFRrIRE, T inatCBE, frmifg | Mher e
in the incom nstrwebuce 1Shathetpressure sanditmask dluk rates coff Iriogetep98ses of
the present ”é’rlet' rabi adju &Hmnﬂﬁe eRdéritly 2bf weﬁﬁéésmrer%arved

whenever the atter ase form g 0 eratlon are carried out while
the web islSn 'aa§§)lf"dxr%ﬂtﬁ§ruﬂf&nf°e§ RRrzlen3y qiAdditignal, detailsias tt9e web

exhi bits a nul giedlconstsuction;apobitiining cin@ diferdBinge pelssure of liquid
nozzlle'9_5 may be found in the commonly assigned, European
Patent Application Publication No. 0156471. N
The macrbscopic cross-section of forming structure
50 is visible in the great!y e_nlérged'fragmentary perspective
of Figure 4. As is more readily apparent from the inset of
Figure 1C, the web of film 10 containing fine-scale apertures
11 is fed onto the exterior surface of forming structure 50
such that its surface 14 contacts the forming structure, while
its surface 17 is oriented toward fluid nozzle 90.
Accordingly, the small cusps 13 of the apertures 11 are
- oriented toward nozzle 90. ' |
) The effect. produced by fluid nozzie 90 on the web
of plastxc film 10 as it passes therebeneath is generally
nllustra_ted. in the greatly enlarged cross-section shown in
Figure 1D. In particular, the web 10 has been"caused_to
assume the _macroscop'ic'cros_s-—section exhibited by the forming



having interconnected sidewalls 12a corresponding to the 10 edges of
apertures 56 in formng structure 50. The capillary networks 12 are al so
ruptured to formapertures 12b in the shape of the apertures 56 in the
form ng structure. As can e seen fromthe gr eat 'Y* enl ar ged fragmentary
perspective of Figure 4, the formng structure 50 exhibits a fiber-Iike
15 cross-section of the type- general |y di&closed in commonly aSS|gned
U S. \Patent 4,342,314 issued to Radel et al. on August 3, 1982.
Accordingly, the rmmu@s@q).&s)amnyhmmmymgr oﬁme-rss:aMalperapmstuled web

10 exhibits a sim hgr ﬁllpssbe'se @bpPeciatd By, those . slﬁlé@d RCTRAET 194, Of

t he second proceSS| ag_ phase the macroscopi _
t hr ee- di nensi onal , h3fiactenistes dpherant in \ibe 'IGOWS"Q é'l'ﬁh/é’ﬁ rharractmsmmg

structure 50 and \Arrapml:abom iedrRér I PHased 1@ fanthel 29rdsent’ Vlﬂﬂ'i‘iaﬁhhse may

be fed th t di tati or-ar tora

d?r egt I ;I toe(r:on\c/)e?ﬁrrﬁ'\énngl I é’ce%ﬁga:égpqemghngg r\<r§§ ﬁ'ﬁk?'ﬁ %ﬁ ireed
product struct ur esphasgshofisthei forodagl mezia&mnbahe daaniédgeat whxlm thaowéb
nstances the | o 5h 2 BRI®finef Sl (d B Yolfe! T3 & ALDRS the

m nimzes the | oss call

macr oscopi cal | y eV(ﬁBnG@!&'biB@ a mnﬂti@élcmvmfsmndlarypmgmkg W@bs eache

rewound under tenshmf,gAsmm&omcwasmwa‘lrsomzat heoresBbhainy! f§ OfHl Vb
Cross- sectlogoshown in Figure-1E, th B‘h%@% processed- pl-astLc web of Tilm

10 exhibits %° macr8d9&Hef @%égr%%éﬁl ingstouctune | 30 + Sheneapilatnn i n
t he &forenenti onednetwarks! 12 asmé @issl rAfptured). fo fBAhcapertudés, B int eh&adel

et_al . However 0 9 nak| 1 ts a fine.scal e,pattern of
apertures 11 As can D€ (‘))lgste'?eveagg {Jﬂﬁ% géex‘lgﬁg Pé'&‘ln%fSt[ngt"frerfe é\gaf‘%
apertures 11 actbelisegn fmﬁheagfmlerdamgdd dragmentonyr perspaative of a
tiny vol cano, the Pigupempt e | NaShi fee - ps
13. Because# he ent’ rg surfg‘(% g?cr?rfmé/” & l!flefsuj‘.:«seu 5dece’§(1j'b‘§% f?nlgms%gaﬁué

aperturing ofP firstrossTRGHPrstficth® <tyRrs enprajl o' uiaeloged ndn msemavEyi ¢
expansion and | ar gﬁsﬁgﬂéd? opsrttwatém ansimrsmungssaéalcwraaéél éthese énny

August 3, 1982.
' Accordmgly, the macroscoplcally expanded three-dumensnonal
apertured web 10 exhlblts a snmllar cross-sectlon '

20 After completlon of the second processmg phase the
'-macroscoplcally expanded_, three-=dimensional, apertured
polymeric web 10 is removed from forming structure 50 and
‘wrapped. about idler rolls ﬁo_‘ and 120 from whence it may be

"~ fed either to a rewinding station for temporary storage or

25 = directly to converting lines where it may be applied to making

. ~ finished product struCtures, such as disposable absorbent
bandages. In Emost mstances the latter approach is
particularly desirable, smce :t mlmmlzes the loss of cahper_'_
‘which sometimes results when macroscoplcally expanded

.30 ° three-dimensional, polymeric webs are rewound under tenslon
As will be apparent from the greatly enlarged web
cross-section shown in Flgure 1E the fully processed plastlc

~similar to: that shown in the aforement:oned commonly ass:gned
35 U.S. Patent 4,342,314 to Radel et al. However, web 10



apertures 11 are present both in the non- debossed | and areas 10

filmas well

12.

is normal |y perceived as well

Due tothe tactile inpression inparted to the web by cusps 13, web 10
suited for sustained contact with the skin.
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exhibiting excellent fluid handling and skin dryness benefits,
i.e., large volumes of fluid deposited on surface 17 are

1 C, res ag} (?Iy, t he

rapidly transferred to surface 14 of the web by virtue of the

relatlvely large cross-sectlon of caplllary networks 12, while
capillary driven skin drymg benefits are provuded via the
small scale apertu:;es 11 present in the non-debossed land
areas which normally contact the wearer's skin in use. In
addition, it is believed. that the upward p"rojeé.t_ions associated
with the tiny apertures 11 act as a network of baffles during
gush'flow situati'ons,_"i.e., the large quantities of liquid
deposited on surface 17 al;_e caused to flow in many different
directi'_o'ns ‘before reaching an edge of  the absorbent

structure, thereby iricreasing' the probability that the liquid
.will enter one or more caplllary networks 12 before reaching

an edge of the absorbent structure.  This, in turn, reduces

leakage from the edges of the absorbent bandage.
The numerous _advantages of . webs - of the
aforementloned type are described in greater detail in the

'commonly assngned co-pendmg U.S. Patent Applicatlon'

Serial .No. 740083 o -



apertures 11 in the web of film 10 is essentlally i dentical. However, in
t he embodi nent shown in Figure 5 the film is fed directly onto a second
form ng structure 50, i dentjcal to the one shown .in Figure 1, without
reverse wrapping. of the fiflm Accordingly, surfdce 17 is placed in
contact with formng structure 50, while surltace 14 Is placed so that it
wi |l be contacted by the liguid jet 100 issuing from fluid nozzle 90. Wth
the exception of  reversi ﬁggu't%é oA tsigplified sehematic ijlustimtions of ;erind 80

and reversing the glitemnitiven milti~phaseé Cﬁblgfnef'ﬁ:r Webd fsnt-rmﬂ@t Hrocess fﬂ?Otlﬁe
form ng drum 58, the See ond %Qase ggk% rocess

ur
is substantially P'a%ﬁ?{‘ ARt h hté\ﬁngrﬂcy_qsglgege{al\‘mm(ysgq}gg Yot | on
which resul ts aft eFiguareshgedhefptdressiedhonin fin | Figundes i | cardiedonat dn9wé S

general Iy shown asdljsgrefe e[ﬁ‘\gérse Sls A@arw BQ Q}Enerﬁ‘&q' r?”&oﬂéafﬁﬁwgf

the web of film 10 n caused to a
t hr ee- di nensi onal TCigsressadt and 98 . tq)rﬁmnge%tmcanﬁ e &o %Eehﬁ%e-lyeethe

apertured in thoseﬂi‘étea?h% ngt diRg wré&s%p%ﬁuhesp.%@ia& tt}eefﬂhaléwe
structure. The net wor ks ' gener

I us
sinilar to the cap???’éf’!}e?leﬂxdf'k§h$2w§90\ﬂﬁ %‘H“\M‘:\% Eweﬁ'gﬁ)’e"ie%“{% t he
exception that theHoweper,13inothéhembodienapsiridownemn IRigare )i e diimt (star d

ot S onary et 1 G Pl (3B UM oGl B o PO BENUBRY BC,
apertured web othepfongi- ‘shownsimdigude abowmithieltereverse wrapping fofd tiee t her
to suitabl e rew ndggppar AkbrdiA %h} e”WﬁEA( fttlor@g‘i:l&fedj' fr?ckbé(tatc‘l? vith

ngertl ng operation for I ncorporation |nto roduct 1 n which the
is to be enpl ofpEming St"ucm"e 50, while spsface, b’é§ss¥é|ét=?%r§°o$h§°n&t will

resultant web 10' be &draubtedf 5/ thenmgald f fe@ M GO IIBEGINGS fromt AILEd SRoidle t he
greatly enl arged |%§et of Figure 5D. Wiile the web of film10' offers many
of the same perforfieince attributes rel ative to fluid handling as the web -
of film10 shown in Fi gur eWith i i thexakoeption of -~reversing the position of

stationary baffles 70 and 80 and reversing the direction of
rotation '_of forming structure 50 about forming drum 58, the
second. phase of the pr_oceé’é- shown in 'Figure 5 is
substantially identical with that shown -in Figure 1. The
cross—se_cti_qn-- which results after passage ‘of  the web of film
under fluid nozzle 90 is generally shown as 10' in Figure 5C.
As with the embodiment of Figure 1, the web of film 10' has
b_een caused to assume the macroscopic, three-dimensional
o crdss-section of forming sti’ucture 50 and has beenapertured
in those areas coinciding with apertures 56 in the forming
_'structure The capillary networks 12' thus formed are
generally similar to the capillary networks 12 shown in web 10
of Figure 1-with the exception that the cusps 13 of the small
apertufes 11 are oriented toward rather than away from the
'forming structure 50,
After passmg beyond stationary bafﬂe 80, the
macroscoplcally expanded three-dimensional, apertured web



10 a different tactile response, particularly when one touches the

non- debossed | and areas of the web. This is because of the difference in
orientation of the cusps 13 of the fine scalé apertures 11 |ocated
-substantially throughout the nmacroscopic cross-section of the web. Wbs
of the type disclosed In 15 Figure SD &hd their advantages are al so
-di'scussed in detail in the aforenenti oned conmpnly assigned U.S. Patent
Appl i cati on Seef diilmo. &' 7iDgusseds abpyt igiersielleditlt andbied reitherskol | ed \wh.

the art, procesgitSHlaOFeWRIY. Sggﬁrsdae Rreténp raHy”‘.‘.?JFaEQ”or‘""HiF&tw Igh! z€

rrultlple formng structures fer considerable’flexiBili respect to
the types of cPKORMeEting: PReratian: fordpcaepgrationginto; the f!ﬂﬁigl’@du‘:t

nacroscop| cal |l em-nandmi, wiebr gewiluaaaﬁ.pwwd apert ures pl astic web. in
addi tion, hey perm raoduction,of osco aI I ded webs
exhi bi ti ng 5ta subst ant i telineny SF?ﬁsmsﬁ?%%'&oé?g ErB% )6"5(\?? ﬁgF Snly
across the nonsheabonsafier temovahrfram 6drning mauce(ﬁ)smeme graatiprofi | e,
put a1 so 2l OnSehidasd RN ot Bl J&esggp'ivfﬁaytaaew@w 5F AR TBA drfaeEhe veb as

it undergoes nacroscopli c expan standin e advantages afforded
by the use of manyi mfe therﬁﬁﬁ'g ferfernance ﬁ’itf‘ibstltﬁ-'%/l rejative tthe fidsent

mul ti - phase V\'eﬁaxfiéﬁﬁ%rtqs RREGRES of L fIfh & 0TBHOWR iR _Fiauﬁt iiecesitémﬁa.tlst 'S
r-nven . USI Ng

parhcular% deé | e to practice the reseni

by a st & diffarent sepulk ForRersa.oPRFIGHIST I, asheone TIRUESS tha | ons
may i gvol ve thaomdebostseanlaaﬂ peeysTRIfi the\aksb WhThis risi be¢ausdeof rtﬁd to \J
provi de macr os iLvely i-Llary
networks in- 58%%&#;%% {'] éﬁ%‘i‘%’hﬁf rQé‘calééggseﬁ uPan‘R%ff'Pﬁ&g 5 only |n\J
t he non- debossaperntunes atledeocatedt sicbshaptiallye throughasitd thei macneiscopic _
capi |l lary net w&e-ﬁsui&rmﬂa SWEB! anivkgk | pfi BRET byBe! BiscldsedPipnal so i

‘certain instances desi eto rOVIde nacr oscopi C conf ornmance of

a plasti® Gigure 3D anpd their ﬁﬂ”é@lﬁ%ﬂﬁcﬂiﬁﬂ' disgusseds in idataibfing he
form ng structthe a\mtdanaftiohe‘d komioRly Msegried UGS . Pabent Apdlidatioge scal e

aperturing in tsrée: N\g/el lﬁ.o% the capillary networks forrred in the web.
As will be appreciated by those skilled in the art,.
process _em_bod_iments of the present .invention' which utilize
multipie forming structures offer considerable flexibility with
respect to the types of characteristics which may be ‘provided
in a’ smgle ‘macroscopically expanded . three-dimensional,
apertured  plastic web. In addition, they | permit the
production of: macroscopitaliy expanded webs exhibiting a
: substantiaily uniform microscopic cross-section not only across
the non-debossed land areas of .the web's cross-sectional
profile, but also along the sidewalls. of the capillary 'networks
formed in the web as it undergoes macroscopnc expansion
Notwithstanding the advantages afforded by the use
of muiltiple forming structures in carrymg out the present
multi-phase web forming process, ‘there may ‘be circumstances
when it is particularly desirable t6 practice the present



In still other situations, it may be desirable-to provide fine scale
aperturing in the end walls of the capillary networks in 15 conjunction
wth fine scale aperturing .in the non-debossed |and areas of the web
wi t hout fine-scale aperturlng in the sidewal l.g of “t’he capillary netvvorks
The multi-phase process enbodi nents illustrdte in Figures 6, 8, 9 .

d
and 10 are |IIustr f se_for.m ocesses of t resent 20
i nvertd on whi ch ar eg%gr{tﬁ?'gd Lgﬁgg t‘?'p%m Rg. s'BﬁP% Qé@?’r@?’%"?@%ﬁé’@'&ﬂc} ure
contai ning not orsltyucturre. d esedsutu“omscmaycuwcﬂve slee:tp ctnd@f file,
but also the de5| % ltihnﬁ:ePgatvﬁeﬁ?ﬂ gl"l ngegﬁéhei vgﬁé il
sinplified schematirc 11T USt I8 95 DRI 'B?C qugplc
present . invention&xpangiea ta nformt relasivilyrersramalkcapitarynonetwarksuria 350

I d f runs
1{'3[; alnéeSBng glr g1uPgoﬁnb%tlﬂ&ntﬂhﬁﬁg-sc%éfgg‘érg&rgﬁ arf”th@r\fJEB (Erﬂk”Wth u

ho
perspective viewnon~” SFE“ \Aﬁ?%d areas” of THhe Wﬂ'ﬁcr'oScopﬁ"Le §@dewauis of

cross-sectional prclheleap)ﬂall‘;ornetwgrss rwmilur eemmsuﬁsﬁeiiﬁlw isipétfal-af, to
that of ‘form ng strgc}nté e g shrg) 0SS-section

re 4. cro 0
apertures 356 correspon neraW?er ab" %?85%%23/5 é'%lbi%ci‘? oRrovide
apertures 56 of tmcromnmg sontm’mmeeSO ofhovan i pldstigur ewdb Haeevethe

form ng structype %ﬁre@%?m@ﬁﬁgnhi‘@{ligﬁe@tlw bf péh' C'ﬁB iﬂhngﬁ_ﬁ{ktﬁp@l with

apertures 316 ext end| ontactl
contacting surface©°8fY tqﬂ'ée'fsb'i"'ﬁ ﬁ@eﬂqrdﬁguf'%thefhé%@ dﬁ&% FC8le Fp@riweingf t he

sarre\general si ze rr&rlgﬁ aAdt ReIS the &aplifary) neOwoFKY formed 1|ﬁtfﬂé3Wé£bﬁ 15
ilizin e

konwn Fi 2. f St I 3
Is__am nalr ncon!s%J ;Jtrjgt i 4n %té@hﬂ?%%regl‘(b‘gﬁ'é'r'élrjlcvuh‘i%gcg&sgas{m Eeor?ﬁoﬁr?/"'%sf‘@ﬁed
U S. Patent 4, 508 Baﬁlel apertdring Radthe and wallsnpf dhe ccapillary 'netwotR85n 5

these relatively sEBhluRRH Yith HH TS SEIAHARY Y (BheRoRdugBrlLepl tn°

| am na ut|I|zedtorra osite form ure i nal
assenbl y. Al ternat fand yareas Pﬁe hgyevelr stl'@y@ ém-e&alcenpeytwml in rthej ze,

it may be desirabl gidewdiRr BY tHe2 thpiMaPy | AEHHSHKsS! r?ﬁeuﬁtﬁlti-phase process
embodiments illustrated in Figures 6, 8, 9 and .10 are
illustrative of multi-phase formmg processes ef the present
20 invention which are carried out utilizing only. a: single forming
structure containing not'__only. the'.. des_ir,ed.. macroscopic
cross-sectional profile, . but. also the desired . fine-scale
'aperturmg pattern. . - ' :
_ _ '_ . Flgure 6 is a s;mpllfled schematic. illustration .of one
U 25 such. process of the . present mvention. - :The. single
' three-dlmenslonal forming structure 350 utilized on forming
drum 318, whlch is generally similar to forming drums 18 and
58 of Flgure 1, is shown in the greatly enlarged, fragmentary
perspective  view  of anure ,7.“ The  macroscopic
30 '_cross-sectlonal profile of forming structure .350 is. generally
 similar to that of forming structure 50--shown in Figure 4.
Macroscopic cross-section apei'tures 356 cerrespond generaily
to macroscopic cross-sectlon apertures 56. of the forming
'structure 50 shown in Flgure 4. However, forming structure
-35 350 also includes a multlpllelt_y of much smaller apertures 316
extending from the film cdntacting to the nen-film eor)'tacting_
surface of the forming structure. " These apertures 316 are of
the same general size range as the apertures 16 in forming



10 50 I n the manner general |y dlsclosed in the aforenmentioned commonly

assigned U.S. Patent to Radel et al. and thereafter utilize laser drilling’
techni ques to add the desired pattern of small apertures 316 to form the >
structure 350. This avoids filling of the small apertures 316 by the

copper plating used 15 to bond the varp ?)us | ami na to one another during
t he furnace brazing operation, as generally taught in the aforementioned

patent to Rads{n&ttu?é_xsTBSowﬂum lﬁggﬁégrtpgup{@rfb& Qtr\{éel{xli‘%f}éto Pr gggg‘s

generally illystrated |n F|

ci r cunst ances! iM‘?EJ@ ptilizing Fr @5"?6" ﬁ&?F%tE"r 125 qiﬁEP? genegallyveral | -
caliper in thdlshowsdd ant commoeniyc asetgneis s Rifteﬂﬁﬂqfsw 23k cg?eent of the
Macr oscopi ¢ 0SS- e form ng structure.
Deep draw ng Fﬁ@efﬂqﬁ]iﬁ@hﬁ? I‘I’y { &ar 3?% *out- while the filmis at
an 25 el évat ed t enper ature and: tbabgennlatﬂme!& smatlaapmttui'és:m(ipmysure '
differential BCBravidé Shg/nettﬂin%%aﬁﬁbgf“ ) iaflirf | Afiftkd Mto ik this

is preferably conp unting a conventlonal extru r 301
sinmlar to exthedeampasite rf°F'F‘§319 estrucw&q 36 aprigrc it finRlo assemblyof

thérnopl asti c AlevhBtidefy, 3@ theMa éFtersW@bs %Ferﬁﬁtl‘énm smauFijgure 1A, is
extruded at a fenpgrature-a erat%re d| rect1l:“é/‘I onto the

surface of foﬂﬁeng'tsF‘PMcPﬁr‘geéfﬁple 9 %E'é"‘lq prinate s forainQ SEUGHTStain the
t enper at ur@ ob0t hre: b manrm- egerwrbn ¥ disclosednint cheraforententiviied’ Nance

e usea"on 1 PaNHB Seblthdd 4.8 OPardf7 dadl 4 SICUNLInolBefH || " O
i ncomi ng web Utlllz# h;yradlsil)‘"‘!ﬂa treébniqm 40 adshither deslrsdnmmrm ooft hat shovbl_"l"i |

in Figure - 1smafﬂ0§6¥ﬂrureén316 he fbitht Be Cﬁ?ﬁctdrte 3809emehl hvoRisef erred
t hat the ten}zef\rat ur I ncom n be el evated, sufficiently

to soften '%&Fﬁﬁﬁesm?ﬁ apfytures g“e&mk’éfr ﬁ%ﬂ@pperv\nmmgquﬁi roll
stock this ttS bdrdbithal Varieas daminas tedomy aamhdw nmdmg the farnsdecam to the

filmprior to ectln L't to vacuum.formn nbodi hovvnln
Ei gur_g 6 the qtu ope tlon as generalfly ng%t m {he a oremen onedS

patent to Radel et al.
The multl-phase polymerlc web formmg process
generally |Ilustrated_ in Figure 6 is part_icularly desirable in
20 those circumstances where it is desired to provide a relatively

large overall caliper in the resultant plastic wéb, as well as
good replication of the macroscopic, three-dimensional

~ cross-section of the forming structure. Deep' drawing of the

- film is generally best carried out while_'_the film is at an
25 elevated 'temperatUre and subject to a su_stain_ed fluid pressure
differential such as vacuum. In the embodiment disclosed in
Figure 6, this is preferably accomplished by mounting a
conventional ' extruder 301, similar to extruder 101 in Figure

1, such that a continuous web of thermoplastié resin 310,
30 similar to web. of resin 10.in . Figure ‘1A, is extruded at a
temperature above the. melt -temperature directly onto the
surface of forming structure 350. Since it is preferable to
maintain the temperature of the web in an elevated condition

. to maximii;e_ conformance 'w_hen- using vacuum ‘as the fluid
35 presSdre di’fferentia’l; no chi_ll' ro'll_s are used on ‘the Figure 6
embbdi_ment. It is of ICO'u:fs'e recdgnized that the inéoming web



rel atively soft resin 310 passes beneath a first stationary 10 baffle 325
and is imedi'ately subjected to a fluid pressure differential via vacuum
chanber 320 |located in fixed position at the interior of form ng drum 318.

| f desired, hot air jets (not“'shown) nay be nounted opposite vacuum chanber
320 to assist in- causing the nolten'. resiaﬂslo to maeroscopically 15
conform to the cross-section of '"formng strfcture 350 and to rupture to

f or m_apertures suhst.an,ial i pei di wth t . roscopic - :
cross-section ape%_%??ggs}ggé% f(élgnPP‘{rﬁegg*‘cﬂpr'rYnﬁait%@PGrB’ 3bat shewstdar to
assist in cooling tFiguseftl.wetHoreversi nin20theshldteed t case ait nigxiganaranyi per,
a second stationary, -3 a | | qui d.nozzl e' 335 ar
preferably used to %ﬁ i/’le(? I %ﬁpﬁ@sﬁu&gﬁgd&g‘fg ,thﬁ'{g%al"l"i?"ﬁgpow!@h4p9 kPPa
spray of cooling |i¥jeY3fed3sgufficientlydedpl ysefitann itebaado maker ito imose

| eaving the inflsuenpmfofmatieuumwihenrbaisingO. rdine dtalk! nig0 85 thisBAyt O
prevent the cooling |l uL{d 3439;]r0m {"esﬁﬁ i ng the vacuum 1 orni ng-zone” as
this coul d adverse%FCPﬂﬁ ghed o apply OF AR A5 steady te dheofilm mriemdo
aperturing operati csubjettting it tosvaduum dormirngg.i ng step is not " generally -
critical' at relatively |ow cti eds., i e.. “speeds-. |l.ess than;15.25
netres 30 per mnute, . | tH‘Las béﬁ?ﬁ’ﬁ%’g‘dﬁ%‘é’t\"_“ a ?‘ﬁi“eﬁeé Sdf]'@Fl 8f
speed, and hence t Helathealy spft rresinr &1hgpassescthensatisoa fimst estasionary
adequat e cool i ng ofpdffie B2s MaAAY id GinneeatelyPediftijecteds thi erhh‘févgﬁésfsﬂ?e
I nfl uence of the f\())ég} n? vacuym This can. r-esg% I n spring-back'..and | oss
of chkiper in the ereaty yda vaguum shamberc3¢d Jecatgdofn Sfixed gpositien
NMRCr 0SCopi C Cr 0ss- |dctherinteridS of pfarmimg sdfum 3@, i nift Hesined, hopsiryjetg
cooling liquid 340 ppai |- otwhﬁ WS Shithbe l!la'::ﬁ wal O i pf ce,of . the
form ng vacuum hel p(\sm.ltt-o&ryore \(‘:%%ppgt éf’lfk%:gcf)l_, . gkﬁ?#"g\'ﬁ? Iég‘aﬂ%%?s% i*P|
subj ect to the for@Shtptvdousausing e, molirai mgsime3® toprmacrasaepicallpss of
cal i per and reqbosicoBfsrm ol eie WHos§-sEYiont BEormhg Strtctuve’ §56 R fthC
details of the afor em%-n-tl'o ed. | iquid .?_s_s-J st eg-.-. co?l | Ng ,_Rr ocess - are
general Iy di scl _osé'éi'p Hre %eform apertures su ;ta_nt ally “coi _ciding with the
_ macroscopic - cross-section’ apertures 356 in the forming
structure 3500 © - T
o in order to assist in cooling the soft web of resin
20 while it is at maximum caliper, a second stationary baffle 330
and a éo@lih'g liquid riozzle 335 are preferably used to apply a .
low-efessdre," e.g., ;’ypically' be_l_ow 344.7 kPa - spray of
coo'l'ing"iiqui'a'duo_ to the deeply drawn web 310 prior to its
: - leaving the influence of vacuum chamber 320. The baffle 330
U 28 'h'elp_s to prev_e_nt.the_ cooling liquid 340 from reaching the
' vacuum forming zone, as this could adversely impact upon the
'macroscopic web .conforming and aperturing operation.  While
_thisil'iquid.tooling step is not generally critical at relatively
low pr‘oduction speeds, i.e., ‘speeds less than 15.25 metres
30 per minute, it has been found that'-'_as"thé' web production
-speed, and hence the spee_d of the- fqi'mihg' structure 350, .
increases, adequate cool_ihg_ of the film may 'hot dccur before
the film leaves the influence of the forming Vacuum. THis
can result in spring-back and loss of caliper in the web along
'35 with possible closing of some of the macroscopic cross-section



commonly assigned copending: European Patent 10 Application Publication
No. 0141654. Following the |iquid assisted cooling operation, the
macroscopi ¢ cross-section of the web 310 is generally as shown in the :
greatly enlarged insert of Figure 6A.- The web 310 has been

macr oscopi cal |y conf or med to the three-dinensional cross-section of
form ng structure 350 and capillary n@works. 312 corresponding to
macr oscopi ¢ cross-section apertures 356 in the formng structure have befen

formed. The 3PgEtwness farmedein:athe |wek. nARRIMIRZ 3¢90iing ligWichnthd o t he
sidewal I's of WHieTRREONEBNISC sEN0SEbfRRA! tothapaiflugrR 3B6then féMringor M ng -

structure 350, and the, apertures 312 n t e wal ls.. of {.he L
capi | lary netR6FR® SH’EPEBr'F%’sﬁ)(?HH'p&fBLX aﬁ?f’r;f'ﬁyﬁfrﬂ ‘\é\ﬁggs'-tsgcts%@n to the
Cross-secti onsabjédte tgperther efordtifigi nvacuumpg therebyur aveiding Asthean be
observed fpom Fi gur . l.aglyvel | 2T form ng
structure E35(§pr '%ﬁgp'slitogﬁléfggﬁ#%@ aﬁdsnpr}g%:lf’sﬂ‘%r?tfuéﬁgsm‘gﬁ%lbﬁ\”nen the
web i s subj ecotbetwiseuedca vi a vacuum chanber 320. This is due to the fact

that once the web 310 yigse bashiARCHeHIRT of) HROSFoPERATIGRIAClighia0 Wi th
macr oscopi ¢ cross-section apertures 356, there i1s .normally insufficient

I
fluid pressuPssisged f GoeHNGal PFYGRESNi 3P 09eBBTRIY t Ligslgsed ofing neep to
cause conf or n@gmhonly 2@sgigriedPeopending OEukldgewab Platehitose areas -
correspondi ng pae 1the recl’ atlgve#%__.f | pe-scal eog eétures 316 in formng
struct ur e 1950, “PRLBTH 1Y U R hES 1 HeR st € 5& ttires corresponding 5 9
apertures, 316 in forn RFglowingUuther Hquith Qissistedr ebsllinp| dperation, the ,
producedi nternedi ate a_pair_of s&ﬁt-i o] arié baffle§ 0370 380 b WIS of a
hi gh pr essure"ﬁcﬁﬂﬁf’mﬁzfrgsﬁgﬁc \ f'cf?_ di -Shé'fed%s 5 I Hqugﬁn?r Yoo agai nst
the -exposed showacdén3the greatly emlarged irmetreof IRigoheviAin Thegweb 6. The

ni'gh pressur e shpqui flad et den 400madisEholcail5! DS LaRtdritdd g Sageas’ ' the.
i gh pressure l1quid et enpl oyed -I'n" the process enbodi nent .shown in
Figure 1, cau$bseetsimpasionst siosatsection sfd&ermies strugtyre 350 and
capillary networks 312 . corresponding to macroscopic
‘cross-section. apertures 356 in the forming structure have
been formed. The sidewalls of the capillary networks 312a
cbrrespond to the sidewalls of the macroscopic cross-section
apertures 356 in the forming structure 350, and the apertures °
312b in the end walls of the capillary networks 312
correspond substantially. in cross-se;tibn' to the cross-section
of the épertures 356 '_in forﬂiing structure 350. '_ .
~ As can be bbsgrved .ffom_Fi_gure 6A, the relatively AN
small apertures 316 in forming structure 350 do not "
* significantly impact upon the web 310 when the web is
subjected to suction via vacuum chamber 320, This is due to
the fact that once the web 310 has been apertured in those
areas coih‘c_id-ihg with "_‘rriécroséopic cross—éeéti@n apertures 356,
there s 'normally" insufficient fluid pressui‘e differential
‘remaining on 'o'pposite si'dés of the web to cause conformance



o~

conform and rupture in those areas corresponding to apertures 316 in
the formng structure 350. As with the 15 earlier described enbodi ments
employing liquid as either  a formng or a cooling assist nedia a - :
secondary fixed-position vacuun1 chanber 355 |ocadated generally opposite
the 1liquid nozzle 390 captures the |iquid 43@ which passes through bot h
capillary networks 312 and fine scale apertures 311 in the 20 pl astic web

310 and recycl es i tarido metmﬁngl)bﬁ ﬂ'lémﬁed At tﬁb%rel%' %nie‘% Hlﬁbr{gettw L

the nozzle from whi LSS ressu | e

operation not onl ytg F 'é@v’fhgmﬁr%‘?é%sgﬂﬂp tyges a 1%n‘"b>f°fﬂ‘l5\9 dAthdctunee
scal e aperturing of35tlhe web - in..i.its non-debossed |and areas,, but f
rei nforces 25 conformance QSCOpi C: cross-section o
the fornming structure and c'g%r% etw g@? t{lﬂ%écaﬁyaBF'&Tﬁsu?Pé'ﬁE?Wﬁ%
portions of theSwelocaPeEYeAdidS tin Lponing estr8Sturen 350 drer npreferably
structure. The crosp?oaaem qntélfmédisté b Th§#3gg‘@‘%%dbll§ar%h%% 164 339 44% by,

greatly enl arged inset of |gﬁure e S ‘'somne at sim

the web 10 ,shofifans. of-pigh Psbss%beerd nogzlec399 whigh dqschntgq:ala

di fference, .. naneliguid hiet sitteughinst . tl’}éﬁk&poséﬂ hﬁﬂ?aéé any fﬁ&ﬁ@rv}@o 3hg are
bstanti al | 0 e fipe scale aperturing

zgefaﬁlnolna t%euggﬁglehghgﬂ(m%\oﬁva%s@s a‘ dl é'Iher (ﬂ'? 4 PHTIYUR \Iiﬁ?é‘r\aelqtt may

be forwarded 1@j tH@ﬂ.tUhimllSabubstmlhditrg& sapearast (thef Odiglhep‘pésﬂrr;

storage or directl yiquid {ég‘s’%tén&gld%@ 3 RS- Péfeﬁrnhﬁﬁgﬁﬁr?é tsﬁ\%u)

prodtct s enpl oyi ng 1;he p tic us pr.oduce |
skgwn still anot heFi¥Hisodt mesRusss the presesropisaly qusleﬂebvqh oi:lé’sstpng

i nventi on wher ei n donfargl © ahar m'ﬂﬁtlsﬁé UG UT ghdse U&i‘éa‘sze%lt&sabﬂah‘ﬁ& to
macr oscopi ¢ 10 ?§?$| on/ f oscopi c % perturin astic web as wel |
e

as fine scale aper WEest 3 heihothetprming 5 tHF%ags%f A WHb then the
enbodi ment sho¥n - earlién glesertheda émtvodimgnts employing liquid as -either. a

forming- or a cooling assist media; a secondary fixed - position
vacuum chamber - 355 located generally opposite the liquid
nozzle 390 "captures the llquud 400 which passes through both
capillary networks 312 and fine scale apertures 311 in the
20 plastic web 310 and recycles it to one or more pumps (not

shown) prior to its return to the nozzle from which it issued.
This high pressure liquid jetting operation not only completes
-+ the processing operation by providing fine scale aperturing of
the web in its non-debossed-'land areas, but reinforces
o/ - 25 conformance of the web 'tof' the - macroscopic cross-section of
' . the forming structure and completefy aperttﬁres any of the
unapertured portions of the web correspondmg to. apertures
- 356 in the- formmg structure. ' ' '
The. cross-section of the fnmshed web is shown in
- 30 -the greatly enlarged inset of Figure 6C. _.The web 310 is
somewhat similar to the web 10 shown _in_ Figure 5D.
However, there is one ‘princip:;l diff'ere'nce", namely, the
sidewalls 312a . of capnllary networks 312 are. substantlally
unapertured... '
- 35



structure 350 identical to that enployed in the process of -Figure 6
operates about formng drum 518 which is generally 15 simlar to fornng
drum 318. A pair of stationary vacuum chanbers 520 and 555 are |located .
adj acent one another at the interior of the formng drum |In the

enbodi mrent shown in Figure 8 a web of pRéastic 310 is fed in'a
substantially pI anar condition froma supply roll 501 onto the surface of
forming 20 stricture Fobowing othe clinei acalensperturing peperation,stthei onary/

bal 13 525, 530mpleted it basbs tileidian A Oy roff1AtREe 3yNng pr esour e

liquid jet 540 against the exposed surface o n be seen
from the croske SJEEWWQS* ritherc tog suitabie ﬂﬂ“@ﬂd"}g e3BPRRAtUS| fArd | et

540 causes 25tenrmﬁ-aeﬁcemr€ag@0rﬁrordmeﬁ¢yototb@m\@hmg hgp&radtions depi gnat ed

as 310" to _avo conf i n_acgor da ce.wth the
process shown #'\? ﬁ’ﬁ'ﬁﬁg" '"&g R«SP'P“&ES aﬁﬁ‘?'?ﬁﬁ? qlﬁ RIASUE ¥E t|BH§ of the
web coi nci di ngpreduceidhe macroscopl C Cross- sectlon apertures 356 |n form ng

structure 350. After ﬁzﬂdﬂué hﬂ&g_e ;shgh R §€.ﬂ ﬁmlepl %’ﬁb‘g" &I plicity

of c¢apillary networks eac avi n rconne ted dred side
wal I's 312a' eneff ﬁgetw'elsentnrmﬂéi-pbaés wrogessiegpmv@mgnt whenemr 8scopi c

Cross-section 5|ﬁgﬁtﬂfﬁﬁng3§@ru¢ﬂzref Q8 ”h'i‘i%z%&r 4§t 'FBE'SV%O macmgéopflee vveb
- cross- sectlon 31 35 ur e ener.al si m -

shape to 1% hee"m"’“yg%:r&sﬁ%'csEB&W'@.O"%HOWF tie P’ﬁj?.naé yeil aFiowever
the overall Ieﬂgéhscélecapemmngrmﬂw&ekaoa-laebossadgmﬁ EHHeasn@!t thg great as

when vacuum f ng n t he e of he fo n struci‘ﬁ ,
350 quite as sﬁéﬂ) “J‘\AAH% eﬁfb(i%l Rg sﬁg 'a’?ﬁq ﬁum f approadh/
general ly il ustrugtece i 350Fi lganucsl ito cirpt ogneplovladr m ﬁbeposeeess off _
macr oscopi cal 'B’ngur%oé‘féﬁé?“aﬂék %%ﬁ&%?h%r%ydﬂlﬁrﬁra V‘ﬁhﬁ:rPflsté@wérXHg herein

described to thé nacroscopic, hree-d siorial cross-sec
forming 1015 st$imilag do f‘Pf'é“'ﬁBgH"’M"bs%’l?r*e RAE PEt stadlomay yasHuds nozzI e
90 in Figure lchdmtarse 526 Qridh 55604 e 18catad. maaém 20@0ahotHergdt ehk? i s

typically oper.attg'(_jiogt of B{esfgyrrmeng dILJ]IS ralnr'lgethe embodiment shown in
' Figure 8, a web of plastic 310 is fed in a substantially planar
condition from a supply rofl 501 onto the surface of forming
20 structure 350. Located  intermediate a pair of stationary
~ baffles 525,530 is a liquid jet hozzle 535 which discharges a
high 'pressur_e_ liquid jet 540 against the exposed surface of
the web 310. As cant’ be seen from the cross-section of
Figure 8A, the high pressure liquid jet 540 causes
25 macroscopic conformance of the web, -thereafter designated as v/
310' to avoid confusion with the web processed in accordance
with the process shown in Figure 6, as well as aperturing of
those portions of the web coinciding with the macroscopic
cross-sect_idn apertures 356 in forming structure 350, After
30 . this phése-, the web 310' exhibits a muiltipticity  of capillary
networks 312', each having interconnected, non-apertured
side walls 312a' ending to form apertures 312b' corresponding
to macroscopic cross-section apertures 356 in forming
structure 350. Thus the web cross-section 310' shown in
35 Figure B8A is generally similar in shape to the web



2757 kPa to 5515 kPa _ and a water flowrate in the range of 11.9
|l i*ters per m'nute to 20.86 liters - per 15 m nute per cross-nachine
direction cm of width of the plastic web. By way of contrast, when the
principal object is to provide fine scale aperturing of the web rather

t han macroscopi ¢ conformation, the high presggre liquid jet nozzle, such
as nozzle 35 in Figure 1, nozzle 390 in Figure 6, nozzle 20 590 in Figure

8, nq;lz: e 790 in gidg‘ussa-seeti__andﬂlﬂ),shmd\hﬁﬁZFigi.lr%O?RgignHEtMﬁ, th% % rall
typically operate - Lessure- in.t r of 5515 kPa to 7 Pa

and water flow rat égﬁ%ﬁ‘ t%ﬁecaé"m%rry 6‘Ftw°€k§%ﬁgﬁef§ gepenylsdnqt; 3¢ areat aser

m nute per cross- nadiemevatiuuect foming iof utitibed i déM. is2The image of theS can
be seen in Figure- ioh _ €add qui.d.j et. n |l e 590 i tioned :

bet ween stati onar'y-fg'é?ﬁ%ssgygfgt% %%q) g%’ggjhgarsge%pqﬂsd r’g'g%(fbeagﬂgnst
the exposed surfPacdemparatyret viecuym cformingi 2pproachegpaenilly illustrasdd'in as
it passes therebengaglre hes e eddf the high pressure liquid jet 600 30
upon the macroscopically exlpande web 310" is substantially identical to
that of _high pressure |iqui'®™ jBHIPAME sh8fn. iMPSCPEEARICA!Y |  confenmiagscal e
apertures 311" ar e sabstarethilyn gliosre wabsaof apiencysé Herei described %6 ahe
apertures 316 in ] rugiure | qomal | _cusps 313" are formed on
surface 317" of 35 CEQQ&\FE%' gﬁg{ﬁedﬁﬁgﬂs'ﬁgﬁpﬁ@? s%‘%@hcﬁf & {HENGi ne
scal e 29 apéft uséeuctgre, theThigh pressure liquighdetinvizele,esucihptasonezzie
slightly |ess ovewgl inCRidure" 12N, ajn | cguLage | 6a8dd of
the formng structure n350 d‘?ﬁelr'gga ?g%w\/\eg‘eﬁggrghgw%@nné%érg@%qulns

i dentical to web 3TOOYHROMA s typicallyupretated ak avpressure imitbei nenge oif
Figure 6, water pa9isngkiplar asgls stilse keab f rom t hpyd bawbebr odH P8td $n the

' 20.and- 555 and i s preferably recycled to one
ITiEe 2

collected in vacuu hanber s
or nore punps whi ch%'ﬁgg'u?n]t?h F8 PO tRAPHESZFRs2Pr Bf WaFeRsi t R&ued.

10 Aft &% padgutey ﬁléypndossmdchiﬂgjedmcmibnhi gh profsswidthl iafuitthej et
CaFr Ter T ' T PIIS |  STRYH, RoRFRLE. T B8 G Bar S
. to provide fine scale aperturing of the web rather than
macroscopic conformation, the high pressure 'quuid'je't'noz'zle,-
such as nozzle 35 in Figure 1, nozzle 390 in Figure 6, nozzle
20 590 in Figure 8, nozzle 790 in Figures 9 and 10, and nozzle
2035 in. Figure 17, is typically operated at-a‘ pressure in the
range'of 5515 kPa 'to. 8272 kPa - . - - and water flow
rates on the order of 11.9 liters to 20.86 liters  per
minute per cross-machine direction: cm - of web width.
N . 25 . As can be' seen in Figure:8, high pressure liquid
' jet nozzle 590 -positiohed-'betWeen'st'at_iona'ry'--baffle's 570 and
580 discharges liquid jet 600.against_ the exposed surface 314!
of the ' macroscopically expanded web 310 as it passes
therebeneath. The effect of the high pressure liquid jet 600
30 upon the macroscopically expanded web 310' is ‘substantially
iden_";ical to that of high pressure liquid -jet 400 "shown in
Figure 6, i.e., fine scale apertures 311' are created: in' those
_ areas coi_ncid'ing with fine scale 'ape'rtures" -316_ in- forming
.+ structure 350. Small cusps 3 are formec_i' on surface 317! of
.35 the web about the periphery of each ‘of the fine scéle



illustrated in Figure 8C and is thereafter rewound or fed directly to
subsequent converting operations. 15 It is of course
recogni zed t hat dryi ng macroscopically expanded, t hr ee- di nensi onal
apertured polyneric webs of the present invention to renpbve noisture |eft
on its surface by the water assisted cooling and/or jetting operations
described herein may be desirable, - particularly in the event it is
intended to rewind the web for tenporary”- storage:prior to undertaking\hi

ti : . h
Gy ng techn AT RDLG,"TYNgE,  SARNP NS Sotbio N RE, "5
wr appi ng t he vﬂlghxbputless maverall i thipeDf alnd | soméwlhat 25essap§1¢qurGMt ri fugal
forces 1o slinagigeiph {ﬁé)r?érﬁﬁnﬁgtnﬁ:ttﬁr%psf@r (the!r@sbitait Shelf ' ¢

drying approach Whl c ects ultrasonic ratlon S

di scl osed in tH&' a$|@9"lé’hefR|6iﬂwec§ﬁrrdﬁl entical gt gwel uPb?Je&'FP%@pm cation

rﬁbl icati 0? N(anﬂiﬂéﬁ‘ﬁﬁl B\QUWh 9tl'§i=! SéhB&@heﬁtJ' of iﬁg&h@r senm(dépent of

e presen i nvention - on

t hr ee- di mensi cﬂﬂfls"?%r‘r%\r Hﬂggn 'El?:t‘ﬁ?% %r?ﬁ'e%BFo’dg‘é@/ qulff"d{?fcée‘é enpl oys

_ g f%} m pg st rincvacwum Schambersab2 (. anid 155 hiranido is Fp_ﬂfa’gbm n_ea\{Ele@ut@s 6I Fmd .
: e formng stlucture S r i ng .dr erally
simlar to fo;qu"n ng %03'6 3"?9J %@%ﬁ I5§?%g{h%r W?légﬁggug%?qggm ngl e,
i nternal | y:- | odfzomdwhighatit meﬁ'vac'uum chanber 720. The forming structure
350 is prgperablyked hnemesaés.ag BEy&d rtndernfm\cwm Rifesegré Web of

molten 5 Tesin 310 directly ont®d its. surf ace. A first s atonary baf f |
725 i s al i gnediayidsietnb99y the FesHitant iwelp 3 edﬁl rRMaveck Feam \fOEMINE chanber o/
720. The rel atgtr@éturai gbo t shqar adirere rofl 61 melahefcacaituohegbaeaém/ ai ds the

inder the 10 THPrEIsdc R FRIBR G ool ™ SRR r PO RS T mrner
subst anti al | y didestly ctal subsequentdcenversing iopecatiorst i on with the first
phase of t1ge process.djscl gsed gen Figlifsg: - 5eco-§|i‘|'i'§ed't-h%at . drying
macroscopically expanded, thiee-dimensional, apertured
polymefic webs- of the_ present invention to remove moisture
left on its surface by -the water assisted cooling and/or
jetting operations - described herein may be desirable,
20 particularly in the event it is intended to rewind the web for
temporary storage prior to undertaking converting operations.
This may be accompllshed by many and varled web drying
techniques well known in the art, e.g., blow drying with hot
air, wrapping the web about a multiplicity of rolls which ' -/
25 apply centrifugél forces to sling the water from the web, etc.
| A particularly preferred-_ drying approach which subjects the
moving web to ultrasonic vibration is "disclosed in the
. aforementioned commonly - assigned, European
- Application Publication No. 0156471.

- Figure -9 discloses still another embodiment of the .
present invention: which utilizes " dnly " a single -
three-dimensional. forming ‘structure:” The process shown in
Figure 9 employs a'-foFming' structure 350 g‘enerall& similar to
that shown in Figures 6 and 8. The forming structure 350
rotates about forming drum 718, generally similar to forming



cross-section of web 310 upon aperturing of those portions of the web
coinciding with apertures 356 in the. formng 15 structure is
generally as shown in Fi gure 9A, . which is substantially identical to
that of the web 310 shown 1 Figure 6B. In order=t6 avoid spring-back of
t'he web al ong with possible | oss of caliper 3d closing of sone "of the
apertures 20 corresponding to. apertures 356 in the form ng structure, .
the wep enbodi mentddao dhbwn Farnihgudeumo 718s imleﬂesabl pingle] ethtelndily stil |

subj ect to the-fory %bed’a%mnaﬁgo\‘/a&ﬁﬂn ﬁil‘ oh720 Since it is
ure of t

general |y desirable.to reduce t era e macroscopicalty- :
expanded web-to its solid Jdthet efOE'BmQ efpuciuce 33 i i prefecallyctfedgbyit to

hi gh pressure Ilqurhdadsetéﬁ 361 t@ctatl&éﬁ' 76RRERA %d;faﬂeeresw #'ﬂ%&bspray
740 is pref era pI |§%| F web adj acent st |onar ffcf

nmeans of a Iow pr éur d&ﬁ‘& Yn 5P ity sy, acepoitiflisto tatlé’&‘laFYePafrfé# ei n,
the need for sucis. Irsqallgnedssebettntmm |e\g¢r80mtgemnéalda)amgwé@gé%f as

t he web productio a e m _nute,. Fine
scale aperturi ngrkéncgw%tmer ?o?fosn Pﬁ@te%b ﬁ-ﬁgk %?’?R?‘f"&éﬁ"?n%f Heh
pressure |iquid noveleofosoftorasied 31|Qt emdedﬂa& ewelgt in i corafoymimgf té ethe 730
and 780.  The hhsré”ro%éopicpt:ﬁéesueecd.w%fd fofhingOSEhftlR ﬁosmefe?eaaea

liquid jet 80Q onto 31 the exposed surface o macr oscopl cal |
confor med web ¥10.inflgepce; afu suGtian girome vasHEd Lhambered281in: c%r'ﬂé@'ib@'ndl ng

to the small apertsumaaﬂxmlynldeheuchprtm that aisclosed’ . ARNEELISH ANith the
choss-saction shodiiinBeagt, &F ¢BY phieGOBATbEL Y Biondal “Fhusouid

t enperature of thecriosgrdegtiont o800eh S19uapori apertyringwof Hhose tparititmsi of
further cooling t l‘t‘?\e"‘eaeﬁloﬁo%?ﬁiﬁgy wﬁﬁt t§§ertﬁ§‘@§er3‘55ngm t BRe. %Fﬁt\jﬂﬁom C.

cross-section inparted he 'Sucti on emanating from w1hin
10 vacuum chdrberstryeturen s, 9%‘@"5”%06@5 i ienfigure F?'guré’fgch;um%t i ons

in a manner gener ajubstantiallarideAticBRitoOfhat. 6f AheCwBb U310 isRbWa fh Figure
| " In order to avoid- spring-back of-the web along with
possible loss. of caliper-' apd--elosingf-of-?seme -of the: apertures
20 correspending to. apertures 356 in. the.forming structure, the
web embodiment: 310 shown in Figure .9 is preferably cooled
‘while still subject to the forming vacuum provided in chamber
720, Smce it is generally desirable to reduce the temperature
~ of the macroscoplcally expanded web to its solid state
W . 25 temperature prior  to subjectmg it to. high pressure :liquid
' ' jetting to avoid- damage, a low pressure- liquid spray 740 is
preferably applied to the- web adjacent stationary baffle 730
by means of a low pressure liquid nezzle 735. As pointed out
earlier- herein, . the need for . such liquid-assisted. cooling
30 generally increases- as the web  production speed increases
beyond about 50. feet per minute. - . -- o
.Fine scale . aperturmg and further coolmg of the
web are: provuded via hlgh pressure liquid nozzle 790 located
- intermediate: stationary baffles. 730 and 780. The high
- 35 pressure liquid jet nozzle 790 discharges a liquid jet 800 onto
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slightly different apparatus configuration, the chief difference involving-
the use of a single vacuum chanber 720 spanning 15 both forn1ng phases. -
The resultant web 310 shown in greatly enlarged cross-section in the »
inset of Figure 9C is substantially identical to the web shown in
Figure 6C. As with the earlier enbodinenhﬁ of the present invention, the
web 310 is fed about an idler roll 795 a thereafter directed either

t t abl d t t tl tl o/
cnbodi mont shobye FRESIRCOTBEe §fZ‘Hﬁé’?éﬁ%roacﬁpf)q%@&ﬁﬁo?ﬁwmﬁt B880r ocess
enbodi nent shod0. n'ﬁhe;]urcﬂue jatt aommemﬂmmxml an1 ddreesporidipgr at i on of
the 25 form ng, SyhyCLKER: al#rﬁ?rtéé C}'l "in Ui T R5AHIA greah%}& e § 0

utilized in theé enbodinent ur e 0 I'sS shown ‘I n enrar
fragment ary pegepetallyeillustrated eimlFigl:h's 8 i whrich risct smbstaasellyexhu bits

an overall Crf&e%t?é‘a‘it 'ten%epéFéé%r-Qe i@i‘x' %o&ﬂ t:Hatanﬁré Ol ng§t pucture 50

shown in Fi gure I NC l1cit CroscaoplCc

cross-section Rﬁéﬁ'ﬁ?‘ésewimpgh th&r ?W@F‘dﬁ Pfsthe figuid dehﬁgptﬁr es 56 in

form ng struct gﬁeﬂ&entrwawvmattileabaseinoffumﬁralaebn ethé50et s310,0sed by
means of a per;ora 57. This.perfgrate wal 032 i ncl udes _ a

multiplicity o hers gtl (?I"EF nﬁlrfsed' é ur Sﬂ?crﬁi‘: gcé'ﬁéfaﬁﬁwghovm I n
Figure 11. ffpartednitgutise ﬁvlmcby the sbetloneadlah;tmgdefpmad within naki ng

form ng stgpct fed pgenerally disclosed in Figure 11 are:
di scl osed m cg%ngr%u'ﬂ a:g@;é#@g U.s. Patent 4,395215""issued to_ Bi shop ejl

July 26, 1983. In use, T@J%Ehéfp'%\eﬁs tesodimens i of . Bignnes 9 pfunctionst v
extruded . fromp extrhanier Héheean &m:asurtéaﬂmoaffngﬁrage sttiliging @ 850, rot

genorelly ol A A D Slng S D 1, O™
profile of theidvolwinmy ther wseuné 85ﬂng&s vaouema| ¢hantiervT20nspamning 10A
T R BRyF e FARREYE' HRRbhyRgE ot 306 IMIGF 1n Grhatly (P enc
' enlarged cross-section in the inset of Figure 9C s
substantially identical to the web shown in Figure 6C.
| As with the eariier embodiments of the present
invention, the web 310 is fed about an idler roll 795 and
20 thereafter directed either to'Suig,a'_b_le rewind apparatus or to a .
converting operation. rain
The process embodiment shown in Figu're 10 is
substantially 'ideriti'cal ‘to the process embodiment shown in
Figure 9 with one ma;or exception, the configuration 'of the. J
25 forming structure. In particular, the forming structure 850
utilized in the embodiment of Flgure 10 is shown in greatly
enlarged fragmentaiy perspective in Figure 11. The forming
structure 850 _exhibits_' an overall cross-sectional pattern
si_milar' to that of fqrming struct__ufe 50 _shbwn in Figure 4,
30 including a multiplicity of macroscopic cross%séctfpn apertures
856 which are generally similar to apertures 56 in forming
- structure 50. However the base of the apertures 856 is
closed by means of a perforate wall 857. This perforate wall
857 includes a mult:phcnty of relatwely small apertures 816, as:

35 generally shown in Figure 11.



fluid pressure differential applied by the vacuum chanber 720 is generally
not sufficient to cause rupture of-the web in those areas coinciding wth
apertures 816 in the formng structure. As with the enbodi nent shown in
Figure 9, a low pressure liquid spray 740 nay be applied adjacent
stationary baffle 730 by neans of a |ow pressure |iquid nozzle 735. Since
the web is not apertured at. this point,. the 3pplied cooling Iiquid cannot
passidirectly through the web- at the point of . appltcatlon Accordi ngly,

aljt er na]t i Vﬁ | qgl d col | ect Teshrizpres rm}'mth? i thed aég@qpngdga@ddatfg,r al
the peri phery of s RirSh Wi’ BHbARBE Tof, GV Torerhiy ologlosed hg
liquid wll drain E'GM‘Fd‘hl @ne pdisclesed |ingudodmuordy | essigaedy LgISawRa)tenfl'o

provi de snal | scal;egggeﬁtsur is8Ged Ntd D 9.;1%, Iy be Il ary networks
812, high pressure 1iquid n‘ozz?e 790g|‘s e\é\@}' BI 1.3?}% 800 agai nst the

exposed surface 814 of thelnhgenodcweh ofl saft Maddmmvﬂélg isgpoeferaply with
the enmbodi ment of &tGUHSdgifrothe Xt Bldé¥ e?@i”@ntd OH déj s@rfaégo oRP8biHirs the

web 810. in tthose areas which are”as yet unaperture his case~ those

areas coi nci di ng SHHFEre &0.5p8% ¢ 3'1‘6 | Shome - f'brrﬁ'ﬂﬁ"%t Aleturh® |n

addition, the |iqlinfiuedtce86P flictiot adthandti hﬂ'fonii&b‘itﬁtrﬁ vstdumta%mmol i ng
the web 810 in ’ztos fuII conf i stende

condition, since it §24r¢ htr'g B’Sgr Eﬁgt'ﬂ Psg‘ﬂfﬂfe e p@/cms:,cqucnp 18 96cuum
As abLtesuIL t he fthel ﬁdmdngebtr&!:mlpila§§ﬂngps‘ QBI’IB:‘&“B/ f%ﬂmgm &gunet}j(!nﬁe. 8t50 .
h s the cros n set -
o Figure 100 Eaipwerartpedfllel B she°Eofivell, LHRICLAR' of sBUrfinglsle
continuous, 10 i rfﬂeﬂ&aﬁﬁéctvéé portigns 887 Afethe ferming steﬂt&re B%Cwe

capillary network fJid drsesuﬁenemdeawtm eﬁgnmlﬁy RAe! VoUW Lhattberh720
contains a - nultinplici apertures

correspondl ng to dﬁe%ﬂ%&%%l‘%"ﬁ rF‘THS'Fﬁ?'%g tgt Fﬁ'd?%re"'%%'ﬁe RE &he web .in

“those areas coinciding with apertures 816 ln the forming
structure. - _
As with the embodlment shown in Figure 9, a low
pressure hqwd spray 740 may be applied adjacent stationary
_baffle 730 by means of a low pressure liquid nozzle 735.
Since the web is not apertured at this point, the applied
cooling liquid cannot pass directly through the web at the
point of appllcatlon Accordingly, alternative liquid collection
means may be provided adjacent the lateral edges of the web.
U | Preferably cooling nozzle 735 is" so reposmoned adjacent the
pertphery of formmg drum 718 that the bulk of the applied
cooling liquid will drain toward hlgh pressure hqmd nozzle
3 790 by gravity. _
' To provnde small scale aperturlng in the end walls
of the caplllary networks 812, hlgh pressure llQUId nozzle 790_'
~ issues a jet of |IQUId 800 agamst the exposed surface 814 of
the macroscoplcal!y expanded web 810. As w:th the
embodiment of Flgure 9 the hlgh pressure' liquid jet 800
apertures the web 810 in those areas wh|ch are as yet '
unapertured, in this case those areas comcndmg with



described earlier herein, the apertures 811 formsmall 15 capillary

net wor ks, each resenbling a vol cano having small cusps 813 about its

peri phery on surface 817 of the web. Macroscopically expanded, ’
t hr ee- di nensi onal , apertured pol yneric webs of the type generally disclosed
in Figure 10C are believed particularly 3sell suited for use in 20 those
situations where it is desired to isolate the wearer's skin from a noi st

absor bent nel erﬁﬁllle%CEB“lls tihe thevmfmtﬁg sstruatsre. 811nofaddhﬁonyvehwe yet o

provi de vapor | t aper s 811 i.ded in the
end wal l's 857! f’hla"e{i:1 49 H¥'§ esraﬁt;?c&yr&er éﬁtjs‘zs 'Be{"'értﬁg' dt°° HE‘ ant ages
25 afforded vegb w8b& oh tite &hlyecrenforomsdi tpde rmaximatiye diskérydetbscribed
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12 is a plan view p arged Sl z -of
nmacr oscopi 8al Ivacuumepanded, t hr ee- di nensi onal apertured pI ast ic web made

via a process of the txgeaofigl ItMedﬁﬁgHéged,ebngﬁ; HesBing fP i b biting a
34 different nacroscop| c, three-di mensional gattern The Web 1010 shown in

Figure 12 was fP5PiRgG # Fmtt_nrm |85?h95la' Bjts y they FERSS-RATHON waeneraliy
apertured on aHowie Bcahe grehtiyclestargeeninséedodiFigure MO0 i Esdrent s

h 5 d 094 t of 47 § ts b
Do A Heebol U e, @l A0y, Sofibublb oo *
reverse wiappddtenoonectest.r dsperferatar sidewalis u8taa.e dEachhecapilderyeneral |y
simlar to th etwoﬁﬁl 338daid3. F FHHH{&S ahv ermth?]ﬁXEgP{iBﬁ”@lea hich fferent

Macr oscopi c, ree-di mensi onal pattern croscoplic form ng -
structure exhigngesana oveyRIRNGitY cRfesielativelys shrtlaRPertverful 811y spacedws

pattern of Sdébséswdeuhbyto lapeRturesPe16 uhesorm-agcbtmwm anm oxi mat el y’
gpp?gglmnaﬁal y 0% ggiﬂ% ?Fagﬁai%%ﬁs"hnoms?Iadpc,eggert 'y g?l:g?f’éﬁ d?@ lgnce The
web was f05rrecta|pd;llal§y anétworplsaseach l'e)semblg\g)ra)cvek:anb hawirig/psmajéner al | y
disclosed in Riiyseats BboB Rty ditighd¥y*RUbsr fAbe Y ok Re Wib. -
- Macroscopically expanded, three-dimensional,
apertured polymeric webs of the type geriérally disclosed in
Figure 10C are believed particularly well suited for use in
20 those situations where it is desired to isolate the .wearer's
skin from a moist absorbent member adjacent the lowermost
surface 817 of the web, yet provide vapor permeability
through the small apertures 811 provided in the end walls 857
of the capillary networks .812. - Details of and advantages
25 afforded by webs of the 'aforementioned"type are more fully
described in the commonly assngned u. S Patent Appllcatmn
Serial No 740083.

Figure 12 ls a plan view photograph, enlarged many
times  actual size 'of a macroscopically  expanded,
=thre_e-dimensmna_l apertured plastlc web made via a process

- of the type generally disclosed in Figure l ‘but exhibiting a
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awater flowrate of 14.9 liters pef . minute per cm.of web width at high
pressure liquid nozzle 35 and a pressure of . 3447 20 kPa and a water flow
rate of 11.9 liter rsper mnute per cm of web width at high pressure
|iquid nozzle 90. The vacuum at chanber 20 was nai ntai ned at _
6. 75 kPa, and the vacuum at chanber 55 was ns#nt ai ned at : 6.75
kPa The resultant web - 1010 exhibited an overall caliper of 25 -
appreyi mately 0. 5 different magsasqopie, shoee-dimensignal gatteansoft and |

pleasing tactile inpressippRe wmr1bhﬁtﬂrﬁ{dr¥ m'lf! urB O wa Ig”fo(#ﬁ&; S@%ﬁ’n jreas
coi nci di ng wthth%al g_ﬁareas of the.-formng s Puc ture. ure I'S

further enlarged p &‘bhpﬁlﬁeéhﬁ'ﬁneséﬂ't'ﬂbnwéﬁ finst V\W@Hﬁ% g'énérﬁilf"ley in
Figure 12. The ti meakpendshr G&réﬂilcdrﬁ‘:ﬁ'lﬁewp@f Q»fcré\hdnshoﬁraﬁleﬁlts eﬁé\ﬁﬂgoﬁt of

the plane of th r o the_vai ces at t i ces,
forrrgd bet ween tghg%?%['et%geéfl ng t Jarrentsaf:}g Fh'é' |r"s°[""t\/\/8€ ?II7\M%? $Yeni ng
structure, while tixy rekrtilamants BGr' sguase- seat.i ofiheafinelyarpertinedr keb1012,
which are oriented At GhePGastdl Hakersh &p%pwp(?ﬁto %Or:ﬁa%srBQ%-ct Pordi hg

MACT 0SCOPi C Cr 0SS-Secti on apertures - prese he rfacroscopl'c form
structure. - 35 THErugsEer e %dwppolsnanﬂbf similen iﬁ%cthﬁc@pmiasﬂc&/ in

expanded, three-di fonal, V\Btbt.ﬂt()loem%lﬁﬁ?du%d ‘aldetdift apﬂﬁéﬂ'}s% ic,

utilized are. rrg§ H %rddescrlbe'd {I conn ion-wWith a e I, WhICh S
described in défai PREETFIPRRSINA! pAtiEeRD. 5 The fagros E‘éﬁg GHruetussr e 14
Is a plan view phoesbitzipdd aml avgr.all nﬂﬁykhessasoﬂod .L!aimlﬁl aﬂd of ﬁgularly

al tefwat i ve plastig gggﬁda{m%qségﬂ | i Zi ngug&{y‘lﬂélr hq_gﬁﬂweb é t@r@ Pre‘%g

geperal ly sinmilar clos ure'e Fticul a 1110
exhibits 10 fine- WQFBV'“Spe?RRFPé‘sma#%Y CQ)-rﬁﬁmt abnits vmlht ofra raxémepi: c

Cross-section capwideiy saittlapertiiresf bémgesabcéa faWrSana'ibEFﬁ 7 i CPBmbest
be seen in th? gr eat l%}ﬁF\l arged . seqnent gure relatively snall

apertures 1111"Whi 8R®f Phy ‘iﬂ')"ltﬁ%lﬁ '%?T%Fﬁéddhs ﬂ‘qq'ary ﬁe’(’ r Was clormedpond

to the fine-scale using a two-phase. formnng process of the type generally
' dlsclosed in Figure 1 by applymg a pressure of 6894 kPa and
a water flow rate of 14.9 liters per. minute per cm of web
width at_hngh pressure liquid npzzle 35 and a pressure of 3447
20 pa and a water flow rate of 11 ._9li'tersper minute per cm of
‘'web width at high: pressure liquid nozzle 90. The vacuum at
chamber 20 was mai'ntained at 6.75 kPa, and the
vacuum at chamber 55 was malntalned at _ . 6.75 kPa.
The resultant web 1010 exhlblted an overall callper of
W, 25 'approxlmately 0.51mm, as measured under no load, and a soft
' and pleaslng tactile mpressaon, partlcularly in those
non-debossed areas comcndmg wuth the land areas of the
formlng structure.
'Figure 13 ls a further enlarged photograph of a
30 section ‘of the web .shown generally in. Figure 12. The tiny
apertures 1011- the cusps of which are oriented out of the
plane of the p_aper c_orreSpend to the Veid spaces at the
interstices. formed between the intersecting filaments of the
first - woven wire formlng structure, while the macroscopic
35 cross-section capillary networks 1012, which are oriented into
the plane of the paper, correspond to the macroscopic
'_cross-sectlon apertures present  in the macroscoplc formmg-
structure,
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15 apertures which are., present in the land areas of the nmacr oscopic -
form ng structure on which the web was fornmed, whille the macroscopic _
cross-section capillary networks 1112 and 1115 correspond to the *
macr oscopi ¢ cross-section apertures which are also present in the formng
structure 20 The cusps associated with flne scal e apertures 1111 and the
capi | Lary networks 1112 and 1115 are all 3dri ent ed |nto t he plane of the

paper. The specific conditions. under v{gl ch na ros | caI Iry anded, &
t hr ee- di mensi onal , aperitf SReCifls FopAftio RCr9SEORICRWY ar e nor e
fully descri beekpahmnebrem:mheioﬁxarwwéts 1lono wascbromcets@wdoedel n detail

U aw ' phot ogr cpppaIs SaANted N6, hphe Aty dsbiAbid i cBHheridn i ,°) 2"
Figure 10, 30 Esamplegdd whigh tis ndescribed| insidetail Tmn/vébe 119 efagher ocessed

general ly ig n e multi-phase process schenatlcally shown in
Fi gure 10. aﬁf%ﬁdﬁdééeégh&?ﬁ “]Eil icity off .capillary 'networks 1212

corresponding to .the Fiawre 14ris arpighoview Rhadegraph .nenfargedsmanyr ning
structure. Thamegestuapssizdl lbof aﬁaéndma"tiweplm Wedh smade tUtAiGAgi | | ary

net wor ks corresp smal | i n_the end IIs of
the capillary F\l\l&’k@’?&nt"%ﬁqﬁ @W‘H’q h%"?‘i??ﬁl ﬂ§" a?ﬁ'ctsd?'é'arTEﬂe gl\%lgm fic
condi ti ons unddiscidsedh inclFigaté bas fihdsiupacticular noveb flJlIlIOy elddbitsbed in

connect ! ony ¢ | AnExadib ®. Bpertdres il dnifhSBoReSUihod dbedStap near the

end of the present Speci e -apprecla v
necessary t hatcross-seation: capillacy (b"letHOb‘Gﬁ yotrseverab @lﬁ?ﬂﬁﬂée%&? .in :

gccordglnce Withs Tcgﬂ H¥ses pat sIeEl:le%' QHe grebtiPBlknladddid fgMENLE of be f10 o
of & web vihi | FIRHTod8 opffea Pty eIl SRarFures 11 D SRISPC T, 1BYer t ur | ng
the web only ivoltane+rstiapear ealemerm nedvm-leaeorr@spopdrm duéeflne/-spaleferred
appr oach fﬁr ‘apertures which are present in the land areas of the
macroscopic forming structure on which the web was formed,
~ while the macroscoplc cross-sectlon caplllary networks 1112
and 1115 correspond to the macroscoplc cross-section
aperture_s which are 'also'present in the formmg”sftructure.
20 The cusps associated with fine-scale apertures 1111 and the
' capillary networks 1112 and 1115 are all oriented into the
plane of the paper.
The specxflc 'conditions under which macroscopically
expanded, -three—dimensional, apertured polymeric web 1110 \J
25 was produced are more fully described in connection with
Example 11, which is described in detail near the end of the
present specification. '
Finally, Flgure 16 is a plan vnew photograph of a
polymeric web of the type generally dlsclosed in Figure 10,
30 enlarged many times actuat’ size. -
" The web 12}0 was. processed generally in accordance
wnth the multl-phase process- schematically shown in Figure
10. It mcludes a multiphcuty of capillary networks 1212
correspondmg to the: caplllary networks present in . the
35 formlng structure. The apertures 1211 located in the end
' walls of the caplllary networks correspond to small apertures



c'arry.i ng out such a process -Ié di scl osed in Figure .17. 15

Fi‘gure 17 i's yet another sinplified schematic illustration of a

nul ti-phase pol yneric web form ng process of the present invention. Like
the process generally illustrated in Figure 1, the process shown in Figure
17 is carried out in two discrete phases. ilmsupply roll 2001 ‘is
substantially 20 equivalent to film- suppl?¥y roll in Figure 1 web"

2010Us substanti %Eyteﬁqﬁ ‘{ﬂlaeéﬂd ent Q{ %R$g§5§‘lg}%m E@g g%ldrgms 2018

and 2058 are. substantially equiva
respectively; vacui &f&ﬂﬁﬂr%trggmﬂand 2055 are subst antially equivalent to

vacuum chanbers 20 and S5The 2pecific Qbh n he nd,
2030 are substanti al | a{ g ui val eﬁ?mtig ngtg;[tfognsz o ?thcll?awgg ngu?oggvr’asa

Figure 1; fornmnd" u? e mowe sfully dEGED"‘&F’e"’S&I?@PSﬁUP'&Itheéﬁﬁmaleent to
form ng struct8redil5 whith50s i alsbi deseribed aNddétails indaPashe Nbl- BF e@Rur €

nozzl e 2035 whi ch h pressure 30 liquid jet 2040 is
substantial |l y- Lﬁa’{/%g% ?%p%f'fmr?q'é’ﬁ' pressure liquid nozzle 35 which applies

a high pr essur e- liquid jé&s vl ibe Bppueciated, Hove\noit, nédessapy et stimyst em
| | ust rated F '
[Tustrated |0 Fl Girfrel SuPREOYP 2 pBiindMESwi 206 F;:er’ PR acchPiR

structure 2015 andformn structu S tra
the web 2010 wit hdtith o'§‘§ oPresefitst igvepsiofeen 'tthem@m t §Phs example 37 beor ni ng

structures 20310 arfbs?iiple tonbr%vli&e p@Séétbéﬁa b aupe éﬁ}ﬁtm-& téc%§§ efhedVOi ds
machi ne direction s {etchl he web, unti | both phases of grocess

have\been carried$ THY F?)cgis 3 WeRm White | iacy ﬁ?ﬁ'??'w gE?‘Ba 4ing ffers
s5(romthat ill uanlddbedmanré‘soypi-lly |apertaripgi nthepalebapiyet in discrete

t | th oL 0 h
gﬁgslt gﬁt ?;I ly gqﬁl vgp n%ﬁgﬂmrggsfgssur@gr*'ggﬁﬁ'w %%f%rq'@é ?ﬁpﬁaﬁ EA,-S
| ocat ed i nside a tCRFFYingr aut SB'GBSBVMOGHSS dardisclosed iny Eigunengﬂ mask

el ement  20651sabout its g ur@eﬁph%y etS abiker NiRPIRALS TCLn IR
Figure 1, a pair statlonaéqbaf e 70 and 2080 encl ose hi rh ressure
t

nozzl e 2090. wé{}‘é?“'af'ﬁﬂ aultisp P%% ralymepicavel farming Pﬁ%ceaﬁu?ﬁ 2068.

the_present invention. Like the process:generally illustrated
in Figure 1, the prdcess shown in~Figure 17-ls-carried out in"
two discrete phases. -Film -supply: roll 2001 -is substantially
20 equivalent to film supply roll =t in. Figure - 1;> web" 2010 ‘is"
substantially '_e'qui_val_ent to web* 10 in Figure 1; forming drums
2018 and 2058 are. substantially. equivalent to'fo'rm'ing drums
18 and 58, respectively;  vacuum-chambers 2020 and 2055 are
substantially: equivalent- ‘to vacuum‘ chambers 20 and 55 in
'F.igur_‘e 1; stationary baffles 2023 and 2030 ‘are substantially
equiVale_n_t to stationary-: baffles 25 and 30 in Figure 1;
.for'ming Structures- 2015 and 2010 are substantially equivalent
to forming structures 15 and 50 in-Figure..l; and first phase
high-pressure nozzle 2035 - which - applies-a high pressure
30 liquid jet 2040 is substantially-.equivalent to high. pressure
liquid nozzle 35 which .abplies.a-. high pressure liquid jet 40 in |
Figure 1. However, the:process system illustrated in Figure
17 employs a nip type transfer -between: - forming structure
2015 and forming structure. 2050. This permits transfer of
35 the web 2010 without loss of register between the patterns on



H gh pressure |iquid nozzl.e 2090 discharges a high 15 pressure |iquid
jet 2100 substantially equivalent to high pressure liquid jet 100 in

Figure 1. However, the presence of mask el enent 2065 permits the high =
pressure liquid jet 2100 to contact web 2010 only in those areas coinciding
with the openings in the apertured nmask el enent 2065. 20 As wi ||
be appreciated, the openings in the nmasR7el enent 2065 can be of any deﬁL;ed
- shape and may,..for exanple, in de l.ogo or_sinilar decorative patte
which will deferRing,stragtuzes, ?i‘*’grr%%oéeg?ﬁ c B¥Salsirassibiecheqause pe

car][i ed out ashéiqipg dtdgatsféi'lgﬁrmtmftﬁimmi%ﬁw@tkﬁdmO? Soﬁﬁhfugported
on form ng structur : n _ex ary mask. pattern is illustrated in
Flgure 160 whidh HEB 2R andfes"SF SRe prodtes ndV% bRen tasted S ©
particul ar pattern conphespreocassusystem dliustratedd dpeFigures 12088 fersach :
resenbl i ngs ag.,d terid tetr L.eq As
wll be ~ap%re?f%‘?g5égyllmlsg£%@§kﬁI@éﬁlpﬁdlt ﬁé@???’g{'hg%o%&escébtilgn of web
2010 af ter hi gArtigHlarsuthe seeand jrhasprisjaby presurepliauid mezzlee209Bs5, if
cxam e oL LuhiERses abstalialt suvAMKE 1 g | phEsadienligay o Chat
of -we shown i gure_. 18. Sin |

portion of th8%#E 3816N wRiaure:dinds d§§a€/ﬁd( H"FH’; Fodhind Lrumsa88, mmsk

el emalr;t 2065, ﬂrficlex_laaa’rng# at tdtatihgsetnalsabeélgdlent 658" about Figure 17,
will be sybst ' i ti t ' In.Figure 1E. However, as
w il be a%re@?‘é@&’%omﬂgi dﬁ?‘lé &'Se %%%Hegﬁasél&évv t‘.'gkgb‘gqeoﬁg Vi ew | |Q9
19-19 of Fi gupeirlpf statiopapyrhaffles 3970.80d22089 entiose dhigheressurgn wi t h "
apertures 5 2@88e 12090.TBHowdleH e the 2R%ker \ulanheeXBtéﬂnbcswdy wihli'i?! finely

apertured pattern,. anal oggus to that of, web in Figure 1C, while those
portions of tRkRe#™3I888which coincided with apertures 2088 in masking

el enent 2065 as it paddigh preesdie npAbensdfie 2090 disthdrigesbat highhe _
05551 F PR Ao . YR A o Tk 2012
1. As shown i pressunee liguidt jed 10¢din Figure: dssecHioweyer, the presence '

of mask element 2065 permits the high pressure liquid jet 2100

to contact web 2010 only in those areas coinciding with the

openings in the apertured mask element 2065.

20 As w'iI-l be appreciated, the openings in the mask
element 2065 can be of any desired shape and may, for.
example, include a ‘logo or similar decéﬁr;%ive pattern which
will define the pattern of macroscopic exr'aar;"sion which will be
carried out as liquid jet 2100 contacts web 2010 while it is J

25 supported on forming structure 2050. An exemplary mask
pattern is illustrated in Figure 18, which is taken along view
line 18-18 of Figure 17. This particular pattern comprises a.
muitiplicity of apertures 2088, each resembling an infant

- with outstretched arms and legs. ' ' .

30 . As will be-appreciated by ‘those skilled in the art,
the cross-section of web 2010 after high pressure water
jetting by first phase nozzle 2035, if'examined at the inset
labeled "A" in’ Figure 17, will be identical to that of web 10
shown in Figure 1B. Similarly, the cross-section of that .

35 portion of the ‘web 2010 which coincides with the apertures
2088 in mask element 2065, if examined at the inset labeled



enbodi ment 2010 is preferably renoved fromforming .structure 2050 about a
series of idl'er rolls 2110, 2120 and 2130, from 15 whence it is directed
ejther to suitable rewi nd apparatus or to on:-line converting operations;
as desired. Processing systens of the type generally shown in Figure 17 are
particularly preferred in those situations where it is desirable to hold
cl ose register between the pattern on 20 foB®&i ng structure 2015 and the
pattern on fornlng structure 2050. Furthernore, the.use of a mask el enent,
such as 2065, perni'BY imEigursidéerwitlbet substantially disientigatydo cthalti afuiveb
jetting pressures 4@ fnSFifure’ PE1 HEWeWUrESSUMAN bé %;9,:%{98%%%&99%&%' caee

there is no degradzilhl any charactefisti cs I ni

those portions of the ‘l?\!é‘ Ghuis @hviey taken AlorRg ddew l'ﬁeab%ﬂ?u?%é:l%% 17m mask
el elrrent 2065 as |ttmmrﬁoneadmwaozz¢m W@h le hét faﬁgﬂgﬂlﬂﬁd eFRakst he
abilit to acgur eqi.ster att

structﬁres makeg 336%'%'”%02&835%' l% r@&g ’?I%dﬁ bPFMgtmé \%f'lféyrange
of effects It isapeartured pettegmarmogom tbel:laatsef | web s1(pdasFiguret 0Cadj ust
the registration o?,ht,ge tRatd ChorRi 4} acﬁgn;'\1 fbor a?‘?%’?ﬁé&"g{dﬁrdel a.td‘ve to

one another it is a5|b e to conbli ne the selecte one
another to produce2Refiresf 83 maskipgr Glﬁ'@"ltnzﬂ aseitulpasaed vieéneath 39

It is believed thahotfle zimcwnptéwnbrtoabﬁl e hﬁéfécaléf\labl_;rﬁn%_b' R19"8nd

skilled in the art _to ctice esent | nvent]j on- many vari ed
forms. Nonet hle‘?es@ mf“ﬁtép Y ot Bi@é'ﬁ’pl"&lt °%'ﬁ%c?t?‘?reﬂf‘§'hr‘@"§%’ipm A for
pur pbses of 5 i taplsl;laratmemworEXN\PlLE ﬂheleeb embodiarepi sfaFlgureexpanded,

tlhvee di mensi onal aperture %I\E‘sb’ [ €; de
in step-w se fashion Pgene?‘a WI ovm rhl:t \?\#)és é@ ? %ﬁéﬁowega
‘process discl osed emb mend 20 0 Theref Y remstyed] fomeforping sthydtare,

0.025mm - thick (mCHHoGQtEdseﬂ?@s rarplal%t' 9&45%436521%3%5&1”%?6‘ fP5haver e

952). This we
19 ) 'S J) ( plence |t lS dlrected elther to su1table rewind apparatus or to

on-llne convertmg operatlons, as desired. :
Processmg systems ‘of the type generally shown in
Flgure 17 are particularly preferred in those situations where
it is desirable to hold close reglster between the pattern on
20 formlng structure 2015 and the pattern on forming structure
| 2050. Furthermore, the use of a mask element, such as 2065,
permits the producer to utilize a wider range of liquid jetting
pressures to issue from high pressure liquid nozzle 2090
¢ _ ~ since there is no degradatlon of any characteristics initially
| 25 imparted to those portions of the web which do not coincide
with apertures 2088 in mask element 2065 as it passes: beneath
nozzle 2090. | o
_ It is recognized that the ablllty to accurately
_ reglster patterns between’ adjacent formmg structures makes
30 it possnble to produce webs -exhibiting a wide range of
eff_ects. - It is further recogmzed that because ‘it is possible
to adju'st the reglstratlon of -the’ patterns on’ adjacent ‘forming
structures relative to one another it |s feasnble to combine the
selected patterns with one another to produce’ many different
35 effects in the resultant web ' '
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onto formng structure (15) -at a speed of 152.5m per m nute and subj ected:
to the high pressure. water jet (40). The 15 wat er tenperature was
[err] the water pressure about 6894 kPa. and the water flow about 14.9 .
liters per mnute per cross-machine direction cm of web width. The
formng structure was a woven wire screen of 47 x 47 mesh/cm having

0. 094mMm wires. (Canbridge Wre: C othygo. Canbridge, 20 Mar yl and
21613.) This first stage produced a web containing a nmultiplicity of siwdl

apertures, approxi matelhy ig. EQfméd‘ t@'l'a@”ﬂ{eerdeséi-ip%:di'\e'&%hiainea Adreirch -
apertures per linear * cmin @éh di rections. hi s e'&% PT'ertured web
r

was then woundwiht enablesegey skilled "Thg‘%e%"éncfostpzfgﬁﬂﬁ&s ¢"dut 25

by taping a 15mUebiodOCIA  manyPOahdOvaied hforiel eniNyrietheRdss, f itRe! v
apertured Wqu(WJ Q adff rent for of struct e tg\hls form ng structure
f Jmgnt for

cont ai ned aper {Q1°¥dNgse BQYn%ﬁ’%? 6l se IORPUrPE3EXOS | . 10mm

center to5centidlustratdorierr] array. The finely apertured web was reverse
30 wr apped (small capillary net W(g){( M?LEept ed toward the second high
pressure liquid nozzle) on.the |a structure and subjected to a

second hi gh pressure wdthe mra:comwély smﬂdﬁdappmenﬁimﬂnﬁwfﬁiz 5m

per” m nute. spsewawa WEHPRIR 4hBwhain [Bigured & WALSH3 PW&E Shide RS about
344 7 35

and the water \rlw\?% oXxi matelg/ 9 liters per
mnute per crostePTwise rf%s'HPPecﬂ?'?ﬁTa"U ° B’P'Pagbthﬁr bve. steges of e esul t ant
» rracros.‘lflzml cgbi-ocessemeadeeu irhrEQ?c.lihdrEnSI oThé, ispet.t webd (1) sdaewrioll nf
i gures an t ai ne e LES
measuring appPSYeiRViERs" ol Daan: ! i aritarRQRE T neERBBIAGS.
el liptically shHIé8, Warrlngm.omv%rﬂzﬂés%z)secﬂ'hdm Vtﬁip (NP hrwasdedor ks 1012
measuring appr o”%r%m Strﬁf&!}‘re (15) - ataﬁrgﬁée& il fsz'manrP@ryﬁmu%he

overall no Ioa cal i er 0 he expande was approxi mate
EXAMPLE |1 10 and su Jected tonhghe nhigh seppsute ywater pigtd 40).

three-di nensi ogater AenpetytadePAbY MRL PR \Ntlbelﬂéﬁrsb?&&u& Bbout %%91»4 and 15
was kPa, and the water flow aboutM 9liters per minute per
cross-machine direction cm of web width. The, forming
structure was a woven wire sTeen of 47 x 47 meskm, having
0.09% mm wires. (Cambridge W_ire Cloth Co., Cambridge,
20 Maryland 21613,) This first stage produced 2 web containing
" "2 multiplicity of small apertures, approximately 0.10mm
in diameter, at a density of 47 such apertures per linear.
‘cm in both directions. This finely apertured web was then
wound onto a take-up roll. The second stagé was 'cai‘ried out (o
25 by taping a 15cm by 30¢m portion of the aforementioned
. finely apertured web onto a different 'fort_ning structure.
This forming structure contained apertures of apprbximately
0.66mm in diameter spaced 1.70mm . center to center
on a 60° array. The 'finely abertured web was reverse
30 wrapped (small capillary networks oriented toward the second
high pressure liquid nozzle) on the latter formmg structure
‘and subjected to a second high pressure water jet at a web
speed of app'roximatel'y"l'sz 5m per mmute. The water
~ temperature 'was 68°C, the water pressure was about 3447
35 kPa and the water flow was approxumately 11.9 liters per
minute per cross-machine direction cm. of web width. The



made by the type .of process generally disclosed in . Figure 6. A National
Rubber Machinery Co. Pacemaker 111: (NRM Process Systems, P.O Box 25,

Qol unbi ana, Chi o 4408) extruder, with 15 ~a 30. 5cm .die set at 0. 25mm
and 260C was used to extrude |ow -density, polyethylene (USI, US.

| ndustrial Chemcals, Division Nat'l Di st of#0Chem cals, 11500 Northl ane
Drive, G ncinnati Om 0 45249, type NA344 resin) onto a formng structure
rot ating about the'?ﬁ‘ﬁ‘?l"tstag'écf‘!ﬁcﬁpi@”&r umexpandegd 318)thrededintensttmabj ng of

the web between t hgpertursdieneBNIhékR mrmg&e?ﬁwfﬁk&easté&ﬁméd Aman

t hi ckness of the \Agﬁﬁhnsu ected to thé firs urd press .
differential apaaticglly d 3Rertyres njo0L; riﬂé?-iH"é"Qn approximately
exhi bi t ed apert ure@ Ofat hr ee dickésy Embndlrﬁa"iat'eéﬁls |and78d’mbtlealh,895l¥§ped

mm and 0. 25 nut e. n the

first stage, rgtﬂhe B ger oy |°|¥\§$§75g§§9%FEB"[aﬂlé‘eéﬂaﬂgil‘sépz\,vé‘?eésurmg
substantially for rmpwquéyt #-dbmmobt ai niacgossa theigh majeral axls. The

three-di nensi onal overafieno %a& %lfd&?”&f‘%eﬁf HéElewe T,Dg‘s %ﬁlrkgﬁﬁatel

apertures (1111) were not formed in rst reaso
previ ously descri bed:- H)e'{ﬁ“lﬂ . As’ the macroscopi cal ly. expanded film
entered the second stage, it vvas subj ecg)eAMth@mi gh pressure.-water jet

400 t 62 kP 71 C, hi

éll re)ct ?on c?nl%of \e/teb - dt h. ?’;f]‘ﬁe 'Pn%c[?ﬁﬁ"‘? §§'(5§ e;@andegpr é}'}‘i"%é‘ods'%gg@ﬁépe
Nor:ﬁk; Avenue at apertwred pabeeric\heely ov1,101 showwiin Bijlils 1 2RAQ, 15\/34$as'ib0ut
10 f t t t 1111
wis a1 tormed Mede By 6 Goe’ B8 procell gelkFanliulseiised® i HoGRe 40y
networks having t e Nafiorali RybhppMachineey GanPecemaken AtlgéNRM Prs:sgss |
1.65mm rmedi um ( 16k&tems, PQ) SBo% Zﬂnd:cﬂﬁﬁbiar{alléﬁ)o 1,966) teﬁi‘ﬁhder, with 0

127mm  The veraII no Ioad call f the resaltan

9 E t P&! f’ A
approxi matel’y O 38 SloWBE aY 1O ThER® rmcr 08B prPEAr Fywasxpasdietp
t hr ee- di nensi onal extpedeurled poeérystey i prebttﬂ;éléﬁesl‘mm [ nuEsgurladL@tms al so

made by the type the‘?ﬁ.?&&sso%?ﬂ%r?' lllgt'fi égkongCIl'\Qm@a%ur%?OO Northlane
Drive, Cincinnati, Ohlo 45249, type NA344 resin) onto a
forming structure rotatmg about the ﬁrst stage forming drum

20 (318).- Due to drawing of the web between the extruder -and

the forming structure, the i_nifial thickness of the web when

subjected to the first fluid pressure differential was about

0.025mm, The forming structure in question exhibited

apertures of three different diameters; 1.78mm; 0.89

U 25 mm; and 0.25mm. | Web speed was 45.75py per

minute. In the first stage, the larger capillary ‘networks

- (1112 and 1115) were substantially formed and apertured,

- obtaining a high gu_a_hty three-dimensional image of the

| formi_n'g _structure. The smallest apertures (1111) were not

30 formed in the fi'rs't' s__t_agé'.l_ _f_or \'re_ésons' previously described
herein. As the macrescdpically. expan‘ded' film entered the

second stage, it was subjeefed to _aﬁ higﬁ preSSure water jet

(400) at 6205 k'Pa, 71 c, and'l'4.9“lii:ers per minute per

cross-machine direction cm of web width. The nozzie (390),

35 Spraymg Systems Co.,’ North 'Avemje at Schmale Road,

Wheaton, lllinois 60189, #2520, was about 10cm from the

sqrface of the film. The smallest apertures (1111) were



[,

10 but using a formng structure of the type generally-disclosed in
. Figure 11. The extruder and resin type were the sane-as described in
.Exanple 11, above. Al process operating conditions were substantially »
the sanme as those described in Exanple 11, above, the prinmary difference
being the formng 15 - structure. The formng structure was simlar to
that of Figure 11, but with square deb8%snents (856) having a 3. 175 mm

| ong sidewal I, The debossnments were 0.63nm - -deep. The | and areas were
0. 63nm  formed.itdtthis time. peTher nesuitant \film qodtdinedocapillary a

mul tiplici tyneﬂfloﬁ&a'ﬂa\ﬁﬁ rwé ef‘bn%an £§§ﬁ%&m§@é’hﬁi§§é§w§ N9y ﬁ@%ﬂﬂx' mat el y

apert ure er linear

0. 20mMm di aneter, ens
cm in -both Hﬂrséctlons' 55F!|H'e f'F‘?#U"\Naé'ﬁﬁl:roscoﬁl -63mmy appgasmedl in the

first stage, (form ﬂﬂsﬁpﬂﬁéﬁ(' mately Q.G3m#En, -THEeovérdl | h@r baget Wor ks
wal I.s The ,second sta e-of t ss provided the

with clgsed e . prqc

snal | agert quig Peis pf)the, rest web va o?PR'}?é‘?"'%‘sgh | ar C} é’t“\/\x)r ks.  The
resultant nacroscopically expanded, three-dimensional, apertured web

exhi bited square capillary net\/\orE§Am(§ i asuring approxi mately. 3. 05mm

on a si'de with apertures (816) ne ut 0. 127mm 30 in their end
wal |'s. CLAI M5 CLAINEe 1 macroscopicaliviogspanded; - ﬁhmdpmmsgeahor
debossi ng ang erﬂ@ﬁsaorp%wma-.c Yeb 96t SRéwAl I FigkPRl 1BUQMS algeeb  Of

substantial ly pI anar grrerl Imto forma nacroscopt cal 'y expanded,..

t hr ee- di mensM@qg b Ya}f&r tHPgJof cﬂ"?ﬁ%ﬁ gepenally Aigclosed ity Figher i%ing the,
steps ab: (abucqmsmgueuair)mﬁgpmuttmga oAl ﬂne/vctapefgéndrmwﬁd&c\i/\ﬁemhngl ot %
structure ex n a es ich place
opposed surfé{{cgijggfgsal °d Jf n+ %L@Fr c'?‘%r%g?%c‘%gl 8 ﬁﬁﬁn?%?n n wi.th one
anot her, sai desoribedg ist rExample nblii ngbove.a leecprmsparrmdratmgo the
direction -ObondftRiR! wilreSeliBistifitiatly thesaned §4"thbsBIdadlbdg it filmin -

sai d dlrectlon
Example i1, above, the’ primary dlfference bemg the forming

15  structure. The formmg structure was similar to. that of --
' Figure 11, but wuth square debossments (856) havmg a3.175
mm long sidewall.” The debossments were 0.63mm  deep.

The land areas were 0.63mm  -in width. The perforate

end wall (857) contained a muttiplicity. of -small apertures

20 '(8'16), each 'meaeﬁrihg apprqximately""ba.’Z'Omm ~in diameter,
with a density of 315such _apertureé per linear- cm in both
directions. The film was macroscopically expanded in the

first stege, forming'approximately 0.63mm - deep capillary \)
networks with closed end walls. . The second stage -of the
25 process provided the small aperturés (816) in the end walls of -

the capillary networks. The = resultant: maéroscopicaliy

expanded, three-dimensional, apertured web exhibited square

capillary networks (856) measurmg apprammately 3.05mm

on a Slde with apertures (816) measurmg about 0.127mm -
30 in their end walls.



(b) substantlally conti nuously appl y| ng ‘a first fluid pressure differenti-al

across the thickness of said web of filmalong-said dir

of said formng structure exhibiting said fine- scal e apgﬂlmgm gﬂmﬂmﬂ'
pressure differential being sufficiently g(f%_ cause* sal d LWe

to rupture in thoseLagmgas coinciding with d fine-scale apertures in
said formng structure; (c) continuously supporti ng said finely apertured-

web & filmon. a formng SKr tiAt comtinubu; multi-phase pracess for debossmg

t hr ee- di nensi onal , 0SS deflne | t |LCIt

macr oscopi ¢ cross- géétl esr%%)tzrq?ures gﬂ?%ﬁ'a{%&ic i "{Vjiposgabsur? aces
of said forn ng ssubstantialiyn plaoad olmnaﬂcaflrmntnmformoaemanmsltep;cai;lm d
form ng structure @Ehﬁ&e&n thrdeLEfmdr rPélr a%ﬁ{'tutrgdt? )&héﬁrt{ngﬂ OEaJdr avel

of said web of film carryrng sal vveb of ectrédn] and
(d) substantially PEQ@RS%\G@BEF‘?"&Q)M‘& stepsaofecond fluid pressure

differential across the thignegsntdhudsdiy ggppgif-t"f-,gl gg,al Qgg §g|ﬁl|“d|dnec‘at i on
of movenent of said formng strycture, sai ress
differential being sufficient If? rgregt sf'(')“%‘él'ﬁ%%&ﬁﬂ“%@b aof""'l' |t19#)c'ﬁyo ?){e
urged into substantial confornefine-sdald apertames ownbigh Cplatérﬂeedopmdonal
cross-section of said formng s v e |Ies ti rralntal t he
integrity of said fine-scale ap%:'ft u%gé Pﬁhﬁggj by @éu g fﬁqm"étuﬁfesgur uid?
differential. 2.~ A process accesmmugicatioo aﬂlrhlombeaMthesal shide forming ui d
pressure differential is suffi C&ﬁ-%'tdrgrrﬁ‘é\;inbolﬁ Ué)tdﬁ-é‘ct%?i S,a\pgge’ Rot

ar ea coi nci di ng with Sald NMACr oOScopl c cross-section a ertures 1 nh sal
f&r}n ng Struct ure. - direc iOﬂ Of travel of sai web of film and

.. carrying said web of film in said direction;
(b) substantially continuously applying a first fluid
a -pressure differential across the thickness of:
said web of filin along said direction of
movement of said forming structure exhibiting

said fine-scale apertures, said ‘fluid pressure
-différential being sufficiently great’ to- cause
said web of film to rupture in those areas
coinciding with said  fine-scale apertures in
said forming’ structure;’ '
(c) contmuously supportlng said finely - apertured
~web of’ fllm-on a forming structure exhibiting a
macroscopic, threé-dimensional, crosstection
defined by a - multiplicity ~“of -~ macroscopic
-cross-section  apertures “which -place the
3 opposed surfaces of said’ forming structure in
fluid communication’ with ~one another, said
_forming structuré moving in a direction parallell
~ to the direction of travel of said web of film:
and carrying said web of film in said
direction; ‘and '
(d) substantially continuously applying a second
' fluid pressure differential 'acrossthe_ thickness
of said web of film along said direction of



3. A process according to either one ‘of CI ains 1 and 2, wherein said

-fine-scal e aperturing of said web-and said macrosco f said
web are performed on separate formng st uctures 4 mmmu “{mnimml ng tO )
Claim3 wherein said fine-scale apert é ks carsied GuU

across the surface of said web on a first form ng structure sai d frnely
apertured web being thereafter fed fromsaid first formng structure onto a

second forning structure, movementt of seiskd formb\gcommﬂmee waith the
t hr ee- di mensi onal , macr osgg& cr ?ﬁﬁdse;ﬁr‘egguﬁ] Sarﬁe.%?& iRidg N9 '

structure. 5. A process accor % erelrn sal web is°fed onto
sai d second form ng strucﬁuf@ic@@ hgreahctos gause said. wek ekfilhten

contacted said first fornmpaguph éacrruaesmﬂsfuﬂer cﬁﬁ?&r@rﬁne‘éawmﬁ%@nd form ng
structure. 6. A process accordr | erein sai d

transferred fromsaid fi rﬂach? ‘g' FF%PF\?"\@@“?E osaThed °F‘0P§1 ng
structure by passing it trsanjrgr‘foauimg) f stretudect wetsite sasubghmuallymd second
form ng structures. i_m erei,n said fine
scal e apertures inparted miﬁéﬁqﬁﬁ'@b?ﬁﬁ igtﬁ%i cf%s@S‘rff5 fi scalg'

t hr ee- di nensi onal cross- saperturdsnmpfiormed t dyai shidebflaid nprrestsareed in

regi ster with one anot her ¥s ?&9{19‘ ng stretching of said web as it is

transferred fromsaid firs form ng structure to said second formning
structure. 8. A proc2ssAgurerss rgcondingytodain 10Whereinisaidneegopdn sai d

fine scale ap?%ri ePP&s% sdgdfﬁe)é\ﬁﬁééf K‘?Eﬁfﬁ@i&% Xbé'{%éé‘tr E’&tﬂuggur% high

pressure |iqui 153 rocess ac ny one of
Clai ms 1-8 wh&rid weBdindthese aseag 5@%!’1‘?19@69 é‘ﬂb@t%@r@ﬁcréwﬁﬂlpance with sai 0=

form ng struckrgga-a¥dtidht AgtartardB ¢hOSHAPESmihg rft@uekyrR)si onal cross-section
by directing a high pressure liquid jet at sard web. 10. A process :

according to any one of Clainms 1-9 wherein said web is urged into
substanti al conpli ange M ploceas cactordinggts teithénr one cofhChainsnd and 2,

racr osco.pi C (st n bR #{ dkate aperturing of said web and said
macroscopic conformance of said web are performed on separate
forming structures.

4, A process according to Claim 3 wherein said |
fine-scale aperturing of said web is carried out across the
surface of said web on a first forming structure, said finely
‘apertured web being thereafter fed from said first forming
structure onto a second forming structure, where it'is urged
into conformance with the three-dimensional, macroscopic
cross-section of said second forming structure. |

5. A process according to Claim 4 wherein said web is
fed onto said second forming structure so that the surface of
the web which contacted said first forming structure does not
contact said second forming structure. .

6. A process according to Claim 5, wherein said web is
transferred from said first forming structure to said second
‘forming structure by passing it through a nip formed between
said first and second forming structures.



cr.oss-section by .subjecting the non-web’ cont acti ng isurfaew
structure to vacuum 11. A process according-to any one of Cains 1-

wherein said web of substantially planar polyneric film |Iﬂm,’| ' d .
by extrusion of a resin nmelt. 12. A process according to M m gm;
3 e

1-11 wherein only a predeternined portion ogq,gei d web is CauSedttorr
I n those areas coinciding with said fine sc apertures. 13. A process

‘according to any one of .l aisns 1-12 wherein only aipredeterm ned portion of -

said web is caused to sulstgnti onfarmto sai.d racroscopic,. .,

t hr ee- di nensi onal cross- ?thaé]gﬁg%s\és ‘F%’r?b'?%' ﬁgélggpuéfﬁﬁ%r_em Syig £308,; ocess
accor di ng. t o "ei t heacadecapettulesi irpatfediitd 4484 whieandnsad mpperobeopdid, nask

el enent is interpqss ) [ qun . iff gl and said web
tolimt the port%ﬁge%ﬁ&%g%%n%p&to%é%eeggg%r}ﬁg&etgegogsglsg&yﬁgi pressure
differential to tH@dBtainedsin spaiater wWithi ene snothexpby aypidingnstretchingsk

element. 15. A ofceaid wepUs it 'y trardpasied PraF8asa £ies ¢eppmy ng and
perforating a substant, al Ir%%con i nuo f substantially planar

b,
pol ymeric film to SOPR4Ee R S8 o’ﬁFB&fl%enB’;&%aﬁ%{?Fu{% ee- di nensi onal ,

apertured polyneric web, said process conprising the steps of: (a)

el evating the tenperatuge gf ' I €mq s QN nuously
supporting said web of f i8F m%oﬁﬁgéeggr n%r?ggjér?gr ggtgun eorz%(%?bﬂﬁ(lﬁ% lg(}nwh&em _
multiplicity of fissddskineesealeranarsuring ofi saidomb ke cappiededuls byf aces of

said formng st rdi-‘i'_éélfi%g_éﬂaigﬁ'éﬂe@smi‘aaéé@!&t said®b, &
m_acriss«copl-c, t hr ee- di nensi onal cross-section defined lby a multiplicity of
mRcy oscopi ¢ cross-section apertures which ‘also place the opposed

surfaces of said form n@.  # prsdesseacdordingiicd arynoheictatisifsVi-BhwidrRin

another, said form,0g Gbf ¥S uthEs THLL WhrlsPadkid1 " &Gb) bR §hid SobdiSy
struc_:turé exhibiting a -_xflacfoscopic, three-dimensional
cro_ss—sectior_l by directing a high pressure liquid jet at said
web, - '

10. A process according- to any one of Claims 1-9 wherein
said web is urged into substantial corrpliance with said forming
- structure exhibiting a macroscopic, three-dimenéional o
cross-section by subjecting the non-web contacting surface of
said forming structure to vacuum. -

o _ 1. A process according to any one of Claims 1-10
wherein said web of substantially planar polymeric £film is
- initially formed by extrusion of a resin melt.

_ 12, A process according to any one of Claims 1-11
~ wherein only a predetermined portion of said web is caused to
rupture in those areas coinciding with said fine scale apertures.

' 13. A process according to any one of Claims 1-12
wherein only'_a predetermined portion of said web is caused to
- substantially conform to said_macroscopié, three-dimensional
| cross-section of said fdrming_structure.



direction of travel of said web of film and. carrying said web of filmin
said direction; (c) substantially-continuously appl ying a first fruid
pressure differential conprising vacuumto the no

of said form ng structure,

t hereby causing said mﬂlmm”ﬂmmmmm

I nto substantial conformance with the m@%bscopl c, t*hr ée-di menss ona
e

cross-section of said form ng structur

coinciding wth -said

surfac
rged

d to rupture in those areas
nacroscopic Cross-section apertures in

SU

ssure

formng structurer -\ £d) sakhaesarsl et L9uhds o3 drcildber SpReT ot U e

and (e) substantially

nuous

differential cbdpmhergiq an rﬁpgntxme&wleelmtdxq intexposed hebwedrhisaidiess of
said web of fiFfidl prgsshié idbersiciar Iquﬂ&\&eﬁ@d"'ttooiinﬁ%' thd BoFL Mg ? oreat o

structure, the forge app

cause said web°%fsaﬁ-¢l"fﬁbt B°rh?p§'éﬁ’?@°F?ﬂt%§%1daﬁé‘éi§3

y sal et being su

pEesRwe; dffarantiaki d

fine-scal e apet udheseIateaaldunémmgrmthséawhyéﬁurwlﬂnesaﬁlhai.-lant ially
mai nt ai ni ng . { gt egrity of the macroscopic, three-dinensional

configuration F
continuous, nulti- phaé&

sai d process cRftastial Yt

t
251 4 b abovaupended dnrkelabn R ke SN fogt

tngothe siepsiof: by a

web of filmon formn
t hr ee- di nensi cﬁféﬂceﬁ? o‘é’gﬂgé

(a)

(b)

by said first fluid pressure differential. 16.

pAoc entifuwusdebeardtirphasel pﬁf'éﬁs%tl fara

A

planare polymeric afilme te v farm trhacriosopeicaliyr e of

elevating the temperature of said web to a
molten state; '

continuously supporti'ng' said web of film on a
forming structure exhibiting. a multiplicnty of

fine-scale apertures which place the opposed

surfaces of said forming structure in fluid
communication and a macroscoplc,

‘three-dimensional cross-section defined by a
multiplicity  of macroscopic  cross-section

(c)

apertures - which " also place the opposed
surfaces of said forming structure in fluid
communication _with one another, said forming
structure moving in a direction parallel to the
direction of travel of said web of film and
carrying said web of film in said direction;

substantial.ly continuously applying a first fluid
pressure differential comprising vacuum to the
ndn-web contacting surface of said forming

~ structure, thereby causing said web of film to

be urged into substantial conformance with the

macroscopic, three-dimensional cross-section of -

said forming structure and to rupture in those
areas coinciding with  said 'macroscopic,
cross-section apertures in said forming
stfucture; '

e

[ ' I rlcfllmtoform
-Z“ﬁ:&?BLL?LI Loy é‘“eﬁeﬂ‘fﬁ*‘ﬁ?tnéﬂé#%‘%%%tﬁ o onBiReel bt of b,
H{é?i@'v‘/eé”p&?é“ ng sard

\_J .



nul ti plicity of.- macroscopic cross:section dehossnments having. .

=~

endwal | s exHibiting a multiplicity of fi ne-scal _ef i’ipg(rjt ures V\/m ch place :
tshe opposed surfaces of said formng structure in fluid co .
one another, said formng structure noving in a direction Mlmnﬂ“ml‘m mm |
direction of travel of said web of fi'Imand_# arrying said wel of fiim

in saidfidirection; (c) substantially coft nuou§_l y applying a first
flui d_pressure differentialieonprising vacuum appl§?'f_-§é-d to the non-web
contacting .surface of sai d(d)oréBoMithgs s Webe t@GEd: Ii%‘lh?taw't%m[?:‘aeﬁ%@rfe-sa' d
‘web-of filmalong said direction of "novenent of sai ormng structuré,.
said fluid pressure differénti 8" veing sufficiently great to cause said web
of filmto be urged into.syRyt asibstbnianNyorceRbiFRioYsly!. mlylilﬁgrgsc%f,d

t hree-di nen- slonal cr os_s-sectlﬁn. f said for rrtlfn structure; _éd) cool i ng
sai'd web belowits nolten tenper4t r%','.e_.séHﬁe_(gj §8‘E!§E%!n1_:°95‘PﬂF'_Sntal hishsi'y
applying a second fluid pressyvressufreé diquidi }Hft mr:m’smt?ienqgiakhgﬁ]d.dirgti.aure f
l'i quid jet across the thicknes el W A n A i rection o
novenent of said forning st r.qp%%,&?ﬁgn}/%&é@ %Jﬁgl&é'gcﬁﬁgsqj?ﬁmfeﬁjﬁ“grgssure
liquid jet being sufficiently spidaformingasteuctsire, wiie oforte | appbied upyur e
in those areas coinciding Wdsid § lf%o?éﬂ Bgrrgczgmﬁ@ﬁg%/umklgﬁaeﬂ B0l fise

endwal | s of said- debossnments in, sai rm ng ructure

substantial |y naintaining the ISAdgMedy off filffe teaciuptuspi én those areas
threg—ydi mensi onal configurati orcofmgmebb)lwgqal dgd T ﬁhfféééald Bb_é?ﬁ}Fe;Qd in
differential. 17. The. process 0of. alm.15 or I m16,. wherein sai, '
chgbing of said web is carried BUE biPHiPPyi ﬁﬂ"‘%&?"ﬁ?\/ Wh'\i\g substantially
: maintaining . the integrity of the macroscopic,
three~-dimensional con_figuratib'n formed by said -

- first fiuid pressure differential.

16. A continuous, multi-phase process for
debossihg and perforating a substantially continuous web of
substantially planar polymeri'c film to form a macroscopically
expanded, 'three-dimensipnal, apertured polymefic web, said
process comprising the steps of: B

(a) elevating the temperature of said web above its

solid-state temperature; ' _

(b) continuously supporting said web of film on a

Y B forming structure exhibiting a macroscopic,
| three-dimensional c¢ross-section defined by a
multiplicity of  macroscopic cross-s_ection'
debossments having - endwalls exhibiting a
multiplicity of fine-scale apertures which place
the opposed surfaces of said 'forming structure
in fluid communication- with one another, said
forming strd.ctur;é moving in a direction parallel
to the _directié’n" of travel of said web of film
-and carrying said web of film in said
direction; A '



pressure cooling liquid spray.thereto whi le said web—r—s—s%—r—i—l—strbj—ect—t-o

the vacuum conprising said first-fluid pressure drfferentral

cont i'nuous,

forma macroscopi cal ly expanded, t.hrd.;e,- I mensi onal , apert ured pol ymeric
web, said apparatus conprising: = (a) fa

mul ti-phase apparatus for .debossing a !mlum””“l

subst anti al | y continuous web of substantially planar

first formng structure

for

continuously supporting said web of film said first formng structure

exhibiting a multiplidiedy smtbskéruﬁalhcadoatanmuslrye&ppﬂair@ apfiast fiuid opposed

surfaces of said formng St#rre ‘?% %iifgrérliﬂ @Wi%éc n'ﬁ/via#’ 1igge anot her ;

(b) neans for

di f.ferenti al
of novement of said first weR @fnfjimialong said digegtion of dmﬁf"’GB‘GUFé’

differenti al

in those areas coinciding

movi ng sai d orm ng

across the thic sai d | ong sal

on parall el
to the direction of traveltooftheai mmbf Cﬂhtaﬂtil'(g:) sunfage pfessaide |iquid

jet means for substantial lgg, ﬁ,ﬁ.@srﬂy Eiung geﬁtgg @Heaﬁﬁiéﬁﬁésg o gaciar essure

di rection

being sufficigaid! Yol sﬁuewﬁe Sﬁéi@ vAGidf prédgiiret 0 rupture

fi ne
forming structure; (d) a s@%tﬂ'fﬁ"tﬁ‘grﬂ? 'Ej'r"é arept cthiFAURSuUsI y
“ supporting said fine-scal essd@ewebr ofl mnb tnf He lungediaiiintos subistaritialm ng

L B2 B e IS OB A ARG, .

the opposedsiosak trassssection ofi seidstaronitg stouctune;st ruct uLg

defi ned
whi ch

by
pl ace

in fluid communicationgy tdoping 33f Wb Hefdw EMGIteh HemgEBP4ldle;

farm ng

second

and .

ectron

sai d

"(e) substant_laiiy continuously applying a seco_’nd"j""

fluid pressure differential comprising a high

pressure liquid jet across the thickness of said -

web of film along said direction of movement of
said forming structure, the force applied by
said high pressure _-lié;uid jet being sufficiently
great to cause said ;vep of film to rupture in
those areas coinciding with said fine-scale

apertures in the -endwalls 7 sald debossments |

in said formmg structursz while substantially

: mamtammg the integrity of the macroscopic,
three-dimensional configuratiori'foi'med by said
first fluid pressure differential.

17. The process of ._Claim 15 or Claim 16, wherein
said cooling of said web is carried out by applying a low

p_ressur_e_tooiin_g liquid - spray thereto while said web is still -

subject to the vacuum comprising said first fluid pressure - L.

differential.

18. A co,ntin_uous} ‘muiti-phase apparatus for

debossing and perforating a substantially continuous web of

substantialiy planar polymeric film to form a macroscopically
expanded, three-dimensional, apertured polymeric web said
apparatus compnsmg

apertures in said first

.



Structure in a. direction parallel ‘to the direction of travel of said
web-of film-and (f) 'high pressure liquid-jet. neans for su ey
continuously applying a second fluid pressure differenti al agllmHnm“““llllm“l
t hi ckness .of said web of filmalong said di re%t(ﬁfon of novenemnt of sal s+
second formng structure, said second u pressure differential being
sufficiently great to cause said web of film to be wurged into
subst antial conformance wi(ah: tdhe firstr docming tdtreétttenefori ooantinuously
cross-section of said second formng str 1r . r.u e.said.web in
those areas coinciding with Sgﬂ@pﬁ&%@i%ﬁ&% ?Qs‘f' tslag%ﬁ'bsér amasg;

sai d second form ng structure sthuctreupxhibiting bymuitiplicityi ofy fireescaleegri ty
~of said ine-scale apertures fQr aid LilL.st ' S

. differential in the areas. of sag{d vvre \Xﬁ?gﬂ é!rargéohﬁés,iléggogéf?dmrrbggf%ssggpi c
cross-section apertures. 19. THddafgrmingustonctorei ip fluild commuaicationeans
for feeding said web onto sai dyigRCémeé ahetiérmy structure so that the surface
of the web which contact Gig sai d fi'_rfs,t f oy m n%éét uctyre does not contact
sai d second forming structt@le. meAns fAE MEYNG SR firey JPAPING SHRUCWIrR sai d
means for feeding said web frdm saditettiontpdralied tg tHe directiont of tpavelsecond
form ng structure conprises. a [y p..foLard gen said first and second
formng structures. 21. The a pg?'g?&'sgso?*)glg‘?m 18 wherein a vacuum

s

chanber is positioned adj dednthighepnessunebliquid et megns Ufior asubstantiallyeast
ai debi gh pressur o liaui d | ot meunRABY GSRRIYIRGTE SHicst i, pRERRE | o
cQlject the liquid which penetdiffersnsial acress the. t"’l*ﬁ%"%ﬁfp&?aﬁajg web @fai m
18, including extruder means f@im idlohgakhid fdiFaetich SEf Indvdafdrtniof akaiv
planar polymeric fli I.m froma _rﬁgétn H)?'mtihg structure, said fluid pressdre
differential being sufficiently great to cause
said web '_ of film to rupture in those areas
éoinéi‘dihg with said fine-scale apertures in
said first forming structure;
“{d) a second ‘forming structure for continuously
- supporting said fine-scale apertured web of
film, said second forming structure exhibiting
a -macroscopié. ‘three-dimensional, cross-section
defined by a multiplicity of macroscopic
cross-section apertures which place the

/ ' ' L - opposed surfaces of said second forming
structure in fluid communication with one
another; o

" (e) means for moving " said second forming
| structure in a direction parallel to the
 direction of travel of said web of film; and
(f) high pressure liquid'jet means for substantially
continuously apblying a second fluid pressure
differential across the thickness of sald web of
film along said direction of movement of said
'second forming structure, said second fluid
pressure differential being suffic'iénily'great to



23. The apparatus of Claim .18, including an a

I nt erposed between said second flwuid pressure differential and sald

to linit the portions of said web to be subjected tmlﬂ!"m,im;ﬂm mr .
pressure differential to those areas coinciding wt in said
mask el ement. 24. A continuous, | o - phase appar at us T or® debossi ng

and perforating a substantially contiTuous web of substantially planar
polymeric filmto forma macroscopically expanded; three-dinmensional, b _
apertured pol yrmeric web, seausaapwdamebccnfprfllm ngo (ke ungeghs ifito

el evating the terrperature §h %hﬁaw&r%??ﬁﬁncésww tﬂestﬁtc?os ,_erature

(b) a form ng structure continuousl y support g rd web -_oi"
film said formng structthreecdimensional sross-septioni of Siﬁ fsmm'bal e

apertures which place. thefaﬂgggegtﬁﬁt{,age&‘@fms%t&pé 414 §E5um ure in

fluid conmuni cation with one anot

macroscop
t hr ee- di mensi onal cross- seH19%8n 3rgas; ﬁ@tﬂ“%‘“& nwith; Raid; mac osspopic )
macr oscopi c Cross-secti- oarﬁgegé_.gﬂ@-s agertlirad 38 SdidCeeddivd gBPRRRY surfaces -

of said formng structure on.- wi.t h .opne another; (c
nmeans for noving said forn?ﬂé‘%'ﬂ?%cf”h\“& |mEfJfQﬂT‘€é‘:!Yl W'B%'Bmgel % the ()
Substantially  conti nuousl i Aoplyicng felld sk ihe BoposHeg: bl Leg ent al
across the thickness of sa?‘& mgﬁ’yg?gﬁ'{#% orr?TSL'léi“éjG&)?&%éH S{)ﬂhofﬁ#m

of said forming structure, acéas fof c8saighpwiebd \Mbiebal are | autside esaid e ;
differential being suffici ﬁ\?cro’scggi’@tcroﬁs-“sﬁﬂﬁ& ﬁéﬂuréﬁ?b of film to \'Be )

urged into substantial conformance wt he nacroscop| Cc, three-di nension
cross-section of sald form ng

- 19 F he apparatus'of Claim 18, mcluding means for
feeding said web onto said second forming structure so that
the surface of the web which contacted- said first. forming
structure does not contact said second forming structure.

20. The apparatus of Clalm 19 wherem said means

" for feedmg said web from said flrst forming structure to said

second. formmg structure ‘comprises. a nip formed: between said
first and second formmg._, structures.

21, The apparatus “of C|a|m 18 wherein a vacuum
chamber is positioned adjacent_the_non_-web contacting surface
of at least one of said forming structures, said vacuum
chamber being aligned with said high pressure liquid jet
associated with said forming structure to collect the liquid
which penetrates said web.

22, The apparatus - of Claxm 18, including extruder
means for mntially formmg said substantially planar polymeric
film from a resin melt.

23, The apparatus of  Claim 18, including an
apertured.mask-_element interposed between said second fiuid



structure and to.rupture said web i'n those ar eas W —W-t-h—

said macr oscopi ¢ cross-section  apertures: sai d structure
(e) neans for cooling said web below its:nol ten t enper lmg" ”m'ﬂﬂﬂ)
pressure liquid jet means for substantial&yCrontinuousl nd

fluid préssure differential across the thi’ckness of said web’ of film al ong -
said direction of novenent of said formng structure, said second fluid

pressyre differentprabsiee diffenémiial endl ;algrweb ﬁwllmwthé q:di'moﬁsV\@b shiy t hose
di or m str c ure
o ens CoLn ) M 5%4 et ARG IGRY, MBSt aEl

t hr ee- di mensi onal ‘teokinespurareasncoinsiding vbyh saidd aplertustes fihusaidormeasiur e
differential. 25. lerﬁéntcont' nuous, multi-phase apparatus for debossing

and perforating a substantially continuous web of substantially planar
polymeric filmto forma macroscopically expanded, three-dinensional,

a?erttjred po:cymeri c web, szaufl amar@hgﬁ,rl]ﬁggglrlﬁuw. ’é"ﬁfh. iaa pégglt ng%. i
Structure  exhi leReRgRG and” peribn &zs%acsuqmeammms web of -
cross-section def |smw'ytifllyrubtaln|ah pbtwneriorfllm nfdsrfeﬁﬁofﬁl ?acr@i&@&aﬁ#t ion
debossnents havin S tiplicity i.,ne-s

apertures whi ch p%ag’gqpﬁh poseg é%&ﬁqgﬁg{m E{‘ﬂr&df (ﬂ"’ﬁY‘Hﬁrigt & gt'urs@'q n
fluid conmmuni catu@pwawﬁnempnmm@r (b) means for noving said forning

fslt Ir lrJr:—t/ure in a direction pgyyal h‘éﬁn&ofﬁpeel@%ﬁﬁbi Q'i‘leOfteﬁvbg}‘ﬂurgf ot 2isdig'eb df

\_ : . _ “web above its solid-state temperature;

(b) a forming structure  for  continuously
supporting said web of film, said forming
structure exhibiting a multiplicity of fine-scale
apertures which place the opposed surfaces of
said forming structure in fluid communication
with one ‘another and a macroscopic,
three-dimensional cross-section defined by a
multiplicity of macroscopic  cross-section

' _apertures which also place the opposed
. surfaces of said forming structure in fluid

_ communication with one another; -

(c) means for moving said forming structure in a

N _ - ' direction parallel to the direction of travel of
' .. said web of film;

'(d) vacuum means for 'shbstantially continuously
applying a first fluid pressure differential
across the thickness of said web of film along

- . said direction 6f movement of said forming
structure, the force applied by said fluid
-pressure differential beihg sufficiently great to
cause said web of film to be urged . into:
substantial conformance with.'th_é macroscopic,
three-dimensional cross-section of said forming
structure and to rupture said web in those



(c) neans for elevating the tenperature of ‘sai d

t enper at ur e;

(d) neans fo

pressure differential bei

r substantially continuously applying a first

_fluid pressure differential conprising vacuumto H Uﬂﬂﬂm
surface of said formng structure across the-thic ‘mw

ts solid-state

.

cting '
of film
along:said direction of novenent of i g forming structidre® sai | uid
ng sufficieMmly great to cause said web of filmto
conformance:wi th the macroscopic, A

be urged into substantial
t hr ee- di mensi onal cross-s

cool i ng-

said MEcr oscopi
prior to subjecting it

for substantially continu
differenti al

sufficiently great to gau
coinciding with said ffhe

conprising. a

~expan below Tts no

%'ﬁﬁll%ttﬁ@?l ying a second fluid pressure
g

g?%éé’ Iny Yoirsd Hg\é% O\fm’q)im Stdgygt u fﬁaﬁrgg%‘o;g@a” S

- for:
) _ nper at ure
a ceesorsectioni d apertucese din f eseid i aforming (f) neans

| pressure liquid jet across the thickness.of
said web of film al onde}aimeams: Jori SaolHNT nBIEyRD obelow dts omritep :
"structure, the force appl itggﬁpayaﬁﬁ.ieg an@h pressure liquid jet being

iuse said web of, fjlmto rupture in those areas
Tghi eregsre.tiauld Jot meonh Ri subspngaly.

debossnents in said form r@ntinucuisty capplying Salbsécontdi fluig pressureni ng the

integrity of the macrosco

sai d

first

~fluid pr

thé~ =~ macroscopic,

25,
debossing and

irerehieF BerbF Hhh HilknébF LS G ™0

film along said direction of movement of said
forming structure, said second fluid" pressure
differential being sufficiently great to rupture
said web in those _a'reas,coim_:idir_\g with sai.q
fine-scale apertures in said forming structure
while substantially ﬁ:aintaining the integrity of
| three-dimensional
configuration formed by said first fluid
pressure- differential. '

A continuous, multi-phase apbaratus for
perforating a substantially continuous web of

substantially planar polymeric film to form a macroscopically
" expanded, three-dimensional, apertured polymeric web, said
apparatus comprising: -

(a)

a  forming structure for continuously
supporting said web of film, said forming
structure exhibiting . a macroscopic,
three-dimensional cross-section defined by a

_multiplicity of macroscopic . cross-section

(b)

debossments having endwalls exhibiting a
multiplicity of fine-scale apertures which place
the opposed surfaces of said forming structure
in fluid communication with one another;

means for moving - said forming structure
in a direction parallel to the direction of travel

. of said web of film;

by

-’



- (d)

(e)

(f)

_ * € L M s %

‘means for elevating the’ temperature of said

web above its solid-state temperature;

means for substantially continuously applying a
first fluid pressure differential comprising
vacuum to the non-web contacting surface of
said forming. ﬁtyuCture across the-thickness of
said web of fihlm along. said direction of
movement of said forming structure, said fluid

pressure differential being sufficiently great to-

cause said web of film to be urged into
substantial 'conformance"_with the macroscopic,
three-dimensional .cross-section of said forming

structure; _
means for = cooling said macroscopically

expanded web below its moclzten- temperature
prior to subjecting. it to Zsmd— second fluid
pressure differential; ‘and |

means for substantially continuously applying a

second fluid pressure differential comprising a

“high pressure liquid jet across the thickness

of said web of film along said direction of
movement of said forming structure, the force

‘applied by said high pressure liquid jet being

sufficiently great to cause said web of film to
rupture in those areas coinciding with said
fine-scale apertures in the endwalls of said
debossments in said forming structure while
substantially maintaining the integrity of the
macroscopic, three-dimensional configuration
formed by said first fluid pressure
differential. :

-




