2184389 FORVED MATERI AL PRODUGED BY SOLI D- STATE FORMATI ON W TH A
H G+ PRESSURE LI QUI D STREAM TECHNI CAL kI ELD The present invention relates

tq webs of forged materials, especi al ly 'polymeric'z fié
exhi bi ti ng’ three-di mensi onal  characteristics. 5 184 @9

The pregsent sinvention relates particularly to the production of webs of
debossed and perforated materials conprising polyneric filmwhere the film

is in a solid bﬁn? AR TERIA Gh'@ j SRY BW@WWJWW' ON 10
Procegses -forg e o%siﬁgman_&ub ngﬂggggwa' LYQUADJSTREAM At i ng
heat - sof t ened thernoplastic filmare known. As used herein, a web of

material is a thin,-flat, substantially planar web of material of definite,
preferably substantially uniform w dth and indefinite length. A web of
enbossed film 15 or other material is such a web of .such material in which
nuner ous prot uberances have been fornmed to provide it with a substanti al
third dimensional structure perpiEEHOMIGAL FIELD plane of the material. A

web of debossed anq?ﬁle:l‘?ggggﬂj fiﬁbgaﬁsnotmhdgat %i a,j“ggs igz?h;.rﬁ‘?nces
axhibiting

whi ch provide it a di nensional structure _perpen o the
pl ane of the nEateniais.; n wesescialliy or Relymerict he filB.uber e hol es.

The pr ot uber anggceeadiniésiofdl cMengpsctermifks Of debossed and perforated
mat er.i al s y be of a wide variety of siz and shapes or al |l be
i dent'~€al . rT%ol lectively such 25 webs of gﬁ'aﬁs%'é?‘agdif%‘"&g%%bé‘ind
perforated nat partitalaniye tef aheeproduttion Nofiswebss of detsesyedaimdi al s the
Phr o di mona oy o Sfad TieRlatd Saffprising CndfyMar e SHAC wEe 09"t ci ng
web\ef formed BOiInia splid skate throughoutthenproddssm i s provi ded on' a
patterned, 2 : _ _
| 'BACKGROUND OF THE INVENTION |
10 - Processes for embossing and for debossing and
perforating heat-softened thermoplastic film are known. As
used herein, a wéb of material is a thin, flat, substantiaily
planar web of material of definite, preferably substantially
uniform, width and indefinite length. A web of embossed film
15 or other material is such a web of such material in which
.~ numerous protuberances have been formed to provide it with
a substantial third dimensional structure perpendicular to the
plane of the material. A web. of debossed and perforated film
Y, or ot_l'_\er material has protuberances which pi'ov-ide it a third
20 dimensional structure perpendicular to the plane of the
material in which many or ail of the protuberances have
holes. The protuberan_ces of webs of embossed and of
debossed and .perforated materials may be of a wide variety of
sizes and shapes or may all be identical. Collectively such
. 25 - webs of embossed and/or debossed and perforated materials
are referred to herein as webs of formed materials: the
protuberances of such webs of formed films provide the webs
with a three-dimensional bulk conformation.
In prior art processes for producing a web of formed
30 film, a web of heat-softened film is provided on a patterned,




perforated outer surface (referred to herein "as a formng surface) of a
structure such as an endless-belt or a drumcylindrical surface. A vacuum

" beneath the forming surface pulls the heat-softened filminto conformty .
with the forming 5 surface. Alternatively, a positive pressure nay be
used to force the heat-softened film against the forming surface. |

Whet her the web of film is sinply eqFossed or is debossed and perforated

wi |l depend on the si.ze of the holes 1n the form ng surface, .the softness

and thi Ck”§§§féﬁat$é‘e Eiérm {I?Hfggr e 1QrefePl dtoaﬂgréuhe dd U dfo%ﬁﬁé“r ©

differenti across t ocesses producin nbossed
t her nopl assHefaqe)rofire sirssteeesyah (35S, ama&r&isss Feel230018 fisymed to Smith

& Smth on cl?ﬁﬁaﬂl%ll &3rfaé854 A2,vZZ§u653béﬁlétR Yﬂ@ forhingt Qu{-ga%é(eadl bte?t 2

Chavannes on,  Ja nd, 2,905, 969
Prender gasPY'§ ¢ E%alpé,tﬁg?ftggedlggg "W’o&%%@ég"f‘brwlth‘eséﬁ?o&f&'mn of webs of
gegggsigSaBdrfwef orAuminhtmmplas;sldzsttif{glfsgaemggdlm e used Yo ;. Pat Fnt S

| n i ssued to Zimerli on
Sept enber @'s&l ig‘i‘gi@%‘as i ?%"E&Eaz‘“i A‘b}é?" nSESHSPon April 24,
1979; 4, 15¥resber stheedveln o8| filyn dis NippB2 enikiE3rd4 oP 265 Sd@ébosseded to Hal |
on October 5 8 ed.t € 0, al.tard on I\/arch
31, 1981; Zzgsé’%g%'aléﬁgug‘dgtge@ﬁ&nh‘g"m A %‘E‘njﬁ"’é‘z 0851,
4,317,792 fomning syrfagey the seftnessn apdr thicknessgof the film taieg314 i ssivd

to Raded &fFHAGEDS ARAOBhAUTINE p3es£'ﬂ~%2duﬁaﬂe.4m§9§c?&s§ ti8é URirh L 0 Bi shop on
July 26, 1983. spg'aygroces for t ClErOdu%G erforﬁt ed sean] ess tubul ar

filmis disclo Fﬁsﬁ or HRF I%‘E'a tnermanlastier cau &
Gaillard onﬁ‘lﬂeam‘rﬁsclésedgﬂlu S0 Patents Réle:"pswﬁssw diosSméted i n t he

ref erences d_.ab [ t t he t e heat - sof t ened
i n order tgﬂéé 'Seazég%%gggl ggti € l‘dsrsil K%EQ{s’}D %%&Ea{‘] bt%?tlhorat i on of
the.film -ssmesl ctn GbaaehhweonasJaﬁlanYos%d 13577:an9ndf % W@Saw/e '

ref er epges dyyedeaid neusar@X'sstp%a%a%E fo‘n' TéPteincir 16/Pe4eY UM e above
'ts melt tsrrrggersastegreforran ee S%?'Qdagfaign ofI webs of debossed and '
perforated thermoplastic films are disclosed in U.S. Patents
3,038,198 issued to Shaar on June 12, 1962; 3,054,148 issued
to Zimmerli on September 18, 1962; 4,151,240 issued to Lucas
20 & Van Coney on April 24, 1979; 4,155,693 issued to Raley on
May 22, 1979; 4,226,828 issued to Hall on October 7, 1980;
4,259,286 issued to Lewis, Sorensen & Ballard on March 31,
1981; 4,280,978 issued to Dannheim & McNaboe on July 28,
1981; 4,317,792 issued to Raley & Adams on March 2, 1982; W,
25 4,342,314 issued to Radel & Thompson on August 3, 1982; and
4,395,215 issued to Bishop on July 26, 1983. 'A process for
the production of perforated seamless tubular film is disclosed
in U.S. Patent 4,303,609 issued to Hureau, Hureau § Gaillard
on December 1, 1981, _
30 The processes disclosed in- the references cited above
require that the thermoplastic film be heat-softened in order
to achieve the desired embossing or debossing and perforation
of the film. This can be achieved -as disclosed in rhany of the
above references by:'--heating an existing web of film to a
35 temperature above its .melt temperature range such' that it is



3.in anolten state and will readily flow and attain a new configuration.
Al ternatively, the nolten filmmay be achieved by feeding a web of film
directly froma filmextruder onto the form ng surf.ace. Such a process is
di'sclosed in U.S. 5 Patent 3,685,930 issued to Davis S Elliott on August
22, 1972, where a web of thermoplastic filmis extruded directly onto the
outer surface of an endless belt and a vacuumis pulled beneath the belt to
make the nmolten web of filmassume the cdnfiguration of the outer belt
surfage, Sinmlarly, U S 10 Patent 3,709,647 issued to Barnhart on
January 9, 1973 . di sudlteresstatechndf witll trsndilherfiﬂym andi @ttainmaeieWuded

directly onto E:Bﬁrngut-s{. AY! 'ﬂ@é#rﬁ@ive‘iﬁrfﬁenﬂitﬁ m-aum fséradmewdlm It is
known to shape np erm) | astic s

eet materi al u quid
pressure forci By tRedieged “!ﬁj’alqsf”a direcily from an %’F‘oﬁﬁ%’s@@ aPE i scl osed
in U g tPatenlt the, forhih Zsussa&dl%?, tgﬁthl i rga_gﬂylnsf ms?msw irand. S, ?84 3:39
i ssue o Doy n rid. e _producti.on,o or o} eria
by depositi®n %F?Wégi' ﬁ.ngx'saﬂe‘Pht@ QSP’f%éeEyfo %n% L{ﬁdgﬂ
di scl osed 20 where. 3. widbt effit thérntdpladstdd fitmdis éx!ﬁddéhwdtrleotliw onssued to

Kasper on 2{1%291?@1* ggrfac%gZi1 n Y e€§;r“l and a JV%%JJURL%E;?&M& ely.

Holes in the | e ac | eve ru turln ressure
water jets. \Whbengals the @#Boége@abﬁ the)Jneléen a“el?pef ff&'nataéaums the

t her mspf asti c Ebkﬁg@ﬁ-ﬁn@ﬁocﬂfceﬂkeo”o@td?atﬁﬂi”%@r?&t@ acesimiarfie, agoge prior
to cool the filmb s melt

art processes | t en Y, necessar Io
t enper at ur &9 rar?@ée‘% ge7t°% ?‘j t isswedqitRe 'ml"tsf’f‘uc’tau'\”@rﬁrl V\‘[ggsrem)w ng
the web of formsbibsésmafwvm ofeméiaen mmpﬂmec fTim extrided tdicecttyp of 30
forrxedfllmrruchl ce rt C rmation.
This need to c88f°& 8 g"é er Qﬂéﬁdg‘rﬂf 52' °F %Fughsfgm‘%g ragir‘%g‘val from
the forming surfacdti s &nown dor shape |mlttemgtmfmp|1aﬁtméhﬁe®dlueﬁf@i of such
formed film /éf%s.t ki 8F SSruRONEsstieCPOMdiAG Dhe VBREetOTagatidted fil m
can occur bg h
mold; such processes are disclosed in U.S. Patents 2,123,552
issued to Helwig on July 12, 1938; and 3,084,383 issued to
Doyle on April 9, 1963. ' -
. The production of a foraminous material by deposition of
liquid latex on the surface of a rotating cylinder is disclosed
20 in U.S. Patents 3,605,191 and 4,262,049 both issued to
. Kasper .on September 20, 1971, and April 14, 1981,
respectively, Holes in the latex film may be achieved by

‘rupturing with high pressure water jets.
o/ When webs of embossed or debossed and perforated
25 thermoplastic film are produced on a patternéd surface by the
above prior art processes, it is generally necessary to cool
the film below its meit temperature range to set its
three-dimensional structure prior to removing the web of
formed film from the forming surface. This makes the web of
30 formed film much less susceptible to distortion of its bulk
conformation.
~ This need to cool and set a web of formed film prior to
its removal from the forming surface .s often a rate limiting
‘step in the production of such formed film. A substantial
35 amount of cooling of webs of formed film can occur by heat



transfer from the film to the formng surface. In Davis & Elliott, such ®
heat transfer is enhanced by cooling the endl ess belt after stripping the
web of formed filmfromthe belt and before a web of nolten filmis again -
applied to the belt. In 5 Barnhart, a cooling nedium is-used inside the
drum to cool the form ng surface. Cooling can also be assisted by .
contacting the outer filmsurface with an external cooling nediumwhile the -
web of formed filmis an the form ng sdérface. For webs of debossed 10 .--and
perforated film cooling of the formed film is usually assisted by \u
drawi ng ai r . tiarcafgh. frem pdvef dilgt i @ndhei farmiagusmrizceor #0 Pavbsyi®g the web

of Tormed Tl effiot! Wlicr WRat Qrihitarsly lebAncadch AcSAMNg MBePERGRES | S
di scl osed, fer—exanple, in Lucas & Van, Cone .v\gﬁgv&rénfnes ' 452 di scl oses
b

contacting abeB afies strigRig b8 wePnpl\fermad tthechsit amd film
G |l bert & Prgafegasivei 5€! MGieen Ufikn Ofs againi appliedatot the a@it.a web of -

Gool i ng of vE2ENBREG, dosenlTiec edRinnt e nee. th; PR [RY el St 20
A di sadvant agiee dorming ragmmtgs of formed filmby these prior art processes
Is the need to h@&;%&cg%ﬂsw %?%sggﬁeﬁggvec“&cgﬁ% the "BSed! Bif range in

order to form the fi ) range esire properties
that can besenfcBeeytitly apnexternal cpelingd medibm whileethe| webpodyi oush:?)’o
ng

t her mo- mechapg dda Hiied QE%@T:H&%H\HB JUTFEEES For whb30of tdébdsapid coolTT
of the f {Jrred fil mgeces arfx for retention of the?‘g_ei,l red bul k confornation
of the fir¥m pRrEdREsLorated, flim. ricpalingeof othey formed, fi@, J8oLsyRlY and,

“hence, |initegsistethecoyfdmaimingcair phrpagh itte perforatioasuwvithnivatoumed film |
Phe fi1m s RECH: P nodPainr il hdif o€ BhAky " Hin® oot RS Hedihal 10007
the subj ect o@rface; copcmdd meolipgl ipracesm islodisShEsed;c femP gxample; oim No. '
2154173A) . - Lucas & Van Coney. Chavannes '452 discloses contacting a
15 web of embossed film with a wet beit to cool the film. Gilbert:
‘5 Prendergast discloses use of a water spray to cool a web of
embossed film on the forming surface of an embossing drum.
Doyie discloses cooling of vacuum formed moiten thermoplastic
sheet with a water mist,
20 A disadvantage of making webs of formed film by these
prior art processes is the need to have the film within or
. .above its melt temperature range in order to form the film.
This limits the range of desired properties that - can be
engineered into the formed film since all previous '\/l
30 thermo-mechanical. history of the film is erased. Also, the |
_rapid cooling of the formed film necessary for retention of the
desired bulk conformation of the film produces a very limited
set of molecular morphologies and, hence, limited range of
physical properties in the. resuitant formed film.

‘A process for making a debossed and perforated web of formed

film in which the film is maintained at a temperature below its melt
temperature range'is.the'subject of the copending Application No.
%Z03076.(Publication No. 21541734). '



It is an object of the present invention to provi de debossed and
perforated materials which exhibit a surface roughness on the | and areas
bet ween the protuberances and 15 on a portion of t.he inner sidewalls of
the protuberances. .It is a further object of the present invention to
provi de debqssed and perforated materials having perforated

prot ubetances of substantially different size adjacent one another. 20

It is a still further object of the present invention to provide debossed
and KB@rforated materials having protdberances of a wide variety of

shapes™ SUWARY OF THE.J NVENT]ONAGEOLY! {Hh (bRt RRCIANDA! @‘ye?,tcjvqg.t her e
I's provided a debossed and“perfgratqg material copprising.,a po qFrlc film
having a first <inoossedARd, RESIATe u%ﬁ%"&p‘ﬁp@fﬁed‘ﬁ/‘ it nng%ﬁﬁF‘
t hi ?knesalh T, sgi?_u@hh@t's'abn'ctm)rl'andngra_sl Mwumatr_wﬁi-mmhefmppag '
surface [ efine . e | econ
surface of ggl d N ?nﬁ%ﬁ‘ﬂaﬁ%ﬁ%ﬁ?ﬁ%‘ﬁﬂf%ﬁg@%g?g&bﬁbg? fon of said
first surface of saild s Bnfurshea dbieet ofnihe orasentcinvention tor prevideances,
each of said Prqie;&esaaceﬁnaormﬁmowwe haidf@akngrha)ang a ddrraFatamerture
| ocated in said plane, said first %ﬁgrtu e harkn%@an Lrr g |'ar - shaped
cross-sect i onal RIotHDeTANEes, Af substantiajly, Jifferens Fizy; HEF@F\!: "®an be
[ nSC{LE/ed thgrfighoqgeh,lerei Eaffte-r %e?f [ \?\Aead’%:épgftha}g sai ]9 't\tNo ci Ecl tesl do ?Ot
over ¢ sai wo. circles. hayin b | iR artiorfito ©aS
2; -6- bR® a sec ndsaﬁegtt'hrg“ §|r| ? P ﬁ%n&a nt invention to

_ provide debossed andy perforated materials  having

protuberances of a wide variety of shapes.

According to the present invention there is
provided a debossed and perforated material comprising
a polymeric film having a first surface and a second
surface separated by a maximum thickness T, said
material comprising a land area which has an upper
surface which defines a plane and comprises a portion
of said second surface of said film and a lower
surface which comprises a portion of said first
surface of said film, said film comprising perforated
protuberances, each of said protuberances comprising

—/ - the following:

a) a first aperture located in said plane, said
first aperture having an irregular-shaped
cross-sectional area such that at least two
circles of diameters D can be inscribed '
therein ag hereinafter defined, such that said two
circles do not overlap, said two circles having D's

. which differ by a factor of at least 2;



bel ow said pl ane; c) a sidewal | which continuously interconnects said
first and second apertures to one. another, said sidewall having an inner
surface conprising a portion of said second surface of said fil m and an
outer surface conprising a portion of said first surface of.said film said”
sidewal | having an average depth_L, from said plane, neasured about, the

peri phery of said second aperture 1n a direction perpendlcular ‘to said” -
pl ane; d) a nyio of f t d /D of at |east
0.5, said rati o@i el a?l n%éé}é&t ﬁgér ?laoﬁﬁgtleig p%}oke%taﬂr? roundi ng Ry
particul ar inscri bed@low| 8abd planerer D. BRI EF DESCRI PTION OF THE

DRAW NGS Fi gur | S3 g PGSR | W, f r oduci ng
webs of fornedQ:n);ter?Zs I n g%%o‘r; gﬁ@ecg\nh@%hﬁﬁhglﬁsen ﬁ%e%%#%% Figure 2
is asinplified sche?r%&#c beFspand; §§CPPﬂu§PP§ttPGﬁSoft0prQﬁ%r red appar at us

for formng a web ofanetiwést al safdosigerai s ﬁa$'1?f|%| iafn qq,r@erratlc cut - anay
end view of a porti ure 2. Figure 4 is an

ggtﬂg thea aratus shown in

enl arged vi ew of Ar 5e E1sing; §,pRrkips of saigd garandw of Area 4

of Figure 3 with thedifptel sfrsahaufrmmgana Bhe olited RairEddece at an -

acute angle with th f oL the.farm ng surface. Figure 6
SHEECIL0 ' eokfiFa Gk (5836, 23 Tat

is a fragnentary plan eW 0 t% mat eri al

of the present inverkdigh. fﬂ-fgur%ai?dl SIQeﬁa&gnhaVang pharavar.mqe)f a web of

partially formed matguged Ofetds pgfév\? gveﬂghggreﬁl g%rg‘\B IS, a o/
0 eﬁheappar at us

sinplified schematic cu,t away end vi e ortion of an
for formng a web oPSFARNEEY Of;$rid geq:gng apegkuseadin schematic fl ow

di agram of a procesﬁﬂmam%f@eﬁ@m@gagstgoggaasblj_?nfear med material in

accordance with.the agre ent {; ' gure IS ragmentary enl arged/
per spective Vi %@Lﬂrpﬂ €38En3¢s@89t 0 produce debossed
and e) a ratio of L/D of at least 0.5, said ratio relating to

the portion of a protuberance surrounding a particular
inscribed circle of ‘diameter D.
BRIEF DESCRIPTION OF . THE DRAWINGS

Figure 1 is a schematic flow'diagram of a process for producing

webs of formed materiél in accordance with the present invention.

Figure 2 is a simplified schematic perspective illustration
of preferred apparatus for forming a web of material.

Figure 3 is a simplified schematic cut-away end view of a
portion of the apparatus shown in Figure 2

Figure 4 is an enlarged view of Area 4 of Figure 3.

Figure § is an enlarged view of Area 4 of Figure 3 with -
the liquid stream impinging the forming surface at an acute
angle with the direction of travel of the forming surface.

Figure 6 is a fragmentary plan view of an exemplary
debossed and perforated material of the present invention.

Figure 7 is a fragmentary plan view of a web of partlally
formed material of the present invention.

Figure 8 is a simplified schematic cut-away end view of a
portion of another apparatus for forming a web of material.

Figure 9 is a fragmentary schematic flow diagram of a
process for oroducing laminates comprising formed material in

accordance with the present invention.

Figure 10 is a fragmentary enlarged perspective view of
an exemplary forming screen used to 'produco debossed and
perforated materials according to the present invention. '



perforated materials according to the present invention. 7 Figure 11 is
a fragmentary enl arged perspective view of an exenplary debossed and
perforated film of the present invention. Figure.12 i's a fragmentary plan
vi ew of arr exerrpl ary 5 debossed and perforated materi-al of the present

i nventi on. DETAILED DESCRI PTI ON OF THE | NVENTI ON Processes as described in
Pat ent ‘Application No. 2154173A are used to produce webs of embossed and/ or
debossed and perforated material in acgordance with the invention from webs
of substantially planar, 10 defornable material. Wth the above

ment i oned proces o] o) i g¢g can be
achi eved on the :ﬁ%&rg Lh gr@ %me‘@m" %RQ erf%oe?‘g e%%gg'ggergnces of
the fornmed n@reréxempiacy hdebosgeshrand vﬁ?&fp atesh filey afnd“"é Z&LSeBYen within
t he sanme for r;gdemqg.erlal 15 Def ormabl e material as used herein
descrlbesamater h en etc d be ond-lts tic limt,
will substantiall Q“I'Et é? s 3 'ﬂ%ﬂﬂ) arfyor‘?e]ré'a of Al |%e"l’&§§6ch

def or mabl g maiebbsaéd; arad/ peefaraced Gﬂéﬂeyudhoafogmmsent iheemtiogeneous, such
as honopol yners and pol yner bl ends, 20-;structUraIIy honbgeneous or

het er ogeneous, such as plain sheets or |am nates, or any conbination of

such materials. The QEBACEERSDESCAIPTION PFATHE INVENTIQNe preferably used
to form material IS | yner erj.al nclude

pol yrteM c filns t%érrs S\‘/agsJl agasc'lpg’f'hxna Iggt%{oé %?IS%%QI?{STB«% i%‘a’?ﬂc fns and
ot her mat eri absed Pef pravabe evelrat &f ieabgsaedi hndz/@d ﬂeﬂmtsaed mndcmesatﬁd @Bterial
2154173A have: 0. t a e el n the
solid-state m?:%cﬁkg@%%rﬁﬁukggof& E na%iet{nfg %C%gu?uﬁlys%géﬁ n&%ﬁa{; '
crystal | i e steframable gaterialangdiish threr ahoves gpnkiongd rﬁﬂoseweft-ab@h emhosamg

consequence, aho\RbbSSin M Hek fokal ol tceﬁpeé %EHiérerdaBQQ:heC%deahéb physi cal

properties of the RLel alsghe RUPRIML Ahhr erSheds EP v oI astic

material may have greatly varying shapes and sizes, even
within the same formed material. ' _
15 Deformable material as used herein describes a material
which, when stretched beyond its elastic limit, will
substantially retain its newly formed conformation.  Such
deformable materials may be chemically homogeneous or
heterogeneous, such as homopolymers and polymer blends,
20' structurally homogeneous or heterogeneous. such as plam
sheets or laminates, or any combination of such ‘materials.
The processes of GB 2154173A are preferably used to
form materials comprising a polymeric film; such materials
include ‘polymeric films themselves and laminates comprising
25 polymeric films and other materials. -
Deformable materials utilized in the prdcessés of GB 2154173A
have a transformation temperature range where
changes in the solid~state molecular structure of the material
occur, such as a change in crystallme structure or a change
30 from solid to molten state. As a consequence, above the
transformation temperature 'range, certain physical properties
of the material are substantiaily altered. For a thermoplastic
film, - the 'transfort'nation_ temperature’ range is the melt
temperature range of the film, above which the film is in a
35 '



-

film the transformation tenperature range is the nelt tenperature
range of the film above which the filmls in a 35 8 nolten state and
| oses substantially - al|l previous therno- machani.cal hi story. Wbs of

def ormabl e material which are enbossed and have bul k" cénf or-mati on, ~

especial ly webs of enbossed polyneric film -5 are produced by the .
processes of GB 2154173A. : Such enbossed materials are used where
the material is desired to have a desiggn provi ded by the enbossnents, ok
where a textured material is desired. Webs of deformable materials whlw
are debosseghoiwh 10 st#er f osaded weds havsutistaktiatiyf or gt i oprewispeci al |y webs
of debossed gnd erf rate gokgperlc filnms, are produced by preferred
processes ofthegme Y 1$tOFY. " Such debossed and perforated filns can
be engi neered tMghsmifd@efarmableemtaf:abwhmhcmﬁ embasset andvinavle  wi | |

provi de Cer “cm-lfbgﬁ-lhﬂoﬂr5 JTE:%EQHQ{; nﬁ@}aﬁﬁ%ﬂrﬁ{déiacﬁolﬁe‘??@?ﬁﬁed and

per forat ed m may sed in an absorptive
structur® hé\VFnQ"?%ﬂv)%?‘bcP‘/ CHis IProgdssss ofSEBh2154L7 3¢ ur es, | n@MEHI ng

di sposabl e ‘éh%%%éd mBMusnsﬂé @s’&iﬁ,wrﬁwadase%aﬁwla H1Q1es|i:i'é@1toare 20
di scl osed in t ent 929,135 i ss ed t son on cenber 30, 1975.
Anot her pot é’ﬁf’Fala Lél%s'ﬁﬁr ArovideftnB¥ s dpe %ﬁéﬂnﬁ 58edo% i MREre . as a

br eat heabl e téextkehicetatérial ds Jusiedd e absorbent devi ces such as those. [

di scl osed in U t ept 7 t SS 1976% 25
Webs of materi al%legr:)?ogpt%gﬁ‘ogggb?g EE??HE@ rvgrégbseaggof&ﬁggggg%?gA are
subst ant®al Ipprfqﬂaam\r and quom&pkkse@ftfﬂfmﬂuomyespﬁ@aﬂvr wels aofar ", when
utilized helgiBsidy d5RAT R fovitad WRR RérilP s arkCigtoduta! B Overa"

condition of the we terial en viewed on a rragroscoplc scal In
this 30 cowﬁ&'éf&""eﬁl 853?3%550& GRed 1841 8}A-may i ncl udeUsBpdeBessas er| al

and perforated films can be engineered to provide a variety
of bulk 'canformation's which 'wil_l provide certain _li_quid
1S handling characteristics. o Lo
A debossed and perforated film. may be used for
example, as a top sh_e_et in an absoc_{'pt_lve structure having
tapered capillaries. Such_'stru;t_u_res, including disposable
diapers, incontinent pads, bandages, and the like, are
20 disclosed in u.s. Patent 3,929,135 issued to Thomps_on. on
December 30, 1975. Ancther potential use for such debossed
and perforated film is as a breatheable backsheet for
disposable absorbent devices such as those disclosed in U.S. _
Patent 3,9'8_9',_8'67 issued to Sisson on November 2, 1976, ~
25 Webs of material prior to fort_nin'g_ by the processes of
GB 2154173A are substantiaily "planar'. For purposes of
clarity, the term "planar", when utilized herein to describe
such webs of material, refers to the overall condition of the
web of material when vieWe_d___ on a macroscopic scale. In- this
30 context, pl_ana___r webs of maferial may include webs of materiai
haying” fine-s_t:ale_surfac_e texture (surface roughness) on one
or bath sides, or may be fibrous or woven. By surface
roughness, it is meant that third dimensional structure of the
sUbstant_iaIly planar material is substantially less than the
35 third dimensionai structure (bulk. confor’rﬁaiion) imparted to



having fine-scale surface texture (surface roughness) on one or both sides,
or may be fibrous or woven. By surface roughness, it is neant that third
dimensi onal structure of the substantially pl'anar material is substantially
| ess than the 35 third dinensional structure (bulk conformation) inparted
to 9 the.material by the processes of GB 2154173A For
exanple a thernoplastic filmhaving a matte finish or even a fine

enbossed surface pattern, can be deldossed and perforated by such
processes; the 5 debossed and perforated
confornmation i $honnateh-&ngaysm epriotes ses difregtz’usmm pendi cul ar Fert he

substanti al l y pl ana |aI r t th u h tte finish
or fine enboss 63'68[ etan erﬁo&eg{ﬁkg 'e'g" qoi gu? %ﬂ‘% ﬁg %];o%eg‘s'g;g bt B
2154173A fire t lembossedh asunface fpamtssmor dame benbslebogsead anghttern of

a filmcan be Eupﬁ,t,g{gd alg)ysugg alrggds QQ.the surface of the debosggg and
perforated fil he prinmary iP6 it - processes for produci ng webs of

enmbossed antl ofiele é@%rﬂ?rﬁ%"rafte?'aﬁ orRatiepplinsen ca f large 8S2l8i ¥l osed in

several of thethefldireias ;felrbeﬁdmflﬂ rtbeirw eubééntmtyaldesmyrawwhai or ni ng
of a web of nolten_thernopl §§tlcfl|m uumfllmformng

process is di sEPBERHEY n'Puct &s\/é'ﬁt%ene)‘?f éd i %&l ndeisfr eor 1fP&uch a
process, the c;hbnslsed:aiatsurﬁ.ace\ cdesarzblurmtth&mte aatﬂtﬁrﬁﬂitesﬁed fo@r at ed

out eA~/ surfac rf ayi C
configuration e&#éﬁag]o be i rrpatrht%gdg‘f‘:h Q \}/4\'38 ff"‘f's Lf% %f"cg)’gﬁf%% surface
has hol es tthroggtterni ef a filmuicanche mﬂnt'NWacmm%Mtﬁhetwfﬂmm ng

surface causesgt hﬁen@ésﬂgeahgﬁm,éﬁ}éﬁdf iFf e, to be urged agal nst and
conform to the fob_g]’eyggrsurface The . pyrocesses GB 2154173A

can be advant ageo é@G'Yopf‘BFn?Wet%’%Ps%?ﬂ) 958" Eﬁ“b‘ﬂ RS 98d and
perforated theembpssed iand idfdebbssed it 5o ratedatharmoplastics ¢mf, or
enbossing and/ 3% disciosed in several of the references cited hereinbefore,
15 entails vacuum forming of a web of moiten thermoplastic film.
An exemplary vacuum film forming process is disclosed in

Lucas & Van Coney cited hereinbefore. In such a process,

the cylindrical surface of a drum has a patterned, perforated
outer surface (forming  surface) having a ‘surface

20 configuration desired to be imparted to a web of film. The
forming surface has holes through which a fluid can pass. A -
vacuum beneath the forming surface causes the molten
thermoplastic film to be urged against and conform to the

/ forming surface.

25 The processes = of GB 2154173A ' can be
advantageously used to form webs of embossed and/or
debossed and perforated thermoplastic film, These processes.

- can also be used for embossing and/or
debossing - and perforating webs of other materials which

30 comprise polymers, especially materials which comprise
polymeric film. For example, laminates of polymeric film and
metal foil, polymeric film and woven or nonwoven fabric, and
polymeric film and paper can be embossed and/or debossed
and perforated according to the processes of GB 2154173A.

35 ~_~ Such other materials often cannot be embossed or



debossi ng and perforating webs of other materials which 30 conprise
polyners, especially materials which conprise polyneric film For
exanpl e, | am nates of polyneric filmand netal foiI;_ponneric filmand
woven or nonwoven fabric, and polyneric filmand paper can be enbos$ed
and/ or debossed and perforated according to the processes of GB 2154173A
35 Such other materials often cannot be enbossed or

debossed and perforated by the priorllart processes because the materi al.s
cannot wi thstand the high tenperatures (above the nelt tenperature r anggyof
a t her nopldebossedaindenerfotateri by tthe priofr 2at mresesses récaedei n order to

achi eve thg 5mat§r@£l@khﬁﬂo@‘°wﬂth§t% thah1 g tdRfserdtGrdd qaBbGES U ©

differential available with a vacuu ormn aratus Is not sufficient to
force thethtt &8t eﬂP%’BFH'EPr nfange f forih 8"’9}; $tic cPolymeries? of for med
mat eri al s whicduciesl aatariali rng.nito Beheravses et esrded! toGacRidvel 1Ba

pr ef er abl i 0 thernopl astic ners _ havi characteristic
r heol ogl c)eél rﬁ%eroﬁgie m \ F'(,al’m oy ﬁ‘é?l‘él“m%bﬁ Pressyre d ?ﬂf&tﬁ i on and

t enper at useailalel aith feivacygles Sotmimgs apparatusiie matusefficent tbher mopl asti ¢
pol ynmers a§&edihd qnmp@%dcg,t,w‘g;n %‘dﬁh‘lf p?q,rhs.nér Eulﬁce Below this glass

transition terrperature elinrigid, fixed positions.
Above the gl ass® 48RS tafofPrimarhdpatenials produsedvaceardingt ta dhgerature =

range, thersegdsast i 6f po(l;g/rf%@lp@ghl bit visco- glegatdiit YCompH%e this e
t enpe a lastic naterial gener as a certain

ture er no h
degr e{edalof t%?%?égﬁ'ﬁl t>P°"é'Hﬁr gﬁv'"%en%’?%ﬂW”F I€xi B °gﬂ?d°3|t 0 sone
degr ee depoopetties unddricla fatamndTheodefoumabl | icompesitiarch angher nopl ast 'u

S dependg%pg{géw?hr aéglog‘f tﬂ@ r‘)q@;é oihagﬁgéjmt?w&n%gg}?{lgl &Tgnt ity) of

deformati erature.
The procesrse@mnlaasczp@Mmm are. quite hard and: stff amdf efnlml y utilized

to form gRhgfe,.al SB@W“ Bhigo tdﬁﬁiémpir%ﬁfsit?orpo't’ era?SPEC &
t her m)éol arSnE:)IleCchlesl rgre ml g'gllds erdl gogmloisw Sco- e st iC terrper ature range.
Above the glass transition temperature but beiow the

melt temperature range, thermoplastic polymers exhibit visco-
elasticity. . In this temperature range, the thermoplastic
material generally has a certain degree of crystailinity, and is

20 generally flexible and to some degree deformable under a
force, .The deformability of such a thermoplastic is dependent
on the rate of deformation, amount (dimensional quantity) of
deformation, Iéngth of . time it is deformed, and its
temperature. The processes of GB 2154173A : are _ d

25 preferably utilized to form materials comprising thermoplastic
polymer, especially thermoplastic film, which is within this .
visco-elastic temperature range. '

Above the melt temperature -range, thermoplastic

polymers are in a moiten state and large-scale, cooperative

30 molecular motions become  possible. The  molecular
arrangement of a moiten thermoplastic polymer is random when .
the polymer is at equilibrium. Thus any non-random
molecular arrangement in a thermoplastic polymer wiil be lost
if its temperature is raised above and maintained above its

35 meit temperature range for a sufficient time. The prior art



Above the nelt tenperature range, thernoplastic polyners are in a
nolten state_and large-scale FWI%S . becomp==
pG.SSI::b#E:—- Ttre— 1ol ecul ar arrangenent of a nolten thernoplastic polyner

i § randomwhen’ t he. potymer is at equilibrium Thus any non-random
nol ecul ar arrangenment in a thernoplastic polyner will be lost if its _
tenperdture is Taised above and naintained above its 35 melt tenperature
range for a suffici @mrmomst:cTHﬂmIfommgrtprocélsstst hﬂallsn’m}sbastrhéremabove

2boveris Mol CerpeviR T FERGENII & Roftdye I, M fanpeietl, Grld iy o

can be used to prodmeweb&tef 5 formed materials in accordance w th

the present invention. be def ormabl e r I nt,

they can substantially cgﬁtjﬁ SoPfn Ttef f‘?)lpﬁ?‘ gg ?a%seetdgrﬁa\r/]\ﬁ ﬁg& eBEasz
formed. This refui fegned coatexials rrhnadmlafua{mun{ctof ductility the twresmb of

material to be forngQiedfon MHUSEidd tcyefoﬁﬁ%usesremssw . td thet aﬁzeramam of

per manent, unrecover abl e |astic strain

curs n.a mate
defornmed, prior to fRfY uFé ( MBS bY §%’b9r"5‘t|'8n)‘h6f m{gﬁ@‘%t éI‘réﬁce
order to be fornehichmaheyi are tioefed. f OThishereruipesea cerftatrhemmmmrnt
I nvention preferabl C It ..k east
-nore preferably at ¥e§e¥?1§6% B#"rg‘rdgnypref é‘ggb QL % %at?klal ?f be forrég
Figurel is a sthem@icsilityow afi agsedn dvergin -ext‘rrpﬂm y appypes off cﬂ"ﬁﬁﬁ'@&éb ng

webs of debossed an@npeeéﬁébw lﬁ-ﬁﬁﬁé drpaim mesr&&m WiHeh ahmapedaens
i nvention. A substantial l%’c S%,_'Bcon i pyuou subst ant i aI I I a ar
e

material is fed to GRETR U Hy %Mﬁe%’@ﬁﬁ?gﬁeaﬁs mtP8r ge
feed_rol |l 39. The welatefianmt erm alorderpref cbabl forewd ,of mgaeéryatsr ueefuﬂ Bor Nhee

preferably a web of 8L£$Jsggpl h&oéi' JtO WUrgl‘I%rIT?'re@rﬁI?uﬁgvi Igarm%&at ic

substance, a m xtur m xture
thernoplastic 15 ductility of at least 108, more preferably at least

1008, more preferably still at least 2008,

Figure 1 is a schematic flow diagram of an exemplary process
for producing webs of debossed and perforated materials in accordance
with the present invention. A substantially .
20 continuous wéb__ of substantially planar material is fed to the
process by any conventional means such as from large feed
~roll 39. The web of material is preferably web of polymeric
film, rmore preferably a web of thermopiastic film 10 which
may bHe a pure thermoplastic substance, a mixture of
25 | thermoplastic substances, or a mixture of thermoplastic
o éUbstances with other components. Preferred thermoplastic
materials used to produce webs of formed film in the present
invention include materials normally cast as films such as
bquolefins nylons, polyesters, and the like. ,Espéciatiy
30 pre'ferred thermoplastic matorlals used in the present
invention are polyethyienes, low density polyethylenes, linear
fow densuty polye_t_h__ylenes .polypropylenes and copoiymers and
blends con:aining substantial fractions of these materials.
~ Web of film 10 is pulled from storage roli 39 by driven
35 S-wrap roils 31 and 32. Web of film 10 is pulled through
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with other. conponents. Preferred thernmoplastic materials used -

webs of formed filmin the present invention include
ast as films such as polyolefins, nylons, polyesters,

mat eri al s
‘and the

pecially 30 preferred thernoplastic materials wused "in the

vention are polyethylenes, | ow density pol yet hyl enes,

| i.near | ow

| yet hyl enes, polypropylenes and copol yners and bIends cont ai ni ng
substantial fractions of these materil@ls.- Wb of film 10 is pu

il 39 by driven 35 S-wap roils 31 and 32. Wb of f
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pul | ed t hr &engion <ontroled; @evicsnt: cﬂ"PE&"dé‘yFEe"Qﬂﬁs Aoubtl- iP-eBbrolls 51,
52, 53, 543880595 14dreroli®lszsand andr54aﬁaehedtmcbatbtha nsarvamed bar 48.
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i dl er r§ll
pul l ed aro
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form ng pr
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of web, of fjIlm, 10 | roll ed e for aced on web of
&Bﬁgﬁeﬂﬂ?& r YeRs %d Fé E{ﬁb’ g *"6’5 €cont r ol
plabkd oh Mdbﬂoflﬁlthewstﬁrrougﬁ @vobmmm& cﬂndnlewalkseSlS around

ilm10 is
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al so a tenfiram tepsian icantra) dewice M)ckrlouNd ldJIrO'ol!swéﬁl andeStaomercial ly

from d evghfigh 'gaw}bﬂer&ﬁ"tﬂ%ﬁd 40 C eveland, Chio. Wb of film10 is
debossed and perforated on form ng drum 30 by the action of liquid stream

ray el ah film 14, is B\‘Bﬁﬁuc?'r?g"'\ﬂebd relse® AnAn b5ty The fil mi™
GPRA Vohhirl dieas S0icCRoN $6 is08R! 31 tdﬁi&h'méﬂtﬂ‘nﬁ@fter N er

8 Maeer ﬁgagg 5D ey uilanle | fomderdahy ifrom S Gievelapdr

surface;
| qui d

getting beMaebme/\Eﬂnruﬁ'ofs | ind 0, aClkveland olQhisur f Web. of\efilmnf 16 disned film -

rolls 33 aééggéls%@g\]doge?gu?']ﬁégg Mrﬁagg'ﬁgedﬁﬁeg]ér‘%t}ﬂé ¥€ﬁn ”%ffgrp gzwr gl SO

pr ef er abl yliguid|stoeem A2 fogm HsprAye system tgochhcﬂﬂMd%@r\fl%@f and idler

Is pulled

rolls 63,
15

20

25

Férméeh ilfi 152N0rRE it FOrmirYy IFHRcBSSBA N DeCH@SErBed  in
greater detail hereinafter, Idler roll 61 is preferably a hollow
roll with holes in its cylindrical lsurface, this helps avoid
slippage of web of film 10 on roll 61 due to quuld getting
between web of film 10 and the roll surface.

Web of formed film 15 is pulled from forming roll 30 by
the action of driven vacuum S-wrap rolls 33 and 34. Web of
formed film 15 is pulled around idier roil 62, also preferably a

hollow roll with holes in its cylindrical surface, and idler rolls

63, 64, 65, 66, and 67 which provide numerous changes of
direction of the film and allow liquid to drain from and be
thrown from web of formed film 15. Roll 67 is a tension
measuring roll. Driven S-wrap rolls 33 and 34 are preferably

hoilow rolls with holes in their cylindrical surfaces with a

30

3S

vacuum pulled on the interior of the rolls. The vacuum in
these rolls provides a dual purpose. It hoids the somewhat
wet, slippery web of formed film 15 more securely; to the roll
surfaces thus avoiding slippage of web of film 15. It aiso
removes some liquid from web of film 15.

Web of formed fiim 15 is pulled from vacuum S-wrap rolls

33 and 34 by driven S-wrap rolls 35 and 36. Web of formed

film 15 is pulled around idler rolls 68, 71, and 72 and past

EN



direction of the filmand allow liquid to drain fromand be 25 thrown from
web of fornmed film 15. Roll 67 is a tension neasuring roll. Driven S-wap
rolls 33 and 34 are preferably hollow rolls with holes in their

cylindrical surfaces with a vacuum pulled on the interior of - the rolls. The

vacuumin these rolls provides a dual purpose. It holds the sonewhat 30
wet, sl'ippery web of forned film 15 nore securely to the roll surfaces thus
avoi di ng slippage of web of film 15 It13also renoves sone liquid fromweb

of film:15. Web of formed flim15.is pulled fromvacuum S-wap rolls 33 and
34 by ™dfiven S-ykedsohit | drydhgahdrB6solebutFasanicedreihg thanm X9 jusepul | ed

around idler rolls 68. 71 S Of | yi horn 40.
U t rasoni c-dryi"H -7‘?8”1‘ 45“%@& g%t r@glssj';)aﬁlecrweer?eréﬁ ?Bo'lﬂ\‘/ﬁrg%@ \(?\gt.) tgﬂsformed
film15 thus atatoiniding residuakidrapigsscets liquidioivwet pfnéermad fimdd i1 m 15
which are dra L k0 i o ; u I MN@bSof f f 5is
then pull ed a\r,\%ﬂrilﬁhi 3@%‘3*’?5@%“‘7’?”95” 7%¢bv757ﬁu"gﬂ 78bSr?d o;—g};a

ul trasonic 8ryifip HSr is 4hepnaulied areyna idhery rets; & d(ri(/“'t H 'oZﬁer sur f ace
of \rA]eb of for rr%d}d: 78 bhd leés;ltgsmﬁffsdﬂﬁdi !ﬁl@yh? NhofA and ﬁd}naeouhgnlgt:on
with vacuum mani f ol.ds ‘and’ t hu rovide drying o for ilm
10 15 wit hout '@(‘E‘é&&gi tﬁegn’nﬁ‘eof’a?%e*rfi ° ??W@r?ﬁe&%ﬁ@i ﬂb‘go ‘web of
formed fil m 15 ktrasorde sdryingwbbri$ 40s apdeftrinbtonjuastied withowahuaml ow
tenpexarure air VA : ' s S0 i dl er
rolrrlps 79. ST, aﬂ%n%élqgogg%\?eg;@mﬁogﬁggﬁﬁe?g“@“;ﬁab %ﬂé%#ﬂ% ?MSJZ s a
tensi on 15 10neakumithputopxcessive dreatingnof the fiime I umheg dnving 2ty ap

rolls .35 and 3 i k@miP1s Old ek Ofwél' W8did | prefePably pul | ed
around idler rgr% ggmfﬁiéﬁS 86, es!ﬁ? w i§ip &

87, 88, and 89 and through tensipon
control |ing devpssedsthepuglkd (oW, tAmPeratune air deying %B""Bﬂ V\gﬁgo?Pf or ned
film15 is contfoetedd film tiSe i§ opatedr overleidiéy millet7%aBT492addsRt so
attached idier yQlLR 80P 889 "3 and 36. Roll 82 is a tension

15 measuring roll. |
" Web of formed film 15 is pulled from S-wrap rolls 35 and
36 by driven take-up roll 33.  Web of formed film 15 is puiled
around idler rolls 83, 84, 85, 86, 87, 88, and 89 and through
tension Control_lihg device 46 to take-up roll 38. The tension
20 on web of formed film 15 is controlled by the force provided
by pivot bar 49 and its attached idler rolls 86 and 88 on web
of formed film 15. o S
The tracking and tension of web of film 10 and web of
/ formed film 15 in the exemplary process shown in Figure 1 is
25 preferably aided by a slight draw (stretch) of the film
between the driven rolls. For example, forming drum 30 is
driven such that its surface speed is slightly faster than that
of driven S-wrap rolls 31 and 32; this helps retain good
tension 'and tr_acking of web of film 10 between them.
30 Similarly, vacuum S-wrap roils 33 and 34 are driven such that
their surface speed is slightly faster than that of forming
drum 30, and so on through the process. The preferred
amount of draw (stretch) between sequential driven rolls will
depend on the material being formed, the distance between
35 the driven rolls, the extent and geometry of perforations (if



gt

of formed film 15. The tracking and tension of web of film 10 and web of
formed film15 in the exenplary process shown in Figure 1 is 25
preferably aided by a s]ight draw (stretch) of -the filmbetween the
driven rolls. For exanple, formng drum 30 is driven such that it's
surface speed is slightly faster than that of driven S-wap rolls.31 and

32; this helps retain good tension and tracking of web of film 10
between them 30 Simlarly, vacuumyg-wrap rolls 33 and 34 are driven-such
that their surface speed is slightly faster than that of form ng drum o,

and-so on ugh +hBe SS T r u o} r .(stretch)
bet ween sesﬁ%gt?‘altﬁgr?egﬁqﬁél Ia_gdvmhlef W&?ﬁﬁéﬁ%néﬁe%n%t%?&é‘wbgi( ng forned,
the di st anER@thePARIN 39ft HEedr PRRG®SBol | Sort Huebkt ofit lawd densitery of

pe{foralt i QﬁSIty(ﬁitﬂ?yleneéL_'Fbrﬁi%hﬂ) ‘i’ﬂ -thiae é;?éfﬁm’ba{,k-@fr&e%be s][h%lcmﬁr ﬁi;j ure ?f, the

ol yet yl eREH3: Ea BUAThe St SRR aPpot olbs 3o SHBAHE | 15Fi GaFueen . dravs of

from dbouseduéntiai dbiven rol%o bat psienod S-wespierdlisilisdedvsiBeréd! s (a pair

of S-wap l, i ORS. .ed as .jf ..t were one driven roll) have typically

been used.ggi'ga’ﬁ evier%, Qéé gﬁﬁvgnar°é‘)spﬁﬁFi RIGRILE RERD MSeBer spective views of

an exenpl ary djjpgares ds I anddeburessimplifted echasattic ngerapecthisicantdwal | y

cont i nuous ' ferig ¥l .an indefinite |€éngth
ofShh Qhenifie) AldplaBadds PLAMRLOITLE b B¥S0R:80 J NAELI A58 ET0

and depi ct the operati ormn un ~and “spray System
appar at us ReRFIUPYS Febfeh Frbetantiatbupbamy hatdnigl fving rad ihdeffindge sur f ace

29 and opposmetnSERd @eBid the Wieratidd bE Alulds drlhSio SHATAGS,11 and 15
second surface 1% g of film 10 is provided on formng s?ructure 28 -
with firstSEhaMacy 1178 AR st FE¥bUToxi mat e patterned for ming

surface 29'f5+fmifgglr LAkl USE Having patteFnéPDRFMAG AlfaBi Cly dekossed and

perforated mat als are-to be pro uced,lf Structure, 28 preferably

orm n;
conpri ses 99Posefpywdace Y .97 WeRi oh Hlm < &ihasy ﬂ?'P& Y7268 Ehénth hol es 21.

15 second surface 12. Web of film 10 is provided on forming
structure 28 with first surface 11 of web of film 10 proximate
patterned forming surface 29 of forming structure 28. For
apparatus on which debossed and perforated materials are to
be produced, forming structure 28 preferably comprises

20 depressions 37 which have sidewalls 96 and end in holes 21,
Forming structure 28 is open from holes 21 in forming surface -
29 to opposed surface 37. The apparatus has means for
moving forming surface 29 in a direction of the length of the
web of material being formed (web of film 10). The

25 apparatus has means for applying liquid stream 22 to 's_eéond
surface 12 of web of film 10 with sufficient force and 'm_ass
flux to cause perforations to be created in web of'fﬂ_m 10,
At least a portion of liquid stream 22 flows through the
perforations in web of film 10, through holes 21 in forming

30  surface 29, and through forming 's_tructu:relzs. Liquid. _s{ream |
22 has sufficient force and mass flux to cause web of film 10
to be extended into depression's 97 and to cé_use fifst_ surface
_1‘1 of web of film 10 to be deformed toward sidewéus 96 of
depressions 97, such that perforatéd protuberances 95 .are

35 formed in web of film 10. Web of formed film 15 is thus



Form ng structure 28 is open fromholes 21 in formng surface 29 to opposed
surface 37. The apparatus has nmeans for noving formng surface 29 in a
direction of the length of -the web of material being forned (web of
fiTm 10).* - The 25 apparatus has neans for applying liquid stream 22 to .
second surface 12 of web of film 10 with sufficient force and mass flux to
cause perforations to be created in web of film 10. At least a portion of
liquid stream 22 flows through the perfldrations in web of film 10,

t hrough,holes 21 in form ng 30 surface 29, and through form ng structure
28. Liquid streacd@@edas sSUNE | carparatyscehamd Me3Rsf| fQr t ocielingeh of
film1l0 to be e Jept SkiPRS1H 7 | that CikieS thaterfisl remafmee 11 of
web of film 10%%§8€§H8g?0€%§§ﬂ{gﬁhrﬁﬁsidéag?F; 9% of dq rgssion% 97, such
that perf or at ed befavwtitheiraRstarmagion éeﬁBe'?'é‘r’ﬁeaa’l‘QPV\HBegf STReRANME®  web
of forned film r3Rgép. t hus 1 5 produced. The apparatus has neans
for controlling tenperature of web of film 10 such that the materi al
remai ns bel oW its transformation tenperature range (nelt tenperature
range). 10 Exenplary tubular form ng structure 28 for produci ng webs of
debossed and perforated materials is shown in Figure 15 3 which is a
sinplified schematic cut-away end view of a portion of the apparatus shown
in Figure 2. Tubular formng structure 28 consists of three concentric

t ubul s/ el ements bonded together: formng screen 27, honeyconb 26, and
perforated Flate 24. Form ng screen 27 has form ng surface 20 29 agai nst
which web of%film 10 (not shown in Figure 3) is formed. Forming surface 29
has -depressi ons 97 which have sidewalls 96 and end in holes 21, and | and
areas- 23 surroundi ng depressions 97. ° Depressions 97 provide
concavities in form ng .screen 27 where debossed and 25 perforated
protuberances are forned in web of film 10.

Exempiary tubular forming structure 28 for producing

webs of debossed and perforated materials is shown in Figure

15 3 which is a simplified schematic cut-away end view of a
-portion of the apparatus shown in Figure 2. Tubular forming
structure 28 consists of three concentric tubular elements
bonded together: forming screen 27, honeycomb 26, and
perforatéd plate 24, Forming screen 27 has forming surface

20 29 against which web of film 10 (not shown in Figure 3) is
formed. Forming surface 29 has depressions 97 which have
sidewails 96 and end in holes 21, and land areas 23
~ surrounding depressions 97, Oepressions 97 provide
' concavities in forming screen 27 where debossed and
25 perforated protuberances are formed in web of film 10.
Forming screen 27 is supported by honeycomb 26 which is
typically a 6.3 om deep hexagonal honeycomb structure made

from stainiess steel ribbon about 0.05 mm in thickness bent



Form ng screen 27 is supported by honeyconb 26 which is typically a 6.3 nm -
deep hexagonal honeyconb structure nade from stainless steel ribbon about
0.05 mMmin thickness bent . 16 and brazed to form hexagonal cells 6 nm “
across. The thickness of the cell walls of honeyconb 26 are preferably
sufficiently thin such that none of holes 21 are totally bl ocked by the

wal | s of honeyconb 26. Perforated plate 24 supports 5 honeyconb 26 and is
typically nade from perforated stainlléss steel sheet netal 2 M- n

t hi ckness having holes of 6 nmdiameter on centers 8 mm apart. \(J/
Opposed Suéuﬁacwﬁédoto fformi hexagonalt celés 28 0i nci desaerosk. t HEhé nner surface

of perforaf gkRe %ICIent %%Qﬁeﬁ%ﬁsc%bam %Qf&‘aﬁu Frforated

plate 24 | ere Is no substantrally total
obstructi osnutf@lﬁnurfdtﬂlhoﬁuﬁhdrha&r@"'?ﬁ ofionales 22! grerigtafivleckedce 29

t hrough fosg Bi¥e SWAINE LAH %38 EEMBPPOS e Perforiated piate ﬂleﬂﬁid&&s form ng
StI’UCtUI’GZ s open fro

es 2 in f sur t 0 opposed surface
5 1575 VnPRewRARR i WS RGN TodH 5Pt BRaTRrated oy oBE f o ed i n
\éveb of flldmewhsilhammgascr een 27 mmulid phikeess! _yf\ﬁba@ bohsawfties \r/]vhi ch
o not end in ace : e t he
enbossed 20 p(r%o?“%b Sﬁggsp \rkf%l gﬁggér? be forzﬁéﬁ'"ugf’ﬂ g@??ﬁg I n
accor danceswir fage GB7 29;64pr81¢09 dtmusturen2s heoinaidesi adutl‘bethag ihoemed, the ™
thi ckness gfcfJag gﬁtﬁ‘éﬂfal-atehh‘j:ﬁ&”ﬁﬁr AWHE Bhehlifyd ga%aaeke&%d et c. M4

the concavities of formn face 29 are nm e prot uberances
will be pet§ sl é’(f"f"’F’éFdaP\?&% 22'5""e\/\HBr%“ffic'FQt'Me§ﬁ“F’éthPﬁa'th°Fﬂere be no

feﬂboszed Ofs d\%b@.ﬁﬁﬁhrﬁmil;p%iﬂr abeﬂ-mwtterﬂuwsm?l f#mrm{ rdfalh bei ng W,
e L i
direction tof difposede slurlﬁg:dw 3T, wé‘mqrbfdnd ;mfotBingasstriuctare n28igure 2, and
open from holes 21 in forming surface 29 to opposed surface
15 37. | L o h
Where embossad (non-perforated) protuberances are to
be formed in web of film 10, forming screen 27 would
preferably have concavities which do not end in holes in
forming .surface 29. The depth of the embossed
20 protuberances which can be formed using processes in accordance
with GB 2154173a depend on the material being fornied. the
thickness of the material, the temperature of the forming
liquid, etc. If the concavities of forming surface 29 are made |
too deep, the protuberances will be perforated. For areas v/
25 where it is desired that there be no embossed or debossed
and perforated protuberances in the material being formed,
forming surface 29 is maintained substantially flat (without
concavities or holes). o
- Tubular forming structure 28 is dnven in a direction of
30 the fength of web of film 10, as shown in Figure 2, and
carries web of film 10 in that direction past spray system 25,
Liquid stream 22 is applied from spray system 25 to second
surface 12 of web of film 10, Liquid stream 22 has sufficient
force and mass flux to cause web of_ film 10 to be deformed
35 toward forming surface 29 and preferably to substantially



carries web of film10 in that direction past spray system 25. Liquid
stream 22 is applied fromspray system 25 to second surface 12 of web of
film210. Liquid stream 22 has sufficient force and .mass flux to cause web .
of film10 to be deformed 35 toward forning surface 29 and preferably to
substanti al Ly 17 conform to the image of form ng surface 29. Thus, web
of film 10 acquires a substantial three-dimensional conformation and is
transforned into web of forned film 15. Spray system 25 may be any neans

for appjying a liquid 5 stream to second surface 12 of web of film 10
with sTfficient cdidopm wdtrrmsmagbusftmrdmﬁ@rsrmmheonsfi I Thdg), web exenpl ary

t h -
Thaurd (pret or Q!0 cires o supdtibfisy ool BiRlondl SRR
10. \Water is pandiidetraasforimgd 1oto webeof foemed il Sranifold 91 to spray
nozzles 90. Spray gg;.g*e@sqgmagg ,gg,gfgf agﬂ’y N aTpTa \VACT LR o0 qg;lly,hbgg p&gﬁﬁure

spray nozzl es which erab rovid stream

f an- shaped s?pra?"ﬁa% ) %cPaﬁ &‘A@ﬂaéeofz er M‘GPethﬁH“[‘sor r"]'thnﬂ#g'cﬂ?’é? erably

no nore than  force ad@Omagé MEBRASHY e@férﬁn Iweb t&fertrfhow A ieR@m@id|et i on.
Such narrow spray angles help to nsur e Ilm for$t|on and

prevent angl ed*Prdt ub®f3ifes i cﬁh(%’r'u‘ be‘“cad'QSH"ﬁy An aRGP¥IFeS r &tion of
liquid-stream Byh-pBessyreoiguis 9Praferaphief &rawrl')y spraynecdcsessh thmt t he

narr owest di rreng;,?pe ofi c#tlﬁe df! @}e Wfaﬂ!hs 102 a\hL Qé‘?"hng E@anfhat the

direction (direction or m ng and “suc
spray from?l0adj QC%ﬁrﬂU"ﬁoZbr@'sgbvmn&fs’éds@ﬂre\ﬁhaﬁpswt naul#hegbnt i PRraycond

surface 12 of weh:Qés f b6 MyAd bﬁeﬁ?ﬁﬁﬁ;ﬁt%@htldml Aigh{Sradsure §r¥Fb of

filwml10 passes b ray S stem "4% ortion of_the vvlg of 25
web of film 10 Pgudg $ nfyhi feEﬁP'y :5"'825 éﬁfﬂ'ﬁ&l $5TRM 1 3N ‘fa(Srm ng

surface 29 Wi fin-shapéd spriyriesridgnansamngngieodf onabmoed.thanl N such

case, spray a&g;Z'ggsrangpefe‘%gﬂlya'ntoe%"’}ﬁi Wl P SeioSuel highutddlthd

stream 22 is
15 the cross-machine direction. Such narrow spray angles help

to insure good film formation and prevent angled
protuberances which can be caused by an angled d_irection of
liquid stream 22. Spray nozzles 90 are preferably aligned
such that the narrowest dimension of the flat spray is parallet
20 to the machine direction (direction of movement of forming
s_urf,é_ce -29), and such that the spray from adjacent nozzles
overiaps somewhat so that the entire second surface 12 of web
of film 10 is contacted by liquid stream 22 as web of film 10
(N passes by spray system 25, |If only a portion of the width of
25 web of film 10 is being formed, only a corresponding portion
of forming surface 29 will have -a three-dimensional
‘conformation.  In such case, spray nozzies - 90 can
alternatively be set such that liquid s_tream 22 is applied only

to those width portions of web of film 10 to be formed.

The processes to make debossed and perforated films of the
present invention are preferably carried out utilizing materials
comprising thermoplastic polymers, especially thermoplastic films,
having visco-elastic properties. Web of formed f£ilm 15 will not
génerally copform precisely to the configuration of forming surface

29, The bulk conformation of web of formed film 15 will depend on the



to those width portions of web of film210 to be formed. The processes to
make debossed and perforated filnms of the present invention are preferably
carried out utilizing materials conprising thernoplastic polyners,
especially thernmoplastic filnms, having visco-elastic properties. Web - of
formed film215 will not general |y conformprecisely to the configuratipn of
formng surface 29. The bul k conformation of web of formed film15 wll
depend on the tenperature, force angl mass flux of liquid stream?22 as
well as filmproperties and the configuration of formng surface 29. Qi
hi gher tenp@h?#ggsre [ @6€ces an@nchages flukl of oduid qni-@hmtzzaam kil web of

formed filml conform_cl r to But
‘because pr¥f efr’%dpm‘?/ﬁarﬁ'esofa"tdﬁst?\ﬁoﬁpgs Iu(gaﬂoﬁ‘ 11 é}@g‘gvesé" gceﬁ astic
properties ihr oAghbigherhetemhperatuges; doecas, aode massr Fluge lofickiquit web of
formed fi!MerlamdNCT Ahdyy BFCHSrnGd ! Biim! 1sPAPACScan v Qbsgramo 22. Thi s

Vi sco- elastlc ehavi'or_of ‘the t ernDp astic ei ng ornmed nakes it
possi bl 8 t ofosFHNSyeSYEiacst i Sﬁs i n"Bhe BefausaniRfietariesh o‘Fe%b°f)f f or med

film15 by emrrmoagaétme marrpm ahas ev.sf;eréwsn@nsrmuéd Lthr@éu?hbaw f' Elt r e?m
Ita e or

22. The progessgs_of " \ artjcular
produci ng v&gﬁs fgf' H?ﬁ)ogg%ﬁfséndFB'lmdeBBE@&T%EEI 187wl of, £9 %’be'ﬂeformabl e
materi al s v el$t geseckby r abdwrs caftee aitn n:ﬁss&iscaiqmdomréawsnmgl neer d’

into the supﬁ an‘;ls Uéfa porrtlé}g E‘?Q?ﬂf*fﬂn fileh E %rranufa re

of substanti a anargtﬁerrm ast IC f| perties
such asIOtenﬁwmdstmm Ht peaslbéerm]gacrhieugcwriasgmst en3|the hvﬂsll us, 20

ani sot r opi CcdfatmbBanOfofSUgbbPrSCldrnfd Skl aPe Toyni Slring. tRBttE <
finish), surface chem str Ere errbos me etc can bﬁsengl neered into
%r'l E’l}és"fv\H

the fil mth‘reﬁlﬁﬁfaﬁ’ﬁ'?ﬂ;f 048y AQY (DA% AUl 'stEeam st for
exanpl e, depier pdocmeecuracn @156013 i ons i n t heref igarticdesriyed

desired “2%1”‘37@“"% oareruEng TR o amBbte SndBR AMRSR e 2 en of
mat eri als bepngof-mldedefcurmble materzals where it is desirabie to retain
physical properties. engineered into the substantially planar
starting web of material. In the manufacture of substantially
. planar thermoplastic film, certain physical properties such as
tensile strength, tear strength, ddctility. tensile modulus,
70 anisotropic features of such properties, surface finish (e.g.
‘matte finish), surface chemistry, pre-embossment, etc., can
be engineered into the film through manufacturing techniques
which may resuit, for example, in desired molecular
orientations in the film, desired crystalline morphologies,
25 desired surface appearance of the film, desired tactile
properties of the film, etc. '

The temperature of a web of material being formed in a
process in accordance with GB 2154173A is controlled such that it
remains below the transformation temperature range of the

30 material throughout the forming process. Thus, a preferred
process . achieves formation of a web
of thermoplastic film at a temperature below its meit
temperature range. '

The processes of GB 2154173A . can produce webs

35 of formed thermoplastic film at a temperature beiow the melt



process in accordance with GB 2154173A is controlled such that it renmins
bel ow the transformati on tenperature range of the 30 mat eri al t hroughout
the formng process. Thus; a preferred process . :

achi eves frormation of a web of thernoplastic film at - a tenperature
below its .nelt tenperature range. The processes of GB 2154173A

can produce webs 35 of fornmed thernoplastic filmat a tenperature bel ow
the nelt 19 tenperature range of the fijigl mdue to the |arge force and
mass (pr avai |l abl e when using a high-pressure liquid stream to form the

film —Prior ar r@%”SFEtI'\EYf Il EGE & e fiar #&r e BRdOMmaks | M by
usi ng the presé%?géfjgl\t?%%nt lal 5 athl eved 8 | | |§r?lgga vacuum abeneat h
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tenperature of the mate I al _bei Success web of
film 10 depen8Y4rtaseisf theqfilm. s Péanp"@ziuf"ﬂomffMIQSISQUWM\Hﬂngd

sufficient foree apeutrosse fétwmbaeﬁlef eﬁm Y!&bgeierfauk/mril& qumeﬁntﬁheob i
e ability
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the |iquidig| omeny tempergturmeozange. 0 Thie Fprey i myss coff the, liguddnass and
di stribution OfstIéaﬂP'r?'eédng“tg' ?anﬁp?z(%%i‘%? }%t@baY‘teu?fdlﬂi{ﬂa 1%\ Lhe

di stance bet weén nozzl
t enper at ur e of numipgrd oft faciars 2inclyding thes spmaeeltmedhmkmm agd, as

wel | as the ComﬂééﬁdtGPe Jmkﬁgm,,a@%,hgnﬁrﬂg&re of web of film10. 25

The processes of qae successful forming of webpartlﬁ(IllrII GII)I >I'Jepends on

15  liquid ‘stream 22 from nozzies 90 having sufficient force and
mass flux to deform web of film 10 toward the configuration of
forming surface 29 of forming structure 28. The ability of
liquid stream 22 to form web of film 10 depends on the
pressure of the liquid flowing through nozzles 90 of spray

20 system 25, the mass and distribution of liquid impinging on
surface 12 of web of film 10, the distance between nozzles %0 -
and surface 12 of web of film 10, the temperature of liquid
stream 22, and the surface speed of drum 30, as well as the
composition, thickness, and temperature of web of film 10,

25 The processes of GB 2154173A - - ‘particularty

| suitable for producing “webs of debossed and perforated
thermoplastic film while retammg the film in-its solnd state
throughout the process and '

30 it is believed that the mechanism of film formation in
solid state differs from that of prlor art processes where the
film is in a moiten state. ' '

When moiten film is debossed and perforated by the
action of a vacuum beneath a patterned, perforated "su'rface,

35 the moiten film is drawn into a depression in the forming



suitabl e for produci ng webs of debossed and perforated thernoplastic film
while retaining the film in.its solid state throughout the process and 30
it is believed that the mechanism of film formation in solid state
differs fromthat of prior art processes where the filmis iin a nolten
state. Wien nolten film is debossed and perforated by the actjon of a
vacuum beneath a patterned, perforated surface, 35 the nolten film is
drawn into a depression in the form 2@ 20 surface; and the nolten film
readily and rapidly acquires the inmage of the formng surface. Subsequgpt
to this fosurfageacandrthet moitepl fim feadilyand thapidlyl a@caminedse ther ni ng
surface is; Nteh lmide S, ' aration in 5

t he prot uber . %ﬁ%h#hefb#giﬁed%ﬁd%& Fo?%?ﬁ%ﬁ Qgegggssgﬁl}gﬁ; per f or at ed
film in t#etian) ithesmatten il aver: thejihale ini thedorRing unfaemisthat in the

mol ten st aggtended il tiberigifrasat kRds ftﬂ-miﬁgcﬁhe_pb_ei'f&ﬁ_ﬂéﬂc%-Of ten occurs
before the protuberance aCflque Its Hnl shed™shape in 10 a depression in
the forni ng Rrotybgrancerpf tha formeds film; s shown schematical ly in Figures 4

andf S. ggr m nfosmatien 27, dwbmg_gmoy%fbha?uosﬂnsaﬁt itﬁgésdﬂ]?édf orm ng
surface c i sts and_areas. nd si dewal |s [ epr essi ons
97 whi ch %er%gé igbn‘gg%} 3é ‘}'?}e’l '\Aﬁeﬁ‘“ﬁs’dﬁﬂh ﬁ"g'i‘r Eﬁ%ﬁ 'Ezth? rﬂ‘?‘?%ﬁﬂ y 15

i Npi nges astadet iion thetf ithen erforatioresin oeatl prdthbémarze ioftémrning
surface 29dfial bRfddd gﬁe rthbm'algée %EPEEI‘H}e s ifﬁ‘h%hé’(?pé '?}? 97 in A
relatively straight-sided V-shape 98, 1T permtted by the configuration of
si dewald s 36 d.&P"gﬁiPBs§Foth97. forming psurfage.of Fhism mechanisdt died beyond

its yield gidvih schenfdticaiibIRUPRIUrMeS LUSRYT €5, RbrwithgY sbéfden t27e point of -
t he V, thusPP rforations are created in thf |

| east a po¥ 1B¢S qvﬂh?ﬂ ARSI SRS
film and ¢dnsistsh ofhdrets areasn23 camd nsjdewaliac86 26f devessiorguisd f | ow

forces the RideWahhs & fdled' 21. When liquid stream 22 initially
15 impinges a portion of film over depression 97 and hole 21 in
forming surface 29, that portion of film is stretched into
depression 97 in a relatively straight-sided V-shape 98, if
permitted by the configuration of sidewalls 96 of depression
97. The portion of film is stretched beyond .its yield point
20 and subsequently ruptures, usually near the point of the V,
thus perforations are created in the _film. After perforation,
at least a portion of liquid stream 22 flows through the
perforations in the film and. through. holes 21 in forming
surface 29. This quu'id flow forces the sidewalls of film A
25 protuberances 95 toward sidewalls 96 of depr_essioh 97 in
forming surface 29. The extent to which the film conforms to
the configuration of -forming sdr_face 29 can be controiled by
the mass flux and force of liquid stream 22 on the film., The
spring-back tendency of the film in its visco-elastic state
30 depends on the degree of deformation 'and the
time/temperature reciprocal visco-elastic relationship inherent
to solid state thermoplastic fiim. Therefore, such
spring-back can be substantially controlled by the force and
mass flux, as well as the.temperature, of impinging liquid
35 stream 22 on web of film 10,

film Af foration, at ‘=’
aringhseRtecsers otiiERons i n t he



25 prot uberances 95 toward sidewalls 96 of depression 97 in formng
surface 29. The extent to which the filmconforns to the configuration of
form ng surfacg 29 can be controlled by the mass fl.ux and force of I|qU|d
sfream 22 *on the fi.lm The spring-back tendency of the filminits

vi sco-elastic state 30 depends on t he degree of def ormati on
and the tineftenperature reci procal visco-elastic relationship inherent
to solid state thernoplastic film 2Therefore, such spring-back can
be substantially controlled by the force and mass flux, as well as the

tenperdture, of inpiRegangidssquifd te methamisa? ﬁ:rrwédsrrmhgflber{b@ated 21

Regardl ess of the chani sm f.or _.f erf r LAt YhGr qece
debossed and pePF%‘rrl&eéﬁ £99 o1 of ?F%{% tar"ég aeiggra[}? hgﬁqumﬁﬁg%ent |
force and mass $tnesmt d2cause havetsufficiente fanceofangeimass fiuxmtoocausee

def or med t ovar dgpg %9#516991$ue?ac@b2%fa@ﬁmtroqusgepeuéfemaaoms.ca be
created in web o ? t hus causing web be debossed and

perforated. 5| anﬂﬁft!”SoF%ﬁaFSnz%fa@’rﬁes%?é{fef penforatiogsi tp b £593ted Hust have
sufficient forcgegndfmms fd U)fhbg Eﬁt'i'ﬁﬂ WelapOfoff Fils 16 wu&embﬂséd)war d

h f f rfa [
oqui red to for MEnEBTEroRm 10 AR | YRR it 19 ERSSERar (8 onlHiS
properties of tberebm m2beiusy haveresl iMidenth forge athdfmidse ffu mongaoper at i on.
eb oLl m 10 Weg"BF HiFATD. Yo RRFEARASE AL ORd bF foPgrilagtat i on of

form ng surface” uird stea
appr oachi ng!0 t h@%el The ehp’etdatmneésﬂaﬁgéﬂ@f flowe "Enpme%dp |f9"'3 uWPbc Pént |y

bel ow such el t P&’ IR {1y QAepehdiy idisUhe praperels aff fremed
filvd5 retai nsﬂ{"ﬁe desi red '%'ﬁ@g?g |9 prg ertr‘§ a?efl | m 10. For

formng of the HiMieeiPgdfIMmedspdat 9querepng% dF‘Sc{%gBBgZ?P"aI’ﬂ&"m n wth
water, any tenperat Web Wi €limma0 nisainisret leasipt ﬂérfdi'aeed and dfortrace inan be

used. Preferred water,.tenperatuyr 85 e frao rde t Jerr];
more preferred e ¢ qrg rg%ton c# orming sur@ce 29 if l%uc]d steam 22 is

15 heated to a temperature approaching the melt temperature '
rénge of the film, but is sufficiently below such melt
temperature range in order to insure that web of formed fiim
15 retains the desired physical properties of web of film 10,
For forming of the preferred thermoplastic films disclosed

20 herein with water, any temperature which maintains the water
in a liquid state can be used. Preferred water temperatures
are from . ~ 40°C to . 90°C; more preferred are from

65°C to 75°C. Preferred water. pressures are
o/ preferably at l(east . 350 N/c:m2

25 .preferably from _ 700 Nlcm2

N/em? (1600 psig) or greater.
Using the processes of GB 2154173A ' webs of
substantially planar thermoplastic film, such as polyethyienes,
. low density polyethylenes, linear low density polyethylenes,

30 polypropylenes, and copolymers and blends containing
substantial fractions of these materials can be successfully
debossed and perforated. For economic reasons, webs of
formed film as thin as possible while still retaining sufficient
strength are generally desired. Such webs of film preferably

35 have a thickness of no more than =~ 1.0 mm, more

(500 psig), more
(1000 psig) to 1100



[err] to [err]. Preferred water pressures are preferably at

| east 350 N [err] .(500 psig), nore 25 preferably from

700 N'[err] (1000 psig) to ' 1100 N [err] {1600 psig) -or greater.
Usi ng the processes of GB 2154173A ' webs of substantially

pl anar thernoplastic film such as pol yethylenes, |ow density - .

pol yet hyl enes, linear |ow density polyethyl enes, 30 pol ypropyl enes, and .
copolymers and bl ends containing sybstantial fractions of these .~
materi al s can be successfully debossed and perforated. For econom 6o/

reasons, WeB%FEraBW 'l ridrlemiddn t hi.n ag.; @O s Pl reorehigrefedablly §gfiai ni ng

sufficient strepngth are generally desired. . Such bs of fii referably 35

have a t hi cl%ﬂ%sgﬂ'%ftmﬁk”%ﬁ ds %’Hé’h §.0P mml\.é% nm l%'b&enrﬁm‘ZZ

preferably sSachorvedshasf film afe Ofedmintadtice proéessably still the film
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re wthe melt t
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of the f§Inpfgeher filmy gemenalebsuch fwebm of cfifmd age tfed atbitoat
tenperat ur e ;pfpiddle teMPEr el of hﬁw@rr%ﬁﬁ%vrw?ethEgpF@éers%eﬁ’s Ctﬂéin For
exenplary formng structure 28, the water ich flows through the
perf orati on§36feRePHof fornmed film 15 after 10 the filmruptures flows on

t hrough form ng Reer mte«r;ﬂaag ifo¢minghaderaet e 0fs f othd ngadrUWnidA. y
Stationary &E’mf%d QQZIéC n be Fre ent I-FSI e f rm%ﬁiﬁ:uméo %o provid
partitions Wi%h ‘aETY A RBEFOTakions: AT ey 9fi £ e ParI8ugh it is
not necegsatiyei film heugturdsctioes ofi tietusughb foomirgrstedetdnd 128 ytopr ocesses

i n accordan ' Cay/m . r : nber 94 fo
two pur posegsa&rggb%? %ﬁ%&%ﬁé acg'id/y'ﬁex ’enz?qu*'rgﬁ?npy%nggﬁ ?%nqé form ng\‘"r
structure 2®enheesenteinsidefforming drymt3¢aat prawdeopariitjiossrvaid 29 of
form ng stryekiHeScRmber WML RPMIRY HREm280, area of i npingenent of

liquid stream 22 on second surface 12 L _ . g
Although it is not necessary in the production of webs
15 of formed film -by' processes in accordance with GB 2154173A, a
vacuum may be drawn on chamber 94 for two purposes.
Chamber 94 preferably extend's from the portion of forming
structure 28 where web of film 10 first contacts forming
surface 29 of forming structure 28 to somewhat beyond the
20 area of impingement of liquid stream 22 on second surface 12
of web of film 10, A vacuum in chamber 34 provides a means
for securely holding web of film 10 against forming surface 29
of forming structure 28 prior to the forming of web 10, so
that web of film 10 does not slip on surface 29. Chamber 94
25 extends beyond the area where liquid stream 22 is debossing
and perforating web of film 10 so that most of the liquid from
liquid stream 22 flows into chamber 94 either with the aid of
vacuum or without. The liquid collected in chamber 94 is
discharged through pipe 93. If liquid is able to get between
30 web of formed film 15 and forming surface 29, probiems such
as slipping, distortion, or tearing of web of formed film 15
can occur, By discharging most of the liquid away from the
system through chamber 94 and pipe 93, such problems are
generally minimized., (f vacuum in chamber 94 is uéed, it
35 need only be a low Ievgl'-to achieve the desired purpoies of



of web of film10. A vacuumin chanber 94 provides a neans for securely

hol di ng web of film 10 against formng surface 29.of form ng structure 28
prior to the fgrmng of web 10, so that web of film 10 does not slip on
surface 29. Chanber 9425 extends beyond the area where liquid stream 22

i s debossing and perforating web of film10 so that nost of the liquid from
liquid stream 22 flows into chanber 94 either with the aid of vacuum or
without. The liquid collected in chanbe?3 94 is discharged t hrough pi pe 93.
If liqupd is able to get between 30 web of fornmed film 15 and form ng
surface 29, prisdidivg -selzhofisfitmi Hhi sreurelystagainst, fasmingasuRtRSt 28eb of

formed film S IS QO frgmBSEmitly (s fadeiiod amaysf rom t he
systemthrougk&cﬁ%ﬁbggsgzn%%q%i pe 939 su.r(?h ¥ fg ;

. : prohl'eng are generall

mni mzed, | faryacAsium develaim crhampers 9&5%,?'1‘?3%3%3' %Pé'eg’%ﬁ‘fy"l% a | ow

I evel Ito achi %L?m Q@S'Bﬁsd%alhl!rd@?g@%fgm w?jﬂﬁ’ofhﬁld: Q. - Vielpreferfriedm f10 _
securely against formng, surface or_dr ng | i qui raom f orm ng
surface 292 TYRFUUM, evgkdUmCﬁEWBFri JRafEam a@%"l s pref g?d:l\éﬁé }lgr‘ bel ow

t hat required meore prefamredalsd frabef or m i tof fil nSAGamMAHgreferred 5 vacuum
| evel in chanmber 94.is frome t'Gy: . _ ; ptef Is from
15to 50 mMm theTﬁ{aseusrB(g i %égﬂi Bﬁg‘sﬁgsm“rg aw c?%stﬁoga%‘ﬁq%eproduce
webs of fornedvels afi formedymatesial pravides Hfor cmanyi aldernativese ipriduct s

prodused.  ManyeqfudtieSSradduceaNat iMgty 268 these LQite?RBtiO¥aDfFe0rngy e nuch
nmore difficult to achi eve when using the priof art vacuum form ng of webs
of ol t en Oherafflievalec of pre 'P‘i‘%r‘g‘”ﬂ ‘?ig;'ﬁ“{}elxgp%?ﬂ PV VPEONUAY Ry view
of an- exenpl arhed Prosrs aett avistuie fformireg ¢ webs56f afioitére yverseplastivent i on.
127 snow i n Filty o 2EHHnde 3! & BEIRRH0Y, (RaRERERYY iehP df [ o7 e
used to producexemyblaoy ieboesed i ama 1perforatechufilmn13g gef ctheo present a
form ng screen CAan+RH M4 RS 168 S6FOFfsLid TPIEAn &be produced using
15 exemplary forming screen 127 shown:in Figure 10,
' The pattern and structure of forming screen 127 used to
produce web of formed film 150 is shown in Figure 10. Such
a forming screen can be made as disclosed in Radel §
Thompson cited hereinbefore. The pattern of forming surface
20 129 of forming screen 127 consists of a repeated pattern of
nested pentagonal depressions 141 with land area 151 between
the depressions. Forming surface 129 consists of land area
151 and sidewalls 143 of pentagonal depressions 141 which are
N/ substantially perpendicular to land area 151 and extend
25 through forming screen 127, thus forming pentagonal holes in .
forming su’r:face 129. The open area in forming surface 129
created by these pentagonal holes is 678 of the
projected surface area of forming screen 127. Dimension A
across all ribs of land area 151 between parallel sides of
30 adjacent pentagons is 0.178 mm. Each pentégon has
one side B 0.477 mm long and the other four sides
 0.651 mm long. Each pentagon has two 90° angles C
which are never adjacent ingles and are always formed by
two of the equal Iength'sides of the pentagon. Dimension E
35 which is the thickness of forming screen 127 is 1.3 mm.



Thonpson cited herei nbefore. The pattern of form ng surface 20 129 of
formng screen 127 consists of a repeated pattern of nested pentagonal
depressions 141 with |l and area 151 between the depressions. Form ng
surface 129 consists of |land area 151 and sidewal I s 143 of pentagonal
depressi ons 141 which are substantially perpendicular to land area 151 and
extend 25 through formng screen 12 thus formi ng pentagonal ‘holes in
form ng surface 129. The open area in formng surface 129 created by -

these perg&g,gnél §Me?\512ﬁ has an outef’dia eItL QLS”)J echeg éﬁ’gﬁe ar ea

form ng screen D mension A across aI of land ar 51 between
paral | el dso@adéifram stainless ste@bnt agons is . 0.178 mm Each

penlt agon hgs ﬁoebsiste 8and tperﬁ%:-gizdmmhmlandofhetﬁath Yrebeny & Si dtes 0. |651
mm | ong. ac n,_has a are never ad] acent angles
and are al’ MﬁE‘B ﬁ%‘gpﬁ'fetﬂd"\éﬁml‘ﬁ? gaﬁaﬁa?’% '!lsae%"'tchﬂ?é‘ ent agon. -

' D| nmens 50n & sttondhisahfice tsbgatr-]mdkwssa qh:élaidﬁsng setnemaiaﬁggﬁ dl 3

m_NgL.s as an outer dia cmand is
rrade from ane Al %Q&éﬁggl Beﬁ'&s"é%%‘ éHH %F%t%%ﬁ"?ﬁa?e? A& of the
present i ransht¢ompnisespra smtetlmblgmuhecsécdnd_ hswefage aof i me fumface and 5 a
second surdrares SRRRAEIr JERCIBRRH ses 4" BTRRAT 1 B and area
ace

Wi th an upper sur I nes ane and’ conpri s % tion of Q
second sursfacefoft tae ffilmy éra@mlammem;saqcendhpgnfmmufsm a porti

of theofinsy Sﬂrﬁ@ﬁﬁeoﬁ tHag fi'rk{nsur@@ﬁh@rﬂn&'%ﬁads@mcﬂeffﬂrat ed film

10 150 of Fi has first surface 131 and second surface 132 separated
by a maxi rﬁ?ﬂa?ﬂ{ﬂi’yssa aximum stp‘m y Had® Preferabbo madeic film

havi ng a <Sabmt anpoi&kdeymrfilh'olhmﬂngczkmmtintiaffwuh(fbrmdtﬁltkﬁessl50 a pl ane’

IStSa??];];;n'?ﬁ%?yaﬁél}e #&P}?.FénZH{n‘; efl %e&% ﬁ?e S%Y?é'gEdlé%IlfmnéSgr ea 160
si nply i ngucfacs thhéﬁﬂd oanead 160| of 1fopmedn film ﬂ&ﬁd Slating:Ithabaa | and

15  plane is defined by the upper surface of land area 160 simply
indicates that formed film 150 can be laid out such that land
area 160 is substantially flat; it is understood that formed
film 150 is flexible and can conform to many non-flat shapes.

Debossed and perfora_ted_ materials of the present

20 invention comprise perforated protdb_erances such' as
perforated protuberances 155 of formed film 150. Each'
protuberance 155 has a first aperture 161 located in the plane -
of the upper surface of fand area 160, and a second aperture
162 wholly remote from and below said plane.  Each W,

25 protuberance 155 has sidewall 163 which continuously
interconnects first aperture 161 and second aperture 162 to
one another. Sidewall 163 has inner surface 164 comprising a
portion of second surface 132 of the film and outer surface
167 comprising a portion of first surface 131 of the film,

30 In descrxbmg debossed and perforated materials of the_
present invention, it is useful to refer to certain dimensions
of the f,ormec_'.' material. Exemplary formed film lso.has a
maximum thickness T separating first surface 131 and second
surface 132 of the film. Sudewall 163 of each protuberance

35 155 has an average depth L from the pilane of the upper



afea 160 is substantially flat; it is understood that fornmed film 150 is

fl exi ble and can conformto many non-fl at shapes.. Debossed and perforated
materials of ,the present 20 invention conprise ‘perforated
protuberances - such " as perforated protuberances 155 of formed film
150. Each protuberance 155 has a first aperture 161 |ocated in the plane
of the'upper surface of |and area 160, and a second aperture 162 wholly
renote from and below said plane. 2fach 25 prot uberance 155 has
Sldeng 163 which continuously interconnects first aperture 161 and
secon aperturgup’LﬁZet of onRadaneedcl 60, Sheksuried BBBuhathe npenipbery ack 164

conprising a porto&#ﬁp&ﬁ gg(f:eoq%Zs f§C wlg’t?l pé!q%r{]d L\Pﬂazﬁngal Otpegnesurface

167 conpri si ngs"étc first suriacé
descri bi ng debbistédapentuper i ok aqfe@rmtmaalcs b35 tiseofteBsant iTregatan on, it

s useful 0 rghglel0 BRI 1AL 6 TRAR QBEreilrel 1811 CiEBe TBESHrIBg agxenpl ary

formed film 1 maxi mum t hi ckness T separati n firs é} surfa e 131 and
second surfﬁacehi'swg)ﬁ ErRssrEestional; agaa suchs foae‘é‘é' le, o5 iRmeser: 155

has an averagecs®id ihsdribéd thaeeidl.ana Dﬁsdrfieed,lpﬂeéle 1s25eﬁuea’iameFeimf | and

160, d t th her d 62
glr (ragctlon g‘;?;g{ﬂ"&ﬁﬁggt S e'&ﬁyng’“%lt%r ?"53358?5 i o?"%rﬁ?’&fﬁ&?%nce 155
is often an ir tleguidgessivfipapertiine 6z atoh fnnmlstumpmfr ttwoepﬁﬁﬂtscasud:i‘e
described as 5y, ARG AT ARReSF  bAJRLind! e UiFllel NBled H ! fealt

di aneter O can be inscrib cribed circle is fined herein
as one that0 i son@osughycentasti point dpereaahe sewicicsie. cont sbe sdiametetiges of

aperture 161 apofnédtdi fleNsRicht E&wﬁ%‘trﬁ&n@UCh that for every di anet er
bisecting the circle, there is, at

| east one s n 0| nt .in each
semicircle, or thefbossed, RFnecReo f?\ﬁ%u&?tﬁﬁ'ﬁrﬁct&go&ﬁ fﬁ? ®&sed and
perforated nairpfértich cmprise prioteBerdndesy haviran L oapio of bt'bt obatances

Q?V_: ggs? rati o, %fst L/T of ?t.ér%ag'eferabl;’a TBLis gf‘ﬂ’?r %Pléf ﬁas@t ' o of L/T of
15 10, more preferably still a ratio of L/T of at least 15.
Debossed and perforated materials of the present invention
have a ratio of L/D of at least 0.5, preferably a ratio
of L/D of at least 0.7, more preferably a ratio of L/D
of at least 1.0, Because debossed and perforated
20 materiais of the present invention can have protuberances
having an extremely wide variety of shapes, it is possible for
such protuberances to have first apertures having more than

one’ inscribed  circle. For such irregular-shaped

N protuber'anc‘“es. the ratio of L/D refers to the portion of the

25 protuberance surrounding a particular inscribed circle of
diameter D. o

‘An attribute of the hlgh-pressure liquid film-forming
process of GB 2154173A - is the ability to retain
certain physical properties of a substantially pianar flat film

30 in a formed film produced therefrom. -Desired physical
properties of the substantially planar starting film can
generally be substantiaily retained in the land areas between
the protuberances of such formed film, and to so.ne extent in
the sidewalls of the protuberances. Due to the physical

35  distortion ‘of the film in the protuberances, the film in the



15 10, nore preferably still a ratio of LIT of at |east - 15. Cebossed -
and perforated materials of the present invention have a ratio of L/D of at

| east 0.5, preferably a ratio of LID of at |east 0.7, nore -
preferably a ratio of L/D of at |east -1 .0. Because debosséd and
perforated 20 materials of the present |nvent|on can have protuberances
having an extrenely wi de variety of sﬂﬁpes it is possible for 'such
protuberances to have first apertures aving nore than one i nscri bed .

circle. For such requl ar-sh uberance the rati o of Lw
refers to tHOUWRFIANSESof ??Pee%ﬁ? cﬁ? {)agéé I$9NGLun#PSGt YR .parti cul ar
i nscri bed gaﬁeehnyoicqilnaeetmﬂdnmrﬂtg phystical oproperthisyfirgm egeure | i quid

filmform ; S| 154173A is the ability to
retain cer?‘%a‘f"IO f(f;t?/%l ca grﬁo%ertles of a substantially planar flat fitm 30

in a forrred mmorpaéumme ofiepedaesaes -inDegiordancepwyith ¢l 2pFHI8At i es
of thesg P&éra%aa;lél taoaéﬁ g%ﬁﬁgg deleb s qentwraeiﬁiéytpe

substantlal r et ai ar eas etvveen t he protuberances of such

formed fil rﬁ°¥%fﬁ‘d 5(”(5' %?ﬁTea%‘?&aé'ﬂf‘cF naPfe PEPRRGKES senginegEed iNt9pdr ances. Due
to the phxss.bsaénﬁaly plasserfiinon Fort &earmple) ai ﬁsmnpm fdrmnces, the

fil in the t |1 t d .
aperture,  JEREPAPRtis I cBREER: a7 BREF<R, roite SﬁeBﬁss ' ®Fed 11 om t he"
filmin thedtéecdurface oA adjime emhossedgpatibrprcare becdebossed @ndance wi tWGB
2eoalii8 O perfdifielCoPt | Hockbbes SSUUNL OO, ORE 8311 0 HE 2D 1LY 1

retai n surface appearanc pr oper t1°es’ engr neer e SL% Bt anti al Ty
pl anar fil| FREHBINGEXHIfpIRAttY wﬁ’@saner afing mnanaseq HRatkern aen i thél | m havi ng

a surface nmh&@%s,ofsuw fvmedFiine SHdf %F& Qo 3 ldrige QXRessefhpattern c
be debossed and rat ed s in accordance_wth GB
2154173A \AﬁpFes'rdéf"él"ﬁ ?Bxﬁf&ﬁi ﬁ’?lfgé Sg@ed FR¥%ern on the
| and area of tae fbartlmdai'l I m:lvanthgﬂ sdnt 0Oaghievigg cdebbsséd) and

15 perforated films without a shiny "pla_stic" look. Such a
surface roughness inay be present on only one surface of the
flat film before forming, as is often the case for a matte
finish, or may extend clear through the substantially flat
film, as is generally the case for a fine embossed pattern.

20 For films which are transparent or translucent, a surface
roughness on either surface of the film .is effective in.
reducing the shiny plastic look on both surfaces.

When such a surface roughness is present on at least
one surface of the unform_ed film, a formed film produced Nt

25 therefrom by processes in accordance with GB 2154173A can exhibit a
surface roughness on at least one surface of the land area of |
the formed film, e.g., on either the upper or lower surface
of land area 160 of exemplary formed film 150 of Figure 1.

In such case, formgd film 150 would also exhibit such surface

30 roughness on at least one surface of sidewall 163 of each

perforated protuberance 155 to an average depth of at least

L/4 from the plane of the upper surface of land area
160. However, formed film 150 exhibits a surface smoothness
on both inner surface 164 and outer surface 167 of sidewall

35 163 adjacent second aperture 162 due to the extreme



tshe sidewal s of the protuberances of the forned film This is a
particular advantage in achieving debossed and 15 perforated filns
without a shiny "plastic"- look. Such a surface.roughness may be present
on only one surface of the flat film before formng, as is often the case
for a matte finish, or may extend clear through the substantially flat
film as is generally the case for a fine enbossed pattern. 20 For filns
whi ch.are transparent or translucent, al%kurface roughness on either
surfqcg of the film is effective .in redUC|ngbthe sh| pl astic | ook on

both Surfaces.stoatahigacel she filmin this dtgien when,secend "é't"'? &2t one
surface of thgsufdreeedulringnthe forming prddespl oRreferrdd formeciflia by

processes in a rdance wt 215417 can.exhi bi t urface to ghness on
at |east one ¢ é’"%?x\% H%V%“&&é’éﬂgﬁf l"ﬁgacFoF??é%lh'gﬁs Ne3% 18a%E) it her
t he upper or Im\nersusrﬁadeaoé sitlewalid163 ef méﬂfwateﬂ(empltubgra‘nnenﬁﬁ ftol m 150
of Figure 11. h ga med f| 1 h surface
30 roughnéss Joﬁ”}t{ﬁ ??Po'ﬁé&;urface ﬁ% V\gllﬁ @é@go&( hllhtu;??i?orat ed
prot uber ance 188 face anfa\}emdg@m&pt%o@f a'lfh¢ edepth/ off rsush hsupfacee of the
upper surface v%fug'h s 26R 2tHd Burfaue VY - éhéoéi@%@«a‘iﬂs' 'S'flﬁﬁ'h ?@Ff@#ét@da surface

snoot hness on bo I nner surface 164 and outer surface si dewal | 35
163 adj acent PrOtUBREANGesc depends op thee Propertips Ofex%heerfé'm being

strebching of fobmedi 4l i thet bmsdesoanuberwmeﬁondnﬁweﬂhwe 162 i's formed
Preferred forned fi.l ns ent. i nventi on

duri ng th form ng.pr oce

exhi bi t s Pt ace roﬁ&‘\ﬂ@ Sl%orfhgf" S eeé%gf"pdﬂ'éys "1"388 c?f:rgﬂiev& eﬁi%@gof
perforated prcurnfacenagieerrafions 356a aeplandofarea |18adst A methdd 2fdm om t he
pl are of the cwéf of, | 6 t surface
roughness on ﬁ% cgﬁg? tfahefap'gwg\l/aﬁﬁee}' qsth%)a;rgéwaihed%rot uﬁ’erances
depends on theas|§rgym¢tﬁgsomart hBatentmApriicatiaror Need 2a05%.4586c Wi of ons
under which itahs, fmmri%ﬂe,lQou.s & FOQEI8Lte) Sduwv&tﬁeenséafmtiamang screen

127 haV| nq 1982

Another method for producing forming screens

having surface aberrations on the forming surface is disclosed

in commonly assigned U.S., Patent No., 4,327,730 issued to

Sorensen on May 4, 1982, the disclosure of which is hereby

20 incorporated herein by - reference. Sorensen achieves a

forming screen having random surface aberrations on both the

land areas of the forming surface and on the sidewalls of the

depressions in the forming surface, while Ahr, Mullane, Louis

o & OQuellette discloses a forming screen having a regular
25 pattern of surface aberrations only on the fand area of the
forming surface. Either type of forming screen can be used
in processes of the present invention to produce formed
materials of the present invention. However, it is preferred
to use forming screens having surface aberrations, either
30 random or regular pattern, only on the land area of the
forming surface (such as surface aberrations 156 on land area
151 of forming surface 129 of forming screen 127 in Figuré

10). '
it has been found that the use of a forming screen
35 having surface aberrations on the land area resuits in a-



surface aberrations 156 on | and area 151.

form ng screen is disclosed in commonly assigned European Patent

Application No. 0,059,506 A2 of Ahr, Millane, Louis & Quellette,. published

Septenmber 8, 15 1982. Another method for producing form ng screens having

A nethod for produci ng such a

surface aberrations on the formng surface is disclosed in commonly

assigned U S. Patent No. 4,327,730 isgued to Sorensen on I\/ay 4, 1982, the

di scl osure of which is hereby 20 incorporated herein ref erence. ...
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formed has a-surface roughness: on only one surface of the
film and a surface smoothness on the other surface of the
film, the resuiting formed film exhibits a surface roughness of
the land area which would be a combination of the surface
roughness of the starting film and a roughness imparted by
the surface aberrations of ‘the land area of the forming
surface. The formed film also exhibits a surface roughness
on at least a portion of one surface of the sidewalls of the

protuberances corresponding to the surface roughness on one -

surface of the starting film, but the formed film exhibits a
surface smoothness on the entire other surface of the
sidewalls .of the protuberances corresponding to the smooth
surface of the starting film.

A surface roughness on the first surface (the surface
proximate the forming surface of the forming screen) of the

flat film to be formed has a similar effect as the surface
aberrations on the land area of the forming surface. Such a
rough firs_t surface of the film resuits in a formed film which
conforms.more ciosely to the image of the forming surface of
the forming screen than when the first surface of the film is
smooth. This is also believed to be due primarily to frictional
forces between web of film 10 and forming surface 29.

an



surface aberrations on the land areas, but not on the 10  sidewalls of
the depressions, results in a fornmed film having.a roughness inparted by
the formng sgreen to the land areas of the "formed film but not to the
sidewal | s* of the.protuberances of the fornmed film Wen the flat filmto
be fornmed has a surface roughness on only one surface of the 15 filmand a
surface snoot hness on the other surface of the film the resulting forned
filmexhibits a surface roughness of the §@nd area which woul d be a

conb{ nati on of the surface roughness of the starting filmand a roughness

i mparted by the surfigbe ajfer debossed Oidnd hepdrdochradeattadrmoptadtid mifng 20

surface. The fornmed f.ilmalso. Lbits. a,syrfac s .Qn. |.east a
portion of one %?ﬁ'f’gcemé?'c?#e gi&égb\ﬁh s' ocflu#'r?@ pgs{%gpgﬁ esh%(\:'(')rﬁegpondi ng
to the surface wisleghtaeiatyorfonigesunfidc shapes hecast e i prpduded Byutthehe
formed film exmig'h(t)-?r@sﬁlﬂef fquid ”R‘?'Egﬂe?&nﬁgggg%éé?s'egeoptdﬁe§1§4{r7f3§93 of

the 25 sidewall t he praotuberances corre nding to the snpoth surface
of the star®ing film -A sfrfeaamenfagrnelan yiewnaf ran sxempipexcformed surface

Pr oXi gath e the frﬂ;t{tirm ﬁzlof a&&ia§htlbegé]9ﬂﬁiégo$ﬁ gsnb’ Os_‘mznheh&le%th 1fzizl mdto be
ormed has a sinj.lar effect as fhe surface. . aberratigns on the |l and area
of the fornmng arsqw&(ﬁte.°n%8588§'?i"r'dﬁgﬁﬁ?v?sf"'s'fj‘rgluz%eeof g‘ﬁ‘éhfigFPr??s&gul ts in
a formed fil m vind hperfofateds materieisclofs the presehe invemtiond comprise @ ng
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smooth. This is al pel i eve e due rction forces

bet ween weHO%f which diffandoy o3 fagtprs of fatcteasy. 29, Vibb300f2&eh®sered and

perferated therfggqd.astic filmhaving intricate patterns, including

pekfarations having_.a w de Vgéfj ety of sizes and, shapes, . can he produced by
m

S
the high-pressure || 9Unatieq PUFRi nGtaridiassiss epPsElle | using, the
A fragnment ary phrocessesv of ganeganphary forned nbleeausé tR€ Ipressgre ar ge

holes 121 and Sm*éren%]a?sac]r%gs the thickness of the material being formed
15 is virtually independent of the formation of adjacent areas of
the material. This differs from the prior art vacuum forming
processes where once a hole is formed in the film, the
pressure differential across the thickness of the film in the
immediately surrounding area is substantially reduced. Thus

20 it is not usually possible to form v'ery smaill holes adjacent
large ones when using the prior art vacuum forming:

processes. ' _

This independence of formation to  immediately

o/ surrounding areas of the materiai being formed allows
25 processes in accordance with GB 2154173A tobe used to impart
protuberances of a wide' variety of shapes to the material
being formed. The shapes that can be formed are of an
almost infinite variety. For example, shapes having large
open areas adjacent narrow open areas can be formed. A
30 fragmentary plan view of an exemplary formed film 180 having
' irregular shaped holes 181 having adjacent large and narrow
open areas is shown  in Figure 12. Such a film has
protuberances with ‘a first aperture which has an
irregular-shaped cross-sectional area such that at least two

35 circles of diameters D can be inscribed therein such that the



adj acent one another is shown in Figure 6. -Such debossed and perforated

f the present invention conprise a polyneric filmand have

adj acent protuberances ‘having D s 10 which differ by a factor Qf at | east
0, 50 or nmore. Formation of such materidals  is possible
processes of GB 2154173A because the pressure,
differential across the thickness of the material being formed 15
virtual ly i ndependent of the fornmationy®f adjacent areas of the material..
This differs fromthe prior art vacuum form ng processes where once a

is formed i nwdeidcidgNdot Rot phvesmy,caddf futrenhatithactws cikdies thdiwkness of

he i di I : di N b | al d d. Th
RS R REE r  (BeRE BY LIRS hone adphctfn Targe
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15

the holes in forming surface 29 generally results in an
unperforated . protuberance using these prior art processes.
On the other hand, such partially blocked holes in forming

- surface 29 generally have little or no effect on the formation

20

25

of perforated protuberances when the high-pressure liquid
stream forming processes of GB 2154173A are used,
as long as such blockage does not directiy support a portion
of the film being formed, ' S

in the prior art processes for producing formed film by
vacuum formihg of 2 web of moiten film, the film must be
cooled below its melt temperature range to set the new bulk
conformation of the formed film prior to removing it from ‘the
forming surface. The heat transfer required to set the film

is often a rate limiting step in such processes. Because the

30

processes of GB 2154173A are performed with the
web of film in a solid state throughout the process, no
cooling is required to set the film prior to removing it from
the forming surface. This allows these processes o

to be run at very high speed, thus .

providing substantial economic benefits. While the exemplary

process shown in Figures 1 and 2 can be run at lower

35

speeds, it is: typically run at speeds of 2 m/sec or faster.
Preferable speeds for such a process are from 4 misec

2w



5 formng screen allows for nore flexibility in structures that can be used
to support formng screen 27 for the processes in accordance with GB
2154173A. For exanple, if -forming structure 28 i's used to produce webs of
debossed fand perforated filmin the prior art vacuum formng
processes, A formation of 10 = perforated protuberances has been found to
not bé conpl et'e where holes in fornmng surface 29 are partially bl ocked by
the nmetal cell walls of honeyconb 26. Sugh partial obstruction of the holes
in formng surface 29 generally results in an unperforated protuberance

usi ng"these prigr art.pra¢e&sespedds udtot he ot N&r mised, orsfadtepanteal |y

bl ocked holes in formng surface 29 generally have little or no effect on
the formation @#t%@?'?'Grat ed protuberances when the high-pressure liquid
stream form ng procesisespoiorGare1psddésses where a moltenyfdn, issfedng as
such bl ockage dpes tedirectley s I 9n indof [ bei ng
forned. -In th(ﬁ%ﬁt!}? gﬁut"; p%oggg‘ses ?_gzrjef)lr gﬁfj&CI %g f?%r"r?gg ?‘?ﬁc%yké@icuum
fornming of & webhisvenmodenately highhfomming fates KEPCHI €d bet Gwm/58C el t
temperat ur e 1 aggecireptly tdhenidval A ko CoRinreRdli sealel , tigH migTeelrair! m pri or
to renmoving it fromthe 25 formng surface. _The he transfer required to
set the film i orisntatons, are 1"?9ﬂ"ttgﬂgt%té‘bd? nfafi pﬁ%‘es‘%’ ucegd.@iuse the
processes of GByghS4lrcderately high aspeegslf or Sa¢hwi tHighhe malecwiarfi |l min

Fimprior to PERRRRGNR: SPFoREAT; yPkakif  gthcel (R AdtH Dl 12
t hese processeanisotrbpic mropeatiesctoy thiei formeghetitm. t hithe processes) of

substanti al econgnj fits. \Wi t DU PHARCEE P&V igh Fi gures
1 apnd 2 can be ?gnnhgtﬁﬁgéer .speed.sl,:ﬁ‘i‘t&qu tygi égf‘I;‘/ r%rt] at sgeedslbof 2

m sec or fastempedts WHhepigPAstioge 84S YPWENISR Mqlecilak oripntations

4 msec 31 GQ the filth WAMAC thEPARAS dHe retained at tempeeswures bewiner are

attainabl e. ‘their melt temperature range and are not stretched to a large

15 - . degree.
Because there is no molten film that must be solidified,
‘the processes of GB 2154173A can also be run at

very high speed where it is desired to form only part of a
‘web of substantially planar material, Figure 7 shows a

20 portion of a web of thermoplastic film 110 which may be
' divided into sections 115 for use as cover plies for shaped
disposable diapers. Web of formed film 110 is debossed and
perforated only in areas 111 which will be the legbands and
o/ waistbands of the diaper. Perforated areas 111 will thus
25 provide an air-breatheable fit around the leg’sl'and waist of
the diaper wearer.to provide comfort. The remaining area

112 of web of film 110 remains a moisture barrier. ,

To produce web of film 110 using prior art vacuum film

forming processes, the entire web of film (or at least

30 substantial portions of web 110) would normally be molten
while areas 111 are debossed and perforated. Then the
moiten portions of web of film 110 would have to be cooled in
order to solidify the film. Rapid cooling of unperforated area

112 would be particularly difficult since there are no

35 perforations in area 112 through which cooling fluid can flow.



Wil e prior art processes where a nolten film is fed directly from a
film extruder onto a formng surface can 5 achieve noderately high

formng rates (up to [err] 2.5 misec is currently achieved on a conmercial ~
scal e), high nolecular orientations are inparted to such forned fil ns

produced at such noderately high speeds.  Such hi gh nol ecul ar,
orientations are typically unwanted since they induce |large 10 anisotropic
properties to the formed film The procesges of GB 2154173A can

produce formed filmat very high speeds w thout inparting such unwant edus/
mol ecul ar ori ent at i dwreasniitthef fwebnafi fide 1He can| gasily ¢ defossed aand

tenperatures be ' hd fhRMINRRAIHT Bilch 81309 24HE @bRidNStatal byt ¢hed to a
| arge 15 deg régﬁogggéac{)s@t ere is no nolten filmthat rrusat begsol,igdified,

the processes oPregessesmf7a@d 2154173A. a5, g IhepaPPARRWS FBPYMMiYh speed
wher e ilt I s desFigfteis02f @hdh @nkyulRRBe Qised Ps;rb pmgiapbst;min@jl |s¥:re&|\?n?r
material. Figu 7.sho a2 ortion, Q web, of. ther astic film
110 which ne bg?dﬁ/tihdg}f\{?%t'g g"&E'{“F sS4rfade .49 ug@'yasmécf\%gan'ﬁl i°Ba<ed,
shaped di sposabareasi dp@rovidefoohed canaad i1 onli@bi of ddmottkd Sadh a

perforated on::%?%&érseggupdljea\gﬂ' C%‘%Hf‘-’?ﬁ‘g?h%' R%fo%fﬁe and; &l shagpds of

the di aper. rtorated areas 11 | e an }
ai r - br eat heabl eist ne aeeAita sHidifpgheqfidmyafter formimg. di aper wearer to Q

provide confort. ThR pPABLEINGY dbbRBsdd2amd PEProrhtdd | Werdd Oof GRFXepfald
nmoi sture barrier. To produce web of, fi Fn}r%:ls%qﬂgl ng prior art vacuumfilm
form ng prodessHsing Hbe. APFessAsH ofr P 05/ [ east 30t “@ssiaupda

portions of webtHgtO)kheouke abrforhing becreensewithi bepaésond lind aneledebossed,
o be cool ea | ntWerors Sy hRthy Keata o olntin TsRld CArd, ateq
area 112 woul d brailiagt iedgear did dnot i wayssiproducke websr ofndoeded film
perforations iny,aifayiited-iiaUdbosbied sratlbakarided. d FRUs MWnd 1H4
15 the angle at which liquid stream 22 strikes second surface 12
of web of film 10 can affect the symmetry of such
protuberance_s_ of web of formed film 15. The mechanism that
is believed to be occurring |s illustrated in Figures 4 and S,
where the apparatus and process are viewed perpendicular to
20 forming surface 29. .In Figure 4, liquid stream 22 is set at
direction of travel 101 such that it impinges second surface 12
of web of film 10 at an angle about perpendicular to direction
of movement 100 of forming surface 29. As a depression 97
approaches liquid stream 22, the portion of web of film 10 at s
25 the leading edge of depression 97 is contacted by liquid
stream 22 first. This causes the portion of web of film 10
that is stretched into depression 97 to be stretched and
ultimately perforated in an unsymmetrical manner, as shown in
Figure 4. It has been found that by setting liquid stream 22
30 with direction .of traveli 101 at the proper angie 99 to
direction of_ movement 100 of forming surface 29, substantially .
symmetri_cal' perforated protuberances can be achieved. Angle
99 is defined herein as, when viewed. perpendicular to forming
surface 29, the angle between direction of travel 101 of liquid
35 stream 22 as it approaches forming surface 29 and direction of



Areas 111 of web of film 110 can easily be debossed and perforated while
the web of filmis in the solid state by the processes of GB 2154173A

The apparatus shown in Figures 2 and 3 could be used by providing form ng
screen 5 *27 with.holes in form ng surface 29 only in cértain spaced areas
to provide forned areas IIl on web of film 110. Such a process could easily
be perforned at high speed since there is no need to solidify the film .
after formng. In producing debossed and3§erforated webs of material 10

usi ng the processes of GB 2154173A, it was found that the use
of forming scrmmnntthweppéséqransgars@llrlﬁaﬁeeswt hfromaethe painkt wheee with
regard to their; qluqadggq!aﬂp 2t epggﬁ,%% glump:eahgvaysm%gdtg@e yebs of
formed filmwth's ymetrica Lot

erances. % V\% ound that 15
the angl e at mmféfﬁﬂapﬁw|W§%an?“9% stﬂ‘?e?"%%%"orﬂi‘%ﬁr YcoriseHing weh  of

film 10 can na;fdacstresnhezz SMIWBEbdndchn mucbamm wfefarming sbrfaed of
forrredfil T, chanism dto urgi '

il [ ustrat ed [ nzﬁl 'h?% Egaﬁar%en I}Z réé tﬁﬁg %\% ha:ﬁ’dw%ro {ésﬁsqﬂ‘alr]@ vi ewed
per pendi cul ar msie)s byr nhnqulcsusn‘raaa 2R. . IAt Flvgnye Mghl| ispeedsst tbam 22 is
set at di rectlggsg.fedtr g J, 1°$ua;| ag udnﬁng r&%ﬁggd a;.urgr@g 12 of

web of film1l0 at an out ar to rection of enent 100
of fornming surP&EéeQQ‘C ﬂ's ta H@pﬂé’s%#&‘i‘ 9? tsayeloat fesming)susfage 28m 22 t he

portf\mtﬂ gf \Q/eb of f'rﬂaén;%&c%bsegzof]g% |2‘f§\£i17'3ﬂ edge of d&@?ﬁ?{t&ﬁlaﬁ -
contact e ul Stream us ortion o V\E 0
FIRLe 18Y gel crorr rodelia o pBises ad | Beptorated, Bfiinateh, f

ultimtely perftnéahepllasncarﬂlunsaﬁd'rebthqralmmnl"&s sachshewmetal Ffajls,e 4. |t
has_been found tan%\}% Srﬁsttel ﬂﬁ I gﬁgd p%beﬁam'l‘ e2se39r ce\é@g.b direction of

travel 101 at s proper ang direc novenment 100 of :
form ng surface 29, 'subtamrhe aised sptmnlyi G@Idw’ﬁoﬁadeﬂepﬁ%ﬂtmé%ﬁ'ces can

be achi eved. Angh | efjspedo N o of AWedifingeddicier to
form ng surface Z%ﬁgﬂesgﬁ %’ 30 q?q;ée‘%pdl??ctlon of travel 101 of liquid 35

stream 22 4% | RPOREHEDatPRAtNES ni HHISUFIRCBe§ORRy YRR ANB L eypmPlary

process shown in Figures 1 and 2 by feeding two (or more)
webs of substantially planar ‘materials simultaneously over
forming drum 30. A portion of such a process is shown in
Figure 9 where web of thermoplastic film 210 and web of metal
20 foil 211 are fed in pianar contacting relationship onto forming
surface 29 ' of forming drum 30 and are formed by liquid
stream 22 from spraying system 25 to produce debossed and
perforated laminate 215. The third dimensionai 'perfora'ted
o protuberances of formed laminate 215 provide an intermeshing
25 of the thermoplastic film and metal foil layers such that the
plies of the laminate are held together. '

The illustrations provided hereinbefore have described
film formation on female forming surfaces where the material
being formed is forced by a high pressure liquid stream into

30 depressions or concavities of the forming surfaces. Such
female forming surfaces are primarily suited for material
having greater compressive strength then tensile strength
For ' forming materials having greater tensile strength than
compressive strength, male forming surfaces such as that

35 illustrated in Figure 8 are preferred. Web of deformable



33 nmovenent 100 of formng surface 29 fromthe point where |liquid stream

22 inpinges formng surface 29. Angle 99 is preferably an acute angle.

The proper angle 99 for setting liquid stream 22 will depend on.the pattern a
of formng surface 5 29 of forming screen 27 and the speed-at which web of
film210 passes by liquid stream 22. At very high speeds, the desired
angle 99 of liquid stream 22 approacg s an angl e perpendicular to the
direction of travel of form ng surfa 29. The processes of GB 2154173A-

are artlcul rl, us [ d pe ted | am nayes
of tﬁerrmp[“& 'i%' #??rﬁsa‘r?\%?%cearn Rrrgﬁ?g 5\%}"% Q‘ﬁ as ne aIOPf%‘lrﬁ‘;Rgnon\mven

mat eri al s, stnattpeped28 duesto pthteam'w\ cefh impinging anulmlglremndeboss and
perforate gﬁsh ha? p&&%ﬁgtcans%erf@.nw%ép&@ﬂ ges of the lam nate to be

15 adhered toget one using the éxenplary process shown
in Figures 1 and 2 by feeding two:-(or nore) webs of substantially planar
~materials sinultaneously over fopyAgpdegm 30. A portion of such a process
|s shom? in Figure 9 mher web of—tfrermopl astic film 210 and web of netal
211 arld's dalipwing a?i%ﬂ'“&‘&ﬁt ace iprpsepted | 3 JHHSUAHDS @fni ng surface

29 of fornimg preserd0 iandntion;’ ahepd ab¥ InogUiskendedanio? Aimitorthepr ayi ng
system'25 19 gu e deb o sed .and perforat ed lamnate 215. The third
di mensi onaf ?)i eélr%? ‘UbéPaﬁB\é W formed | aninate 215 provide an 7
intermeshing 25 of the thernoplastic filmand metal foil |ayers such tY‘Fo(t
the plies &afng?e' am nate are held together. The illustrations provided
her ei nbef ore escribed filmformation on femal e form ng surfaces where
the material bd} nyvetor pEd debassede M - PerferatpdesliMme WauMedet reaminto

30 depy es§#x9§‘€ar&ial?yﬂthﬁé qroéss heedietéd W Fuglieest, B fheml e ~
cg:r{:)nr ggs?\lﬁé 3555‘?& i m{'aéf'?%l ts Péﬂﬁ'ir'ﬂn?‘%fgg“faé?%a gr}ﬁﬁgﬁ?l E%e; havi ng
greater tewasl asedr sndformt itha €itmpr eWebvef Sfilmeny lwasred €./028 ninmg sur f aces
such as th?ﬂic?ﬁanidl HH?& rc% ewgi.dé. r@vfﬁ W?oﬁ aéﬁsiQ{leESfJﬁﬂyle#thlm def or mabl e
available commercially from Consolidated Thermoplastics
15 Company, Harrington, Delaware, as product no. 23932, Web
of film 10 had a matte finish on surface 11 and was corona
discharge treated on surface 12,
Forming drum 30 was driven such that the speed of web
of film 10 was 4 m/sec. Driven S-wrap- rolls 31/32,
20 33/34, and 35/36 were driven at differential surface speeds to -
ensure that there was adequate tension on web of film 10 and
web of formed film 15 throughout the process. These surface -/
speeds of driven S-wrap rolls 31/32, 33/34, and 35/36 as a
percentage of the speed of forming drum 30 were 97.5%, 108%,
25 and 113%, respectively. The tension measured by- tension
measuring rolls 38, 67, and 82 was 0.9 kg, 0.5 kg, and
1.2 kg, respectively durmg the run, -
Web of film 10 was debossed and perforated by the flow
of liquid stream, 22 from five spray nozzles 90 evenly spaced
30 4.8 <cm apart and centered across web of film 10. Nozzles 90
| were wash jets, type 2540, cvailable commercially from
Spraying Systems Co., Wheaton, lllinois; they provide a flat
spray at an angle of 25°, Liquid stream 22 was water

35



3 material 310 is formed on male form ng surface 329 of formng structure
328 due to the action of inpinging liquid stream.322, thus producing web of
formed material 315. EXAM PLES 5 The follow ng exanpl es are presented
as illustrations of the present invention; they are not intended to limt
the scope of the invention in any way. Exanple 1 A web of debossed and
perforated fil mwas nmade 10 substantially by the process depicted in
Figures 1, 2 and 3 and disclosed hereinbg§ore. Form ng screen 127 of

Fi gune /10 was used to formthe film Wb of film10 was a 0.025 nmthick
and 19.4 cm wi sigppibdd-ab hozzieesdi ay gpoémperatueacof i7TDACaztia pobssure

i al l QRh neon2olidat edi oy T i CSgy. Jag i ngt on,
Dol avare. a5 pfhdil NFER: oLiF89' Beiga, BRSTRA Sh S Pndw of 37C ke BT DOt O
surface 11 anawatesr ébrewgh dthecfiveyenqzzies.cd The nozelese were Bet msuel dr um 30

dri hage t f o i .
T ven Sue ook e HAP IELot138 g it 8°and condrong,

Driven.S-wap rolls 31/32, 20 3 3 o were driven at di
surface speedsth® ERgsmachine directionss Glhethivnest)dimensionneh the 1i|lm 10

and web of forspehy iWwa® paraiéiovs Pt maBRind AiRétion TheRe Givetass speeds of
driven S-wap Jjoll 3'.1?2 . 33/ 34, and ?3513 as a percentage of the speed of
Fe°9 95% 2 n’d

formng drum 3638 ng o34f fase 17he, nozales el et t ensi on

neasgir:ﬂd by t etratotherdfiatuspray rafl WwatéB stbeam 222 iMgingei surfacel1® &B, 0.5

' kg, 1.2 kg eSd i vel rj t Jx f fde. depossed
and perforat e%”%é cﬁ\)gﬁ I*c/)(\f/:v%fglltliéqr&qa évters:iaa%c' ngf'gr}é'ﬁ%#%/neéfg#%&'n%gzl es 90

evenly spakkd fogming ssunfae® % and centered across web of film 10. Nozzles

90 were wash jets, welPgf Aoffed MYAi | ADIHYC QFIBLERE! Fetalndd tHY gy Syst ens
Co~~ Vheat on, |t|1'| 5 A tt}e¥e p1r10\/i|nd%ha Iﬁln% srpraay ,% ?nn aansq.l\bestgn i I5
Liquid streantinBP Q8 SRR e areas’ a tia
portion of the protuberances of formed film 15. The corona
discharge ionization was retained on a substantial portion of
15 surface 12 of web of formed film 15.
Web of formed film 15 thus produced had perforated
protuberances having an average depth L of 0.65 mm
and an average inscribed circle diameter D of 0.8 mm,
Thus web of formed film 15 had a ratio of L/T of 25
20 -and a ratio of L/D of 0.8. The dimensions L and D
were determined by optical measurements using moderate
magnification. '

Example 2 _
A web of debossed and perforated film was made

25 according to the process used in Example 1 except for the

following: forming drum 30 was driven such that the speed

1 of web of film 10 was 7.5 m/sec; water was fed to

nozzles 90 at a pressure of 1040 N/cm? (1500 psig) with a

resulting flow of 7.6 |/sec of water through the five nozzles;

30 the nozzles were set such that the flat spray of water stream

- 22 impinged surface 12 of web of film 10 at an angie of 85° to
the direction of travel of forming surface 29. -



35 35 supplied- to nozzles 90 at a tenperature of [err] at a pressuré of

830 N[err] (1200 psigQ),
the five nozzles.
to and centered in 5
di mensi on of the spray was parall el

paral |l e

direction of travel
the flat spray of water stream 22 inpi B8ed surface 12 of web of film 10-at
t he di ctlon of travel of 10 forn1ngﬁ1urface 29.\Jeb

an angl e of [err%.to
of formed film1

of form ng surface 29.)

heniebp Péd {Rediect diim taus | PeodASE hadhsus

resulting in a flowof 5 7 |/sec of water through
The nozzl es were set such that the spray angle of 25 was
t he cross-nachi ne direction.
to the machine direction - the. .
The nozzl es were set such that

- (The thi nnest
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the land ar eﬂfe agathe r&harmbatsanisl ak petwep of formepr dlimbpradaesd of fornmed
dhscharge ioni zation was retained on a substanti al

film 15.
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portion of 18Y &E1TR& '12 of web of formed film 15. Web of formed film 15

t hus produced had perforated protuberances having an average depth L of
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36 The web of formed filmthus produced had substantially Lhe—saﬁE‘—’-"—g_—ﬂ——
characteristics as the web of fornmed film produced by Exanpl f““m
5. A web ,of debossed and perforated fil mwas made by th \Mﬂgﬂg “‘\
Exanmpl e 1° except that web of film 10 was a _high tear sttengt ypropy! ehe *
bl end commercial |y availabl e from Exxon Che®dikal Conpany, Houston, Texas,

as product no. XELF 4251. 10 The web of forned film - thus produced

had perforated protuberances having an average depth L of 0.53 nm
~and gn inscribed circle dianeter of 0.8 mMm Thus the web of forned film
had aratio of L/ T of 21 and a ratio of L/D of 0.7. 15 20 25 30 35
CLAIMS 1. A debossed and perforated material conprising a polyneric film
having a first surface and a second surface separated by a maxi nmum

thickness T, s&HAIM8 erial conprising a | and area which has an upper

surface which defines a plane and conprises a portion of said second

surface of said filmand a | sur ses_a_partion of said
first surface gf dfqr}?q‘efﬁe‘ia?'&df?? ﬂ%h‘hs?ﬂgegg#of:gfngﬁlﬁﬁ&guﬁ‘erances
each of said pmmmymszmnmfnlmwhnvﬁm@gatﬁersblsnnfage and aaskecosid sunfiace
located in Sa'%égé¥§%eé*5§lJ'ﬁéixmum thickness T, said material

comprising a land area which has an upper surface which

-/ defines a plane and comprises a portion of said second
surface of said £ilm and a lower surface which comprises a
U portion of said first surface of said film, said film

comprising perforated protuberances, each of said
protuberances comprising the following:

- a) a first aperture located in said plane, said first
aperture having an irregqular-shaped
cross-sectional area such that at least two
circles of diameters D can be inscribed therein,

. 'as herein before defined, such that said two circles.
do not overlap, said two circles having D's Whlch
_ . differ by a factor of at least 2; _
b) a second aperture wholly remote from and below
said plane; h
c) a s1dewa11 which cont1nuously interconnects said
W/ ' first and second apertures to one another, said
sidewall having an inner surface comprising a
':portion-of said second surface of said f£ilm and an
~outer surface comprising a portion of sa1d f1rst
surface of said film, said s1dewa11 havzng an
average



aperture having an irregul ar-shaped cross-sectional area such that at |east

-
L d

t ' mmﬂl nmeters D can be inscribed therein, as herein before
dmlmmﬂ mu Hil said two. circlés do not overlap, said two circles. having ..

Dg which dtff%er *by a factor of at least 2; b)) a secorid aperture wholly
renote from and bel ow said plane; c) a sidewal |l which continuously
i nterconnects said first and second apertures to one another, said sidewall

having an inner surface conprising a portion-of said second surface of sald

filmand an outer surface conprising a rtion of said first surface of
.said film--said sidewall having an av %ge depth L fromsaid plane,

nmeasur ed abaeptimha, deﬂrﬁﬂd%lﬁﬁéd ﬁesgﬁﬂ?apfbbu%e thid %eqh@fé &Pd

per pendi cul ar. t o e; aratio | éast
ratio of L/ Bfoisa:itdal seeoffs)‘l’?% Lure +%t?odFEF§FP~ﬁ§ P&rtpﬁ@dﬂ&"(]ﬁfn of a

pr ot uber anc &os waridu rpdi arge A partlcul ar inscribed circle of dianeter D. 2. A

debossed and pergyor at r cQELdLpng aim.1 mhereln said two

circles have D gf)vvh cfdrdﬁ?#& 6 %ffée)l%té? %%859 ?eaéf‘ 3. A debossed and

perforated mate@lal aﬂ:cﬁﬁ‘tﬁmgoi 01-@ adfrsat&eanbr él.ﬁrsaaxﬂ tabicircl es have

D's which differ by =100 forated
e o ol pbBARh JFia Bpo(iEIRAC S AR

mat eri al according t nlex |ts a surface
roughness on at | easta @aetisulgniinsappeed airrleapt quweFersQFfaces of said
| and area, and on at | east one of said inner and said outer surfaces of
said sidewall to an average depth of at least L/4 fromsaid plane.

2. A debossed and perforated mater1a1 according to

a

Claim 1 wherein said two circles have D's which dlffer W

by a factor of at least 5.

3. A debossed and'perfdrated material according to -
Claims 1&2 wherein said two circles have D's which
differ by a factor of at least 10.

4. A debossed and perforated material according to
Claims 1-3 wherein said film exhibits a surface
roughness on at least one of said upper and said lower
surfaces of said land area, and on at least one of
said inner and said outer surfaces of said sidewall to
an average depth of at least L/4 from said plane.

5. A-deboSsed'and perforated materiai according to
Claim 4 wherein said film exhibits said surface
roughness on at least one of said inner and outer
surfaces of said sidewall to a depth of at least L/2
from said plane.



5. A debossed and perforated material according to O aim4 whereimsaid
filmexhibits said surface roughness on at |east one of sal ‘
outer surfaces of said,sidéwall to a depth of at least L/2 m“‘\ﬂm‘ u“
6. A debossed and ‘perforated material according to C ains 1 ererm séid*
filmexhibits a surface snmoot hness on both said inner and said outer

surfaces of said sidewall adjacent said second aperture. 7. A debossed and
perforated material according to Clainms 1-6 wherein said ratio of L/T is at

| easti10. 8. A debossed and perforated %rial according to Cains 1-7
wherein said ratio of L/T is at |east 15 A debossed and_perforated

mat eri al accor 8 ngAt debpssed ang Wﬁ&ﬁﬂﬁ#tﬁﬂ(ﬂ&%ﬁﬂkﬁlﬁangr¢%nattPeast 0.7.

10. A debossedcgggmgeqtgrahgqeq%t%@y@ E%%M”éiﬂ!bfﬁ%‘lf%EQEQCQ wherein said
ratio of L/Dis at Ieast 1.0 debossed and perforated materia

according to CFBPREhRess ﬂﬂePQF# §ﬁ¥9|ﬁﬂ%ﬁﬁH3Q9f 3ig jQutey 3urbRFast i ¢

filmselected §£ogapal sedewadneadjpdent auide sscomtapoPObysers and bl ends
cont ai ni ng substantial fractions of these materials. 12. A debossed and

perforated material according to Clainms 1-11 wherein said filmhas a
t hi ckness of f7om A. Bébossed @ndd penforatEdl ma tieahicsk cakbeoxid img f boat ed

mat eri al accorgw@msolgsawe%egv.b%% Aldib B dSAFT1 Dok WhsE efgrence to

F|gure 12 of the accoffpanyi ng draw

8. A debossed and perforated material according to
Claims 1-7 wherein said ratio of L/T is at least 15.

9. A debossed and perforated material according to
Claims 1-8 wherein said ratio of L/D is at least 0.7.

10. A debossed and perforated material according to
Claims 1-9 wherein said ratio of L/D is at least 1.0.

11. A debossed and perforated material according to
Claims 1-10 wherein said polymeric f£ilm is a
thermoplastic £film selected from polyethylenes,
polypropylenes,'and copolymers and blends containing
substantial fractions of these materials.

12. A debossed and perforated material according to
Claims 1-11 wherein said film has a thickness of from
0.01 mm to 0.04 mm.
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13. A debossed and perforated material according to
Claim 1 substantially as described with reference to

Figure 12 of the accompanying drawings.

Pt



