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fo webs of formed materials, especially poI ynmeri c
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The present invention relates particul ar I‘y to the production of webs of
debossed and perfor.ated materlals co risin ol ynmeric fi e fil'm
is Ne/a solid st&P@MﬁP ggg ﬁ% ﬁg ON 10
Processes for enbossin ctA 'T'tf‘ Y r | ng

heat - sof t ened thernopl astic filmare known. As uSed here| n, a web of
material is a thin, flat, substantially planar web of material of definite,
preferably substantially uniform w dth and indefinite Iength. A web of
enbossed film 15 or other nmaterial is such a web of such material in which

nuner ous protuberances have been fofg@ NICARl gYEgS it with a substantlal
third di nensional structure per | ane of the teri aI

web of debossed and pai® oRfesen |I'ﬁ1’%“9§‘he'r'°'m%rlfal Weks af; |
whi ch provide it matefialsd 20 ‘gbaeﬁwyonal polymésier € [Fampendi exhititing the

pl ane of the matesial or_al f t he protuberances have hol es.
The protuberancegi:1 ’\ﬁé'ﬂgng’"ﬁlnbo Ha ‘&ﬁlft?f' debossed and perforat ed

materi al s nay5Sbe of a wide variety of sizes ‘Iihd present mvenﬂpnarélabls
i denti cal . OoIIe ch,.2 0S /Q dbp%%
perforated materi Hs/aé{?ée e?grﬁe‘g}e% grcgfﬁgl quf&t g materi al s;

t he protuber ancesP‘ﬁfO@M materials compeising Imvﬂ‘ﬂﬁiﬁ fHm ehege,she, fitm 5

t hree- di mensi onalig h! & sofid etata! trrdughouR’ thHe' pRééesa’,ocesses for producing a
web—of fornmed 30 film a web of heat- softened filmis provided on a

patterned, - 2 perforated outer surface (referred to herein as a formng
BACKGROUND OF THE INVENTION
10 Processes for embossing and for debossing and

perforating heat-softened thermoplastic film are known. As
used herein, a web of material is a thin, flat, substantially
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
or other material has protuberances which provide it a third
N 20 dimensional structure perpendicular to the plane of the
material in which many or all of the prott:berances have
holes. The protuberances 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
B 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,



surface) of a structure such as an endless belt or a drum cylindrical
A vacuum beneath the form ng surface pulls the heat-softened

sur f ace.

filminto confornmity with the forming 5 surface. Alternatively,

positive pressure nay be used to force the heat-softened

a

filin against the

formng surface. Whether the web of film is sinply enbossed or is .
debossed and perforated will depend on £he size of the holes in the forp og
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Processes for the production of 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
& 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;
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 seamiess tubular film is disclosed
in U.S. Patent 4,303,609 issued to Hureau, Hureau 5 Galllard
on December 1, 1981, '

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 many of the
above references by heating an existing web of film to a
temperature above its melt temperature range such that it is

S
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inalten state and will readily flow and attain a new configuration.
Alternatively, the nmolten filmnmay be achieved by feeding a web of film
directly froma filmextruder onto the form ng surface.” Such a process is
disclosed in U S 5 Patent 3,685,930 issued to Davis & Elliott on August
22, 1972, where'a web of thernoplastic filmis extruded directly onto the
outer surface of an endless belt and a vacuumis pulled beneath the belt to
make—t he nmolten web of film assunme the co%li guration of the outer belt

surface. Simlarly, US 1 Patent.. .3, 7 7 dSSU t nhar n
January 9, 19737 aq S. ?‘ggrésg%\at\ﬁe%“gf vfr@i t%%dmer#r@%l gg?i %tﬁ%f'mgqx'ﬁervﬁded
directly onto tendigunatiopl.i niiitecnativelys athe srolten, flmumayobei sehieyedn It is

known to shape )t RRqlde’ MBS il ebedti) Sfrbl abYillhextiridd oned! Ui d
pressure forci ngt?t he sheet agal nst a 15 nol'd; such proces;gs are discl osed

in U S Patents the15arming surface. o Syghnidy RAiPCcess yis) disqlgsed ihgUsSes4, 389
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by deposition of ligquid |ate t he surfage of a rotating.cylinder is
di scl osed 20 inNerss? %?%en%%sgg?ﬁb%?'ﬁ{fc ﬁﬁﬂ s, exsugad 85(#“" °%0%%ed to
Kasper on Septthebeuter2Gurfdc®’ bf anmnendlépsibeitldnd 4 98kuunedpepulledt| y.
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wat er jets. \Wen webs of ossed or debosse per at
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enperature range to set i ree-di mensi on stryctur i or .to renoving
the web of forne‘gsf’iqsﬁ?f? dYﬁ%? H’rél meltern %"d'??PiE%‘.‘CTﬁ% eﬁ‘gk'ggegh%i'ﬁﬁﬂyof 30
forwed fil m nucloritesthe vatapicyline riaal diwrtfacd iofna afacuum lfofingodiramaat i on.
This need to cool an t b, _of N ' [ e af FOm
the formng surface ﬂs?%f%rgor%btroatsggﬁléﬁgllt%‘a g&%ﬁdoﬁa{ﬁ% gph'rseggu@??%ﬁalof such
formed fiim A bybthearusealof3s flwidupressureodpreingotthecseast A@iINEd i | m

can occur byshedhold; such processes are disclosed in U.S. Patents 2,123,552
issued to Helwig on July 12, 1938; and 3,084,389 issued to
Doyle on April 9, 1963, =~~~ T~
-/ 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. .
When webs of“embdls'sea or debossed and perforated
25 thermoplastic film are produced on a patterned surface by the
above prior art processes, it is 'generally"necéssary to cool
the film below its melt 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
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4 transfer from the film to the formng surface. In Davis & Elliott."’
such heat transfer is enhanced by cooling the endless belt after stripping -
the web of fornmed 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 al so be assisted
by contacting the outer filmsurface with4an external cooling nedium Wn%ﬁ
the web of formed filmis on the form ng surface. For webs of debossed 1
and perforated tranisfier cfoom nheofilmhéor thereferming, susfageual Iy Bavissed by
drawi ng air thregwet.t f}t‘aﬁneﬁéﬂ Rhdri¥tar Vist BnNaSeRaNEY icRblihg EHRNILst Ne web

of fornmed film e formng surface; such a coaoling Erocess IS

di scl osed, for Beinpiter jtFiRRipgs the web afhformedfilm frem Bl AnGses
(C:;QPL acti ggpa 1gbeweb @Lv_vels‘loessmtdd Iﬂwf_ ii$ Naainchppréd to thélobeﬂthe b|fni :c m .
ert render gast_di scloses use of a water spr, 0 CpO web o

enbossed fil oﬁ-a-&?-ﬁfmﬁi AEoling ¢ medium ‘én“éﬁﬁoé’%'&é hﬁj r%;ﬁoe 8Pcl oses
cool i ng of vacutha féonimed sopfacen t hernopl astic sheet with a water mst. 20
A di sadvant age of ' - f el L by rj cesses
Is the need to havgﬁ.tshgs?\i,\ﬁ}n? év?vl;? h%\g%rg'sg%%\%&i?&s&rgréeﬁ{‘at Jg?r%g?)géﬁﬁgg‘r ange in
order to form S$YyRrface| withrham extennad corling amgdiwn wdriler atre edpeot i es
:Eat can Ee _engsiraﬁesr- h_' ?ﬂm ii$tdn th@?f?rrﬁiﬁbngdrf_é‘cie'aWoalsﬁésﬁtogahhboﬁéﬂ’i ous 30

er no- mec ical .history of the film s erased, S0, e rapid cooling
of the forn& 37 R@Eg’éé‘?é M}P rﬁ?‘g}{ﬁ oHFo}ahﬁ hier, G iR KIMAMPOr mat i on
of the film prossststeda byerdyawimg tzid Hatough e guerfaratisn witlogvaiuand,
hence, limted e, of l.eal,,.pr rtices.jnth e f film,
process for rrakléﬁggatgef)%@s@h%aﬁagper orolglt g?f'ﬁ/\heéo ﬁll'ﬁfg&r'rﬁe?i{% I%F'{gﬁg%\hi ch <
the filmis nmiswefered sucha a soplingt orecdss| isvdisclosed: foempuampleeinange is
the subject of {hE,£0PeRdhngohep! i Cehainhks -&%QSQYs@asfdsb'doaesezmvw? gg

2154173A) . | t=Ts———=amobrect of: invention to prQ
15 web of embossed film with a wet beit to cool the film.  Gilbert

& Prendergast discloses use of a water spray to cool a web of

embossed film on the forming surface of an embossing drum.

Doyle discloses cooling of vacuum_'formed mglteh thermoplastic o
sheet with a water mist. | o
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 fi_lm' since all previous J
30 thermo-mechanical history of the film is erased. Also, the

rapid cocling of the formed film necessary for retention of the

desired bulk conformation of the film produces .a very limited

set of mOIecular 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.
8J03076 (Publication No. 2154173A).



debossed and perforated materials which exhibit a surface roughness on the
|.and areas between the protuberances and on a portion of the inner
sidewal I's of the protuberances. It is a further object of the present

i nvention to provide debossed and perforated materials having

per forated protuberances of substantially different size adjacent one
another. It is a still further object of the present invention to provide
debossed and per f or at ed materi al s Qr\?\/i ng protuberances of a w de -
vari ety of shapes. SUMVARY OF THE | NVENTI According to the present
invention there is proviided a adeguissedfante perdsendt eovemitosyr ital po1REi Si Ng

a polymeric film Bgubdad? drid Sherrdritee miVdriaiscamich Sukhfie sCRaFAIRI by a
maxi um t hi ckness T, said mate rm wh an upper

rjal, conmprisi a land arm ch has
Surface which def F9HERRESR 2Re 1A Japgyarea Setuenn, the, Sertubsrances. ang
surface of said fohn podtian| ofvthe Sonkacsidekaily ofcthepprotsberanaesi on of said

first surface of sai (iit fi; L;nlfu,sﬁ.i‘q I:er@tee(fhhﬂ idéﬁgg.%ﬁﬁ“gﬁgnrggggg‘?ﬁs‘mon at

| east one of said user an ower surftaces O ] area,
conpri si ng perfordeeessed and perforated, omaserigisr ohavinganceerfooated si ng

the follow ng: a)ppotibePanéde’ bt SubeGMthflly NaFFaserit odige SWjskent’ Une
aperture having a cross-sectional area such that a circle of dianmeter D can
be inscribed ther 39NeE-hereinafter defined; b) a seond aperture wholly

remote from and bel owisaisd aplstitie ;fuether Jbjectldf thecpresuiiti aention to

I nt erconnects sai l.rst a d tur e saj | dewal |
havi ng an i nner sgﬁ‘gc coggtr’?% 'aqg@{t i 8?54&5':2‘?(1 .ﬁgﬁ)ﬁg‘gurfgﬁ%ﬁ"& sai d
filmand an out er peotuberancesof | & iwige avaniety of shapasi.d first surface of
sai¥film said sidewall having an average depth L from said plane,

measur ed about the periphery of s@jl.SeC PReNrEod N @ direction
perpendi cul ar to said plane, sai dg LT Ck}rE’c—-|-|°rg—g-‘§r01-¥*d surface roughness on

at | east one of said Accofdingntertharpresgterinyentinmethere $gingovidpdnal I to an

average depth  ,  sencesed and perforated material comprising a polymeric £ilm

_having a first surface and a second surface separated by a maximm
thickness T, said material camprising 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 exhibiting a surface
roughness on at least ane of said upper and lower surfaces of said
land area, said film comprising perforated protuberances, each of
'said protuberances camprising the following:

U a) a first aperture located in said plane, said first aperture

""" having a cross-secticnal area such that a circle of diameter D
can be inscribed therein és ‘hereinafter defined;

b) a second aperture wholly remote from and below said plane;

c) a sidewall which continuously interconnects said first and
secord apertures to one ancther, said sidewall having an imer
surface comprising a portion of said second surface of said
film and an cuter surface comprising a portion of said first
surface of said film, said sidewall having an average depth L
from said plane, measured about the periphery of said second
aperture in a direction perpendicular to said plane, said film
exhibiting said surface roughness on at least one of said




of at least L/4 fromsaid plane, said filmexhibiting a surface snoot hness
on 1lboth said inner and outer surfaces of said sidewall adjacent said
second aperture; d) aratio of L/T of at least 5;.and_e)y a ratio of L/D of
at least 0.5. BRI EF DESCRI PTI ON OF THE DRAW NGS Fl gure 1 is a schematic

fl ow di agram of a process for producing webs of formed material in
accordance with the present inventigng Figure 2 is a sinplified schematu
perspective illustration of preferred apparatus for formng a web of
material. Figure 3'is a sinplified 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 5 Is an enlarged view of Area 4 of Figure 3 with the

| iquid stream i npi ng the formn surfaée at. an ac *e an Ie with the
direction of travel? t 3

view of an exenpl asf adebmeni/carﬂiupesaﬁarplad el iy Ealm@ﬁ:himmesent

I nventi on. Flgure7| afr nt ar W, O b p. f or med
mat eri al of the pres %é?%?g%n? M##@ﬁ%@%ﬂ%&

cut - away -end vi ew ofeid ptﬁméb sijagent is8id cgacandtaperturesf orning a web of

material. Figure 9é§a@1¢§r&9ﬂ7’?t&r¥ gsg Gnftl OW diagram of a process
for producing Iam nates co r|S|¢g ?'orrre material in accordance with the

present inventiof) Firghie At kst Q«Ss enl ar ged perspective view of
an exenplary formng screen used to produce debossed and perforated

materi als according to the pr esent |nvent|on 7 Figure 11 is a
fragmentary enl arged per S34EF jBESCRIR RAWEN debossed and

perforated film of m@ar@rle?zsm L:H&bOﬂowFaﬂégl& 'asp@oéefsagﬁﬁn%%éﬁc%éfu

vi ew of an exenpl ary dehossed and perforated nmateria resent
i nventi on. DETZF’E‘E"D%SE%‘(%‘%T‘P%&Q*EFI TOAE2FIQPEARGEONLth the present invention.

Figure 2 is a simplified s_chomatic perspective illustration
of preferred apparatus for forming 3 web of material.

Figure 3 is a simpiified 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 \J

Figure 5 is an enlarged view of Area 4 of Fagu_ro 3 with
the liquid stream impinging the forming surface at an acute
angle with the 'dircctlbn of travel of the forming sui-faco. .

Figure 6 is a fragmntary plan view of an exempiary
debossed and perforatad material of the present inventlon. )

Figure 7 is a fragmcntary plan view of a web of partially
formed material of the present invention.

Figure 8 is a sampliﬂod schematic cut-away end view of a
portion of another apparatus for forming a web of material,;

Figure 9 is a fngmntary schematic flow diagram of a
process for otoduc1ng laminates comvtlslng formed material in

| an

accordance with the present invention.

Figure 10 is a fragmentary enlarged pcrspoctlvc view of
an exemplary forming screen used to produce debossed and
perforated materials according to the present .invention.
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Processes as described in Patent Application No. 2154173A are used to
produce webs of enbossed and/or debossed and perforated material in
‘accordance with the inventi.on fromwebs of substantially planar, 10
deformable . material. "Wth the above nentioned processes, both enbossing
and debossing dnd perforating can be achieved on the same web of material.
Al so, perforated protuberances of the fornmed material may have greatly
varying shapes and sizes, even within the sane forned material. 15
Deformabl e material as used herein describes a material whi ch, when
stretched beyondFigkire 1tligsaifragmenitary enilatgesliperapedtiye y\"eY"eP%u n its

newy forned CO{Q I‘\'éogebogﬁg S Oﬁ%"fteﬁmﬁﬁﬂ ale trmy drasehem cally

honbgeneous or*he ous, such as honopol yners and pol yner bl ends, 20
structurally xhuﬁogeneous or heterogeneous, such as plain sheets or

;??42?—;%\5 or any P‘@@?bna&' L agrfrﬁ ﬁbnfa{yerplahSVIeWeoprmeaammlefvGB
era m naterja rising a
pol yneric 3| rﬂe@ﬁéﬁd arfﬁé’ﬁ’&?'?‘?‘ﬁdﬁf&é'ago?fom? ﬁf#?ﬁmky rgér?mg@] ves gnd

| am nates conprising 25 polynmeric filnms and other materials. Deformable

materials utilized I1pEhg | PEACAELRR@TIER SPAMBANVRTION! Tansformt i on

tenperature range | ar structure of -
the material occur ,Prad€dseasas d@.bafmdi in PaysitaApphicasionudipurdSet73 ehange

30 from solid to nolten state -As, ge%ngﬁ%qng?cosgpgva%dt% fate}g. material

transf or mati on “f&hper REUPE S Ange®” CErtain physical properti
material are subsatamrdahdeywaﬂt ahediIﬁotlcsz tm wep$ 2§t Febgtiapfially planar,

transform t ang S iRRReSRHE Sod. 2h68 ohbddle
fikm abovy)whl cﬁgﬁﬁ%&? Mr%gf}sﬁl n ghtlh thd %g%{%g%t st gtge ans osebs "8

substantial |y ang|debopsing 8nd REREPTATLR® YfanPe Achh @D Py . th\?éﬁ%meof’elblef or mabl e

material whi ch @ enfEbRssedARd] pareorated pecfuberances, ofsperi firmeduebs of

erbossed pol yeri e F11 M. 5 & BRGNP eYaRying 1 SHBISCSHE® FledB RRR173A

within the same formed material.

15 Deformable materiai 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 plain
sheets or laminates, or any combination of such materials.
The processes of GB 2154173A are preferably used to
N\ form materials comprising a polymeric film; such materials
inciude polymeric films themselves and laminates comprising

25 polymeric films and other materials. _

Deformable materlals utilized in the processes of GB 2154173A

"~ have a transformatlon temperature range where
changes in the solid-state molecular structure of the material
occur, such as a change in crystalline structure or a change
30 from solid to moiten state. As a consequence, above the
transformation temperature range, certain physical properties
of the material are substantially altered. For a thermoplastic
film, the transformation temperature range is the meit
temperature range of the film, above which the film is in a

35



enbossed materials are used where the material is desired to have a design
provi ded by the enbossnents, or where a textured material is desired. Wbs
of deformable materials which are debossed and 10 : . pérforated and have
bul k conformation, especially webs of debossed and perforated pol yneric

films, are produced by preferred processes of GB 2154173A Such
debossed and perforated filnms can be engj neered to provide a variéty of J
bul k conformations which wll provide <certain Iliquid 15 handling

characteristi Gioitéh dahp@sedanand iogesf or istantialipy ey bgrewisgd, for
exanple, as a top sheet - absorptive structure having tapered

in agn
capillaries. tQﬂE‘H°"§?‘r"1ﬁ9t"E;}e§',5t?%1 udi ng di sposabl e diapers, incontinent
pads, bandages, arwlebd o€ défokmabhy maérial ditich osradembossdd aFalt mgve3, 929, 135

i ssued to Tho n er . 1975. . Anot her ' e.far such
debossed and r%’g?f%oﬁ{;fgﬁgﬁgyr rﬁs%%g'alr%s wegs g}r 521’1?%%%?96@?8&%5@?' for
di sposabl e5abasebeneddead cey sheclhrosedskesef ¢Bs21¥328i n U. S. Plueht

3,989, 867 i sspfbdsQed maQFiA ' 9 ol f qaterial
prior to formn byet he _gr (‘)cgsEgés/Qf)rgwaBva‘Zel'%4%@%A’aéﬁe”a'a}se%ﬁ??artlfmiaal |y
"planar". Forhagl?r fosdesigh Argvidsd Pre ther gmbossments. ofhewhere | azed

herein to desaeaxheretiiotatewhb i9fdesatert.i al , refers to the overall condition
of the web of nategy] e I o] TRCr oscopi c scaje. In, thig 30
context, planar \Aeq;éé@of Wna?%%'ﬁ'}gsg&y%ﬁ%q' e_‘\’/\s'é'ﬁg il e&'@?ﬁa*rd_havéng
fine-scal é0surfenferatest and (havef dowlk otagifoemalionn especiallpomebsi dfs, or may
be fibrous or S u [ P t i

di mensi onal stdt‘@%é'tgg?‘je g%{dt %&Pgﬁ%&gn%ﬁaﬂﬁﬁ%ﬁ g'rygé-'.ﬁ?gr iptépa‘lt“s:éés]uégt anti al

| ess than t he P¥sferned: @rocersesi 9hatB 2A5utiin.e (bul k coRushnderessedi nparte

to 9 the Al igdlrféBatbd efifhe CaHS afe UndiRedded! 163 Provide a variethOr
exanpl e, finish or even a

embossed asw%&gle)g‘l‘ S:ké?%égmngé?ﬂ%vsl Bg"h?ﬂ'éngo‘éﬁ‘ed p'&HlF'peFFB‘iaé?ed];é@ such
processes1S handling characteristics. t he

A debossed and perforated film may be used, for
example, as a top sheet in an'abso_rp'tive structure having

tapered éabillarigs. Such structures, including disposable A
diapeks, incontinent pads, bandages, and the like, are
20 disclosed in U.S. Patent 3,929,135 issued to Thompson on
December 30, 1975. Another 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 3,989,867 issued to Sisson on November 2, 1976, u

25 Webs of material prior to forming by the processe's of

GB 2154173A are substantially "planar". For purpoées of
clarity, the term "planar®, when utilized herein to describe
such webs of material, refers to the overail condition of the
‘web of material when viewed on a macroscopic scale. In this
30 context, planar webs of material may include webs of materiai
having fine-scale surface texture (surface roughness) on one
or both sides, or may be fibrous or woven. By surface
'roughness. it is meént that third dimensional strﬁcture of the
' substantially planar material is sUbstantl_alIy less than the
35  third dimensional structure (bulk conformation) imparted to



5 debossed and perforated conformation is on a large scale in the direction
perpendi cul ar to the substantially planar material conpared to the
structure of the matte finish or fine enbossed pattern.” A desirable
attribute of thé processes of (B 2154173A is that such a matte finish
or fine enbossed 10 pattern of a filmcan be substantially retained on
the,surface-of the debossed and perforated film The primary prior art
proéeéses for producing webs of enbossed an¥l of debossed and perforated

t hernmopl astic film as disclosed in several of the references cited

herei nbefore, 15 thenmategial, foudhe PEPIASIES Af £BEBIf 3l ten ther mbplastic

film An exenpl aryxamsigyim ftlhleﬁansprargt:r&gﬁmoasssmgl 2 fhated draehi or leveasa& Van
Coney cited here|Pbefore uch,a proc the cyl%étdracbabss rfacg of a
drum has a pattern88, T)"é'??%stegt e5”5tﬁ°§ Wf’a can T ooo80r £ 2408
having a surfme‘omedcoh?lmhaﬁaas@@gl red to be |rrparted to atheb of
film The forsn ngedbsbaCentaBerfirated Lftiindtibe Mis? ol R3RS in

or e herm)

vacuum beneat h t he m ng suftface causes astic fil m to
be urged agai nst W¥eddirnastionnPecrendiculasT ta rtgesmbsaeetlauz planar material

processes of GB ohigklredA to the structure &fa”thé)enﬁ@t@mfﬁﬂﬁ‘?u$ry fipged to
form webs of enbossed and/ or 8055 perforated thernoplastic film

These processes cHf bagsed RAtRLad f eﬁ%ae "éﬁﬁ?%r"fdéltﬁ)%f"l‘ﬁfséﬁ&f
per f or alt : ng webs gaf 219shesa mra]tt eri @ shathisabh3® mmslpﬂ‘h&h op Ofiy@tdnbossed
especi al l'y ter o) hse F a

| am nat es of rT'E’ol yﬁﬂrt;é'(':nm %1 2}1 {Q?-[ 55% TSBBFHFRH fy r'ekm\]gdl %r‘an \%B\L;\Saﬁeor
nonwoven fabric, ehdhedciepessed Frid me!‘émt?tp!a @m.can be enbossed and/ or

debeésed and perfor at ﬁeagggﬁgpwq,,t,gr the Bl;-g&&%ggsmf Oﬁéd%%ﬁ{’gﬂﬁé‘bs?@

Such other materials often cannot enbossed or debossed. and
perforated by theerﬁ??ﬁiedalaf‘dp%c‘é%%%eﬁeéak@ef f%’aﬁ%ﬁ ethefmopiastipfilm,

wi thstand the hi gis tfiBPlREad UTreSselvalbal @t bige Nkl feréradaacicitied” heraitiefofre a
ther ”‘?p' asti C15p0|élnr§:%5l)s L(a)cuum forming of a web of moiten thermoplastic film,
An exemplary wvacuum film formmg 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 urgéd against and conform to the

W, forming surface. '

25 The ' processes of B 21541738 °~ =~ '~ can be
advantageously used to form webs of embossed and/or
debossed and perforated thermoplastic film, These processes.

can aiso be used for embossing and/or
debossing and perforating webs ‘of other materials which

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

35 Such other materials often cannot be embossed or



which the material nust be raised in order to achieve the 5 formation of
the material, or because the pressure differential available with a vacuum -
form ng apparatus 'is not sufficient to force the material to conformto the
form ng surface. The webs of formed materials produced according to the
processes of GB 2154173A preferably conprise 10 _
t hernopl astic polyners having char Gteristic r heol ogi cal propertie
whi ch depend on their conposition and tenperature. Below their

and st 11 aRBCOHCE e b Brati g SRGTRIEP oyt BRUE Rl ¢ Tt

and stiff a . _ _ transitron
t enper at ur e, the hpatesials npannat| adthgtandnthe ghigh rtpRpgrafaiesi t3keverbove t he

tglhass tlrantS! Eﬂ@nrlnet_ter’éﬁﬁlb%ﬁﬂ&'teb%ngﬁ W al {lﬁeﬁ[ﬂbﬁlafsei:@% HEF) Tande,
ernopl astic, pqgl yners exhibit vis¢o- e|lasticity, n is tenperature
range, the Y"ﬁ'é&ht)g?eeas‘??'ér t B4sS) bgeratsed y"hg\édﬁ’cé‘?t%‘i't’}ieﬂ%gl"% of

crystal | imi t formatibn of2the gaverial | yr Hécausk! theptressare diéfedegtise

def ornmabl e u K f e. The defor L1ity of such th l,astic is
dependent ongﬁqﬁéabs‘gtseartg‘fféd\égg\f'rgét&5$Rénﬁ%?ra(tﬂfn'ﬁnggbﬁéﬁ?ﬁgolfoﬁt °ty) of

def or mat i on, foncentjie mageriai jtaecoriformi to thefforming sunface.its tenperature.
The processes of 763 ket é8/formed materials prabiced ac&?ﬁfrﬁ/qgl the't 1 11 zed to

formmaterials corTEri si{lg t her nopl astic polymer, especia t her nopl astic
film which PEOSESSAFn hi £B/RL7éhasti ¢ t enper RFEfEraPingLomRydse  t he

nelt tergper ehermoplastige, polytersop| dliing PAnaFaEteristic | NrRedlbgican state and

I - l e, ti 3 | ecyl ' b ] i bl e.
The . mol ecuPEIPRGhge P of SAPRBR orP? holNBH astPBoFORGRer /728  andom
when the potemperatuse. atBelegu'mh'eilur-igtlmss trdhsisionantgmproaturandsuchol ecul ar
arrangenent |y %ggﬁpphg?%%gpqrwlggy hﬁgﬁt _Ia?@t gtgffl_ tahd eSReRature is

rai sed above an I ntai jove its el enperature range for a
sufficient tPhdtle.TheBglawyr ®HE glasser kspnsitionc ftemperatuneng fhecesses

di scl osets hemgidtaey ark OinMrigig, f fikad Whadifiohs, I s above its nelt tenperature
range in a rmlter}\st'ate. L

bove the glass transition temperature but below the

meit temperature range, thermoplastic polymers exhibit visco-

elasticity. In this temperature range, the thermoplastic

material generally has a certain degree of crystallinity, and is

20 generally flexible and to some degree deformable under a

force. The deforma.billity of such a thermoplastic is dependent

on the rate of deformation, amount (dimensional quantity) of

-

deformation, length of time it is deformed, and its _
temperature. The processes of GB 2154173A - are -/
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 molten 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 will be lost
if its temperature is raised above and maintained above its
35 melt temperature range for a sufficient time. The prior art



Webs. of materials which can be used to produce webs of 5 formed materials__
kN accor dance—with— —— —tRe=presertrtnvent i on nust be deformable, -
’prﬁ:aﬁi y to the extent that they can substantially conformto the formng

surface on which they are forned. This reqqiresacertain m ni mum
amount of ductility in the web of material to be fornmed. 10 Ductility, as

used herei:n, is the anpunt of. t, ve pl astic strain
whiscli occurs when a ‘RRFBPPRFULS éﬁ%@ﬁ@ﬁf&pﬁrggéf%gf a{afsgtrog“f'br'éﬁrfé@%p%’re
separation) of the raigrtrd filml whiler dets abovelies rieit techperamirer raige usef ul
for the purpose - of the present invention preferably have a m ni num 15
ductility of at |eastolten st3oy npre preferably at |east 100% nore
preferably still at |eastebs of Aaterialsi ghich kansbe ssébrtat prodycenwebggetam

of an exenplary procgss _for pr cing webs of debossed and perfpr aifadent
materials i n accor dant®edi ﬂ?Qfgggpr’é‘séﬁ‘Pridﬁﬂ%enf”i‘B‘h. A subst ant | ?I’ Y20
continuous web of subyeatichamust pbandeformeble.alpriefemabiy P tthe SRS INY

any conventional meafkaySuGh asutdtantibnyJeohesitn I & | 1. forfifgWalirédce on
material is preferabl ' [

. web of pol ric filg .more preferably_a web of
t hermopl astic film I‘b\h/\ﬁﬁ‘i' cweﬁafrﬁgn%"ﬁﬁ?e tﬁbt‘ﬁnb@d‘gffi §u6§¥t§ﬁ%efm3'mum
m xture of 25 thernamurst icf dudiditgndes,theorwekn ofri materal b6 be formed..
t her nopl astic sypst agg&s“iwlt ha?é}tﬂfs?dc fignt $s  thk Clafoued gfhe‘gmn’gﬁl’c

materials used to produce webs orne iImin the present |nvent|_op,
include material s noumtscoyetaRle. aRI3FTHENELAIR WAIKChpSFGHTRMARD 3 RAtBRE! is
pol ye_stfers, agd ,th@efﬁl.-hlse-. prie¥Pesi #hilyr80(breakager roedsepii‘nlclimplgsttjhe
materials use in the present invention ar ol yet X 0 nsity
pokyet hyl enes, |ined2t&i#'densit y° %?'ye&?lylrhe%eg?'prﬂﬁqypr o%gF'gﬁseé‘sﬁﬁ{dl 208tk
copol yners and bl endsurpose ai nifnthes wresemt iinventiont preferablyt have Aanidvimums.
Wb of film10 is pulled. ' e roll i Ably at \éa4 rolls
31 and 32. Wb 1§f f?‘l‘%‘ll{f)(’)%lms%)ﬁf%d thr_odgﬁ'ba‘o% pt\‘.g?l%i nycontrol | ed
device 45 around i dl &0%.0onpee Preferablyastidatairasts. | dE¥¥ro0l1s 52 and 54
are attached to pivoted-Palre4B-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 web 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
fim, rore preferably a web of thermoplastic film 10 which
may be a pure thermoplastic substance, a mixture of
25 thermoplastic substances, or a mixture of thermoplastic
substances 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
polyolefins, nylons, polyesters, and the like. Especially
30 preferred thermoplastic materials used in the present
invention are _pblyethylen_es, low density polyethyienes, linear
low density polyethyienes, polypropylenes and copolymers and

blends con:aining substantial fractions of these materials.
Web of film 10 is pulled from storage roil 39 by driven
35 S-wrap rolls 31 and 32. Web of film 10 is pulled through



The tension of web of film10 is controlled by the force placed on web of '
film 10 through pivot arm48 and rolls 52 5 and 54 of tension control

devi ce 45.

Web of film 10 feeds fromtension control device 45 ar

ound

idler rolls 56 and 57 to driven S~wap rolls 31 and 32. Wb of film10 is

pull ed around idler roils 58 and 61 by driven form ng drum 30. Roll
al so a tension neasuring 10 roll Model . PB-0, avail able commerc
from d eveland Machine Controls, Inc. evel and. Onhio. Wb of fi

5 debossed angerish UdHFSIES é.w. k 3 QFUH?\aold%lrtllb‘?lsa?i' o 053} 4y

stream 22 from sp(res‘% stem
filmform ng pP@d

roducl n ofmed fifm1l

lsrb@‘tfe&rwﬁoﬁ'ﬁ ﬁr&@tggqlm &9 ri¥oted bas

58|s
ially’
Im 1
i d

5. The
after.

| dl er rol It h61 Eﬁeprteﬁﬁbaté'dfl avdwlépw:mol io Wst Ftdmb-e%d Nbiyt &lhﬁylfgﬂfkl cal
sur f ace; is avoi d sl i m U
liquid getti ngpﬁégaegﬂ web Gfpgﬁ\qnﬂgcfhefﬂﬁggh‘?'\“!ﬁ Ia"ghr@aéﬂg 'E
gi I'm 15 i Isﬁoulsiuewl $4 oof ftensiorg doolti-oISQ!eblyca?(lllSsa th@lemletofomlmf 1dr Ifdé(;:ls vacuum
-wrap rolls m i s e
62, aIOso pr ef era ﬁé'lin nlvﬁgv\f'r%l‘?é%‘ég Jdnalrg'é"?n'q'&] r'(f’y(?'g ﬁéiﬁ I5I7
and idler rol Igfmﬂ 84wrap, rd3 3hrand32whi ch provi de nunerous changes of
direction of the fiwen %?drﬁv{ulm/vlélﬂméh tefpoh@l EhlEFOFBsPd“@sbﬁZSBM%

web of forned film

t ensi on measurin

roll's 33 and 39riyeg ]p‘?'ér'évaalafy"hépr oviRoH 38 ds\aisp ?\0‘19@5'9'11 measuring
cylindri caiohsurélacjmladu thoa PBGOU(rjnaIWllhﬁﬁz cmmidv&dnmw fﬁlfm %l%%' I's. The
vacuumin thes S es,a_ du S

wet, sli ppery @EBR'&‘ fcporrﬁﬁép 1-58‘#4898{35‘é’§ur°é'r'9 to tIrg'elf"" q[‘}ef%ces thQ{
avoi di ng sli ppdgbosﬁed/vabdobef'fdratedan fOtmmgscdmmrcMebysﬂne dctipmi of f r om we

of film15. W df ny NS ol
34 by driven sn\‘)!? SQFW 2? lfm&%iég%yﬁ#é?" ng %Wﬁfﬂ@%{%ot
around idler rfﬂﬂ"!#‘%éf"’"?is arfchey filen forming procsss, willaberdescaiBachinhorn 40.
U trasoni ci5dr yypgateer detdl WePéinafter. Idler roil 61 is preferably a hollow

20

25

30

35

roll with holes in its cylindrical surface; this helps avoid
slippage of ‘web of -film 10 on roll 61 due to liquid 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 idler roll 62, also preferably a
holiow 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

eto
f or med

r roll
face,

own from
n S-wap

at 30

s 33 and
ul | ed

thrown from web of formed film 15. Roll 67 is a tension

measuring roil. “Driven S-wrap 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 vacuum in
these rolls provides a dual purpose. It holds the somewhat
wet, slippery web of formed film 15 more securely to the roil
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



ultrasonic energy to vibrate web of formed film 15 thus atoni zi ng resi dual
~droplets of liquid on web of formed film 15 which are drawn into nmanifold
42 by vacuum Web of formed 5 film15 is then pulled-around idler rolls
73, 74, 75,. 76,77, and 78 and past ultrasonic drying horn 41 and vacuum

mani fold 43 to dry the other surface of web of forned film15. Utrasonic
drying horns 40 and 41 in conjunction w tRavacuum mani folds 42 and 43 thus
provi-le drying of web of formed film10 1% Wi t hout excessive heating of

the TiIm 111 Viihondr ing! pdB®, 6. | UBRSbohid Reryifal hopACagsasyy veb 15

Is preferably l'ow tenperature aj r tunnel . Web of
formed film 15 qlgraaemcedewav i 10 evibrate sweb of; oam 8 iy Hhithys s wrap

][ollsd §5| agg as&mzlx?dj%ous.&aalsusoﬂeté Qﬁsnegxdusndm@swnm:neal htlm\kfﬁdo of .
ormed film ed from S-wa S an ake- up ro
38. Wb of forrréfa"EHI A8 frawn, into Epaﬂ&ﬂd‘q 311 Yer aFBPF‘s 83 8‘?] %6, 87,
88, and 89 afd tfiimou§hig ehenopuﬂe@tanddn&gdl&vrons453tdltt,ak.'ie. ae, rDTJ 38.
The tension 20 d [ tr d Y ahie f

provi ded by |vot &oar 48L élgtqs Ja{ '{%ﬁé é'c'i?'%g +J"$ §2 g ‘éao"!é‘% web of
formed film 15 rrﬁqulda{tk|tngdmdhse¢meanswfamtpfowebu ¢fnf<mﬂw1dllmb50f
formed film 15 iy Hk%n‘?é( Ia%yn&frcscaasaﬁ@mﬁm.h rl:oﬁg@h%@oﬂ w)nih cuum

preferably ai ded ggj t_draw ém:retc etween the
driven rolls. Sﬁp‘f’e oP3ri thy SaP{RY idgdreing, Pf/éYF%l?& WWSF fitm
ggrfaﬁe sEeFd i ssshﬁmwtyeimsWe hbaﬂnghat thé karm venf angm-p}gmid@ o8l and

t hi s hel ps retaln ion. a racki ng Q
bet ween them :ﬂf %fgﬁalrgﬁj rﬁg‘ag&u 18gn \f/%ﬁ?)saﬂfll and $3p r&‘%'la?l]‘(ven
subk that their passédcthm&@d aj !nvslﬂegmergtdrastam drlyangtt\mnedf fWebiofig drum
30, and so on t%fﬂdg& i RSOf‘sESpQulHdT pengéﬁrrr %ném?b'“taﬂf ,ﬁa V82 tbr et ch)

bet ween sequenti a riven rol on th teri al I ng forned,
the di stance betdfd¥en 35-Wnap dr?%n:’FoH’!’d Bfe eﬂ@ht 82ndiSged mieP$iops
perfoorationgs(i fmeasu®ing rom.the material, and the tenperature of the

material in Web of formed film 15 is pulled from S-wrap rolls 35 and
36 by driven take-up roll 38, Web of formed “film 15 is pulled
" around idler rolls 83, 84, 85, 86, 87, 88, and 89 and through
tension controiling 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, _
The tracking and tension of web of fiim 10 and web of
U 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 exampie, 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 'tracking of web of film 10 between them.
30 Similarly, vacuum S-wrap rolls 33 énd 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



that portion of the process. For webs of low density polyethyl ene
fornmed by the exenplary process shown in Figure 1, draws of from about 1%--
to about 15% between 5 sequential driven rolls (a pair of SSwap rolls

is considered as if it were one driven roll) have typically béen used.
Figures 2, 3 and 4 are sinplified schematic perspective views of an o
exenpl ary apparatus for debossing and pgrforating a substantially’ '
continuous web of substantially planar material having an indefinite Ieﬁﬁ(h

and depi ct t hgngperdtthen matedial,Maha dheMeitberatus' ¥ tﬁXSanwf@a‘i- in The
appar atus has guﬁul ar ,formfng structure 28 having patterne ormng surface
29 and opposed™@Ur PAEHOR7 oF \iie oPrecess: 10 firfs WEPS( ofurlPwcedensiting 15

second surfaceolykthylte oforinddn b{0 thes @xeMpRLY OPrdcRsRi Nghowd UL Ure 28
wWith first suit 11 o fo follmil oxLmate patterped form ng surface
29 of forni ngFéﬁﬁect.-ﬁ’r eEE%@Q %(gr féf)'ﬂa gf’gg gh VRi °Hébdg§e<5’eé‘ﬁﬂ°'berforat ed
mat eri al s &r e Se@uUeRtiph sirient, roilsr fangait rafc Suwea@ Srgliefier abhsidepsdri ses 20
depressi ons 9¢sWhiighybry 8nai VAN 2}9 ' es 21.. Form ng
structure 28 ig o] l.en fromnho?e'yé 1%'%#@%%% §h$¥2€%"‘?é’sfﬂ'opposed
surface 37. The Aphtdss3end freanss stoplifded myhematficnpetspetticre Phmisn a

direction of tdfead eighplty ifpareels rol ddboghi &g : f
film 10). TheaZS ?{E@gé I?ﬁ; has .nmeans for@éasrpll ;e/ﬂl ng°ﬁ%ﬁ ssfléye%u%yto

second surf ac&°Fnugps gubprantiglly phavyy mrEeil hawing amdndefisite ux
to cause perf deagtiorsad tdephiet aheabpetat DoV Bdrufihg Marh@. 3canbegidaya portion

of liquid str fl through . the perforations in web of film 10,
t hrough hol es 'sg%g%mn%Sbr mgﬁ% %P@ara'g"lfr P&t &38L4%0d t hrough forming struct ure

28. Liquid stpeaimg 3thasturel 28 hanihgl patteradd forefingl surfagecismdieb of
film10 to be extended into pr | ONS .97 t o cause fgrst”surf ce 11 of
web of film P£®RS® es‘dl'é%SF o tmd’ sf@@vﬁ]l SATSF HRER I Hiff %97, such
that perf dbat esdcpndt sbefawecdl. 95Wabe oB5filmon freds i provaedf of'li Iformit@ Wb of
LT | Sl U Lurtacd 08, AR a0 ol
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 ft;r
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 second o/
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
perforations in web of film 10, through holes 21 in forming
30 surface 29, and through forming structure 28. Liquid stream
22 has sufficient force and mass flux to cause web of film 10
‘to be extended into depressions 97 and to cause first surface
11 of web of film 10 to be deformed toward sidewalls 96 of
depressions 97, such that perforated protuberénces 95 are
35 formed in web of film 10. Web of formed film 15 is thus



bel'ow its transformation tenperature range (nelt tenperature range). 5 10
Exenpl ary tubular formng 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 forming structure 28 consists of three concentric tubular
el enents bonded together: formng screen 7, honeyconb 26, and
perfefated plate 24. Form ng screen 27 has Torm ng surface 20 29 agai nst
whi ch web of film.10 t sh in F.gue 3nis f . gqE0r 1 ace 29
has depressions QQr%‘lfé(%a'hav% dg\ﬁga?g{"& a#d;enrgégl]ﬁghofogs ?f!qgracﬁlgﬁéand
areas 23 surroundtemperatiers ofswehs of offim 10Dspedsthainshe omatesialy remains
concavities in (aoW N tPenSBPmation YERb&ratdrOOSTRIE (aietk 3emperdwirat ed
prot uberances are formed in web of film10. Form ng screen 27 is supported
by honeyconmb 26 WP ’i*s typically a 6.3 nm deep hexagonal honeyconb
structure nadeg from stainless steel ribbon about 0.05 mmin thickness bent
16 and brazed to form hexagonal cells 6 mm 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 walls of honeyconb 26.
Perforated plate 24 supports 5 honeyconb 26 and is typically nade from
perforated stainless steel sheet netal 2 mm in thickness having
hol es of 6 nm dianmeter on centers 8 mmapart. Opposed surface 37 of
form ng strucfgure 28 coincides wth the inner surface of perforated plate
24. The openings in honeyconb 10 26 and perforated plate 24 |line up
sufficiently such that there is no substantially total obstruction to fluid
flow fromany of holes 21 of formng surface 29 through formng structure
28 to opposed surface 37. Therefore, formng structure 28 is open from
holes 21 in form ng surface 29 to opposed surface

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

perforated 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

sidewalls 96 and end in holes 21, and land areas 23

U  surrounding depressions 97. Depressions 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

typi;ally 3 6.3 om deep hexagonal honeycomb structure made

-~ from stai_nless' ‘steel ribbon about 0.05 mm in thickness bent



15 37. Where enbossed (non-perforated) protuberances are to be forned:
in web of film 10, formng screen 27 would preferably have
concavities which do not end in holes in forn ng surface 29. The
dept h of the enbossed 20 pr ot uberances which can be forned using
processes in accordance with GB 2154173A depend on the material bei ng
fornmed, the thickness of the material, tthe tenperature of the forning
liquid, etc. |If the concavities of f or ni ng surface 29 are nade too deep,
t he pr ot uber anodsbdzed be foemf Bexagenal ¢rils {®hs 25 WSSt The desired

that there betmkﬁe?eswdtrw diﬂboﬁaﬁﬁﬁ &“dwd?ﬁ%%ﬁt o8 Rret gpererapRs in the

mat eri al -being forned, surface 29 is nmaintained substantially flat
(wi t hout concaYfficigatlyy t’I‘l‘éi‘l égf thagurene rf heing &t FGEttGFﬂ‘m?'P%k?ﬂl ven in a
di rection of BQ théewaiee1gifh mhevehnbf 26 | Pertérated slaveni _rsdapgme 2, and

[ i d
ctrcam 22 15 ABpRYEMY A as YpiFl Zue08 cral, Rl BIAME B IBH e of
film 10. Liqubteeit sheet etahs suffikimmt ifhotbickaeds rhawirid ukoles ofiuse web
of 111m 10 to be def gipieslanlted QLI 1 N0 HUkhaGER) a5ootief erabl y

to substanti all g to the image of formng Thus,
web of film 184 Gl |3§s° Bg‘f‘ﬁnﬁl’-"a-laf‘ﬁﬁe d‘l‘-%ﬁ&eénw'ﬂbomeoﬂmet on and is

transf or med Iaﬁefmboﬁfpéﬁbﬁﬁ(idf ipiatel 24, Spra& Sﬁﬁﬁﬁi?s%n”ﬂ& néfcomly nmeans
for applyj b of film 10

t
With suffidé| e?f ?ﬁ&@'i%ﬁtﬁﬁsg‘%ﬂ& ?'E'%SEPog‘hffWéﬁnﬁY ?‘F‘F'?nmﬁét tRerexenpl ary
spray syst eig noasubstaviinaily i totalFobstraictidn tprﬂuicﬂefﬁowafrlonghﬂpr efsure

vapar & SPretohaRSY 24°hF forifhgY sifa8Esad r%n§ b bt stbydEfteOss’ | 1M 10
°

Water is provi ressure rou spray
nozzl es 90. Sbr%ep‘?%ﬂzlsé@fw Te pfré\‘ﬁé‘ﬁﬁﬂﬂey roing | sty R8risssur e

spray nozzl esqoménh Cfropl afdtésblty xﬁrﬂ%‘nﬂﬂg' sAPFAteS 29 CENopposed Juftake:
f an- shaped spg?y having a fan angle of "no nmore than
Where embossed (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 St
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 formed, 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
25 where it is desired that there be _no em_b_oss__eg:] or debossed
and perforated protuberances in the material being_ formed,
forming surface 29 is maintained substantially flat (without
concavities or holes). |
Tubular formmg structure 28 is driven in a dlrectlon of
30 the length 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
3§ toward forming surface 29 and preferably to substantially



[err], nore preferably no nore than 300, as neasured in 15 the
cross-machine direction. Such narrow spray angles help to insure good
film formation and prevent angl ed protuberances whi-ch can be caused
by an angled direction of liquid stream 22. Spray nozzles 90 are
preferably aligned such that the narrowest dinmension of the flat spray is
parallel 20 to the machine direction (direction of novenent of form ng
surface 29), and such that the spray from thacent nozzles overlaps
somewhat so that the entire second s%{face 12 of

contacted by |iqufanfefPelfinthe, iMaag cf’f’”m'ﬁn%f%g%ses by 5r’a§7e§ys?tfem 25.
If only a portionfpk tdﬂeadd'.ﬁlﬁd% of sifbstaetiabofthresrdimensionadi canfpomatiadn onl y

a corresponding por% (I}.f%a?f%ﬁ're@ n'f»{o wel' ASSrmed mm' ht. have a

t hr ee- di nensi onal 34 suc case, spray - .nozzles 90
can alternatively be §Bta\stﬁM$tG¢Ia¥5 Ihapiae §0Nem¢ﬂ"22fqrsa&BﬁM'?%da digyidt o

those width pQrtiangaff 1g&lacohd i sdrfadd 120 JfewkB! GEHIImT NG Wil sufeigiéra make
debossed and perforated filns of the present |n\ég Higq are refera Ix
|

carried out utilifarsg R4 <P §%n‘ﬁr f’Sf‘H’@‘ b yﬁﬁ?‘g
especially ther rmg)é.egs/t | CsyidtemB, Q8Vi rggowr.scqnel atuﬁe prmperbrmdes Wab of

f d film15 | t f
forning surtace 28/9n-Aresas uaHidh: TartBRees e’ Tty Fridsdahel Ml °
depend on the eretiperaidthe of f webe ofinfilmuie. f |Watesf i3 | pravided r ahigh as
wel | as fil mxg{urgﬁégsgﬁr areﬂréshgncmmﬁwabi 03002 &W ”hé‘ﬂzl@é”é@ce Frayht

hi gher tenper ces ux of l1quid stream
formed film 15 mptdlezold orre erefesablyo. onvengiomahgh %’ﬁfééé"“zgsp"avsut

bevause  pref err efoz,1uebwhth tdvarerstipsprevidd Maklldhasresns 2z ¢hast flat,

properties throughout the formn rocess,. SOne I n web of
formed film 15 gefAftShPPedcERrYY £VéF‘9| f E%fés%g'ﬁ gt r&g r??'gearﬁ % Thi s

vi sco-el asti c behayd omere bhefek-hbMIm:I asirecthian m bei 'mj’.les meamdnﬂ'kes it
o 25 by Vol lffe ok gihadink "alAELBH. K SABA ORIk Rofs fratge

film215 by va erature, orce mass ux o?’ Uld stream
22. The processestof (93@'354]@8# film formatipe pand cuP%ﬂ‘f%m angled

protuberances which can be caused by an angled direction of
N liquid stream 22. Spray nozzles 90 are preferably aligned
such that the narrowest dimension of the flat spray is parallel
20 to the machine direction (direction of movement of forming
surface 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
W, passes by'sp'ray 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 nozzles 90 can
alternatively be set such that liquid stream 22 is applied only
to those width portions of web of film 10 to be formed.

The processes to make debossed and'pe'rforated films of the
present invention are preferably carried out utilizing materials
comprising thermoplastic polymeré, é'specialiy thermoplastic films,
having visco-elastic properties. Web of formed film 15 will not
generally conform precisely to the configuration of forming surface

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



suitable for produci ng webs of enbossed and/or debossed and 15 per f or at ed
deformable materials where it is desirable to retain physical properties
engi neered into the substantially planar starting web of material. In the
manuf acture of substantially planar thernmoplastic film certaln physical
properties such as tensile strength, tear strength, ductility, tensile
nodul us, 20 ani sotropic features of s properties, surface finish (
matte finish), surface chem stry, pre-enbossnent, etc., can be engi neere

into the fi'm% Qvggmaﬁn%&st yﬁan&asechnkquﬁa.dmcgtrm zzf%§UJ~Eu for

exanple, in & ed ol ecul ar or|entations In desired
crystal line napHolmgrreperdies apdsitheycorfjgugaton aBgeg’r"&HBS syffacRe film

desi redI L actlisfe PARPEIGHe?S teifpératuféd Mfordes, 3RE heﬁaeﬂakuael%uA;a web of
mat eri al being fornmed.,in rogess in, ageordance wit S
control | ed suctH E#it ci|21' re%g F Eé'l"lﬁﬂ tﬁ@" S ndPl n%nifé;ﬁam iﬁf&ratﬁﬂre range
of the 30 5 ndbemirg tsm(faghouZQ.t he Bwtmbg;amsecewefer‘ﬂads weebpr effer r ed

process tP Irmoglastxc film 10 ha%C ?Xﬁii{sq{%}oq{érgf atm

t her nopl astic a tenperature belo Bratur range The
processes of dBex2faaming, process, some slisprigobackikbef SESeb of fosmedd

t her mopl ast i ¢ fif Mat genéTRer Glcdra bR i *aﬁsaeétnqu.%%éfegn‘erﬁt ure range
of the fil mdu\ehto the e force and St?\pfl ux avail |l abl e when using a

hi gh- pressure | 1§ui 5§37 rez%l ic ; Behyigr | (fhermeplgstic, (filgy Jheigges
general ly lodepreadledorma‘lasmmgposﬂbl! ofo fachievdyvatiatiogs imethe emmr e

diiferent ol %onfSARGas, B AL 09, crorARMITHIRENS By L NGy (ARG T face

and havi ng nor e noSpheri c pressure on the oppose
Such pressure t@rfpfeeama.afoncs.tm mass flack 06 lmalt stre@ama@osphere and is

general |y not sufngbe?;.oéégsggrm thenpoplagtic fi Ilm \ng.f ?55“@,5]

terrperat ure belowits tenperature range. ce an I'TB.SS of

the liquid stritttiectrsarraducing é‘%b%f“?ﬁﬂ‘éeﬂai’“ﬂ/?'f qﬁ?ﬁéﬁﬁdoﬂ‘ nunmber
of factorgsi nglerdorgretinge formabie tmateridisi wikepesit idndesirable to retain

physical properties engineered into the substantially planar
starting web of material. In the manufacture of substantially
planar thérrnopl;stic film, certain physical properties such as
tensile strength, tear strength, ductility, tensile modulus,
20 anisotropic features of such properties, surface finish (e.g.
| matte finish), surface chemistry, pre-embossment, etc., can
be engineered into the fiim through manufacturing techniques
which may result, for example, in desired molecular
orientations in the film, desired crystailine morphologies, -/
25 desired surfaée 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
tempera_tul_'e rahg_e.

The processes of B 2154173A can produce webs

35 of formed thermoplastic film at a temperature below the melt



tenperature of the material being fornmed. The successful form ng of web of
film 10 depends on 15 |liquid stream 22 from nozzles 90 having sufficient
force and nass flux to deformweb of film 10 toward the configuration of
formng surface 29 of formng structure 28. The ability of liquid stream
22 to form web of film 1 O depends on the pressure of the liquid flow ng
t hrough nozzles 90 of spray 20 system 25, the mass and distribution of

| i duizd i mpi ngi ng on surface 12 of web of fillfh 10, the di stance between
nozzl es 90 and surface 12 of web of film 10, the tenPerature of liquid
stream 22, and theerspeifaduee s30a8 @f the fimgiueado \toe| lagge f?é'céoqﬁﬁé‘i‘ﬁson

thi ckness, and tegpgy afykigpl Wkéh Olising M lRigh ressureThquBOCéeﬁé‘a@S o GB
2154173A rticul arI'y sui tab Ie

debossed and perf 6?P ede hgf'??npl ELic 21y n?(?ﬁﬁﬂsée'? egﬁr‘ﬁﬁib’ t ﬁ'@p???m %hits
solid state througheningt heelps ooésSilandbPO using thiet preessareeditfereatiak he

mechani sm. of {11y, f,0RRRt OTh fln30L! 4 2LERE Shddaths thEOBIIA Yurbhder a7t

processes wher im a
debossed and per gBodathavingy nanmal acitinospbeéria \prassur®ecvsat thea MQ%ed

per forated surfacsgrﬁgge &\thQDf*nfn?” LR +e§sngV¥?\ﬂ' Rtx%i qu{ liffedd? the

form ng 20 surface; m)tenfl mrea gac quires the
i mge of the fornﬁ%gaE‘EH?(ﬂf@ atg&ﬁ?@ﬁﬂ%nﬁ“‘f 0% kﬂ%‘el‘"éﬂ)ﬁ ﬁ'@ aseffigient nto

molten fil mhove][ Fdvan hﬂieﬁmdplﬁfta:fmnm WBiriEaae astenperatdare Uﬁ?lbhhlcis g
ruptures, thu or t he erforation i Ol uper ance .Ne. 1 orne
fi Iom For mat i g(h nh’e%?@?@& e d'@PPSr at §8§f ﬁg?ﬁﬁ pr?r\% BB i §€5t L'ngépear S
to differ in _rrechameam fnemdedhad ifornoha webt ofi saierial | will (dependheon a
pectoration in  RfflberP? %&EP%C.ﬁcﬂjdé.ﬁg %gueamps;.%ﬁ t RRidKrekybesRgce

acquires its finis shape 1n formng surface.
Thi's mechani sm i $emperatuse afntire c@atpy'aﬂ rPeingufarded.and 5. Forning screen

27, which is shown in R@SsuEREERAN foPMind 061 WEbSBE T ek 20 Wepehds on
15  liquid stream 22 from nezzles 90 having' sufficient force and
mass flux to deform web of film 10 toward the cpg\_f__il_gy‘r_;ation 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
U composition, thickness, and temperature of web of fiilm 10,
257 - The processes of GB 2154173A ' B partzcularly
suitable for producmg webs of debossed and perforated
thermoplastic 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 from that of prior art processes where the
film is in a molten state. -

When moiten film is debossed and '_perforate_d by the
action of a vacuum berieath a patterned, perforated surface,

35 the molten film is drawn into a depression in the. forming



consists of |and areas 23 and sidewalls 96 of depressions 97 which end ~"in
holes 21. Wien liquid stream 22 initially 15 inpinges a portion of
filmover depression 97 and hole 21 in form ng surface 29, that portion of
filmis 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 filmis stretched beyondZets yield point 20 and
subsequent|ly ruptures, usually near the point of the V, thus perforatlony
are created i gurfacel;i hnd thd tmeoitererfilor aeadily abdleamdl;a qnquinesntlmé I|qU| d

t 22 fl h . DE ' hol
erfﬁmf orm ngo'\é\%Q# épu% &’?ﬁ“&&rga gbgrz\%{‘{g?&?‘g"ﬁ tﬁ]e tm]sge(/?/gf}' of fi lomes
25  prot uber aaties, dthet owitea flémd@mﬂ the Juplef inddhe cfosmimg irface fisr ni ng
surface 29. ThGiexdédt ubhfll iR 9{]8 hleedsf' 'tﬁbﬁo'?éﬂﬁmﬁ ttﬂetg Rrfatioauigti on of

form ng surface 29 can be contr e nmass nd force of liquid
stream 225onthacPrqtukerance §6rtih#gf%’§!§d fl@adency of the film inits

vi sco-el astic statsam?r&nordeﬁemossw and NBerfod8tHcLEfilm Oh theek@idat i on
and the tine/tenmperature rgﬂégroca Ifastlc rel atIOI’lShIE i nher ent

0-e
to solid st 32 ERBFAGHIYs vy meclha“ﬁ%ré?ﬁ‘ré hat dpcthe JrelteR back can
be substanti alskatecoim r thdtedthey pécforaticre and eeabs grotibesgncee! dften the

t enper at ur e, | q el 0.

Regar dl ess of g%'ﬁup;) ﬁgstk fgl-gﬁ‘uo%%&aﬁéép ora W’g%ﬁé %ﬁgcp]‘ "55 of
debossed &hd perﬁ@"@@éuﬂ‘\‘ inm the  forming guréaqe.zz i1 mechaniamf jigi ent
force and rmsghsws&ﬁe.ﬁaﬂéﬂn{u hStFxéuFésﬁQ;ea% of \Aﬁ&rﬁh fiskRent Q70 be

def orned toward form ng, surface nd to _cause oraé& ons. {o be

created in vveB"'UF fis shayn 't’hG§°%5at§§FH3“vve'lfsof°'f'1“l’\9 fB"fﬁf'eb EHEBsed andv
perforated. ‘kbnéisesfof mandoareds aBbandedidewalrs d6i 9hi depidssivns2d7must have
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to form wkb dhpindes iaOpartlbnvafyfﬂgr e:e/telwddppeﬂiong9bmnd1€!1qjeoz)‘erm| es of
the forming surface 29, that portion of film is stretched into
depression 97 in a reiatwely _straught-sme_d V-shape 98, if .-
.p'errr'nitt'ed by the" conf’guration of sidewalls 96 of depression ()
97. The portion of film rs stretched beyond :ts yield point
20 and subsequently ruptures, usually near the pomt of the V,
thus perforatlons are created in the film. After perforation,
at least a portit_)n of liquid stream 22 flows through the
perforatiorjs' in ‘the film and through holes 21 in forming
surface 29. This liquid flow forces the sidewalls of film U
(25 protuberances 95 toward sidewalls 96 of depression 97 in
' forming surface 29. The extent to which the film conforms to
the conflguratuon of forming surface 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 wsco-elastlc relationship inherent
to solid state thermoplastu:_ film., 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,



fil' m+being formed and the speed of the form ng operation. Web of film10 is
npre easily perforated and forned in the configuration of formng surface
29 if liquid steam 22 is 15 heated to a tenperature: approaching the
melt tenperature range of the film but is sufficiently below such nelt
tenperature range in order to insure that web of formed film 15 retains the
desired physical properties of web of filmJ10. For formng of the preferred
theﬁﬁoplastlc filns dlsclosed 20 her ei n th water, any tenperature whi ch

mai ntai ns the water ImH chgsT Pﬁqk‘g C,ﬁlgchban[,grﬁedfor PFQ?L\%% Serfor a&;% from

tenperatures are fro nmore

[err] to pretuberariyesf 85 r efl debmssed paadspeefprate;! pfnk!f erSabliguidit

| east [efr 0 e & &k a om
700 N Jerr] %65% % JWSt ravd supﬁél%}' ér‘?']%l:F %Pi p‘g’F )é:rauééeat er.
Usi ng t he processfé§5tofsuﬁa€e15‘lﬂl7?fA web of film e defoermedt JAwAEH| y

pl i’ina{ ht Iher nogl fisﬁok'ﬁmﬁ? | snrfsw rztgasnafiovetablyé q:smerét@dhmasmé }treated in |
Copol ymars and  WER M fe affhGaUing aes o6f (i Rofd b denedged

copol yners and
mat eri al s can be amtcms‘buédeyl detmsﬂfed foesndtiopeibf oembossed HilmseC diqid C

reasons, webs of {t?&g;ﬁd S JnU}taSanl gu?ﬁc|§gﬁs+’g¥ﬁgv\g\l\ﬁél ng?I}"%pft aﬁépagl y 35

sufficient strength are genera désire Suc
have a thicknesswel afofilmpl tot ﬁaform toward the imgge mf) fonmieg sucface

preferably nqgnorg. thame |.q1u.d0p@§sme e fﬁwf Pé@..m-xdsu Idorhhevew o
thickness is fro 04 Such we | mare

0
fed into the proggég% % “é{“t SAP¥r afeatly b‘é?mdc‘ﬂﬂ ARl the é?ﬁ?é’F&f‘BFeJr dh8e 5 of
the—film generalfiyn wﬁgmbmedfarﬁd |theaspedd bfathe iermimy eperdteorper at ure of

Structure 26, the wat BE0uAl 1 s APEhctetite s oo 8hd' Sor i B
formed film 15 afther coofiguratibn| of riggmingssirfane 8% ifhliquith steami Ay is
structure 28 45Nt Gheated to 2 temperature approaching the meit temperature
‘range of the film, but is sufficiently below such meit

. temperature range in order to insure that web of formed film
N 15 retains the desired physical properties of web of film 10,
For forming of the preferred therfnoplastic 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
W preferably at least | 350 N/cm2 (500 psig), more
25 preferably from - 700 " N/cm “(1000 psig) to 1100
Nlcm (1600 psig) or greater.
Using the processes of GB 2154173A webs of

substantially planar thermopiastic film, such as polyethylenes,
 low density polyethylénes, linear low density polyethylenes,
30 polypropylenes, and copolymers and  blends containing
‘substantial fractions of these materials can be successfully
debossed and perforated. For economic re_asons,' webs of
formed film as thin as possible while still rétaining sufficient
strength are generally desired. Such webs of _film preferably
35 have a thickness of no more than 1.0 mm, more



chanber 94 of formng drum 30. Stationary manifold 92 can be present
inside formng drum 30 to provide partitions which define chanber 94 within::
forming drum 30. Although it is not necessary in the production of webs 15
of formed film by processes in accordance with GB 2154173A, a vacuum nmay
be drawn on chanber 94 for two purposes. Chanber 94 preferably extends
fromthe portion of formng structure 28mhere web of film 10 first '
contacts form ng surface 29 of form ng structure 28 to sonmewhat beyond the
20 area of inpregemaby mf rhorguitbarst r eam 0205 omn s ool psefératey 1sxilof web of

film10. A vacyym in.cl 4.p | des a s..Lot securelyshol di ng web
of film10 agailéﬁgt hl?%r%?i%ﬁéﬁsrgflgczp% of foﬁepngmé‘t ??Jcture 38°€r+%|" to the
form ng of web SkEh swelhaef wilmonrei fed 1intdoekse pobesds p on surface 29.

Chanber 94 25 extends Bevpndmpafa{red bilis Sirle Milf SiERMILR2 Aafgdebossi ng
and perforating webp of film 10 so that nost of the liquid fromliquid

stream 22 fPow®fi 1P® EHRb&enggally sachyiwebs hef afiimorreadadmatonthei t hout .

The |iquid col laemdieat itempeastinte U tive Hophh avigne Tthéogs&d%ispﬁs Peingf |iquid
is able to get bg;,i en 30 - web of fornmed film 15 and torm ng surfaCe 29,
probl ens such &8 S|_el pf)'l’. g, distortion, or tearing of web of fornmed film 15

can occur. By di sdfmar gixamplesy @brming | storuictuimanals f ritva tvistesy sétdght hr ough

chanmber 94 and ¢ C r.Q . ar.e L 0L ezede - bf _vacuum
i n chanber 94 i@“&?eﬁ?ﬂ?hls eop%gt%'rﬂgf 'Bge‘gs‘#ggvt\j ?%'[\P’eéu {?Z')';"agﬁi 3tt§rt he
desired pufPosdbeofilm rupturesdfinys- aebtitough fonming: cstrutiuregdBnintof or ni ng

surface 29 and/cﬂén@’e&“bmgdﬂ ifdinthV@surh " 900 T &tBtiBAasy maRfoif 92TRYA any
“vacuum | evel in chanber 94 s {)re eraply bel ow t hat reqw red t?‘ W
n

far , )
cubstantially (8 BFRTAR ide; farming drom cft to cprayide pantitions snic
chanber 94 is fdefinedchamber 94 wittiB fonniing dpum Poeferred is from 15

o6 formedvaror 3 ABOHREE 4 TAEFRRFRIN S o8, 0B Ly oo vebs
produced. 1¥anpf dormeesdilal tky nprooessesaire acnotdance with GB 21541734, a
vacuum tﬁay be drawn on chamber 94 for two purposes.
Chamber 94 preferably extends from the portion of forming
struct_ure' 28 where web of film 10 first contacts forming w/
surface 29 of forming structure 28 to somewhat beyond the
20 area of impingemgnt of liquid stream 22 on second surface 12
' of web of film 10. A vacuum in ‘chamber 94 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 %4 \J
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, problems 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. If vacuum in chamber 94 is used, it
35 need only be a low level to achieve the desired purposes of



10 “athievable or are nmuch nore difficult to achieve when using the prior
art vacuum form ng of webs of nolten thernoplastic film Figure 11 is a
perspective fragnentary view of an exenpl ary debossed and perforated film
150 of the present invention. Film 150 of Figure 11 can be produced using
15 exenplary formng screen 127 shown in Figure 10. The pattern and
structure of form ng screen 127 used to prgduce web of fornmed film150 is
shows”i n Figure 10. Such a formng scree can be made as disclosed in

Radel & Thorrpsorhq e&n E’frﬁ’ se‘gnge‘%a {g%d%to‘cfof-ﬂf f nes%é agg 20

129 of form ng S consists of are
pent agonal depr mlensd.ﬂ!‘!lf\ﬂ t'iﬂqldnéwarleéf‘%lf%'w%eﬁufmedébr esEh%s

Form ng surface Wﬁ%ﬂﬁh\sflévé?f H Ldmde?94 55 apdfe%‘rhsﬁyvadaks bétd¥ that
pent agonal depressions, 141 which are substantial | y Rﬁndl cuI to | and

area 151 and ext'@AdIred toLsuRsANtially; A8 °"§b:"€&°§2‘i ‘ﬁoP

pent agonal hel es/acnuimrlewag ig UEhAifSerl 2 s Tﬁemomertoar ea i mstomm rrggﬁurface
129 created by _these éa%o%”‘ hol es of the projected

oF e 3
surface area of '?QﬂgrrPﬁﬁ D médsfbn A acsroo *ribs of Iand
area 151 between par'ﬁheeusel désaoh@ﬁ)—paﬁpacenhqp@tmam ite produce 0. 178

mm  Each pent a%éﬁ'%? fi¥medt q'Etérlal provj d& g% a{%&ﬂv\ﬂvﬁﬁeino'iﬁgr f our

sides 0.651 nmlong. - Each pentago are never
adj acent angl es RO9GUSES zﬂ"ﬂayse@or rrM?"Ny ?f/\oﬁt‘ﬁset hé‘tetfmﬂw?sengfh &dles of

the pent agorio DarmﬁwmeEoBSaréMmm 'rﬁoﬁeh‘i‘lﬁﬁ‘&tﬂknﬁﬁ%cﬁﬁe\fé)rvméiﬂ @sﬁﬁgen 127
S SCr

129 cm and | smr]rqefgé PF% Eftal rﬂ%&'g‘ 3 E'B'I"g bﬂggg_o&ug}%te éHEB'P%?‘éa"C
matefials of tfilen. prRigane i1Mvést aomeremscu’me ragrhentaryc vﬁeWmoIﬁaanng a

first surface ary qiﬁﬁdgr\?eggggﬁ'? W F3E SERB ﬁd fﬂ alstoh ‘?k'?ﬁéspre;#l Rt and

materi al s have a ea W an u er su ~ace efl nes
conprises- a portingantipni he FilgtoiP sef f Bigairef 1t1he¢3ﬂ| Ibﬂ QW%FQ%m!éﬁ'“Qurface

whi ch conpr |l§es ek eRiPlh P FoPhidd|&chrké® 1127 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 pentagonai _depressions_Iul with land area 151 between
the depressions. Forming surface 129 consists of land area
151 and sidewalls 143 of pentagonal depressions 141 which are
" substantially perpendicuiar to land area 151 and extend
25 through’ forming screen 127, thus forming pentagonal holes in
forming surface 129. The open area in forming _surface 129
created by these pentagonal holes is 673 of the
proiected 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 pentagon 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 angles and are always formed by
two of the equal length sides of the pentagon. Dimension E
35 which is the thickness of forming screen 127 is 1.3 mm.



surface of the film Exenplary debossed and perforated film 10 150 of
Figure 11 has first surface 131 and second surface 132 separated by a
maxi mrum t hi ckness T. |t is preferably nade froma polyneric filmhaving a
substantially uniformthickness T. For forned film 150, a pllane is
defined by the upper surface of Iand area 160 of formed film 150. Stating
that a 15 pl ane is defined by the uppPé surface of |and area 160 si mply

i ndicates that formed film150 can be | aid out such that and area 160 iS

subst ant i al | JForming -sareed 12{qBA% A5 QUL IBRIALIOf i | m 1519 §M #RYi bl e and
can conform 4§ made fReH-dtaRilessateésl. Debossed and perforated materials

of the present s|$nvent| rfon'g e t%erforat t pr té%r ances
NGt gt e Mt
and bl of | Shsg0RR fiftactedaitéd"ly TRThIURIE? ) 0 HaudeHIR D, | 11T,
whi ch cont i ayespylang: areawith tan tipper sypefacerwhiah d&ﬂm%e%cpiaﬂapert ure
162 to one apydGompriidic ! orm% faﬁsf:hgnaco%w fﬁﬁ'?aétﬁdt%fc‘iﬁﬂr FihNg 2

portion of second surface 132 of mand outer surface 167 conpri sing
a portion of 34 & QHPFaEH'fSI W'F'He‘:?‘PPﬁﬁse%Oa portion no{jdhe; if B'sﬁg debossed

andt perforat elirfade ofatise Giini. heEﬁam?ﬁ]-ty ld&&?&é@rhndtpéfﬁo#&gﬁ;ﬁ‘lﬁio rlgge[1 to
certain me on ne er or | as
a naxi rrugbthlngngéfqugﬁpar ﬁ??nﬁr? !fiﬁfrﬁaféa f°§ mj ‘&?} ace 132
of the film s8pdeateld bi63 ofaximutn phmﬂqmsaﬁce B5is nfﬁermyamaaieerage i
depth L fromeghhg ahg Rierft fak.enaonﬁ 2 suaéza%wisl raffo.lagmsa&ﬁéswo W,

measur ed about the peri ery of sec aperture rection
per pendi cul ar salﬁpfplfaﬁ@edFﬁr'@t 18P er 8 uptanes isodef r"GPu e UPRPRr s of t en

ﬁn i rregul ar e omeéla?r%aOﬁsd Mstfoa@eat niR 10, C@tatiﬁ denst Iéﬂed as 5
avi ng a Ccro

[ t
i nscri bed? thePﬁéSgc'sA eﬁ\%‘i:‘?ege CPPEFE ?@rf%ééqu@%r%%geg@gﬁgﬂ?ﬁat i s
whol I'y wi t hi in8licazes aqhalttturmetﬁfnlmd S00carache laid out such that land

area 160 is substantially flat; it is .under_stood that formed
film 150 is flexible and can conform to many non-flat shapes. \J
 Debossed and 'perfdrated_ materials of the present
20 invention comprise perforated protuberances such as
perforated "protuberénce"s 155 of formed film 150. Each
protuberance 155 has a first aperture 161 located in the plane
of the upper' surface _of'land area 160, and a second aperture
162 wholly remote from and below said 'plane. Each
25 protuberance 185 has s:dewan : 163 which continuously
mterconnects furst aperture 161 and second aperture 162 to
one another. Sidewall 163 has mner 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 describing debgssed and perforat_ed materials of the
' present'invéntion, it is useful to refer to certain dimensions
of the formed maternal Exemplary formed film 150 has a
maximum thxckness T separating first ‘surface 131 and second
~ surface 132 of the film. Sidewall 163 of each protuberance
35 155 has an average depth L from the plane of the upper



the edges of aperture 161 at a mininumof two points, such that for every
di ameter bisecting the circle, there is at |east 10 one such contact point
in each semicircle, or the diameter connects two such contact points.
Debossed and perforated materials of the present invention conprise

pr ot uberances having a ratio of L/ T of at |east 5, nore preferably a
ratio of L/T of at least 15 10, nore prefergbly still aratio of L/T of at
| east” 15. Debossed and per f or at ed mat éPi al s of the present invention

have a ratio of L/D f at refer ratio of LID of at
| east 0.7, SHoH3 pl"ef %r"&ol?eﬁ 3?1 TFB 8 °3¥ ﬂ}eeasqenphery °h 0.
Because debossed sacmhd paperoued cb220n armu'ectlamsperqurhhc:plraeseam ipharemnt | on

can_have prot UbeiggesobAY/-a0: & G HrBiiRlaraicd®19n sChieR! AANANRGII i S

possi bl e for such Rrotu erances to h apertures avr ng nore
one inscribed shapec|elhe siggrof firtsth 3Perwf@gdﬁérci¢ra bed M%r%ces

the ratio of LgD lhgt,ﬁrge ater&ib%se@r.éhanaﬁia fst}ehZEha: Er@rfruhebarms:neter o)
surrounding a particul.ar gé circle ]E% zfA trlbute
of the high-pressGPB P¢iiggsrbe ﬂWFB‘r mAﬁ‘ngﬁcﬁr’;B%% OFC 15148 *73 nerein
||s t he ?Ibl || ]Eyl t Cas ored athat c?r t«mamvph\)ﬁmnalﬂﬁgoaﬁgﬂm 061 aarsd:bedr&at:tsal | y
pl anar at film produce

physi cal properti gé)e é{!beﬁar?f 5){)ubs rgnﬁght B'I"?;l' qeé\"?. &"“?r I?’Hcr&:an
general |y be substhat ifar |everyt dimernthIegtlhenmarasadebethne'enlst e least

pr ot uber ances f %Hﬁgibﬁﬁmégnfddt”boﬁm ihQ e3€n"SefidiFdll, | Br ! fife Syfdfitter S Of

t he protuberances % si cal di'stortioh o In the
prot uber ances, t hEORNEERS FWO (e C°Q@cﬁrﬁﬁ'ﬂﬁﬁa-r ances, especially adjacent

t he—$econd aperture Detssbdy Sud|Ui peFopsngd dindteriang RIfystisel ;We%ﬁﬁtties
fromthe filmin the l.and area.

ad . Of
accordance with Gﬁ“ﬁ”&ﬂ‘/f&"&”s%féﬁ?ﬁ?ﬁﬁ% ﬁgﬁ"%/zfgﬁa %fsgfﬁr ng ‘bfr 8tesses
is the ability toleastai n subf asareappetarabtye aandtiprafpds/Ti of adnigastered into

a 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, preférably 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 materials 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
L - protuberances, the ratio of L/D refers to the portion of the
25 -~ protuberance surrounding a partxcular inscribed circle of

diameter D. :

An attribute of the'high-pressure' liquid film-forming
process of GB 2154173A ' is the ability to retain
certain physical properties of a substantially planar flat film

30 in a formed film produced therefrom. Desired physical
properties of the substantially planar st'arting' film can
generally be substantiaily retsined 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 fiim in the protuberances, the film in the



*

substantially planar film For exanple, a substantially planar
thernoplastic film having a surface roughness, such as a matte surface or -
a fine enbossed pattern can be debossed and 10 perforated by processes
in accordance with GB 2154173A while retaining the matte surface or fine
enbossed pattern on the land area of the fornmed film and also to a |large
extent on the sidewalls of the protuberages of the forned film "This i@

a particular advantage in achieving debossed and 15 per f or at ed
films w thout groibbeyances| aséspeciailpokadjaertth thesusdcond r apgimaes nmay be

present on only one,surface_ of e f . film befo or 1 _n I.s often
the case for er?ﬁt'?gyf ?%?"é'ﬁ??osrot"%af 't"gi'%‘ﬁd ptrsqyesg%lté?%{fgrrﬁ[%shgmﬁggfant lally
flat film as filr gertdvealdnd @neacase for a fine embossed pattern. 20  For
films which are tANFRRCALySAtiGe 0T piillssed BUL{ATRAAIGRAPTS 200176k Lher

surface of the film is effective 1n reducing the shiny plastic | on

bot h surfa8es. oV#ferths RHI0F &l Vaew y SoFHAEsRrIcespredantheoAbhtitheb®t one
surface of theetsinorsmdate | sppearanededndi IpFoperdes cengineeré@r pitoodm by
processes in ac %rg‘gp‘gﬁ Wl:?haFBq 154173A can FXhI bit a su_rhacelroughness on
at | east one S AcesalY PREF I ar £27oP*FMRI&: o7 i3PstankpllY Blanagy o  her
the upper or |theemopiasticefii hawthgar aastiftacel rexghriessy sachedsfial m 150

of Fioure 1l.mddleSHitab@ R af RhETEntddslll ie0PH! Cark ! aBBLAd ARUCH

surface 30 roughness on at [eas ne surface o I dewa each
per f or at edOpr ReMieraigde B¥5 REPWASEY cimgecdegarveoditht GB St1I1IMvhilan t he

pl ane of the uRginisy" tREemarte! s0Ffakecar Life ERBBYSEd pattems dn | fRel50 ]

exhi bits a surfage snpo i nner, surface 164 and outer surfaceu

t nﬁss on botfq g
167 of si dewal'PN953red of tog; farmed film,,3nd 3lsa (19, 2 large exfent @ nhe
extrene 27 thier eiddwails @ff the grdtaberaridess of cghenfornined SkmondThperture

present i nvent'Fon exRebieulnr 38y8h8REE ol 3eRidvia, poBResd, rarll o

si dewal | 163 fenferdtedat filmgr withomtaraeshity t Uplastic"depok. of Ssichl emst

L/ 2 from thesnﬂ"fﬁ‘é\?_r%hgw?ﬁsgprﬂﬁ\} be present on only one surface of the
flat film befbre forming, as is.often the case for a matte
fir{ish, or may extend clear through the substantially flat e
film, as is generally the case for a fine embossed pattern.

20 For films which are transpar.'en.t 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 unformed film, a formed film produced W,

25 therefrom by processes in accordance with GB 2154173A can exhibit a
surface foughness' 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 “...

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

30 roughness on at least one surface of sidewail 163 of each
perforated protuberance 155 to ah average depth of at least

| L/ll_ from the plane of the upper surface of land area

160. Hov_veve__r, 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



surface of land area 160. The depth of such surface roughness on the
surface of the sidewalls of the perforated protuberances depends on the

" properties of the filmbeing formed and the conditions-under which it is
formed. 10 . * Figure 10 shows exenplary form ng screen 127 having
surface aberrations 156 on | and area 151. A nethod for producing such a
formng screen is disclosed in comonly ass4 gned European Patent
AppMN-¢ation No. 0,059,506 A2 of Ahr, Millanhe, Louis & Quellette, published

Septemper 8, 15 &%@&m@nef RRe ﬁﬁ“?ﬁdtrﬁé”re@&fi%&g sfeeam%e%&?@n%zhav' ng

surface aberrations on form ng_surface is disclosed in . commpnl
assigned U.S. Patsefermed during W'SO QraungdrPreFess: o feferipd\fgrmed 1’982 t he

di scl osure of vvhbf:hheSpm%awnaentibncazwwsadfadaes-eug'hnbss ohehen&dste.
Sorensen achi eves_. ffor mq?g screﬂnigfégng sur e aber rgélons on
both the |and ar®2% %‘F B¢R of oPideNs ePaRtPr r&!°§ %W?ﬂcﬁsj tohe
ggprfasm ons ISP thedémhnd”fgasureﬁat:e whi ILg 2 Alffom Mﬂd qﬂeneLoﬁlmfeOu@Ipleette

i scloses' a for SClee avi ng ar ern,of sugface
aberrations onlygqé{lgfﬁe 4fa gngreaefeaf lﬂ’é gﬂ?ﬁ é’%?ﬁp e. SYSh haprtaghe of
form ng screen ceougimnessedni mherBSQSOﬁ)fththIq!V\ESBntofl theerperdordtedpr oduce
formed material sopfuiPaRées Wind iUl Ohe HUBKRTIes | bt | el MEPTUGAg O USE

form ng screens ﬁaVI ng surface a erratlons dom " or guI ar

pattern, only onfarmed and the-sonditions ppART whish itaise fem as surface
aberrations 1056 on | Eigumy e Idhbwd éxlfnmlagnsvdrfrﬁﬁg 15¢Petn {77 nhé\angcreen
{

127 Fi 10 t h f t hat f f 35
havi Ing slugrgrgge %‘é"%&?l g E"baﬁﬂ’c%g%nd"gr‘?é‘ e%’isﬂgt 215”2 a‘){ ¢ gg‘?‘g 3 film
wh\\e_h conf or ns npradudingelsycho at Heorming esofeenhdsf aiscloged uirf acamméniyhe
formng screen t£%'?c1;ﬁ@8”5%r8 4R "Pa it AppfiddipsH ﬁHChoSHEJ 38 LAt ons

I s used. Althoug prese I nvention Ts not dependerfit on any particul ar
hr, Mullane, Louis & Ouellette, published September 8,

15 1982.
' Another method for producing forming screens
- having surface aberrations on the forming surface is disclosed
ot ~ 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
Y & Ouellette discloses” a forming screen having a regular
25 pattern of surface. aberrations-ornily--on the land 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 Figure
10). S

It has been found that the use of a forming screen
35 bhaving surface aberrations on the land area results in a



S mechani sm by which this occurs, it is believed to be due primarily to
frictional forces between web of film 10 and form ng surface 29. The use of
such a preferred form ng screen having surface aberrations on the |and
areas, but not on the 10 sidewalls of the depressions, results in a
formed filmhaving a roughness inparted by the fornming screen to the |and
areas of the forned film but not to thegsidewalls of the protuberances o6f,
the formed film Wen the flat filmto be forned has a surface roughnes

on only one sforimeee filln WidchScoriforms mode acloselyade sheditagessf othet he ot her
surface of th I esul 4 cred £ o] a_s roughness
of the I and afoé'fgl'b\ﬂ]i 8Hp§%ﬁrﬁ| %ybgﬁé;gfgg%ﬁaﬁioéﬁwoﬁﬁgheWshélpf gcg&&g&& hness of

the starting seresnamitkoutosgiche surfagearabedragjonseiss usedse Abthough ons of
the land areayyd phR&sen?" Thend6n wrﬁafed?péfmiipngﬁda#w; rBa?"t_EQjéj:h' bits a

surface roughness on at |east a portion of one surface of the sidewalls of

the prot ufer ABERBNISM, &Ry owBichy this ¢ peEUrns: f At cisr RRlieyeds tan benalugyr f ace of

the starting primariiputtot Miridtisri@d fordd® dtwrehs wetsUbf afitm I00QRHNESS on
the entire R{rgﬁr gu%ac?g of the 25 sidewalls of the protuberances
correspondi ng IS 1S Surface of the starting film A surface
‘roughness on the flihestuseuréfacsuct he qreferredprfoxmimg e stheerf ohaving sur f ace

of the form n&%&gg%ﬁ?g?%ims_f' Ioﬂtt{]ﬂ'_eé Manld Q'eegsor n?ﬁteh?%? ?noﬁlgn;sd ar effect

as the surface ons on -l and area “df fr f ace.
Such a rdfgh sidewalls of sbe depnessiorys|, nfesats in 3 foemed filmi havimg i ch

conf or N5 nor erdilgrfdss tMpaPRd BRIehe! féﬂﬁﬂnPOEH}éEh 4" kREClank apgad Or M ng
screen than whgn %lrst syrface of the

bel i eved to b d Q-Sr ormed; y fiim. £ (HRY i S19% tl§|5mdf'§r i%ngg}tﬂgl'aggfwlé@e g}S?i | m~
10 and for m ngrctubeasecéd.of the&9fditied dlimlebdreed thendiatpeilhotaticsl
havi nga wi derarmedlre” urBide, TRUGRRRAN “ORSantyl erd) st o, ot Tt O
15 film and a surface smoothness on the other surface of the
film, the resulting formed film exhibits a surface roughness of
the 'la_nd area which would be a combination of the surface
roughness ‘of the starting film and a roughness imparted by Yo
the surface aberrations of the land area of the forming
20 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
25 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

30 aberrations on the land area of the forming surface. Such a
rough first surface of the film resuits in a formed film which
conforms more closely 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

35 forces between web of film 10 and forming surface 29.



hi ghe pressure liquid stream formng processes of GB 2154173A. 5

A fragnentary plan view of an exenplary formed material 120 having |arge
holes 121 and small holes 122 adj acent one another is shown in Figure 6.
Such debossed and perforated materials of the present invention conprise a
polymeric filmrand have adj acent protuberances having Ds 10 which differ
by a factor. of at |east 2, 5, 10, 20, 5Q, or nore. Formation of such
mat'erd al s is possible using the processes of° GB 2154173A

because the pressurg diff rentlal Cross t he thi ma i al
being fornmed 15 is v?FPEaI §ﬁde?ﬁ Ofpﬁrﬁ%rﬁtgﬁm%?gﬁggﬁaggé af:'gﬁlt
areas of the mat etﬁavﬁhg Thltsncdta‘fnaﬁefms.m Muéuwngorpqrfprmmmmabm ng
processes where on ?%{9 S EQEEEQ? 'Q?Q%f'éam Gehepr%ﬁﬁéél'lrSy the

differential acr os cknesSs e he 1| mTedl at
surroundi ng area li"S“szS%%-mel Siguyd r eggamdforming - poocesses sof Gp %Fé&é??‘y

possible to fgrm very smal A heigigerndrf cEmn h\aéweof ca?eSexempm-y Uarmgd t he
prl or art vacuum form% Pr oCesses

end nce for t|on
Po ! medi at ery. SURTRSIRIG (R AhBA500( 3708 FRles [ 4T bENQ S helelsp | d
processes in accosdjaceret \urteh 26Btidr543 78owobin Eigeste 60 | Sqeh tdebossed

prot uber ances of gt 06 ApLiee! aflr SIS e LSSl HchbioReLBorigy 4o
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D's which differ differdraiioacraissathe ghétkness of the mnatepial Jogeing 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
st ' pressure' differential across the thickness of the fiim in the
immediately surrounding area is substantially reduced. Thus
20 it is not usually possible to form very small holes adjacent
large ones when Os_in_g the prior art vacuum forming:
processes. '
This independence of formation to  immediately
U surrounding areas of the material being formed allows
25 processes in accordance with GB 2154173A tobe used to impart
protuberances of a wide vaﬁety of shape_s 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 ‘whick has an
irregular-shaped cross-sectional area such that at least two
35 circles of diameters D can be inscribed therein such that the



50, or nore. This lack of sensitivity to the size of the opening in the 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 formng structure 28 is used to produce webs of
debossed and perforated filmin the prior art vacuum formng

processes, formation of 10 per f or at edg pr ot uber ances has been found

not be conplete where holes in formng surface 29 are partially bl ocked y
the netal cellpw@lchected dboneycwﬁala?tﬁ anckumrthhalth@bem wticien rafve he

or ot uber ance. uBIngtRBSEENT &Y o roarac ek o4 ° o 2e St A8 #na. - such

partially bl ockkdohohese.in form ng surface 29 generally have little or no
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This allows these processes to be run at ver eed, thus prow di ng~/
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Figures 1 and thé caaesban r forming |Wic§p2§id@enb?alll$ tmuml lh T &M at
speeds of 2 m se 35‘8 eeds. for rocess are

from nﬁ?rés tedt :ﬁro[tBEerance %Sl §p85'(?§ Lﬁg§t BI'OCBS%GS. 15 m sec

or faster 15re On the other hand, such partially blocked holes in forming
surface 29 generaily_ have little or no effect on the formation

of perforated protuberances when the high-pressure liquid

stream forming processes of B 2154173A are used, ‘st
as long as such blockage does. not directly support a portion
20 of the film bemg formed.

ln the prior art processes for producing formed film by

vacuum forming of a web of moliten 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 W/
25 forming surface. The heat transfer required to set the film
- is often a rate limiting step in such processes. Because the
processes of GB 2154173A _ are performed with the
web of fiim in a solid state throughout the process, no
cooling is required to set the film prior to removing it from
30 the forming  surface. This allows these processes

~ 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
speeds, it is typically run at speeds of 2 mi/sec or faster.

s Prefe'rabi_e spe_eds__ for such a process are from 4 mi/sec



att-ai.-nable. Wiile prior art processes where a nolten film is fed directly
from a film extruder onto a formng surface can 5 achieve noderately
high forming rates (up to [err] 2.5 msec is currently -achieved on a
commerci al ,scale), high nolecular orientations are inparted to such forned
films produced at such noderately  high speeds. Such hi gh

nol ecul ar orientations are typically unwanted since they induce |arge 10
ani sofropic properties to the formed film 31The processes of GB 2154173A
can produce fornmed film at very high speeds W|tho t art| such

unwant ed nol ecul 42 ori enfafl 88& iSREBA® YR % si nce h§‘ Ispe gg%tefe?%ﬁ ned at
t enper at ures bel QudiRgble, el t tenperature range and are not stretched to a

| arge 15 degr ee. B;ﬁ%ji%tﬂg%r ear.t &8«”&%2@@ Igga})hr%ngws 'lger’éok%égjihf i ed,

the processes of GB e run a
speed where it i dicexdly efram aorfiilm cxtyudert oofo aa wormiolg sivrfaesmt €an | y

planar materigl. acﬁi odzaﬂ(}wvsh ghz%rmlﬂ rpi% T(eé fo Web of; tsherappl astic

film 110 whiCh nay sectio use as cover p les for
shaped di sposabl esmw@my \ishiexed ainedd commerciad scalabpdiigbd malecular

perforated only ldmaefteﬁan&l&rmmmbl tPeslidle Foreedn dinmn (proiucb@aggls of
i r - br ot heabl o {4<ar TRAFTPREYI odiShind TBRE88- of SHERI APBR nesulas

ai r- br eat heabl e ar e n o i

provi de confort. oridreationai arelgtwleallleﬁnufan\wdb efnchl Ithe¢ 1 Ondecei lasge
ol o e bar heT anl GBI S oBPRL 14 AL HHe R | ool |
portions of web 158)215&aF3a normally @J@ nmrqdewevwﬁome@r@as ay vMeryghigh

debossed and p%rfqi{ atﬁ&hou?hﬁf&arhha BB&F;eurhmﬁédoO%leém&\Btbr@énéh'oWs110
woul d have to be €8¢ In order to_solidif fi

y the 00l |
unper f orated ar ea\"‘li"?e foﬁ‘I §inge she¢ fitms zﬂ"Py"Eﬁal"F?%Lﬂtt t%'?‘ﬂg%a'{"ﬁé ?288 no 35
perforations in ahesr it ttempepsturiel eingedridi@rel Hotl steetchedto a 187ge

15 degree

Because there is no moiten film that must be solidified,
| - the processes of GB 2154173A can also be run at
A 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 thermopiastic film 110 which may be
divided into sections 115 for use as cover plies for shaped
| dispos_ablé_diapers. Web of formed film 110 is debossed and
| perforated only in areas 111 which will be the legbands and
U waistbands of the diaper. Perforated areas 111 will thus
2§  provide an air-breatheable fit around the legs 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 f||m
forming processes, the entire web of film (or at least
30 subétantial portions of web 110) would normally be moiten
while areas 111 are debossed and perforated: Then the
moiten portions of web of film 110 would have to be cooled in
vrder to solidify the film. Rapid cooling of unperforated area
112 would be parti'culariy difficuit since there are no
35 perforations in area 112 through which cooling fluid can flow.



Areas 111 of web of film 110 can easily be debossed and perforated whil e
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 formng
screen 5 27 with holes in formng surface 29 only in certain spaced areas
to provide fornmed areas 111 on web of f|In1110 Such a process could easily
be perfornmed at high speed since there |§ no need to solidify the film

after formng. In produckﬂg eboss fd {;} erforated webs of nmateri al 10v
usi ng the processed RS 5%eB3gr film 110 can epgilyRe (dpRpFseAadndhe use

of form ng screRpsorditéd WApeetsd b agfd fival &5 |hhﬁie vedlid stavEmelritgal with
regard to their |eadin nfjﬁsaé AI ng edges not gl éA/as?/Ss\l;\}gr oduce webs
of formed fil mRIP fﬁssse? t PP ca ossed pr ot ubé}ear?(?gg Y ¥ &hnd t hat
15 the angl e atFigiaresh 2 |aq19i 3 sbubhnbe Ausad |H§es=rs:em¢mxg Sorhiree sc2eehi web of
film 10 cangaf fzecgﬁ,% rﬁbr%n?ggngCQt YygerLa Orﬁr el abha egg gmed film
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cont act ed tream Irst. This calses the po
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perforated in RatNWEFEELkrRetriEdINELithaS ecdypep re been '
found that by sg;y ng |j u\}l d.stream 2'2 30r : td :ﬁ?gg |§§d"404 Qﬁgvel

at the proper ng @9 st §idi Patt pyRYS m%ntweﬂio off fPﬁ'l“ﬂ?né”@urface
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appr oaches fornfngwsbrfmfcefc!@ ah® diarectiffectof the symmetry of such
protuberances of web of formed film 15. The mechanism that
"is 'believéd to be occurring is illustrated in Figdres % and 5, \rf
where the apparatus and process are viewed perpendicular to
20 - forming surface 29. I[n 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 perpendlcular 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
25 the leading edge of depression 97 is contacted by liquid
o stream 22 first. This causes the portion of web of film 10
that is stretched into depression 97 to be stretched and
uitimately perforated in an unsymmetrical manner, as shown in
Figure 4. ([t has been found that by setting liquid stream 22
30 with direction of travel 101 at the proper angle 99 to
direction of movement 100 of forming surface 29, substantially .
symmetrical perforated protuberances can be achieved. Angle
99 is defined herein as, when viewed perpehdiéu__laf to forming
surface 29, the angle between direction of travei 10.1 of liquid
35 stream 22 as it approaches forming surface 29 and direction of



33 ‘mevenent 100 of formng surface 29 fromthe point where |liquid stream
22 inmpinges formng surface 29. Angle 99 is preferably an acute angle.
The proper angle 99 for setting liquid stream22 will depend on the pattern
of formng .surface 5 29 of formng 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 approaches an gﬂgle per pendi cul ar to the
direetion of travel of forning surface 29. e processes of GB 2154173A

are particularly 10 usef for rodum n ebossed. and perforated
| ami nates of therAPHIRYY ¢ °P| o ?fd“'&ﬁhes?" gﬁ‘i’erfi frogy e aspcf‘rﬁ§ al'Pees | s,
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The illustrations provi ded hg ei nbef ore have descrl bed Imfornation on
femal e forning suiesperlagtic Jiimeandc athen matenip FOPHEB ,ag F‘Eﬁ"é‘ed folls.a high
pressure |iquid Sﬁdrﬁ@dvdmtma%aalsdeﬁhasé‘pw or TmﬁﬂédelseSs of the for m ng

surfaces. Such fenmale form D?% eﬁ’a l&n??l&"[s:%ﬁéah H&rg %rsﬁ'i ﬁl’l al

havi ng greater conpressi vE3Y
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process shown in Figures 1 and 2 by feeding two (or more)
webs of substantially planar materlals snmu!taneously over

[N 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 planar 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 dimensional perforated
U protuberances of formed laminate 215 provide a_n intermeshing
25 of the thermoplastic film and metal foil layers such that the
plies of the laminate are held together.

The illustrations'prov'ided hereinbefdre have describeg:l
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



34 material 310 is formed on male form ng surface 329 of form ng structure
328 due to the action of inpinging liquid stream 322, thus producing web of =.
formed material 315. EXAMPLES 5 The foll owi 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. Exarrpl e 1 A web of debossed and
perforated filmwas made 10 substanti aB%y by the process depicted in W
Figures 1, 2 and 3 and discl osed hereinbefore. Form ng screen 127 of

Figure 10 wasmatewinlt 31¢ dsnformeds phnmale éorroing isumfaceo 3ddsofa formizg mm t hi ck

and 19.4 cm wWdgehehe 0826 gw%s'tm RetbAL Y GRS nghg 4‘!@ id 2Btream

commerci al | y rom Cons dat ed g?_r nmopl ast i c npany, Harri ngton,
Del awar e. as Prlodtiys RIodsgny we med| @atemiah 3 a matte finish on

surface 11 and. was corona di scharge treated on surface 12. Form ng drum 30
was driven such that the speed of \gﬁ?lglﬁ féé m 10 was 4 m sec.
Driven S-wrap .rolls 31/32, 20 331 136 were. driven at differential
surface speeds toTéesdokowingt eddampies\asreageaserited assiliustoatioed of film 10
and web of fo d.fd 1 ho r S se. s f speeds of
driven S—wapfﬁl?;é%ﬂén‘t’%ﬁgﬂ H]"()’}3§'l'g6'(?§§ %tﬁ ggntq%gg&o fe speed of
form ng drum Swpeept the Bugent@goyn 2y aay.113% respectively. The tension

measured by tension nmeasuring rolls 58, 67, and 82 was 0.9 kg, 0.5

kg, and 1.2 k respectively during the run. Wb of film 10 was debossed
and perforate.g_E&Eﬁnéflow of liquid stream 22 from five spray nozzles 90

evenly spaced 30 A Sww apfir Tdeaadswnmmdpaﬁfmsed\ehilaf Masm fde Nozzl es
20 vere 8" eybbinarl B, oFE B BT EIRALLY . £ SRS,
250. Liquid alsdrdan_ioszﬂ teseinbefore35 Forming screen 127 of Figure 10
was used to form the film. Web of film 10 was a 0.025 mm
thick and 19.4 cm wide web of low density polyethylene film
available commercially from Consolidat_ed' Thermoplastics
15 Company, Harrington, Delaware, as .product no. 23932, Web
of film 10 had a matte finish on surface 11 and was corona gt
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 roils 31/32,
20 33/34, and 35/36 were driven at dxfferentlal 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 formmg drum 30 were 97.5%, 108%,
25 and 113%, respectively. The tension measured by tension
measuring rolls 58, 67, and' 82 was 0.9 kg, 0.5 kg, and
1.2 kg, respectively during the run. .
Web of ﬂlm 10 was debossed and perforated by the flow
of liquid st_ream 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
Spraymg Systems Co., Wheaton, Illinois; they provide a flat
spray at an angle of 25° Liquid stream 22 was water

35



suppltied- to nozzles 90 at a tenperature of [err] at a pressure of 830
NcnR (1200 psig), resulting in a flowof 5.7 |I/sec of water through the
five nozzles. The nozzles were set such that the spray angl e of 25 was
parallel to andtcentered in 5 the cross-machine direction. (The thinnest
-di mension of the spray was parallel to the machine direction - the
direction of travel of form ng surface 29. The nozzles were set such that
theMA at spray of water stream 22 inpinged surface 12 of web of film 10 at

an angl e of [errd,d0idd'%o %ﬁ | 99 £f at'{eﬁ'}ﬂr?raﬂjrielgffi@.rd”ﬁ@ga S;Wefs?gﬁe 29. Vb

of formed film 15 thus })r uced retained the matte finish on surtface 11 in
the | and areas #fd83%h N/ emibdriaPR iR§IGportasuiting tme flost Phe? dnéesecopf f or med

film15. The corwyterdisedijroaheofivéanbogiledas TRé ahofdledweres et anétﬁ ?I 15
0 Im

portion of 15 surfage 12 of web, of f d film115 Wb aof forne

t hus produced ha‘g'akeﬁ?%rsﬁrgﬁ Bf'ﬂhjl%rg ‘f:f“%a%amfﬁ eﬁnma\?ggaﬁﬁnffélﬁsh'm of

0. SS ][rmfand aﬁnf aher apess-machiree dlicedqtidre di(a‘:cmt chinbest dimension Q:fgtmn Thus
web o or e [ 1 tj.0 T . . 5 20 nd a.ratio
of L/ D of meag g’.a Qaﬁ%ﬁal{f? °n§$%n'}sr£ih'§_ﬁdd5eﬁ3% ‘d@'&%%hﬁ%@ n B§
optical measurertEavel afsifegmingosarrface nddyii f Thwt irmzzieSx avqriee sét Asugieb  of
debossed _ and  niat Al ¥ae dpdap opaRateFideredm 23CGHiALEY dukrhbe 1ar BECSS
used in Exanple 1 excePt for the follow néJ]:o formng drum was driven
such that the sp¥RRI i HRp %Pt AN 3Naie) of81° to the directiony ef trawek of was
fed to nozzl®s 9rmind sureésciee, of 1040 N cnR (1500 psig) with a resulting

[Lowof 7.0t T5C O'wiBer ARG s WhUE, BISALER e R A 12,
of Milm 10 at arfiniishl enofsufrfaqe] 110 in hthelilaadt aveasfand duek subftantiaig
surface 29. 3R riRdf Webul JidtlBErdded bPURried¥fifnd 1520 PHOSEGNRA! | Y
discharge ionization was retained on a substantial portion of
15 surface 12 of web of formed film 1S.
Web of formed film 15 thus produced had perforated
protuberances having an average depth L of 0.65 mm
e 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.

L/ ' ExamEIe 2

A web of debossed and ' perforated film was made
25 according to the process used in Exampie 1 except for the
following: forming drum 30 was driven such that the speed
v 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 angle of 85° to

the direction of travel of forming surface 29.-



the same characteristics as the web of forned film produced by Exanple 17
Exanple 3 5 A web of debossed and perforated fil mwas made by the "
process of Exanple 1 except that web of film 10 was a high tear strength
pol ypropyl ene bl end commerci al ly avail abl e from Exxon Chem cal’ Conpany,

Houst on, Texas, as product no. XELF 4251. 10 The web of formed fil m
t hus produced had perforated protuberandés having an average depth L of \.J
0.53 mm and an inscribed circle diameter of 0.8 mnm Thus the web of -

formed film had aﬂulvneb)fofoqrmﬁd film 2husngredycad dask subptasftially 0.7, 15
20 25 30 35 a{ét&%%éﬁ%saﬁﬂepﬁes%@tﬁ@mt in2lore@0eéd Si N9 a
polymeric fil m 1avi ng a rst surface and a second surface separat ed by a
maxi mum t hi ck®b¥s§xampiild material conprising a land area which has an
upper surface which defines a plane and conprises a portion of said second
5 surface of sald fjlmand a | ower surface which conprises a portion of
said first suEamPIes cqid fi Im said filmexhibiting a surface roughness
on at | easf one ofA saell afpdebosset 'IamaelpesﬁuﬁaMSfimi was dnddendyatlw, sai d

Corpr | o hg + nE PEF FERInRI@ ASCRE Hhar 254R BF AR WHLEFRIRES
pl ane, said fitean sapemggn @qiuprwlanerbmdssommaiaﬂa« @xaijabkle tfm acircle

of dianeter Dgoaiandechditichi beémbhsfel RodStdit) er&ked 04 Js¥ddurt: nB) a second
aperture whol '%@eéaﬁﬁ from and bel ow sai d plane; c¢) a sidewal | which
e

continuously i cts said first and 15 . second apertures to
one anot hgg, said Bhelewabl ohaforndartilmntiuss Usrctiiukedomad erdoratedrti on of
said second sy faGtedhcad Qavmg an average depth L of  0.53 mm v/
and an inscribed circle diameter of 0.8 mm. Thus the
web of formed film had a ratio of L/T of 21 and a ratio
of L/D of 0.7.
15
et
20
W/
25
30

35



fitmand an outer surface conprising a pog&rgn of said fir
said film said sidewall having an averag pth L from saﬂ”‘ﬂnmmmlml “IIII
measur ed about the periphery of said second 20

direction perpendicular to said plane, said filnlexhibltlng said surface
roughness on at' | east one of said inner and cuter surfaces of said sidewall

to an average G&pHMSof at least L/4 fromsaid plane, said filmexhibiting a
surface snoot hdessﬁm and perfarated mterial cERniging appobmeric filmg,i g

si dewal | adj acﬁ% ipd OBGrfaRe rédars sédnd dutithde Gepdiatedityh hdEimm; and

e) aratio of east O. . A debosse d %etrw&gra&’s& materl aI
according to cI@F-ﬁ’FF%‘Er éﬁhdﬁf-ﬂnﬁll AFREAELE & g%‘i“ﬂ
at |east one ofgy$pach hﬁi@'{ déf‘ﬂ’léui rdndc écmprt sésiad pertdencot shmaaedaﬁ h
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% b) a second aperture wholly remote fram and below said plane;
¢) a sidewall which continuously interconnects said first and
15 second apertures to one ancther, said sidewall having an' imer
surface comprising a portion of said second surface of said
film and an cuter surface comprising a portion of said first
surface of said film, said sidewall having an average depth L
- froo said plane, measured about the periphery of said second
20 ' aperture in a direction perpendicular to said plane, said film
exhibiting said surface roughness on at least cne of said
inner ard outer surfaces of said sidewall to an average depth
of at least L/4 from said plane, said film exhibiting a
surface smoothness on both said inner and outer surfaces of
25 said sidewall adjacent said second aperture:
d) a ratio of L/T of at least 5; ard
e) a ratio of L/D of at least O.5.

2. A debossed and perforated material according to
claim 1 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. '

3. A debossed and perforated material according to
either one of claims 1 and 2 wherein said ratio of L/T
is at least 10.
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4, R'debossed'and perfcrated material according to any

one of claims 1-3 wherein said ratio of L/T is at least

15.

5. A debossed'end perforated material according to any
one of claims 1-4 wherein said ratio of L/D is at least
0.7'

6. A debossed and perforated material according to any
one of claims 1-5 wherein said ratio of L/D is at least
1.0,

7. A debossed and'perforated material according to any
one of claims 1-6 wherein said polymeric film is a

thermoplastlc film selected from polyethylenes,

polypropylenes, and copolymers and blends contalnlng
substantial fractions of these materials.

‘8. A debossed and perforated material according to any

one of claims 1-7 whereln sald £ilm has a thickness of
from 0.01 mm to 0 04 mm.

9. A debossed and perforated material according to
claim 1 substantially as described with reference to
Figure 11 of the accompanying drawings.

10. A debossed and perfcreted material according to
claim 1 substantially as described with reference to
the Examples.
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accordi ng®to

S y as described with reference to Figure 11 of the
m l@ig% »10. A debossed and perforated material according to
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