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FORMED MATERI AL PRODUCED BY SCOLI D- STATE FORVATI ON W TH A HI GH PRESSURE
LI QUI D STREAM JOHN J. CURRO ALAN J. TRUSTY GEORGE M VERNON\FRGHN CAL %I ELD
The present invention relates to processes and-apparatus for producing
webs of fornmed material's, especially polyneric fil exi bi ting '
t hy ee- di mens| rMRMEDaNdcT'é!Rl&ILiEﬁODﬂigE%éﬁyeﬁphlﬁvg]ﬂ'tﬁﬁ FQRUATION
parficularly to the pr 8T AomIGH-BRESIURELIQYLR RFREMIforated material s

conprising polynmeric filmwhere the filmis in_a solid state throughout the
process. Forned webs of this typeJQ gh ct of the conmmonly assigned
copendi ng Applications [err]: 87 -8 ND OF THE | NVENTI ON :
Processes for enbossing and ﬁeMos and perforating -~ -
heat - sof t ened thernoplastic fil Wed herein, a web of
material is a thin, flat, substas=a b of material of definite,
pref erably substanThal | presenftor inventitrh arefatesdeto npioeebssryahd appacdtus’ for
enbossed fil mor. ot her teri S C web_of ch terdak,d.n i

nuner ous protm _g.e.ﬁ%?? g‘g%ﬁdf%‘? mi&éﬂ:{tpqﬁqqfig g’ojﬂk’t gﬁb‘?’gm
t hi rd di nensi odueesdimepsionalpcharentiéigktdess o t he pl ane of the material. A
web of debossed angheepiresantdibvemtdonoriedatest eardidwdanlyotaghamhences

whi ch provide it thi.rd di ional r r I I.cyl to the pl ane
of the nateri'aprpﬁ“\ﬁ%il(?ﬁ‘ %%@F §?I dgkogﬁéapgﬁg%?a}%é%?%ve hol es. The
prot uber ances watestialst compsisingapolymesddicofidm whene:the fidm e eri al s
may be of a w Alglaqts ' ) I bR :

Col l ectively sg'glh\éwglt?ghgf ggﬁ%ggggﬁgggﬁn?pgg‘beg?se as?d‘ p?ﬁﬂor at.gé(fbnﬂat erials

are referred t 8fh&hdisy type aze Sher subiectaof thes commondyoaasdanedes of
sich webs of f eopetding ™ pp1ddatd onlsc N¥gb B 7022762 8.hr ee- di mensi onal bul k

conformation. In prior art processes for producing a web of forned film a
web of heat-softened filmls provided on a patterned, .
BACKGROUND OF THE INVENTION

Processes for embossing and for debossing and
perforating heat-softened thermoplastic film are known., As
used hereiri.; a we,‘b ‘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
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
dimenéi‘éna'l structure 'pe'rpendicul'ar to the plane of the
material in which many or all of the protuberances 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
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
film, a web of heat-softened film is provided on a patterned,



2 perforated outer surface (referred to herein as a formng surface) of
a structure’'such*as an endless belt or a drumcylindrical surface. A
vacuum beneath the form ng surface pulls the heat- softened fitlm into
conformty with'the forming 5 surface. Alternatively, a positive
‘pressure may be used to force the heat -ﬁoftened filmagainst the formng -
surface. Whether the web of film is sinply enbossed or is debossed- and

perforated widdrfieiead odited h&\ﬁjaée Q‘refehsechlolt@smre.hhesfanﬁoaeuﬁglrface the
sof t ness andthlcknes[é% of the fil mb |n fog ndtheflwd pressure

differontial SWieRe) Phear ITRiCtyre, uch, &e%"s B dMossed
t her nopl ast i eyfliddricaiesdirfaceosed Maquuh‘: B%afeeth sthee fb’»‘mmg) swifaeel to Snith

Chavannes. on PO hey Rear-33henéa [fin “stacBSnrhfly WaNTBA t3RISS, 7 o
Prender ga§t curfaept eddternagivelvs®a  pasitivespressune. may ber asedt iton  of webs

of debossed ggpce Pohé Ohese%om%aomﬁﬁtsga.hlstwahar Q’oﬂhﬁ? 05gpfaica, U. S.
Patents 3,038,198 i ssued afa‘lrln lg une , 8 issued to
1

Zinmerli on dhetbepeth &8“’3998@ 1 59plY; msﬁﬂ Plicks 9/Possedvan Coney
on April 24, al\%7$er40ﬂéi5d6913|ll gepend t on Retheysige dRythd2 holés79n 4he826, 828

I ssued to Ha on Cct ohe 198 99,2 ssued Le Sorensen &
Bal | ard on MHPERE sufg Zhﬁ %5%5% ?QHegﬁ'tc?)‘ ft?ﬂ? on July
28, 1981104, Formeéd? arsisubel iﬂmd?plress&eb\dbﬁfermtia!aacwoss tl‘l@&fﬂm 25 _
4,342,314 issued rl guspt 24 gﬂqo 215
|ssued to Bi shop %ﬁbé\?@g@ 2f§ ?8@%&83 glreggegg é%% ro ucfllagﬁéo
perforated sdHm ese digplosed ini UnSi sPatests &%33I-ﬂ‘%'§§l‘%tt@r§ml4h3®3 609

i ssued to Hurggign BHI We&b@al hpar fogm) Deovehmn bndl9WBF76,832 both  The

processes disclosed in_the ref erences cited abo equire. t
t her mopl asti dS$48dn R CHAVARRLE o 08y ?P‘Eﬁ'é{ergt o¥§§: i e®Rd+ E@%é%ged

enbossi ngsor ;dahmswg Gilbérpersf oPeéndergatt lber fSéptemberi s2%,an145@.achi eved
2 O =ELo 0 SRR Oho DengLRALELRRETSE S o1 A ghuna, Ve of
perforated thermoplastic films are dtsclosed in U.S. Patents
3,038,198 issued to Shaar on June 12, 1962, 3,054,148 issued
to Zimmerli on September 18, 1962; 4,151,240 issued to Lucas

20 & Van Coney.on April 24, 1979; 4,155,693 issued to Raley on
May 22, 1979; 4,226,828 issued to Hall on October 7, 1980;

4,259,286 issued to Lewis, Sorensen & Ballard on March 31,
1981;: 4,280,978 issued to Dannheim & McNaboe on July 28,
1981; 4,317,792 issued to Raley - ¢ Adams on March 2, 1982;

25 4,342,314 issued to Radel & Thompson on August 3, 1982; and o/
4,395,215 issued to Bishop on July 26, 1983. A process for '
the production of perforated seamless tubular film is disclosed
in U.S. Patent 4,303,609 issued to Hureau, Hureau & Gaillard
on December 1, 1981, _

30 The processes dlsclosed in the references cnted above
requn'e that the thermoplastlc film be heat-softened in order

"to achieve the desired embossing or debossmg and perforation
of the film. Th|s can be achieved as disclosed in many. of the
"above references by heating an existing web of film to a

35 temperature above its melt temperature range such that it is

.'_'.



3in amlten state and wll readily flow and attain a new configuration.
Al ternatively; the. molten filmmay 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 the nolten web of filmassunme the configuration of the outer belt
surface. Siniiraraymoltes. stote Rndnwild, reaibA7flows eed tatt@isr rehanewon

January 9, 1973 n! GFatiorES ﬁl%haﬂ@eﬂP' RE thilgs r&"qli’lh?%r)fbfe' L&ﬁ%&“ded

directly onto f uter cylindrical sur aceo a vacuurh formng drum It is
known to shape )ﬁ)f‘fﬁé‘h”ghErWSBl gt film Jigectiyafrom a fin exdryder gmta 11 uid

pr easgr ePf ?r Ci fite mﬁﬁgtsuﬁ@%gs'ﬁs&cﬂ% &sssu@hdﬁtwsegseﬁ o, “’3“'622' gggd
in a sue
E éﬁhﬁ 2750'5 d %?ﬁ)‘f'ﬁdﬁ%}i‘@ﬁ éf‘ éuﬂﬁ Eﬁizno Zepterial

I ssued to
by depositi on whete qai Webb av®exxhenmoplassiar fime iof extrudedt idinpotiy iorder i s

di scl d 20 0 262 d
K;:;eﬁseon Se 'ihergo%tg %glfg%gofaﬁ éné%jszpﬁgﬁ éﬂ g Xgé%m lrjgtsg“'” |8\S/gley He
Hol es in the |bewsathi the bely to make dhedmeitenywebr iofigfilt t assumsh theessur e

water jets. \Wigsh#gbRatiin eabosﬁsdoueér dsbﬁsssiﬂrfae@d Qﬁﬁnia(?-'igﬂt eg,85
thernmoplasfic filmare &ro uced on,a patterned surface e above prior

art procestbs, Patents 320,647 ysﬁ’r&%s?ar?af'ﬂ‘%"éolmt h-éaqul’m b ol Bes nel t
tenperature radigeidsessatweb soft hroemd ltne-rm;ﬂaehc st:rw@xﬂ-ede@rdmctw
r ving the we f fornmed fromt sur f.ace. S makes t he
webof 30 ' TorfER e Ut iy nlFkcal CRUURRR 57 R HuReR SPOTIRG 8o bui k
conformati on. Thi slheedknawnotd shage smoltenwthe rofoplastie dsheet nmpterdal to its
Lfgg‘ljg'tig[logtﬁﬁ Eﬁ% Orme f?ﬁﬁd' 6 %;Fr'& %F?h& thd ShE& Shahdtnat e
15 d; such processes are disclosed in U.S. Patents 2,123,552
issued to Helwig on July 12, 1938; and 3,084,389 issued to
Ddyle on April 9, 1963, |
The pr‘oduction' 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
_K_asper on September 20, 197i, and Ap'ril 14, 1981,
respectively. Holes in the latex film may be achieved by
rupturing with high pressure water jets.
When webs of embossed or debossed and perforated
25 thermoplastic film are produced on a patterned surface by the
above prior art processes, it is generally neceséary to cool
the film below its melt temperature range to set its
three~dimensional str_uct'ure"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. o . _
This need to cool and set a web of formed film prior to
its removal from the forming surface is 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



35 amount of cooling of webs of fornmed filmcan occur by heat 4
transfer from the film to the formng surface. In Davis & Elliott, such
haat transfer is enhanced:-by cooling the endl ess belt after stripping the
web of formed filmfromthe belt and before a web 'of nblten filmis again
“applied to the belt. In 5 Barnhart, & cooling mediumis used  inside thew
drumto cool the form ng surface. Cbollng can al so be assisted by
contacting theamsfeer ﬂfom nrsu rfiilac etowithl mmingersml’acmol ingDawis Lsn while

the web of f 0 'QI g possed 10
and perforat %—I’ n%d coo agqr&a&% l%p@n.gg.gg Iatgnf ?{?u&mﬁﬁgy adsl ?sted by
drawi ng air beltoaftert HUporﬂngﬂi@l web of tformadufitm pfrioar the bdlmanchg t he web
of formed fi ly@fodd %"Wé%%?%&lt@ﬁ ﬁHﬁfﬁC(S%aﬁlJ%p%eﬁlo%'m BePSeSh i S

di scl osed,_ faor exa e, in Lucas O%/I Chavannes 452 di scl oses
contacting a & ©orbpgsMediumpisyiysed; ingidepthe doumotn qogk il m
Glbert & Pr Qnderogﬁm Hurdhés.es use of a water spray to cool a web of

.enbossed filmon orm ng, surface.of enbossin Doy di scl oses
oo 1 ng of |mon Eag Lol o g EfsiSiera by Eonmasn, 08 Qe tifm 1 o7
A di sadvant agarétdcenakithg anclextefndlorcostingi Imadiymt Ivesite ptheorwels t ofir ocesses

i~ L a0 e e T t ;
or et o1 or fOTREY Fifm s’ bh Tl BRI RS, Ebr Thebs! STRERALLLE, 2700 |1
can be el naadeperfonated; fim,; sopting wof| ﬁhesufmeed afitm is eusurlty 30

t her no- nechapiss@ked i 5y Urawlhgt 87 thidl H&heraéﬁdraneh§qmthheaé@md cool i ng
of the forned film necessa for vgg)te ion of- t’@'ﬂ gesw 'k conformation
of the film PréRfudesrem VEFEJI he ¢ t formed) Y°%§lﬂl EEHRE and, \J
hence, |im t gdrfaRgesaéh phyoting propess iissdisaloskd, fﬁﬁubkalﬂbléf orr?]red film
35 S Y THE, . NVENTI t Ls.an o t t he present
venti on to beas: o Vet Goney. 't Cravdahis Msb gich St Robtictiia 21 Bl oot
hi gh speéd. web of embossed film with a wet belt to cool the film. Gilbert
& Prenduast dlscloses use of a water spray to cool a web of
embossed film on the formlng surface of an embossmg drum.
Doyle discloses cooling of vacuum formed molten thermoplastlc

sheet with a water mlst : : _

20 A dlsadvantage 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 ordel‘ to form the film.
This limits the range of desired propefties that can be
engineered into the formed film since all previous

30 thermo-mechanical history of the film is erased. Also, the o/
rapid cooling. of the formed film ne'cessar_'_y_'foi" retention of the
desired bulk conformation of the fllm produces a very limited
set of molecular morphologies and, hence, limited range of
physlcal propertles in the resultant formed fllm

35 - SUMMARY OF TI-lE INVENTION |
It is an object of the present invention to prowde a
process for producing webs of formed materlals at high
speed.




It is a further object of the present invention to provide such a process
where the material is. not heated to within or above its transformation
tenperature rangé so that desired physical properties of the starting
material are retained in the'5 forned material. It is a still further

obj éct of the present invention to providf such a process which is capable
of formng a wide variety of materials. IT is al'so an object of the prgsen;
i nvention to provi .10 t (o We(s P oduct | webs o
formed materi gl S. %lﬁe'jsp?e'g}e}ﬂﬁé?nv b fl)gl’ﬁ %ﬁo@ﬁgg%ﬁgqﬁ‘r;S’gQgg ﬁ).rpgg\e'r manent | y
transforni ng asusabsaapracgssywbene i theo mateeisl s sgbsheatedate ywishimar,

def or mabl e mat gg| Vi | I Nil g , | r f ; d a
second surfaceslbgta%) gﬁmégggsﬁfrgirs?m&fg %@%éﬁg}é\)\n ?ﬂ‘o%ét a tgﬁtn%teﬁhre@physi cal
properties or PRYSIGHPRARARLIEENPL henstarting prategial %Gbﬁ?@ﬂ?gl'nyt"‘m anar
web, said gt efpthediandtegiad, t ransformati on tenperature range, sa}d process
conprising the ste f: a).providin id b .of naterial on a formn

st m:jct ur egvvi th sai ﬂ§f fsr & %tffl?f g‘b’éﬂﬁfgggﬁﬁtv& e Rresent) INYHoR Y a °
form ng surfacprobidsislichoraripr@cess uwhidte, iss Tagabiy M Formidgice widé Ng in a
direction of said. lLength of said web of material and carrying said web of
material in saiva”cﬁt‘(e‘gé Fl?ﬁ?”s s'appl ying a substantially unconstrai ned
l'iquid stream whi cliti 5 sldstamtabjecty oft tihe opresenit ninventibrr aot ipeovide t ra?/el
of said noyi n S S | e i i \ o] terial,
said |iqui 9 7 ?é@?n" %‘g’\?i ﬁ’gpsﬁf{ﬁ@ggf,#ﬁ%gﬁcg?éﬁg%ggg% ﬁgb?ﬁggaﬁ%’g‘%ﬁi d

nmovi ng web of materiate., upon contact therebetween, to be deforned toward

sakd form ng surfdEke present invention provides a process for I

permanently transforming a substantially continuous
web of substantially planar, deformable material
having an indefinite length, a first surface, and a
second surface into a web of formed material, without
altering the physical properties or the
thermo-mechanical history of said substantially planar
web, said material having a transformation temperature
' range, said process comprising'the steps of:
a) providing said web of material on a forming
. . structure with said first surface of said web
of'material'proximate_a forming surface of .
said forming structure, said forming surface
moving in a direction of said length of said
web of material and carrying said web of '
material in said direction; '

b) applying a substantially unconstrained liquid
stream which is substantially stationary in
the direction of travel of said moving web to
said second surface of said moving web of
material, said liquid stream having sufficient
force and mass flux to cause said moving web
of material, upon contact therebetween, to be
deformed toward said forming surface, such
that said material acquires a permanent
substantial three-dimensional conformation
before passing beyond the influence of said
liquid stream; and



that said material acquires a permanent substantial three-dinmensional
conformati on before passing beyond, the influence of said liquid stream and
c) controlling the tenperature ‘of ai d web of material such that it

remai ns bel ow said transformation tenperature range of 'said matefi al -
throughout said process, thereby maintaining said web of materiral in a
substantially solid state throughout said process. According to another
aspect of theG)nveontselling the hemperature aqﬁ)asaitdusnéh)rof)er manent | y

transforning a suhatta}tﬂaal 'shc?P'ttHa'thiLtS 4 1 ?I %&f&@ f4!y planar
or

mat eri al havi ng an i ndef |n|te ength I'nto a med material w thout
substantial |y al t &feRgiogmatipn Lampgralung Lange (9fe §3id no- mechani cal

hi story of said sniatha'rifallalﬂmolﬁgaiwt waid SrdEdE ert!li‘éréliy“ ng a
transformation te a . d paratu.s co. rising; a) a frormng
structure having gagé‘t%t“g."ﬁ 13%?1'% i’%bd&fo p?posed surface; b)
means for noving samtfa@rtmarid.ysmmmwe a:h:hmn_mouin sdidai d | ength of
web material. c) Rssf.or applying a substantially unconstrained liquid

streamto said formng surface with sufficient force and nass flux to cause
said web of material to be forrred substantially in the imge of said

form ng surface; and . d nsc.tl_‘l_(l)er cgsn‘tw[ oJ:I |pgt npg‘rrg;tlgrg thgl d. ¥veb of
mat eri al such'-th ‘i‘h 43 era% e of 3R Y materi a? Bel Ow Sal @
an apparatus for permanently trans orming a

substantially continuous web of substantially planar
material havzng an indefinite length into a formed
material w1thout substantially altering the physical
properties or the thermo-mechanical hlltOIY of said
substantially planar weh. said material hav1ng a
transformation temperature range, said apparatus
comprising;
a) a ﬂmmungswrmﬂnme'mndngatpatbaned ﬂmmungzmmfaceamtlan
opposed surface; : o . _

b) means for moving said fomng structure in a directicn of said
length of web material. :

¢) means for applying a substantially
unconstramed liquid stream to said forming
surface with sufficient force and mass flux to
cause said web of material to be formed "

substantially in the image of eaia forming .
surface; and :



transformation tenperature range. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 is a schematic flow diagram of a process of the present invention for
produci ng webs of f or med material . Fi g;jr'e 2 is asinmlifired schematic
perspective itlustration of preferred dpparatus for formng a web of
matigyial. .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
liquid streaninpi)ngeans foe cootralijng befiperature of s2id vebfl Batdnial tswch

direction of travel I tary plan
view of an exenpl a%g de%sse%&a%:%eéggg‘%e t%a%ag'rl ﬁs?éll nggagé'gordance
with the present i nmfgmtnpgmegperatyra ¥angeary plan view of a web
partially formed material nmade in accordance with -the present invention.
Figure 8 Is a sinplified schematic cut-away end view of a portion of -

anot her apparatus for form ng a web of material. Figure 9 is a fragmentary
schematic fl ow di agram of process of the ér esent invention for producing

| ami nates of formed mat%Rlé.lF DESGRIBTION OF THEDRBAMNGSeNI ar ged
perspective vi eg ré‘r‘l %%hﬁé%af@r Ao 580y sz}be@%oﬁit”ctﬁ edebossed

and perforated materials in the process acc rd|n to t resent invention.
Figure 11 iBresentaigvemtian ‘éﬁlﬂi'r"g’é'&"iﬁr%m%tq v@'ﬂ%”@ﬁe%iﬁ"exenpl ary

debossed and perigurd @did id %ifﬁ;fmhae BERERaic] Pertective Hl@stratidbd is a
f ragnment ary | an_ Vi e\# of an exe 5 debos ed and erforated material of
[J%E%‘ efmat

the pr esent© WEF&"& ARRAALE BE AW IKFI'I ON Processes of
t e _present lnvGigmm3arseausmblmeqbrSWmtwlaatdwayWWeﬂmv @r debossed

perforate al _fromwebs subst.antially planar, deformable
mat erial. W?%"l‘b o HEF SPBEEEE'ES SB‘Pwﬂ*nén '9%’53?*1 nvention, both embossing
and Flgur_e 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 liquid stream impinging the forming surface at an acute
angle with the direction of travel of the forming surface.

Figure 6 -is a fragmentary plan view of an exemplary
debossedandperfcratedmaterialmadeinacco:ﬂancewiﬂathe
present invention.

Figure?isafragmenta:yplanviavofawebpartially
fontedmaterialmadeinaccordancewimthepresentinventim

Figure 8 is a simplified schematic cut-away end view of a
portion of another apparatus for formmg a web of material. ;
Flgure 9 is a fragmentary schematic flow diagram of a : !
process of. the present invention for producing laminates of
formed material. |
Figure 10 is a fragmentary enlarged perspective view of'
an exemplary forming screen used to produce debossed and
perforated materials in the process according to the present invention.



debossi ng and perforating can be achieved on the same web of material.

Al so, perforated protuberances of the forned material may_ have greatly
varyi ng shapes and sizes, ‘even within the sanme formed material. 15

Def ormabl e materi al 'as used herein describes a material-which, when .
&tretched beyond its elastic limit,, . will substantially- retain. itsi\
newly formed conformation. Such defofﬁable materials may be -

chem cally hono eneous pr t er ogeneous, , such as honD ol ypers ,and pol yner
blonds 20 StrbIGHER 1) o dtRSTRIars, ShiovErdBRETRSthe, IOl i -
sheets or | aghnakemplary aieboeeedbl anti @erédratedh filmt ofFi ahe présermtr ocesses of
t he present Jnvegtlon are preferably used to form nmaterials conprising a
pol ymeric il nmaterials include pol ynmeric fil ns thensel ves and

| am nat es conpri Sigere52 psl §nnagmentany plam otiker ofraesr eae'plawf or.mabl e
mat or i al ssul hbbgiild Bnf! BEASFARAORatdiaPhEIRR! phEAR! irdRNRRNKE 2

transformation tenperature range where changes I n the solid-state nol ecul ar
structure of the material occur, such as a change in crystalline structure

or a change 30 fromEmluem DESTRFTICN 20F. THESINVENTIOHUENce, above the
transformati on

cer | es, of the
material are sub {}Eﬁ §S§FI of a?‘FePé'ase%rmXe é?nﬁfﬁ égsﬁdg%?l PRedyGs.
t ransf or nat i webst efipemnbbsses] arah/pe debosséd andl fperfonatedit materialnge of the
film above | t nd | oses
. substantiall W"FW%@&%\E/%%%“F% &ngiﬁ?r%%rﬁmrﬁetgg l:l'%t g\r%en?/@ w' def or mabl e
mat eri al 10hi the aprocesses ofd thedpreseatbinvwention orbathi smboeslmcmd y ‘webs of
embossed pol 4eB d<in n% bAY Eerf%F'QtlHPOGHﬁeQebXCMEQEBSERStI‘PJ satfe Wesent

| nventi on. ossed materials are used where the material |Is desired

to have a degf g'ﬁaiﬁr&)rdeﬁ?tﬂl tRerTerateds rptuberancefe Pl the cfarmes nateri al
i's desired. Méberigl miof Orgwd! gréauyervakﬁmyﬂﬂrapwse atebosises, agvbnl0

per forat ed and hfllgvt%ebgla'ﬁecgm‘“gan%ta My Especi ally webs of
15 Deformable material as used herein describes a material

which, when stretched beyond its elastic . limit, . .will
subétantially' retain its newly formed conformation. Such
deformable materials. may be chemlcally homogeneous. or
heterogeneous, such as homopolymers and polymer blends, -
20 structurally homogeneous or heterogeneous. such as plain
sheets or lanmates, or any combmatlon of such materlals.
The processes of the present invention are preferably used to
form materials comprising a :polYmeri"o “film; such. materials
include polymeric films themselves and laminates comprising
25 polymeric films and other materials. ' h
Deformable materials utilized in processes of the present
invention have a transformation temperature range where
changes in the solid-state molecular _fstr,'.uct_Ure' of the material
occur, such as a change in crystalline -structure or a change |
30 from solid to molten state. As a. consequence, above the
transformation temperature range, certain physical properties
of the material are substzntially 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



debossed and perforated polyneric filns, are produced by preferred
processes of the present invention. Such debossed and perforated filnms can
be engi neered to provide a variety of bulk conformations which wll
provide certain liqui.d 15 handling characteristics. A debossed and
perforated film may be used, for exanple, as a top sheet in an
absorptive 'structure having tapered capi¥flaries. Such structures,

i ncl udi ng di sposabl e di apers, incontinent pads, bandages, and the |ike, are
20 disclosed implters. mddtent 3nd29, Ipses| ssﬂdlﬁtaotliﬂwrps@'h orpmMywieuser 30,
1975. Anot her pekpmblmechrficdiOhistyfy, debossed and perforated filmls as a
br eat heabl e backsheet for di sposable absorbent devices such as those

di sclosed in U.S. ?‘éﬁ@de%fSQmSB‘F material mhich arenemhosgadapdrhave 1976, 25
Webs of nateri aiulartmfoi'maflahmdﬁiDebthWeb%O@ﬁ%ms@éd tﬂlﬂyﬁéﬁ&Eﬂtml nvent i on

b Iy " T I h "
when uti |1 280" HEbePRORRBL Loy BEREsBRS e dhst Fraret dhventitrs S ne
overal | condit iembossed hmatestiaisf armtusedalwherentive goateriah & dasrredctqn c
scale. In thisg@Qe Cé)”&é‘ﬁﬁén ?@Oﬁed"’e@f Qif\e”%s 5&hed Ry id)c! g'gps of
sur t ex

mat eri al havin flne scal € surface ure (sur ace rodghnes on one or
both sides, or Wgjuned matedak indesiiegh. By surface roughness, it is neant

that third dinensi onabs Sbf ueéfémaafe trh@teﬁmt WHitR! b¥e PHeBGdsedifid al is
subst anti al nsi gnal structure (bulk

y le e
conf or mat i 6h i?’iaéa t@"g Wet H?é"'katcé’P AMaRon heegResi ¥R phe
present i nvent |d!bos§0nl end npleeforatédiepolymerid | ﬁlrﬁsj ntﬂ‘bakum&eaatﬁye finish

f
O orniaa by PrEFRARSCRrotalbiss E'AaHn 1ORNHAR. S HhasfRE. e anc
perfor at ed confamdrmerforated ofilms Itang@escagmeeredheo dprasdde oa varietndi cul ar
to the subst antoufal I%lelm 2BAformRkRnisal wﬁwaxﬁﬂes ﬂwufjge ceQrtté ct Hﬁﬁ%d of the

matte finish | ne_embossed pattern rabl e attri uteo
processes &P tmé‘ 'é‘geﬁ'f‘afﬂﬁﬁéﬁﬂ'ﬁﬁ is that such a matte finish or fine
enbossed A debossed and perforated film may be used, for

-example, as a2 top sheet in an absorptive structure :having
tapered capillaries. Such structures, including disposable
diapers, 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,

25 Webs of material prior to forming by the processes of the
present invention are substantially "planar". For purposes of
clarity, the term "planar", when utilized herein to describe
such webs of material, refers to the overall condition of the
web of material when viewed on a macroscopic scale. In this

30 context, planar webs of material may include webs of material
having fine-scale surface texture (surface roughness) on one
or both sides, or may be fibrous or woven. By surface
roughness, it is meant that third diliensional structure of the
substantially planar material is substantially less than the

35 third dimensional structure (bulk conformation) imparted to



10 pattern of a filmcan be substantially retained on the surface of the
debossed and perforated film The primary prior art processes for producing
webs of enbossed and of debossed and perforated thernoplastic film as
several' of the references cited hereinbefore, 15 entails
ng of a web of nolten therqulastlc film An exenplary vacuum_,

n ei nbefore.™
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Sfprexamplary vacuum film forrmng process :s disclosed in

Lucas § Van Coney cited herembefore. In such a process,

the cylindrical surface of a drum has a patterned, perforated
outer surface (forming surface) having a surface
configuration desir.edﬂ to be imparted to a web of film. The
forming surface has holes through which a fluid can pass. A
vacuum' beneath the 'f'ormin'g . surface causes the moliten
thermoplastic film to be urged against and conform to the
forming surface. _

The processes of the preserit invention c¢an be
advantageously used to form webs of embossed and/or
debossed and perforated thermoplastic film. The processes of
the present invention can also be used for .embdssing and/or
debossing and perforating webs _of' other materials which
comprise polymers, especially__materials_ which comprise
polymeric film. For example, laminates of polymeric film and
metal foil, polymeric film and woven or__nonwbven fabric, and

__polymeric film and paper can be embossed ar.d/or debossed

35

and perforated according to the processes of the present
invention. Such other materials often cannot be embossed or

f or med

resent |nvent|on
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Above the glass transition temperature but below the
melt temperature range, thérmoplastic polymers exhibit visco-
elasticity. " In this temperature range, the thermoplastic
material generally has a certain degree of crystallinity, and is
generally flexible and to some degree deformable under a
force. The deformability of such a thermoplastic is dependent
on the rate of deformation, amount (dimensional quantity) of
deformation, length of time it is deformed, and its
temperature. The processes of the present invention are
preferably utilized to form materials comprising thermoplastic
polymer, especially thermoplastic film, which is within this
vusco—elastlc temperature range.

- Above the melt temperature range, thermoplastic
polymers are in a moiten state and large-scale, cooperative
molecular  motions  become - possible. The molecular
arrangement of a molten 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
melt temperature range for a sufficient time. The prior art

FGQUIréS certain



10 Ductility, as used herein, is the anount of pernmanent, unrecoverable,
plastic strain which occurs when a material is deformed, prior to failure

(breakage or separation) of the material. |In order to be forned,
materials formed in processes of the present invention preferably have a
tmini num 15 ductility of at |east abo t 10% nore. preferably at | east e
about 100% nore preferably still at t about 200% Figure 1 is -a

schematic flow dia ram of ,.an; enpl ar rocess of the present invention
for produci nthermoplastic Limstar '"ganB"YCdgéﬁ oféf‘é’&s gengove A

-substanti al fdanQheCﬁlid iwhitel St is habidves itiss neltt tethperatueearanget v iaal is fed
to the process‘ ¥ a3y, conventional neans such as from large feed roll 39.
The web of nRPEFiaT* e preferably web of polymeric film nore preferably a
web of thernopl aWebs 6f Imatenlals\mmluhnagn bee used porproduser weps oft i c

subst ance, agoriel Widterfils 2 SecdrBffEOR A protlbSdsh HIetheOpraserd xtur e of

t her nopl asti c subst ances Wt nponent's. Preferred thernopl astic

materi al s uswem'%m%%f‘b‘fm?WFneﬁmfPﬁNYn tohdher extent thatent i on

i ncl ude mat e{He? ScdtPr aad:éoanttmlty aéorffbms tauqheasomhz?al sii-faze Y ons,
pol yesters, 1 her nopl astic

e like. ab‘é' eferre :%l
materials u¥ !f'h eyt hre p?"é' *in ﬁt |"5ﬂ"§'re§ Fol SRITAN AUENUM,, gensity
pol ylet hyl eneamolihthesf dwetidBnsin ytlﬂgl ?leb{mflemasenpbl gqorbqayrmm an? |
r
copol YMefE 2B ALEDYS a8OTUA! ABrais 3N 4 SAGAY 08P Ppchifgfy T erl Al s

Vb of roms or age roI riven w'ap rolls 31
and 32. buorechwenablfo plasgia iséerinhwhighh occurén'ghen gometesialeis devi ce 45
around idlergy grﬁ?p ‘53 faﬁﬁrén@b5§akég@ edr ré@#a?aﬁgnﬁngf Sthell €

attached to p| vot he tensi on, of is controlled by

b
the force pI@éEﬂf'ﬂn velh oP"‘f’?'l' mt®0 'P?lrcfﬂljﬁeﬁrvdf‘atoﬁrfﬁ'% ormero iy 52 5 and

54 of ][enS| 0ﬁr6¢§§%é§|ofdﬂ’¥e e%Ent Mbbnﬁ_imf préferably dele &rmmimansi on
contro

and 32. é‘f’c'f'FWn"l a?s‘ ffl FBH“ r &ﬁgm$g$ﬁlg%ﬁ&%é?%%%éﬁv{ glr! \S/eﬁl'
form ng drumm fore rﬁ&feeathSﬁ)tltl atehesst rabmits 200%g
~Figure 1 is a schematic flow diagram of an exemplary
Iprc'vcess of ‘the present invention. for producing webs of
debossed and. perforated materials. = A . substantially
20 contmuous web of .substantially planar matenal is fed to the
process by any _conve_ntlonal ‘means such as from large feed
roli 39, The web of material is preferably web of polymeric
film, mo're 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'web.s_ of formed film in the present
invention include materials nofmally cést as films such as
po'ly_olefins, nylons, polyesters, and the like. Especially
30 preferred thermoplastic materials _uséd - in the present
invention are polyethylenes, low. density polyethylenes, linear
low density polyethylenes, polypropylenes and copolymers and
blends containing substantial fractions of these materials.
- Web of film 10 is pulled from storage roll 39 by driven
35 S-wrap rolls 31 and 32, Web of film 10 is pulled through



10 roll Mbdel No. PB-O available commercially from d evel and Machi ne
Controls, Inc.., Cleveland, Chio. Wb of film 10 is debossed and perforated
on formng drum30 by the action of liquid stream 22. from spray system 25,
t hus' producing web of formed film15. The filmformng process -will be
described in 15 greater detail hereinafter. Idler roll 61 is preferably
a hof | ow roII with holes inits cyli ndrlc‘a’i) surface; this hel ps avoid
slippage of "web of film 10 on roll 61 due to liquid getting between web
of film10 and tdmlcrroldonswlfeabdew&b usf afoureddfer! molld 515 pB) 153 Ssom

form ng ol | 30uhy 80 idier 46108 AndlshVs LAGHNY S pbsEE her 39 2Nd 3%

Web of forrredfll 5 ul'I"ed ar ound r bly a

hollow rol | W t'ﬁhﬁolt%@lplh PfsW§9I iofdfilmall0sisf goptrodled ibyt ethe ofdrse63, 64,

65, 66, and 67 e q p@]??? diteC f eehi I m and
allow Iliquid t%ﬁgfgl ﬂ‘?‘yggn of;;ﬁ‘iﬁf elbgéﬁ oSpQ : Hn? &8 Oé?mP rgﬁ'%eaﬁfl 1 m '

15. Roll 67 i 2nd 3¥h9 oﬁeﬂﬂﬁguFPﬂHq offevicey #den @P'Wr‘ai) fr"(!ﬂ | 0 Feednd 34 are

preferably hol | from ethsioni ¢dhtrol eevide mbeafouﬁd ik f@lls $6r bAgesT wbth a
vacuum pul | ed on .t he %ntrerl ar.,,of the ro. }S The vacuumin these rolls
0

provi des a duald'HUFB Htr°H5I3cfs 3Pt onenhat 30 wet, slippery web of
formed film 15 nor eWebcef dilm 16 isheulledl asourichddiert inals aﬂa)ladldngls!byppage of

formed fi1m 15 Geiveh, firkfin CARYESaE) RIS 38" £ b8 3teheibn hadRufing 007 ©
S-wap rol I8 35‘0Ahd“géel Wb FB1Qy n%‘tﬁ'!ﬁb‘efFOmeBCIBBYplfW'EdCéﬁYﬁlhddl dl er
rolls 68, 71, aMgeniRealdnb@is, incyl tcmaﬁddrdmg hWEB 40 filnh) ’Fd Q§0n' C.
?[%L(ngt Q(r)n_rgi ﬁo ‘ﬁl%ssaglgfar onlr ener.g z {ﬂ?‘ \|/| brate V\Bo formatd ilm 15
g JHTEPEAtSH PN olormiRg degn of 5% #B8. 2Gtiaq 26 whi ch
are drawn into hquid stréat’ 2Dyfromcepray sYskemf25,0thEsl grodukingnweéb iof t hen
P o Ao e S R oo bt i B aotP e 220
formed fil ri1515.g!t§attela$tatal¢ hareginafténs nédled eoltl 61 1isi preferpbhciai ballowt h
vacuum mani f ol gy 2wRd Koted NS iRE O ARAPICY] "LtacdEPHE hRIgEGVdiy™
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
20 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
hollow roll with holes in its cylindrical surface, and idler rolls
63, Gll 65, 66, and 67 whlch provide numerous changes of
direction of the film and allow liquid to drain from and be
25 thrown from web of formed film 15. Roll 67 is a _ténsion
measuring roll. 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 purposé. It holds the somewhat
30 wet, slippery web of formed film 15 more securely to the roll
surfaces thus avoiding slippage of web of film 15. It also
removes some liquid from web of film 15.
Web of formed film 15 is pulled from vacuum S-wrap rolis
33 and 34 by driven S-wrap rolls 35 and 36. Web of formed
35  film 15 is pulled around idler rolis 68, 71, and 72 and past



10 15 without excessive heating of the film If further drying of web of
formed film 15 is necessary, web 15 is preferably passed through a | ow
tenperature air drying tunnel. Wb of forned film 15 is pulled over idler
{-rolls 79, 81, and 82 to driven S-wap rolls 35 -and .36. Roll-82 is a
tension 15 neasuring roll. Wb of forggd film15 is pulled fromS-wap y
rolls 35 and 36 by driven take-up roll "38. Web of fornmed film15 is pullea‘

around i dl er ltpaso?ngg’dr?ﬁr[g Grornb %o, 87Ul§%soﬁl&d cﬁ‘Z/n g dnbA OWENude3nSi on

control ling devit ke-up rol| ston 20.: on.web of forned
film15 is celtrasaniedepgrave tPor‘GE"ﬁ"eov‘l'E'éd °5y farmed GUm 46 WS ts

?ttached } dlﬂosﬂngl rsﬁdaﬁd cﬁ%mswab liﬁunﬁgb#‘lﬁﬁef)ll %fnféﬁmﬁéf hRIn ri&cki ng and
ensi on of we an i[m [ xenpj ary
process shOV\HRf‘ﬂ" ﬁ'@ulg] Wni '§'(225ma"§l[’§l{ q'?ggyyva%'l"ﬁfgd ‘%P 3 g‘l dr aw
(stretch)s of filreld iis ntheet \prdled larodndvidier ordils 73Fovd ox&npl7é@, TXrmi ng drum
30 is driven C u sl tlyy f er, t hat of
driven S-w a é‘?lopps% hgsézﬁlﬁﬁgorﬁﬁ s))'ﬁ%t aﬂoqn.“gol})ﬁd e%m‘éﬁnﬂﬂ\

tracking of maptfolch@3fta nlrv1thq)@meer$urfmm 3eeb Sfrrfql'meﬂyfllmdtijum S-wrap
rolls 33 andy ai‘érﬁcdar%ﬁl& ﬂé?hstmtaﬁd"ﬁlrlrﬁ%nﬁﬁﬁtﬁ?ﬁ%ﬁth s,a%buaht'y faster

t han t hat of ormn 30, and so_on throu I QCess.
preferred an®ant °tﬁs 42 APQ 4, m%)P'Bé{f%é’rTY#é%défn’!”Fgl °ﬁtf‘l’%?f’ erl"l s will
depend ofp t hes Rﬁtl@didtabxbessigeflﬂéafmb dfhthelifdinancie hmtheeruaﬁngtae driven

| th t f f t t t |,
and the { anpUPl §f TR ol 171 14 eEb opEbons o "SareRmbiess ' For
webs of | ow passesi thraodlyca Howetemperatude airt deyimgetphael, pWebests shown i
Figure 1, drfe‘lﬁ,fe%f fller”i‘satlf’l éul]le/ﬂt 8véP°lH|er15r49ll§et7‘©ee'§15 §ﬁ&“§f‘tloa' driven

rolls (a pai | dered a one driven roll)
~ have typi cal dywseensu\seap TﬁHspr%'iseﬁt"dl ndfent i 8ﬁ| prQ?vl lﬁasaante&\ﬁm atus for.
debossi ng anglegg,j,f,ﬁéapdmg a substantially conti nuous web of substantially

planar material Ula gf%rmegd?‘ll nlge Ie c;] 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 controllmg dewce 46 to take-up roll 38, The tension
20 on web of- formed film 15 is controlled by the force provided -
by pivet bar 49 and |ts attached idler rolls 86 and 88 on web
'of formed film 15. _ '
The trackmg and tensnon of web of film 10 and web of
formed film 15 in the exemplary process shown in Flgure 1is
25 preferably aided by a slight ‘draw (stretch) of the film
between the driyen rolls. For example, forming drum 30 is
driven's'uch that its surface speed is slightly faster than that
of driven S-wrap rolls 31 and 32; this helps retaln good
tension and tracklng of web of film 10 between them.
30 'SImllarly, vacuum S-wrap rolls 33 and 34 are driven such that
their surface speed is sllghtly 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 bemg formed, the distance between
35 the driven rolls, the extent and geometry of perforatlons (if

=y




10 Figures 2, 3 and 4 are sinplified schematic perspective views of an
exenpl ary apparatus and depict the operation of form ng drum 30 and spray
system 25. The  apparatus has tubular form ng structure .28 having
patterned form ng surface 29 and opposed surface 37. Wb of fil.m 10 has
firgt surface 11 and 15 second surface ﬁ%; Wb of film 10 is provided on
formng structure 28 with first surface of web of film 10 proxi mate
patterned form r apparat us on

ng,.surface 29 qof forming structure 28. _Fo
whi ch debossed a&?fa. Hbrt%ﬁr BRLef 1Akt éPFaF'ge aﬁe@%aﬂé"ep%dm?ed?atf’&al'ﬁ Yy
structure 28 prthéer pbryiosorgfr i thes pfocedspr eForongelds’ vhi tdw halemsitydewal | s
96 and end in . Fopm ng, sfru re 28 i.s open fromhples 21 in
form ng surfacggb&%pg}egﬁpog&fgpegurﬁgcgth%?.exeﬁlfgaa‘ﬁpaﬁrgfﬁis h§§°}%‘an'§‘ for
nmovi ng for mi ngFigmifeack, 2draws aofli feani ehowt 1%etd erbolat 0f5% hbetveden of
mat eri al begng fi 1.0 I p rw means
for applying | isaﬁj@%z‘?g?lr (?gvnf&zzﬁféig éég%%%l' ?Sr§a\g§a@1§o(l)% \%a‘b 0 ?{'}I%r%% 10 with
sufficient for@8 nid weLs opedrivencerlbe haxer tymicalindeen yseds eated in web

of ;i | m 10. At | eglsﬁ? af;p?sé.h?n iabﬁh'tiauihd PoviRg 28nf:€@#\§aﬁa|%gU9fbrt hfe
erforations i of film rou ol.es .21 in formn surface
IC2)9, and througﬁegg?ﬂf‘ﬁgagfjrlﬁ’(?‘f rétt‘fg. q?i saagﬁ'?liﬁnFW'%%”gtﬂgt?c‘?ént force
and nass fl ux substarstallyebptdnairi | matedidio Heviayt eardethdefiniteepemgthi.ons 97
and to ca fi ,f a fioefd b f qr.oed rd

ug(g OFE%&rés“& fean]cé#?tag%vgﬁnﬁlg{edpgﬁlgmg c Sepr%g)teegl% vieW#

si dewal | s epressi ons orat ed uberances 95 are
35 forned in efm@roexemplarylepparaysoind clepict the operstiop ohdermingl 6

produced. ThgrufPBa" ahds YRS 290" T heLd e of web
of film 10 suchr?hat t %euma? e??als rerraizng'; belﬁ%@'ﬂ%ﬁ%??&%

tenperat ure rafQfEingeFtructipe 28: haxind gdternsd forming, surface ¢ and ni ng
structures andopposétd nguirfacy f3aceswebi 6 fllmn 10ehas eirAnshipfade N1 dingm 30 to

Produce vels Okl B 12 * AR, D SECROABRTRY Mrhlig s
structure 28 with first surface 11 of web of film 10 proximate
" patterned forming surface 29 of forming structure 28.- For
appar"atus on which debossed and perforated materials are to
be produced, forming structure 28 preferably comprises
20 de_pressibns 97 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 appai‘atus has means for
‘moving forming surface 29 in a direction of the length of the
“web of material being formed (web of film 10). The
25 apparatus has means for applying liquid stream 22 to second
surface 12 of web of film 10 with sufficient force and mass
flux to cause perforations to be created in web of film 10.
At least a portion of liquid stream 22 flows through the
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 protuberances 95 are
35 formed in web of film 10. Web of formed film 15 is thus



structures are di.sclosed in Lucas S Van Coney; Radel & 10  Thonpson;

Bi shop; comonly assigned European Patent Application Publication No.
0067484 and commonly .assi gned European Patent Application No. 84307024. 4
filed October 15th 1984. Exenplary tubular form ng structure 28 for

produci ng webs of debossed and perforat bdonaterials is shown in Figure 153
which is a sinplified schematic cut-away end view of a portion of "the
appar at us shoproduced.gur §He Tpparatus orihasig meanst ufar 2&ongoeltingt s of

three Concent{éc‘#dénét?&#@rofeg%ge@?sﬁn\gnfbe@ CRIBHAE the ﬁlﬂféﬁilgreﬁﬁlrr\%e” 217,

honeyconb 26, "a or at orm ng screen orm ng
surface 20 Zbe@g'al‘?ﬁstt" mf@nmaesnofewmtum (amge dmehh tefPeraite 3) is
formed. Forng @urface 29 has’ depressions 97 which have sidewalls 96 and

end In hol es é an | apd,_ ar.eas _.23 surroundj ng(g depr essl ons 97.
Depressiofs 97 prafries c8hciRrmipgs stricturgs ;e migg er e
debossed andwBbch pearf cb“eatn.fséd pnotfakmirgn aumarid toopreduce nwebebofof film

10. Form ng sg%r er 2% ?T%pgé)éotr%ﬁytpo &rg&eg Mfcrlhesg{r %'&al ly a 6.3

nm deep hexag Fuct oM 3t ai nl ess bbon
about 0.05 rrmnverttinmknesd bsupportinad sﬁratsqusO ffor msushagermingel | s 6nm

across. The tpyL/cpgpe Oret hﬁseﬂshdwahl q.&fashcmevswt&@gmmaf%rably |
sufficiently thin such that none of ‘h OCREd by the
wal |'s of HonelRempsoR: pEishep edC?IT“&?%'YM agaigned s EyroRRaRebAS 26 and s

typically made from perforated stainless steel sheet netal - .2 mmin
t hi ckness havippditatios Byblécathodi Nove0057484 emhicemsonly assigBedm apart .

Qpposed surf e .an surfacegy
of - per forat e?‘%log%aen %%&%o%%%%ggl n&%g?}%dg%ngﬁ% 8%&4%&@3155& fgsrl’at ed
late 24 line u ufficient uch that.th n bstantially total

Dbot ruction to r1 BRAPIARY 1tebuie asing) SErdatule” 287 19 BERYFEIDD b5

t hrough f or ni webstafudebessedsand pemsatiadsma‘tecnalsﬂs shdven ehoF[gurfeorm ng

structure; 28 4 SuaRa Iy A" dalefitiedl ddher¥til MiRhE)C end? JiBwORffoged Surface

portlon of the apparatus shown in Fugure 2, Tubular forming
structure 28 consists of three concentrlc tubular elements
bonded together formmg screen 27 honeycomb 26, and
perforated plate 24, Forming screen 27 has formmg surface
20 29 aga_mst which web of film 10 (not shown in Figure 3) is
formed. Formmg surface 29 has depressnons 97 whlch have
sidewalls 96 and end in holes 21, and land areas 23
surrounding depressaon_s 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
typically a 6.3 mm deep 'hexagonal honeycomb structure made
" from stainless steel ribbon about 0.05 mm in thickness bent



Wher e enbossed (non-perforated) protuberances are to be forned in web of
film 10, form ng screen 27 woul d preferably have concavities which do not
end in holes in formng surface 29. The dept h of the enbossed
20 ‘protuberances which- can-be formed using processes of t-he present

i nvention depend on the material being forned, the thickness of the
matefial, the tenperature of the forn1ng\kqu|d etc. If the concavities of
form ng surface 29 are made too deep, the protuberances will be perforated.
For areas 25 \imer brated Todfornr tdxafonalt bells 6emno enbossadss!l dahwssed and

erforated pro e t he riale.Qheing fo formn face 29
Ps nai nt ai ngd sﬁbcg{%%% §I I &?I%ﬁlmwm%oﬁq %gg'g\g'nh”?g §renBre 2 Ubul ar
form ng struct sufigientty dhirveuchnthatdnome tofonoles BOarertetéIQngﬂchéd web of -
film 10, asslggyvrt n u akgi e f n
direction past 2$ g%hg Spféme%gmsd%strzpf\r’#%f%d giaﬂe sf’tp&???épray
system 25 t sé@marce'ni;f 3¢ cand léftwmsalbv madien from puquarat@d rsdainless has

sufficient forgee@Ndh@@sSmétdix t0 CaysHmWER Qﬁ.cﬁdﬂe%lﬂa{fﬂa ehsles 0{;{%0' 35
toward form ng surf age 29 .and referabl to substantial | conformto

the image of form ng Mfg@@ Off, ggNt of fi rﬁ"ﬂoa%&"&w r@gpgsed
substantial t hrsmfaherér‘lsmﬁnﬁdrnﬁagf strudtupe 281 cdificidesnwfith neyé iimhér web of

f d film15. f I I d>5
Stream to secoly AR glLBhEgrRba® AN TRE Bothingd fn hilfevtamtl ' ano
mass flux 99 déﬁoamdvnerforatfedl plate 4 Aneeuanwﬁro;emqiyagucrsyhaemhereas shown
in Figure 2, ¢ H"id"@u@ﬁfanﬁﬂ%%}ﬂr 3E§Wlﬁ:%u+\ (ﬂqo uu:(/giﬂ qfregl rOVV\@F er)

spray across th entire i ded a
hi gt 10 pr essdiotes HloQfnfaraing osyriace ; &9 §|5&’899h0f‘2’l"@§99@"“°$prﬁy23102zI es

90 are preferahbyopposeantsuritate 7gh- Mhevefore, SPo@YingO%2rasturei o8 Py ef erably
provide liquid_stre fla f.an- sha d ray having a fan angle of
no more than 68BN %"ﬁ?‘g?%r@b fﬂf"ﬂﬂges?ﬁ 2§’ t°y§83°5%‘g B ed i n 15
t he cross-tchi3de direction. Such. narrow spray angles help
Where embossed (non-perforated) protuberances are to
be formed in web of film 10, forming screen 27 would
preferably ‘have ¢oncavities which do not end in holes in
forming surface 29. The _depth of the embossed
20 protuberances which can be formed using processes of the
present invention 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 embossed or debossed
' and perforated protuberances in the material being formed,
forming surface 29 is maintained substantlally flat (without
concavities or holes). ' ' '
Tubular forming structure 28 is driven in a direction 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
35 toward forming surface 29 and preferably to substantially



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 di mension of the
flat spray is paraldel 20 to the machine direction (direction of novenent
{ of form ng surface 29), and such that the spray from adjacent nozzles -
overl aps sonewhat so that the entire t&ond surface 12 of web of fil'm10 I's
contacted by liquid stream 22 as web of film 10 passes by spray system 25.
If only a pcenfoom ¢6 the impgenhobfformingesurface 2% 107 hus be¥ely 9for ned, only

a corresponging) Poidduifedla substantial StHredc@imerSiordl! konforifation
t hr ee- di mensi.onal confor m ' nozzles 90 can

] l,on. In_ such, cas spr ay
al ternat i v_e?'?d Hé tféf‘sg‘lrm‘{ iate webuPf fgfrp%%ntfl@kﬁ-ﬁs ‘applied only to those
\chdt h portlto_ns sb_r_w_bsyaé_tefu RSN ridly tive lamyf eneans. ftﬁ?applyin_ngeliqmidctess_esl of
e presen nyention ar r r Y. i .QUt il i : erials

conpri si*ng s#ﬁ@?‘n&?}l%ﬁﬂ'? gﬂfﬁss@ .°efggje°§g §f|§’ﬂ'%]h1<-‘?r %H‘ a%{f?g:'?l nms, having
vi sco- el ast farcer apdrmass . flipe oo defanmovels iafnfilm 1.1 | Anoexgepiaryl |y conform
precisely t C lLgur atjeon I rgang ce229. 4y 5 goulk
conformat i O%P%{V\Ae%/r%ﬂfeg'gqr tr?l'\_gd fsﬁfor\nfn‘i;i\\;\m 1 |é§gi‘gnd26n- Pﬁé@ﬁie_%t erature,
force and nhigh-argssere | liguid éPFE@r’FFEQ/_aya\R%J 8B | AFASperG es and the

confi ]glurat [ feRF?é &,_g-_('m_rtg Wég];@fefﬂ;a. 19‘12 hﬂﬂtdw-][ if eﬁwiaédlres,higbr cesl, and
mass ux o I gui trea ", orned filmals w n m cl oser to
5 fornfthg PEEFTUEe tﬁf@‘.‘gm W'ﬁ‘gc%s? pPER % PREF e?vewgh o?g?'thag); nopl astic
fil m10 hasnuzHies- obaatre cppefepablyi cconvientiomabuhigheriessurengspraycess, some
"spring-back".qgf web. ) il 3l frLep it passes
i qui d strelRFdss YE‘.‘@{ ﬁ@%&ngsﬁﬁéﬁggmé %&ﬁ'ﬁ% eiﬁmg)pflgg'tic film
being 10 f fanrsihapadespray phaxingl @ fan anglevef 2@ imeretbapn t he bul k
conf or mat | OBo@f{MﬁQ_ E}%fe%ﬂﬁﬂ rd liBraStin var yi napd, hgs theasireduie, force,

gt _

and mass flux o X rgam 22. Thﬁ grocesses ‘of 't heg[ﬂ%s%ni i nvention
are par13 cuth® |§rosarmagiiger diregtighe ci PUCHRY TOW SR53¥sBBSET4NSIP debossed
and 15 per tor aimslirdel oo efilmt efomhatiomer andt | predesitr alangled retain

protuberances which can be caused by an angled direction of
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 nozzle_s
overlaps somewhat so that the entire second surface 12 of web
of film 10 is contacted by liquid stream 22 as web of film 10
passes by spray system 25. If only a portion of the_wid_th_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
alternativeiy be set such that liquid stream 22 is applied only
to those width portions of web of film 10 to be formed.

30 The processes of the present i_nve_htio_n are preferably
carried out utilizing & materials comprising thermoplastic
polymers, especially thermoplastic. films, having visco-elastic
propértiés. Web of formed film 15 will-not generally conform
precisely to the configuration of forming surface 29. The

35 bulk conformation of web of formed film 15 will depend on the



physi cal properties engineered into the substantially planar starting web
of material. In the manufacture of substantially planar thernoplastic film
certain physical -properties such as tensile strength,. tear strength,
ductility, tensile npbdulus, ‘20 anisotropic features of such properties,
surface finish (e.g. matte finish), surface chenmstry, pre-enbossnent,
etc., can be engineered into the fiImtrﬁ%ugh manuf acturing techni ques
which may result, for exanple, in desired nolecular orientations in
the film desitemperatuneal fonce andpmasodius, o fiquidestireant 22 uad awali

appearance Ofagl Fim fproPertiesi bRd tﬁ@cé‘%,{oﬁtg,éﬁﬂﬁ{tgfeqrop,);m{gg?m{fhgg etc. The

tenperature of_a b of material being I'n a proces € present
ve ' BF)
r

Invention i s cOntrof Righeficiemresatires, ofarices. rNbvnasshdlux afstiguitht i on.
tﬁrrper atur efraﬂtgearmf znhew'Hbf ot formed tﬂmmu@om"tagn{;]@r"m agfsp,r 0ggSS. f
Thus, a preferg.ed. nroc t pr.esent i nvention i eyes formati on of a
web. of thergnogpglgﬁ ﬁelfr%ag? a{qe'errp uPecBUPSy PreREsd (waberafure
range. The prdbesmeplastict fidmpl@sbas viscenelasticc propertles ethrebghodt of
formed therno Steh il 1 af )€ t t te rature
range of the 1B|hlam m‘BPlorBtlﬁge%a'rge orc rﬁ'r%edr?%\gg Wu% v&fl g%ﬁ“gé) en using
a hi gh- pr essurfim j Juj genarallymocenrs opfert lit passes |quidr sareampr 22esses

general ly depmid &isdrelistic peavier &f | fRe %eﬁﬁh%éé Pﬁlrmsa e

differ ent'al Ef; achi eVeg by. pul |'i E}?q a vacuum beneath the form ng rface and
havi ng ng malTOEPed s PR F?c'tgr@ﬁ e &7 achievepyasiadions: iacshefbule film
Such pressur e cdnfdranatidri abf | svebhusf | ifofmed] fomabmsit pynevaiypmgPhere and is
gepeyjal ly not . LGl ent orm.t lastd ¢ filmwhich,is at a

te%r ature bet?@&;hlc[thggld%pﬁ% tamtdeﬁgéggf eoerﬁﬂﬂ ] Stheam :}&'ce and mass of
the liquid streamThrqrogesses @fnthe preseot meveationl anel pactipeiadiyon a
nunber of fackgiabl | ,;crw%- ¢t & ' , ature of
the materi al EeiF ??%&Thé ﬁ@%@és)_g‘fuf'ﬂ?%sr%an_éhgréi\edbﬂésségIr%% 10
depends oh?15Pef %&F%F’ qefesmable, matenialsowhiess igoishgdesirgblaiftei estain for ce

and physical properties engineered into the substantially planar
starting web of material. . In .the manufacture of substantially
planar thermoplastic film, certain physical properties such as
tensile strength, tear strength, ductility, tensile modulus,

20 anisotropic features of such pro;;erties, surface finish (e.g.
matte finish), surface chemistry, pre-embossment, etc., can
be engineered into the film through manufacturing techniques
which may result, for example, in desired molecular
orientations in the film, desired: crystalline morphologies,

25 desired surface appearance of the film, desired tactile
properties of the film, etc.

The temperature of a web of material being formed in a
process of the present invention is controlled such that it
remains below the transformation temperature range of the

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

The processes of the present invention can produce webs

35 of formed thermoplastic film at a temperature below the meit



mass flux to deformweb of film 10 toward the configuration of form ng
surface 29 of formng structure 28. The ability of liquid stream?22 to
formweb of film 10 depends on the pressure of the liquid flow ng through
nozzl es 90 of spray-20 system 25, the mass and di'stri.bution of-liquid

I mpi ngi ng on surface 12 of web of film3}, the distance between nozzles 9Q..
and surface 12 of web of film 10, the Ténperature of liquid stream-22, and
the surface speed_pf d 0] I h osigion, thickness, and
torper at ur o SIVRRCAE THIGSE B 85 Yin o8 {o g JFRGSE orEg and mgfAcC T

i nventi on arflupaevaidabler whesuiusinge af dvighrprrasung Vigoiéd ostrgetmodeed and
perforated tRSMOMHASHIR, 1 i T b &l ' bk Sa0l1d state
t hr oughout tﬁg procegsgl!rﬁkl ﬁ?l?% Atrﬁe fggggegéﬁ éﬁﬁeﬁg%ﬂeﬁ%ﬂ?ié/egtﬁi on i s not
limted to af95ENRY cvels n@tnhiilPsRY ousing nithe Ryessure, differantial| i eved t hat
the mechgni Séahi&fredib? patlig | #nvadush! ibéneker etk ffopiingr earfdeat of prior
art processes re.the filmis,.in g nolten state. Wien nolten film is
debossed and® r?‘ﬁ?’éﬂ%d“WmF eaHE?ﬁ‘ﬂ'f?rb‘f BrEsiFim B'énggfh 9pRPsefer ned,
perforat ed ssurface,of3the film. MBucm pressure diffeeemtiainis thudejmitedi on i n t he
form ng syur f ten fid mr L n ' cquires the

| mge of theH’f o#%%ﬁggggr%%%%%%bg&gu%t Etggéﬁ?wg ﬂ%{ %mnm%% |§§, t he :
nmol ten fil mforer thaemeplasticn filme whichi i atue aemnesawnee?mwv utsil it

rupt uresyg t hygief eémpaatibe PSIGES ATHE fobce anbemasst BPefqfqutli t he formed
~film Formation of debossed {‘iﬁrﬁ]d perforated filmin thE'SO|Id State appears

|l min.
to differ irst¥eeManreded r tin fofmy 3 wehofdnatenial; wil depend: opha _
perforation himBéehofrfattdrsr amcladiig ethe corippshed9) etHicknéysqt ahar ance W

Thi's. mochan GAPArSLGie, o BHDALEWaPe( fORTn o5 4 and 5. For i ng ser en
27, which is shoWhei successfubefdriming lofis wiebr mfndilsurilaciep@hdshiooh consi sts
01 "o “lad, ik %L, BBy s 1907 6N Stk Ror g " 1) 8
depr essi on gwassmdluoite deform web of film 10 toward the configuration of
~ forming surface 29 of forming structure 28. The ability of
liquid stream 22 to form web of film 10 depends on the
pressure of the liquid fiowing through nozzles 90 of spray
20 system 25, the mass and,distribt;tion of liquid impinging on -
surface 12 of web of film 10, the distance between nozzles 90
and surface 12 of web of film 10,.th'e temperature of liquid
stream 22, and the surface speed of drum 30, as well as the

composition, thickness, and temperature of web of film 10.

——~—

25 . The processes of the present invention are particularly
suitable for producing webs of debossed and perforated
thermoplastic film while retaining the film in its solid state
throughout the process. Although ‘the scope of the present
invention is not. limited to a particular mechanism for forming

30 film, 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 moiten state. _ .

When molten film is debossed and per_foratéd by the

action of a vacuum beneath a patterned, perforated surface,

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

LY



form ng surface 29, that portion of filmis stretched into depression 97 in
~arelatively straight-sided V-shape 98, if pernitted by the configuration
of sidewalls 96 of dépression 97. The portion of filmis stretched beyond
its yield point 20 and-subsequently ruptures, usually near the point of
thie V, thus perforations are created in the film After perforation, at

| east a portion of liquid stream 22 flow&Xhrough the perforations in the
filmand through holes 21 in formng surface 29. This liquid flow forces
t he sidewal | s clurfaden a6d the malten filoeseadily camd drapidiywacquires tie -

depression 97 InQ bObf Sférrﬁﬁﬁg ?rfaEEe eéﬁsgéb%dé?\t"“%bc@hfsh Bf-:'nl conf or s

to the conflgurat on of ace 29 can contr ol y the mass
“flux and force 3G$°P|cq¥h%"§’”eé‘a '220‘6#7' the halerin the fepping;suysface Ehdency of

the film in |te‘5<t¥h6€d> ehaxstatCrabams?zOthuéeﬂﬁﬂdﬁ tRé peffopatiofe ee  of
def ormati on

ture r C|procal vi sco-el astic.
rel ationship | 3ﬁ§r@?ﬂt“58ra'§?ﬁ Pg &rgled[ ﬁi’?‘rmpl astic film  Therefore,
such spring- back caﬁndmatmnbs.tfammksgd cand rpéﬂfedaﬁey! tflim mrcl@e asalidrass
- flux, as well r,at 0' l.0Qi u 3 220nvveb
- of film 10. e{gegrggbgggsec} Lf?er h{%hgﬁisg? &H hqarﬁ ig per eaﬂ ed
pr ot uber ances Stats beﬂﬁed"@ncpyéprmm emfﬁﬂﬂh\ P@Otwbwmestqu 22

must have suffigec@ré 6&5?@ tﬁedpm%euﬂze taQqﬁ?t"é%eltfs' Fidisied 'sMapelin Of web
of film 10 to be deforped toward g} orm ng sur ace 29 and to cause

perforation® t@ pderRressiony im the "“f‘T‘Qms}:'@ agenys ThigsimRENABIS®! i5 i | m 10

~ to be debossed smdmpeeﬁemstlemy ihnthi@ré‘sounsﬁdm OfFoeﬁihQésﬁd-eEh' pe, liquid
stream 22 nust ,haye._s ici.ent force .and pmass f film10
| SurFRES BT

t o~def or m t onartFRe'S] %%n JP FHsh AECNeN £ 228 E’Gm‘ﬁg ressure
and flow requi rcodsistsf off fandwdreas 23| and Osideivelis a9y afr expirgssiopsndll ng on

t he propertles h lm b for me p e

operati on. 'c? ee“fdlo{q sﬁpn)@rge 2‘e)'a5| mﬂ%@r?@aé %‘ipeaﬁﬁf tg?mah&gm)?he

confi gur at |15n csmpirmﬁ AgPartiencel fym pver derressianm972andshele 21himted to a

terrperature apRoPAMY NsurfaBe 28! L tRATISIRUON Gof film is stretched into
' depression 97 in a relatively straight-sided V-shape 98, if
permitted by the configuration of sidewalls 96 of depression
97." The portion of film is stretched beyond its yield point
20 and subsequently ruptures, usually near the point of the V,
thus perforations are created in the film. After perforation,
at least a portion of liquid stream 22 flows through the
perforations in the film and through holes 21 in forming
surface 29. This liquid flow forces the sidewalls of film
25 protuberances 95 toward sidewalls 96 of depression 97 in
forming surface 29, The extent to which the film conforms to
the configuration of forming surface 29 can be controlled 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 recipfo'cal visco-elastic relationship inherent
to solid state thermoplastic 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, |



range of the film but is sufficiently below such nelt tenperature
‘range in order to insure that web of fornmed film15 retains the desired
pHysical properties of web of film 10. For form ng of the preferred

.t hernmoplastic filns-disclosed 20 herein with watér, any tenperature which
Ymaintains the water in a liquid state can be used. Preferred water o
tenperatures are from [mr]to'?ﬂL [err]; nore preferred are from
[err] to err
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which flows gl cu&hlgtMmaaréﬁa&Heogﬁeéﬁ ofetheoForfmingedpérdtien.> after 10 the,
filmruptures fI@V\g g G’h formng struct yre 2 |ntofcha er 94 of

form ng drum 30¥€PsPhtH a‘k@ HafPre sty Perferated cand: fonmedidns or ni ng
drum 30 to previcdafigairatibhoos folrintihg dedrfaee c2nifeliq@id véteamn22 oismi ng drum
30. Athguah,idielS 1805 NSMpRRiture nafﬁﬁ]%e?ﬁf?\%uctﬁé)nmgit Vighpetaturdf formed

film Dby procésses of the present
range of the ilm but is sufficuently below such melt

temperature range in order to insure that web of formed film
15 retains the desnred physlcal properties of web of film 10.
For forming of _the_ preferred tp_ermoplastlc films disclosed
20 herein with water, any temperature which maintains the water
in_é_i_iquid st_ate can be used. . Preferred water temperatures

are from - .40°C to - 90°C; more preferred are from
o 65°C to 75°C. Preferred ‘water pressures are
preferably at least 350 N/cm2 (500 psig),' more

25 preferably from 700 N/cm? (1000 psig) to 1100 -

Nlcm (1600 psng) or greater. _ . :
Usmg the processes of the present mventlon, ~webs of
_su_bstantlally planar thermoplastic film, such as polyethylenes.
__Iow de_nsi:ty_ _pel_y_ethylenes, iinear low densityf.polyethyl_e_nes,
30 polypropylenes, and copolymers and blends containing
_subStantial fractions of these materials_ can be successfully
d'ebossed' and perforated For economic reasons, webs of
_formed fi im as thin as possible while still retaining sufficient
'strength are generally desired. Such webs of film preferably
35 have a thickness of no more than = 1.0 mm, more



vacuum may be drawn on chanber 94 for two purposes. Chanber 94 preferably
extends fromthe portion of formng structure 28 where web of film 10 first
contacts form ng surface 29 of formng structure 28 to sonewhat beyond the
20 ‘area of i.npingenent.of ‘Liquid stream 22 on second surf-ace 12 of web of
film 10. A vacuumin chanber 94 provides a nmeans for securely hol di ng web
of il m 10 .agai nst formng surface 29 offRormng structure 28 prior to the
form ng of web 10, so that web of film 10 does not slip on surface 29.
Chanber 94 25 preférabdg meymore than area Whebe mim ounates prefarabB2 stdl debossi ng

and perforati r{gev\@lpmo{hlt:hhgg;gz at nps-h'.@{]e,ﬁ,ﬁ?y iquid 5rd3nH qU| d

stream 22 flows into cha er wt of vacuum or" wi t hout.
The |iquid colSush evebs %ﬁaﬂh’éram fed dingehmrgeessesr mfgithgi present | f

liquid I's abl gnien€ieh etartemperatuiebbeiow theemelt |t€h&5ra”iﬁﬁ1ef Pér(q&g surface .
29, problemssch as slip #glstortlon or terln é/aa orrredfllm
15 can occadr. ofpyhgi Simar @eﬂg %t SHENt peebs; f 3"% t8 BM_tem

t hrough chanbeintiéntindmpepstud, of Uie roohl emérer ﬂ\ge;swcahé wsnbam”g zed. |If
vacuum in ch&r{ogr 94,45 used, it 35 need only be a low level to achieve
the desired p 58’5 hol di ng web of film 10 securely against form ng
surface 29 and/or labravexagmlacw_i formming fstouctureni28y shef sa¢e@9whickhus any

vacuum | evel i GORRGLR Aties RHREIBRLYof et SKCHrHBRL cf/FOHS fiod ©

substantial ly referred cuum
chanber 940j s theofiim fuptures flowsoommmgugﬂmf@rrwnsf strusture 2§ dnto 15 to

50 nm Hg. The dh%ﬁhb‘éi' mmfghoﬂﬁ wem\lwu dsedtiGidPy ariifdlduse vgps of
}‘vgr med materlz’ B{_ow des aea{mmy al ern tives |n'éhe rro duct s roduced
of thes®€aPreseith F'?Fé MHtdr ke Rrayide 5'F|§’"|§u&’
di ff| cult to aidfireyvehahbar o w@xrﬁhefopmmg derdm\30cuum f or m ng of webs of
an exerpl ary. deboshBHOUSR 5% KT shterdary TELREF SietoshaB IR Wik i o, ©
Film 15016f mfgfoemed ¢idm day ppookessds usifnghes presenpl m\»;ﬁrﬁm'rm My screen
127 shown in RiQuium fHay be drawn on chamber 94 for two purposes.
Chamber 94 preferably extends from the portion. of forming
structure 28 where web of film 10 first contacts forming
surface 29 of forming structure 28 to somewhat beyond the
20 area of impingement of liquid stream 22 on second surface 12
of web of film 10. A vacuum in chamber 94 provides a means
for securely hdlding web of film 10 against forming surface 29
of forming structure 28 prior to the forming of web 10, so
that web of film 10 does not slip on surface 29, Chamber 94
25 extends beyond the area where liquid stream 22 is debossing
and perforating web of film 10 so that most of the liquid from
liquid stream 22 flows into chamber 94 either with the aid of
vacuum or without. The liquid céllected 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 9% is used, it
35 need only be a low level to achieve the desired purposés of



The pattern and structure of formng screen 127 used to produce web of
formed film 150 I's shown in Figure 10. Such a forming screen- can
as; di scl osed
f,orming surface. 20. -129 of form ng screen 127 consists.of a repeated

t he.

depr essi

in Radel & .Thonpson cited herei nbefore. Thé pattern

dattern of nested pentagonal depressi op% 41 with -l and area 151 be
sists of land area 151 and’

ons. Form ng surface 129
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of

the projected surface area rmﬂngq’screen gil on_A-across all.
ribs of |and 'éﬁ%"i%l“’bét’%@ﬁ‘ﬁii’ﬂa eform;wek of; ity 1%y AcOefeseRtlagons i s

0.178 mm 5 Eagdcyuantiegen inaghambesi Sie iB from 0 to. 477 mMm2s@ongmaH
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Each penta as t wo,_ 00 q?%l es C whic
e equal le
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ngt h

.t he ot her

si des of the pent@ben useDorﬁeasMghEp&'ssumlal tiquid stﬂahhltd&rmwm form ng
screen 127 i Syebg of! forinddmater&P Pl (B Inddy 1RGN B deameter of

129 cm and i s nmade from staln es

erfora

made in accorRreaductsi trrodheedy esMany noEnthese calﬁprnefeves pérenegdtc film

havi ng a ffgi r sicrigvdieeornsrex monﬁo@rd:m@ﬁewrﬁﬁdv@ywﬁeﬂ higikgess.

mat eri al s hav

conprises a pt& PSIPTORTE nacuua, fareliia Afowsps: ¢

materi al s

Such

a land area with _an ﬁ_&per surfac |ch geflnes a plane and

\C/imIbCh CgﬁprldSﬂBn.a pRiguiren 10f ishe fpdrsbeetivéatf&g)ﬁemlaeyf |\.l|ewf ofeapl ary
ebossed an e 1 a r 3
second surface«%?ef%pa F\é g?éé %'déya%aon%@fguéﬁ%f’hljfg nzlsss(,) tﬁ€ gg%ne
made from a pioiventione f iFilm ht50 nef aFiguset At ican bempmdthdwoﬂngss T.
formed fi I m é{g}nplgﬂplﬁpﬁ"d% éjﬁgéﬁleﬂnbghé‘bﬁ H,og:@#uﬁélﬁbace of land area 160

of forne f||

of

| and area

Stati hat a an

1 and
erably

160 Ipprppattern an structure o formmg screen 127 used to .

.procluce web of formed film 150 is shown in Figure 10. Su_ch

20

25

30

35

a forming screen’ can -be made as disclosed in __.Radel_ &
Thompson cited hereinbefore. The pattern of forming surface
129 of forming screen 127 consists of a repeated pattern of
nested pentagonal depressions 141 with land area 151 between
the. depressnons. Forming surface 129 consists of fand area
151 and sndewalls 143 of pentagonal depressmns 141 whlch are
substantially perpendlcular to land area 151 and extend
through forming screen 127, thus forrning pentagonal holes in
forming surface 129. The open area in forming surface 129
created by these pentagonal holes is 67% of the
projected surface area of forming screen 127, Dimensuon A
across all rxbs of land area 151 between parallel sides of
adjacent pentagons is - 0.178 mm. Each pentagon has
one side B 0.477 mm long and the other four. sides

0.651 mm Iong. Each _pentagon has two 90° angles o
which are never ‘adjacent angles and are always formed by
two of the equal length sides of the pentagon. Dimenslon E
which xs the, thlckness of forming screen 127 is - 1.3 mm.

thepmaPiashier surface

~

o

For

| ned t he upper surface
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i ndicates that fornmed film 150 can be laid out such that |and area 160 is
substantially ' flat; it is understood that formed film 150 is flexible and
can conformto many non-flat shapes. Debossed and perforated materials nade
in accordance with the .present inventi OR_%onpri se perforated pr.otuberances
such,as perforated protuberances 155 of fornmed film 150. Each

pr ot uber ance Fbpmihgssarekbnr $27 dnasr smreutkfldianmsteedfl N t he 1pbatme a1fd t he upper

surface of | 0 nd aperture 162 wholly renote 'from
1 f0E 3rdR sraliflsR SEP |

and bel ow I'ane prot'uberance 155 has sidewall 163
which conti nuous1—y tnterconnects first aperture 161 and second aperture

162 to one anoth%m&aheaﬁalpéﬁsxﬁa iafélhéé&%nlﬁé%cﬁﬁgﬂéé SiPg é;eport'on
conprisin .

of second surface 1 of- .the filmand outer surface 16

portion of fPreserdy FPPriseearpelymeric Fidm hawing adEixsts

per f or at ed mrammwmﬁmmtﬁ%ﬁ.%%'m, 't is
useful to refer to ertaln dlgﬁsions of the_for ' ary

d 1 al .
formed film 56 ﬁa 8 AESA NI 137 HRRSS #’E%%%'Fﬁgé?eﬁ":’gﬁ SR ?’:‘fce 131 and
second surfaaedlzﬁnm‘rxsdsea‘lmnt:dﬁ ddfvahe $66orod sarcfacpr of uthes ofile, 155 has

an aver age d I r r e | and area
160, Vmeagure about {Nﬁgmsplé'ﬁé%ﬁgrv@ng? secg‘?c#gge%r tpl?rré ?’6?1} &ﬁg gl %%ctlon

per pendi cul asusfiae pfathe fHm.st Expmpdame dﬁpssfedpaoduberﬁxraeed%lm s often
an irregul ar jghape. Fx%J i E%soﬁr%{ ﬁ?]}rtéé’eeﬁ%ﬁ” nd {e HPed as

having a cross sectional area suc acirc can be
i nscri bed t héeparateds bys ad maximum thicknessr ﬂ'bed'tllﬁcpéef%'abhe mage is

wWholly wi thi gedrstp &?%HH euaaGiaa@mﬂ%Cd)%%%ﬁnﬁQﬁ edaﬁ%naf tifiBRhesg € 161 at

a m ni nrum of tvvo ol n such that r every dianeter bisecting the circle,
there is at ileastFasndoEmed &dme 48P, pai piane 'éaé1¢ finad Py cthe wPPehe

di amet er cong@efsce ¥ W £t 260 PPifdrMmedDENMS 380, arBtalitid Qhat esl
mat eri al s madeln ac ance with the pres

0 ention copprise
pr ot uber ance®#NRK iR %{'?%‘? Ry otIheLFiPPSf' syr a&ﬁs?‘p\‘a"d q;’ea”gé@ S¥PRIrably a
ratio of LITimdicates ahat formed film 150 can be laid out such that land

area 160 is substantially flat; it is understood that formed
film 150 is flexible and can conform to many non?flat_ shapes.
Debossed and perforated materials made in accordance with the
present invention camprise perforat_:ed protuberances such as
~perforated protuberances 155 of formed film 150, Each
protuberance 155 has a first aperture 161 located in the plane
of the upper surface of land area 160, and a second aperture
U 162 wholly remote from. and below said plane. Each
protuberance 155 has sidewall . 163 which continuously
interconnects first aperture 161 and second aperture 162 to
one another. Sidewall 163 has inner surface 164 comprising a
portlon of second surface 132 of the film and outer surface

167 comprising a portion of first surface 131 of the film.
In describ:lng debossed and perforated materials made in accordance

with the present J.rwention, it is useful to refer to certain dimensions
of the formed material. Exemplary formed film 150 has a

maximum thickness T sepahating first surface 131 and second
surface 132 of the film. Sidewall 163 of each protuberance
155 has an average depth L from the plane of the upper



/ 10, nore preferably still a ratio of L/T of at |east 15. Debossed and

perforated materials made in accordance with the present jnvention have a
ratio of L/D of at |east 0.5, prefera?lf_.. aratio of L/D of at ‘least
0.7, nore preferably a ratio of L/D of at |east Because

- 1.0.
debossed and erfpor d et SmBEdSrd gg&&r o | resent
I nvention cséfffﬁgﬁeogrlgbgb-agg%a?]%@s Ravi ngéd;n ex rgir?egl ?emﬁcﬂ}ry;ﬁfgt y- of -~
shapes, it sezopdssperturfeorlé3uih prdiresticanpespendiruiar faidt plame.t ur es
having mor &;{.pa ure' f@crdfbg(?‘ot\fﬁérra‘?‘c@ 155 [Oloftef U irrbghieul ar - shaped
pr ot uber ances; tHhe ra{lq of- LID refers to the portion of the”protuberance
sur r oundi ngshapepar flineuldize i o firye@prertyrs o6 @nake espribed astri bute of

the high- prﬁa%ﬁH;,ea'&fu&sdsé&ﬂim£|oapé§gu&hoeﬁ§ts Pliddle oF Sqndternpention |Is
the ability to Fetaih _certain physical properties of a substantjally planar
flat film iGan Re insaribed rthefeiny ofgcuded (hanedny AR inserdbed cirgleysi cal

properties j8f phBeth&UNSt Mhollg Iwithi st apertiiFd 0161 idn8 @Ata@@neral Iy be
subst anti al I,%/ retainedg in the l?é]d ar eas ,bet ween_t he pratuberances of such
formed fil mea8dges SHnePentHER: 7] athe DipimRmP of o¥wq ROIBERy $M&Pances. Due
tﬁ t he phySdﬁgal fol eVeryi dfan_ié‘tlef'hﬁisg:t:tiﬂilg ithe}] bi?ct&,Ottlélbeé aeces leddte fil ImI in

t he pr ot uber anges, especi a .adj acent__t he. secon erture,. generally
acqui res sdifif d?‘fébr?%taﬁﬁygf’gmy 'Br 86&& iSETIEYGHf o %%chﬁ?'mﬁ% | and ar ea.
A maj or adveorireges diwgsachsearstaat pdiatepr esent invention 5 over the prior

art vacuum form ng processes is the ability to retain surface appearance

and properti es Belgssedrax petforated matexrisls| hadeplinnsccobddnve with ¢kafresent
substanti al I; r ramp ' b0 hayi, nag. ace g s, such agy
et to sar fitBhBBAL chRBFRSTLPakGeraical AN B T4iieTR EPROGES

perforated 1835t procedsemorefpraferablyegermtio pfeh/Toaf athleastr et ai ni ng t he

mat t e surfaqy,Omokk NSrerebasRe dtRntd HakicoBft DET! anthtafgatof thesormed film
and also to a large extent on the sidewalls of the protuberances of the

formed film This is a particular advantage In achi eving debossed and

Debossed and perforated materials made in accordance with the present
invention have a ratio of L/D of at least 0.5, preferably a ratio
of L/D of at leé_st | _ 0.7,'_ more preferably a ratio of L/D
of at least 1.0, Because debossed and'_perforate_d ,
materials made in accordance with the present invention can have protub-
erances having an extremely wide variety of shapes, it is possible for
such protubera’nc:es to have first apertures 'having- more than
one inscribed  circle. For such irregular-shaped
protuberances, the ratio of L/D refers to the portion of the o/
protuberance. surrounding a particular inscribed circle of
diameter D. o _ -

~ An attribute of the high-prés'sure liquid fifm—forming
process of the present invention_ is the abilit'y' to retain
certain physiéai”prdperties of a substantially planar flat film
in a formed film prcddced .therefrom. Desired physical
properties of fhg _'substantialiy, pla_nér starting film can
generally be.substaritially retained in the land areas between
the prbtuberahce_s of suéh' 'forme_.d ﬁlm; and 'to so.ne extent in
the sidewalls'_ of the iprotuberances. D_u_e to the physical
distortion of the film in the protuberances, the film in the

Yoy




15 perforated filnms wthout a shiny "plastic" |ook. Such a surface
roughness may be present on only one surface of the flat filmbefore
formng, as is often the case for a matte finish, or may extend clear

t hrough the substantially ftat film as is generally the case for a fine
eipossed .pattern. 20 For films which are transparent or translucent, a
surface roughness on either surface of thel filmis effective in reduci ng
the shiny plastic | ook on both sur[faces, When such a surface roughness is
present on at Ar@tdpergnces,  resPecily; nadiacest nethe | SRFONA  ARREEUTS 4 m
produced 25 - idepieeailyradauitesomeedifféringephysic@ntpropecties fromatheexhi bit a
surface rough ast one surface of the |and area of the forned

ss.on, at, |
Cfilm e.g., oﬁrﬁg'l fmgpet'ﬁgguﬁf)eear' or |lower surface of |and area 160 of
exenpl ary fornmed fAlmajoBOadvariagaref processesuofi thaspresentninvention 150 woul d

163 of cach porEhr Srod o oPhbor ael Taanry ArocEis Mg AT B Ciet 1.

163 of eac orate n average depth of "at |east L/4
fromthe pl ande®Rin fairfagse rapRearanee AN PEPRATEILS1 GDIINRREHeiNtY G ned fil m
150 exhi bits aubdtiriallys BIghER FHMm . ONFHOteXaimple) S gubstahtidify Prahaut er
surface 167 of hSI dev\iatal+_f 33.1 1%’, .adj acent P second a%erture 162 due to
the extreme thecppRiastenJilgy Having; jay, Urfees sroughnesSun SR @nd . aperture
162 is fornedndétte syrfice borarifire pmbossed pattdrer cen berdebdssed randf t he
present inpyentj] L bit., surface roughn east surf.ace of

si dewal | %3 gﬁe?g%"r%?géatée% &'8?%%5? an‘g{; ?@% %egéng g'g%?rﬁﬁ%? g'f'{' east

L/ 2 from the rgtainingfthehaaitpauriacd are fing embessed  pattetaoon thee dept h

af_ssuch  surf agkg r%hla?saqé)rromédsmrﬁél%d)fanwemsiadex@]é exdbnt gh
perforated protuberances depends on the properties of the film_  being

d )
formed and t hdheopidiewaliasotiiher PRAtulerapces qfpthegformed film. FThige 10
shows exenpl afg for npaeticAaeenadvantdgei Nih sWidhéwingberdedboksets 1&rfd on | and

Rt LN LT RER S O T AN S SR
Mul | ane, Loui sug&fdaeckrbeghresspuidy becgreseayit enbamlyS8one surface of the
flat film before forming, as is often the case for a matte
finish, or may extend clear through the substantially flat
film, as is generally the case for a fine embossed pattern.
20 For films which are transpareﬁt 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
W one surface of the unformed film, a formed film produced
25 therefrom by processes of the present invention can exhibit a
surface roughness on at least one surface of the land area of
the formed film, e.g., on either the upper or lower surface
of land area 160 of exemplary formed film 150 of Figure 11.
In such case, formed film 150 would also exhibit such surface
30 roughness on at least one surface of sidewall 163 of each
perforated protuberance 155 to an average depth of at least
L/4 from the plane of the upper surface of land area
166. However, formed fiim 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



15 1982. Anot her .

met hod for producing form ng screens having surface

abergations on the formng surface is disclosed in commonly assigned U. S

Pat ent No. 4,327,730 i.ssued to Sorensen on I\/ay 4, ‘1982, the disclos

whj ch is hereby .20 incorporated herein reference. Sor ensen _

a formng screen having random??face aberrations on both -the <«
n e

achi eves

| and areas of the form ng surface and o

screen havin

sidewal | s of the depre
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1982.
- Another method for producing forming screens

'havmg surface aberrations on the forming surface is disclosed

30

35

in commonly assigned. U.S. Patent No. 4, 327,730 issued to
Sorensen on May 4, 1982, the disclosure of whach is hereby

eferred
not on

or ned
ilm

mcorporated herein by reference. Sorensen .achieves a

forming screen having random surface aberrations on both the
land areas of the f_ormmg surface and on the sidewalls of the
depressions_in the _forming surface, while Ahr, Mullane, Louis

& Ouellette discloses a forming screen having a regular

pattern of surface aberrations only on the land area of the

forming surface Elther type of formmg screen .can be used
in processes of the present invention to produce formed
materlals of the present mventlon._ However, it is preferred
to use forming screens having surface aberrations, either
random or regular pattern, only on the land area of the
forming surface (such as surface aberrations 156 on land area
151 of formmg surface 129 of. forming screen 127 in Figure
_10). s , _ o
It has been found that the use of a formmg screen
havmg surface aberrations on the land area results in a

o/
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15 filmand a surface snoothness on the other surface of the film the
resulting formed filmexhibits a surface roughness of the |and area which
woul d be a combination of the surface roughness of the starting filmand a
roughness inparted by the surface aberrations of the | and area of the
deFLng 20 surface. The fornmed filmalso_exhibits a surface roughness on
at Neast a-portion of one surface of théléﬂdemalls of the protuberances

corresponding to the surface rou?hness on one surface of the starting film
but the fornedormeeh EkMi which fonierms enafieo Slofedy st thenimags iafetle her

surface of thefomingi sievaLe SoOftheh FoRrhitigl RRFadls SthatO 'WIRED i ob@ing t he
snooth surface of the_star A sSurface roughnes on the first

ting fil [
surface (the stfrE&Re%pH itnﬁ‘t'%‘tﬁ‘é’r'?ﬁﬁ?n?%f.’?ﬁw‘écé o¥sedre YRYEP screen)
of the flat fithe gresketfimvedidrasisa motnidependeheconasanyhepattiduise 30

aberrationg o l.apnd. area..of formng surfage,. C roggh first
surface of ?’t h(ral'"#l %r?qlgrgsa?t ?’T'gﬁaw%‘r r?%&mrﬂ nﬁvx/r'u% cﬁgré%\(ﬁ orﬁsat?ﬁ)rggﬁl osely to
the i mage of tprimpoilyn tg dSuvictigpal oforche betweeny webeaf tfHam Wheand he first

surface of thepfintdl istr#ddhy, This is also believed to be due primarily to
frictional 35 I‘orﬁcaesﬁbetv\een web of film 10 and form ng surface 29.

Webs of debossed TRe userdr sueh a nerefspred: ferming| (RARESRnHaving i cat e
patterns, incldiffage PapéfratidnanSoathay iand deedsy | BUY GfotSigies tRed shapes,

be praod d.b he hj.gh- i d st f L. f th
or osont | AfentSBRVaNE of iR, ARRFS=aiPs, FRBWtBrnan BXERE B B NECE mat or i al
120 having | arrpaghmess iffarsed byrthe Hormingl Z2reen atertheotendareredsr i s
Shown L0 Tl 9uigk St GBriER AR DRI A4S0 neLiihalis MBHIC by accor doe

with the present Invention conprise 0 | m ave adjacent pro
havi ng D s whipnetuberancesyof, thectfermed €iim| cd¥hhen thep flag film toobes50 or

more. Formatio@rmehl ReSha SEMER hsugihifessPRS oAl on| difrfatdiofPRAgesses of
the present inyention because the pressure differential _across the

t
thi ckness 18f il A3 FUPaFe gSMepthagss on the other surface of the
: film, the resulting formed film exhibits a surface roughness of

the land area which would be a combination of the surface
roughness of the starting film and a roughness imparted by
the surface aberrations of the land area of the forming
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 a_bef'ratio_ns oh the land area of the forming surface. Such a
rough first surface of the film results 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.



is virtually independent of the formati on of adjacent areas of the
material. This differs fromthe prior art vacuum form ng processes where
once a hole is forned. in the film théifressure differential across the
thickness of the filmin the i mediately surrounding area is substantially

reduced. Thus itwélss Nef UsebdssedPosaiib! Setforafidn tRE¥meBRKtichoRgR adi acent
] focesses. This -

| .ng .t ' t m f c

| ndependenchaving *1egicate; eteedt. | fiduding pertorBiats njoWreneaot the
mat eri al beividef vaniety abf osizesr ands shapek, t 68n pbes prbdLENENbYORKet O be used
to inpart p b _ 8. W vaLi ety of shapes t he material being

f or med. Th'é?é_ﬂha%fa%gﬁ Egt ﬁégﬂd \tl)getggﬁrf'rré%"ﬁ%@ cﬁ&&ﬁ%ﬁ%ﬁ’& bi’?\f‘?"rﬁsﬁétvari ety.
Eorfexangl eineentiens. havi frggmergerypplarardew ad] ?neek?mprarrgwffpﬂﬁ@@l 88r ﬁas_ can
e formed. +L L:a0r any Rl an ary_fo fi -havi ng
I rregul ar sﬁ‘éﬁéeggﬁgﬁgés _ f?ﬁ#\gvilésgévd?{é’égﬁt_ ??_gpg@d;nﬁ"ﬁgm%pg}n} areas 1is
shown in Pddlageat one amptdter asfshownhis Piqunebdr.anSexh webbssed fir st
aperture which . has._:an irr-e%ul ar-shaped: cross-sectional area such that at

| east two ¢ PesteRatad mRtest ipcacoprdance with dhe present invention
two circl escag,ﬁgé D YOLyni c HFdmS &Q@Habéz taajlggeﬁ{y\%rgﬁo ' 555&550 c@ﬁg‘,gggrﬁy\gi ch
a , , , Or nore. i S

differ by a factor o t | east 5. 10, | ack
of sensiti vinhych odiffer byza fictoneobmnleagti n the25 §or8i,n30 sGleen al | ows
for nore fl%'k_gility in structures that can be used to support formng
screen 27 for the processes of the present invention. For exanple, if
form ng structuferesgtion uséd suchr cuaterialebsisof posbiRieedusing pehéor at ed

per for at ed Bror SBs o tec faoPhea § ounrrionC pesaded TAhel Missilre, o) o i
form ng surdifferekial acpess ithel yhiska@ssdopythenamaterial eing farmedof . .
honeycomb 2f vipHedlWPahbefbn@BSt I theNfdmdtivh ¥¥ 88jddant0ardaRT ogUr f ace 29
generally results 10 an unperforated protuberance using these prior art
processes. the material. This differs from the prior art vacuum forming
processes. where once a hole is formed in the film, the
pressure differentiai across the thickness of the film in the
immediately s&rrbunding area is substantially reduced. Thus
it is not usually possible to form very small hol_e:s' adjacent
large ones when _usirig the prior art vacuum forming
processes. - ' - -
- This ihdependen.ce of formation to immediately
_surrounding areas of the material being formed allows
procésses of the present invention to be used to impart u
protuberances of a wide variety of sha'p?es to the material
being formed. The shapes that can be formed are of an
almdst infinite vééiety. ' 'For exampie,' shapes 'having large
open areas adjacent h'arrow':open"areas can be formed. A
fragmentary plén view of an exemplary formed film '1_8'0 having
irregulér shaped' holes 181 havin_g 'adjace'n_t large and narrow
dpen areas s 's__h'oWh' in’ 'Fig'u_r'e'12.' Such a film has
protuberancés' with a first 'épertur'e “which has an
irregular-shaped . cross-sectional area such that at ie_ast two
circles of diarh_eters D can be inscribed therein such that the



15 On the other hand, such partially blocked holes in form ng surface 29
generally have little or no effect on the formati on of perforated

pr ot uber ances when the high-pressure liquid streamform ng processes of the
present invention are used, .as |l ong as such bl ockage does not directly
support a, portion 20 of the filmbeing forned. In the prior art processes
f or™j prodUC|ng formed film by vacuunlfornﬁhb of a web of nolten film the
filmnmust be cooled belowits nelt tenperature range to set the new bul k .
conf ormat i on otweoir¢les ndal ot | oweriapy and swchv\that) the twamwindies Xavef or ni ng
surface.  The peatywhichNifter' Gt "RI4SO oteht lBgst | | M i 5 Ofslenga Jpat e
limting step Ln such processes. Because the processes of the present

i nvention are EgrﬁﬁTﬁﬁﬂemnth the web of film in a solid state throughout

the process, no cocnmagatﬁ 6feeuh§a¢mbp t2thd ligzd iofMH bpeniry ieree ng it
sses ~of the present

from30 t orm ng proc
i nvention tb b OVHQ}HQaISC(}m aﬁﬁ’é‘ﬁ }B'ée@m'? hﬁsx‘éﬂdw dhng E‘ﬂfﬁé’fﬁﬁﬁ econoni c
benefits. Wi ktantbe esexhptbasypperic fermizizp\sereen F!?glfbcsth'le Emdcé?ssesn be run

at_lower speedge de LiebalV fAENSAT FPor*BREABICT if WBlGff Yrrlofigl - 3

Pref erabl e speed rocess are | 8
m sec; speeds @B isoused to prpducecwebs dfadebossedecandtpenfatated filmlio pri or
art processes YHE' Griof0ldrgn %&me SfoP%g' rﬁFJc'e!ésé.J OMfofndtiddn Xt ruder
onto a form ng sugface can5 achi eve noder at el h formng rates (up to

[err] 2.5 W sePerioratgd ffotyberanceschasb %F'bofﬁHEFcF‘AI nat frec complepe

m)ljecu' alr orlh em-at»ecmﬂeﬁna formih eshﬁfeceu@haf@rﬁswanyl BlbcRéddW%eat such
rately |

{n}oﬁ?cal |y unwaﬁ'f’e%, §$|(rﬁ Q%éﬂfsﬁﬁ%%‘gl"ﬁ‘arza ; g%f t‘b?@é'e?‘frl es to

the formed fil the ﬁbESprmce&rrmngf sulréaqer e&ngehewa;lyioestdm pmo@dmce fornmed

filmat very hiaBespe&fts \hidtaBErddBRAIUSIAG THE: YSHIBR! BFt TBHdREML

orientations in since t at terrpera ures bel ow

their nel t1% enPer dhar athegnfangnd sueh ﬁéft'élﬂY eP!ﬂ%‘Gdt &oles dpgéorming

surface 29 generally have little or no effect on the formation

of perforated protuberances when the high-pressure liquid

stream forming processes of the present invention are used,

as long as such blockage does not directly suppbrt a portion

20 of the film being formed. ) _

In the prior art processes for producing formed film by

vacuum forming of a web of moiten film, the film must be

cooled below its melt temperature Eange to set the new bulk

W conformation of the formed film prior to removing it from the
25 forming surface. The heat transfer required to set the film
is often a rate limiting step in such processes. Because the
processes of the present invention are performed with the
web of film in a solid state throughout the process, no
cooling is required to set the film prior to removing it from

30 the forming surface. This allows the processes of the
present invention to be run at very high speed, thus
proViding substantial economic benefits. While the exemplary
process shown in Figures 1 and 2 can be cun at lower
speeds, it is typically run at speeds of 2 mi/sec or faster.

35 Preferable speeds for such a process are from 4 m/sec
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15 degree. Because there is no nolten filmthat nust be solidified, the
processes of. the present invention can also be run at very high speed
where it is desired to formonly part of a web of substantlally pl anar

material. Figure 7.shows a 20 portion of a web .of thernoplastic film _
110 whi ch may be divided into sectlonséi for use as cover pli-es for A
shaped di sposabl e di apers Web of for film 110 i s debossed and -

perforated Onk% in arg ar eésgﬁ#&w\qé lyobe they geg.pgg@?eapgg 18RI sipands of

t he di aper. rforate thus 25 - provi an air-breatheabl e

- fit around thattaéegbland wai st of the di aper wearer to provide confort. The

remaining area 1l3yiyfe g@hopf aft | mécﬂe%séewhei;eaamoﬂéﬂ efiir id efed TO
produce web of fi I{’n 1 usi ngllrgrl or art vacuum ftﬂ m.f orm nga processes, the
m

entire web girectivy fropy 3y Tijm, extrigders onto, d | Igrmipg: isyniacs A% 110)
woul d nor ngal | icbi@vEDinbderambN engheaa-nﬁﬁg eatesdahpstsed. an@.pemf et ed.

Then the nolten n b4 a ed in
order to sol.ifi f%’ﬁ?ﬁ tl? ?CReﬁ\ga SOF%’ng oﬁc’l \(ﬁ?%é 'grggeaﬁﬁé woul d
be particul aprigntaliéns cane mpnceedttoer%!charfermad 3Elms peofluced i aths in area

112 t hrough Wg‘deﬁosse pgt % R e%bvﬁafe tﬁgleas 1?),?9,$f %p, faf i1 m110

can easily be he web lmi |nthe solid
state by the prighéatdens oﬁ“'ec Héf%@ben‘t'“‘?"ﬁ'\)@ﬁ |%ﬁceT%pruéa@ﬁ)m in

Fi gures 21@ndagigoted Cbﬁrbﬁé‘iléy tBI eNé OfdrehedOFilin10 FReCPPRobessésVbf h hol es
in form ng surface 9 on | certain s aced_ar assfho provide forned areas

111 on web of th¢|RTeseht (ﬁ? ion, 3B HLO Uﬁ?dhé' Be 3eVEEY B8Nt high
speed since tbpeeds witiooute driparting| sutt yriwantéd| moletutar boientatjons n

producing debgesed #Rd BRCLORA! HHintolRe Closlell F! tohherkiiAd i ocesses™

of the presen 't "was: ormng screens with
depr essi ons anhlellﬂotnett tmeMUeeW ehdasrelinot strgtehed dothdarge eadi ng
and trai li gggeéedl d not always produce webs of formed fi Imwth

d

symTetrlc ssed protuberances. It was_found that
Because there is no molten film that must be solidified,

the processes of. the present invention can also. be run at
very high speed where it is desired to form only part of a
web of substantially planar ma_ter:al anure 7 shows a
20 portion of a web of thermoplastic'_ film 110 which may be-
~ divided into sections 115 for use as cover plies for shaped
disposab'le diapers. Web of formed film 110 is debossed and
perfer_ated only in areas 111 which will be the legbands and
waistbands of the diaper. Perforated areas 111 will thus
25 provide an air-breatheable fit -around the legs and waist of
- the diaper weerer 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 fllm
forming processes, the entire web of film (or at least
30 substantlal ‘portions of web 110) would normally be molten
while areas 111 are debossed and perforated Then. the
molten portions of web of _film_ 110 would have to be cooled .in
order to solidify the film. Rapid cooling of unperforated area
112 would be particolarly difﬁcult_ since there are  no
35 perforations in area 112 _through_ which cooling fluid can flow.



15 the angle at which liquid stream 22 stri kes second surface 12 of web of .
film10 can affect the symetry of such protuberances of web of formed film
15. The mechanismthat is believed to be occurring is illustrated in
Figures 4 and'5, where .t-he apparatus and process are vi ewed per.pendi cul ar
té.,,_%Q formng surface 29. In Figure 4_liquid stream 22 is set at
dir&ction of travel 101 such that it inpPPages second surface 12 of web of

film10 at an angl e abo per pendi di rectjon of venment 100 of
formi ng surface 297 gt‘be‘ﬁ{ g@gi Bﬁl*ly ébgr%l‘i’é?'}'l% ‘H’r%sﬁggrﬁ , the
portion gf bweltperffofétlem whilet tRe wéHﬂeoﬂ fHall iy indgse ?‘olﬂestmsbypthé)t?) i fs .
contacte y | 1.gui 2 t. scau st | 0 o] Il m
10 that is str'e %ﬁg%esst r?’?gm(feé ééér& h tt"‘Z)""beS#s;"ler @P@’ﬁgﬁ{“t@?ngﬂﬂr’ﬂ ﬁt ely
perforated in %!guumylmmd |3:aioummmusa1$ yhqewoviiding darming screéms been
found that sby ﬁe;vflltﬂghblegu'uq ?&rrnﬁﬁﬁ‘ %?r?aQ:e Wyt iny‘j' irneccte'fr‘eé]n Qpatd@vel 101

at the proper an directio nmovemnment orm ng surface 29,

subst ant i al |'y aiPRAEOr PERYidgforaes: ateas: &1 Lissy awé’esf dfim h0achmebed. Angle

99 is defined dgwicess @ﬁ.ndv\e@suw Wrwmcutcmgm dpeeldoisifd theré ace 29,
the angl e between dire Uld 35 stream 22 as it

appr oaches forﬁﬁﬂ%'lﬁf %& Eg'féfnﬁ‘ f'@c?hﬁﬁtﬂ" NSnpvenment 100 of formi ng
surface 29 from the mmdntcmmeda:dssqdl dndt peafaraiéﬁiwebslg@rs mateniahg surface

29, 1 291 3099 |0l Fhe" BRlksBll A5¢Ee 2Bk Eene THGRRHBRC 12NALC edfhd O

setting Iiqui eam 2 orm ng surface 5
29 of forning thatethe Aseand mlggeeqrmnmuth depregsions rank) holeses by

li\gyi d = streanhag2.werdl yﬁhmetmah wﬁﬂee{d{garhhetdje?ﬁél?d @5& ?%@f i quid

stream 22 approaches. an a?yg e perpendi-culfar to the di rectlo travel of

fornming surfad&3ding 194085 Hds g0t alwarse Rrosucst webseofi Sormed flRticularly

10 useful f0rwiltl‘\OéVﬁtnﬁﬂndslbmeése'meM(nbefa'ﬁ&d | ard wakesourid ttlmetrmpl astic
film and th mat e honwoven and

paper. P ces sa89 k"bﬁ'@g‘ehﬂufﬁéﬁﬁ% c&ﬁ”ﬁgsu?’e&? tsu(Sfﬁ ?% deboss
and perforat e ofuciwebanofiatfdm bl® ataso affecdusthe heypimedsy of oft heutlam' nate to

be - protuberances of web of formed film 15. The mechanism that
is believed to be occurring is illustrated in Figures 4 and 5,
where the apparatus and process are viewed perpendicuiar to
20 forming surface 29. In Figure 8, liquid stream 22 is set at
direction of travel 101 such that it impinges second surface 12
of web of film 10 at an angle about perpendicular to direction
of movement 100 of forming surface 29. As a depression 97
approaches liquid stream 22, the portion of web of film 10 at
25 the leading edge of depression 97 is contacted by liquid
stream 22 first. This causes the portion of web of film 10
that is stretched into depression 97 to be stretched and
ultimately perforated in an unsymmetrical manner, as shown in
Figure 4. It has been found that by setting liquid stream 22
30 with direction of 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 perpendicular to forming
surface 29, the angle between direction of travel 101 of liquid
35 stream 22 as it approaches formmg surface 29 and direction of



15 "adhered together.

-

This can be done using the exenplary process shown

in Figures 1 and 2 by feeding two (or nore) webs of substantially planar

‘faterials sinultaneously over forming drum 30. A portion of such a process

is shown in Figure 9 where web of thernoplastic film210 and web-of netal
20 foil 211 are fed in planar cont a?,%g rel ationship onto form ng surfagg
b

29 of formng drum 30 and are forne

| iquid stream 22 from spraying

system 25 movemeniucH0daifofeeminghdsynfaéer 29 efirom atiheapeint1wherghe third

I nt er meshi ng

di mensi onal j; herd Q. ( 0 (oF fq Nape . rQvi de an
H . gf %Et)?é ?ﬂe?{ h@%é?ﬁsﬁgﬁ ?PI %ban elrrg?‘étl kﬁg@%g) i
the plies oprefpeablypRapeute @neded tTdigetrieper Torake 98sforats

foirl- | a%/i.er-s such t hat
€$HBGpr ovi ded

her ei nbef orgqli etikaat 22bwill fddpmhﬂowameoEamrﬁemk@nﬁwisugfaw faces where
a ni

the materi

30 deprless

AT BFmLHERPER o7 R, P FRen o} BRFeR Ot of Sl Bormi o

emal e

form ng supdssess key elipuidmsiteam s221 edAtf veryatisighal speedsng theeat er
conpr essi Veaalik£80bhale oy {GN1S|d RS dtFREHN 22 FSpol GRG0 R S1dd! s havi ng
e str refgth, male-for

greater tensr ' _ _
such as t haperg@ndiculasttoathel direction@fctravel ofp

engt-h than ¢ ressrve s

into

) ng surfaces
g esprfageR9ef def or mabl e -

35 material 310Thg bPocddesNofhe bPesddY ifVEAASR 3r @rtinahipy structure
328 due to the C%I on of inpin |Bg liguid, stream 322, thus produci ng web of
ebosse gwaﬁbge

f or med W0at gf$eful 3

oy Rodsit TRRAt BEr

lamipptes &Afe present ed

as il ustr aghepmoptdstidiefilm eandt otterehaterialsheuchr @snahetant foidgd to limit

h f the i jon_in any way. Example 1 A f debossed and
per 1 or ot oa TOTANEL fater . "2l eAerar | BByaRs’ o oon€< PRER ca | n

o/

Fi gures 1, ihvantioB aanl bié scdess et henlyi tbedebass. BEodnparfoseteasuch27 of Figure

10 was useqa
cmw de web

15

20

25

30

35

_ ensity po yl ene. _ _
adhered together. ~This can be done using the exemplary

process shown in Figures 1 and 2 by feeding two (or more)
webs of substantially planar materials simultaneously over
forming drum 30. . A portion of such a process is shown in
Figure 9 where web of thermoplastic film 210 ahd web of metal
foil 211 are fed in planar_ Contacti'hg .rélatioh_ship onto _:formihg
surface 29.of forming" drum 30 and are formed by 'liquid
stream 22 from spraying system 25 to produce debossed and
perforated Iaminate 215. The third di'm_en'sional perforated
protuberances of formed laminate 215 provide an intermeshing

of the thermoplastic film and metal foil layers such that the

plies of the laminate are heid togét'her. ' | N
The illustrations provided hereinbefore have described
film formation on female forming surfaces where the material
being fc's_rined is forced by a h_i_gh pre#sure liquid ‘stream into
depressions or ‘concavities of  the formirig" surfaces. = Such
female forming surfaces are primarily' suited for .mét_eri_al
having greater compre.ffsive _' strength then tensile strengfh.
For forming ma_te'rials havihg greater tensilg stfength than
compréssive _Stren_gth, male forming' surfaces suéh- as that
illustrated in Figure 8 ~are preferred.: Web'_of deformable

Hef TSy Wl 10 ot Rt e 20 194




%

avai l able comercially from Consolidated Thernoplastics 15 Conpany,
Harrington, Del aware. as product no. 23932. Wb of film 10 had a matte
finish on surface 11 and was corona discharge treated on surface 12.
Fornming drum 30 was driven .such that the speed of web of film. 10 was
4i.msec.  Driven Swap rolls 31132, 20, /34, and 35/36 were driven at
di¥ferenti-al surface speeds to ensure t t here was adequate tension on

web of film 10 and web of forned film 15 throughout the process. These
surface speed®atarial, 31 s Jofmeg PR Palezformingssuniace 3P ofsforming g

per cent ageI of striretere e3sofddedr 16 e dabtior 0 ofeintpifgirngt 1iqaRPostPBamand 113%
respectively.

The tensian neasured t ensi on ing rolls 58, 67, and
82 was 034 Kk fhus) RYoglycing, yep Qf%rmFas'B%@fﬁ:ftg'duri ng the run. Wb of
film 10 was debossed and perforated by the flow of liquid stream 22 from

five spray nozzles 90 evenly space?F)?RMP!}_Eg cm apart and centered across
yp

web of film 10. Nozzles 90 were wa , e 2540, available
commerci al?y fromi8gr fgllaningy exampleso areaeesented| as | ilwistratiansy ofr ovi de a

flat spray athenprdd@n® Pvértidd; tHeydUdré SidteaRterded'efo VRHR' tRe
supplied to nozzles_90 at a tenperature of [err] at a pressure of 830 [err]

(1200 psig), Feaps of thei wventiog,inh@ny Wa¥Yrsec of water through the five
nozzl es. The nozzles were set such that the spray angle of 250 was
parallel to d.centered in 5 the cross-nmachine direction. (The thinnest
di mensi on of +% DRS y was parallel to the machine direction - the
direction of traval webf oefi dgbessedacend?.perfotrmtedozfilres was emade such t hat
t.he fl at r h 22 A JIpi B r f b ilm10 at
a\n‘/angl e gﬂf) ?Ae/‘fﬁt?p@talﬁ ke% i‘rigg{ égond%g targg‘\{ié?&loiré?ﬁga? %?n%'\r/l\g saﬁgjf gce 29. Wb
of formed filanddisplesedr benrinbefoseai karming senees f2hiofhFigurauiPace 1 in

the | and areaga@ngsdd 13 FormeteHY ifRin, POWebOBS Ofiinh hRy k&Y W@, 805 aamof formed
1S The ok R MRS b e P o Tehihd BSRethy for RRha" 1 !
available commercially from Consolidated Thermoplastics
15 Company, Harrington, Delaware, as product no. 23932, Web
of film 10 had a matte finish on surface 11 and was corona
discharge treated on surface 12, '
Forming drum 30 was driven such that the speed of web
of film 10 was " 4 m/sec. Driven S-wrap rolls 31/32,
20 33/34, and 35/36 were driven at differential surface speeds to
ensure that there was adequate tension on web of film 10 and
web of formed film 15 throughout the process. These surface
speeds of driven S-wrap rolls 31-/32; .33/34, and .35/36.as a
percentage of the speed of forming drum 30 were 97.5%, 108%,
25 and 113%, respectively. The tension measured by tension
measuring rolis 58, 67, and 82 was - . 0.9 kg, 0.5 kg, and
1.2 kg, respectively during the run. |
Web of film 10 was debossed and perforated by the flow
of liquid stream 22 from five spray nozzles 90 evenly spaced
30 4.8 cm apart and centered across web of film 10. Nozzles 90
were wash jets, type 2540, available commercially from
Spraying Systems Co., Wheaton, Illinois; they provide a flat
spray at an angle of 25°. Liquid stream 22 was water

35



15 surface 12 of web of fornmed film 15. Wb of formed film 15 thus
produced had perforated protuberances having an average depth L of

nozzl es 90 aiaterprthpougie tie fddd ddzzies.( 1T0R Pokzgles\Wwiehe asetesuichi ng fl ow of

0..65 mm and an average inscribed circle dianeter D of 0.8 nm Thus
web of formed film 15 had a ratio of LIT of . 2520 and a ratio of

- L/ D of 0.8. The' dinensions L D were determ ned by- optical
measurenents using noderate magnlflca on. Exanple 2 A web of debossed .
and perfor aggopiidd 'tm nﬂ‘f’z‘-lemeat %Ste:asemdwgoft ?0°®eatpra0§i3§§sdi~‘éed In
Exanpl e | except for th r} rum - ga;\,\’grlve such t hat
t he speed of°§v@l§°oWF‘F’l n(”f@ wag . 'esu't‘f‘gs"ﬁi%ef@w\/\%ﬁ St to 2

7.6 | /sec of t thro t noz | es o) e set such
that the flatha ?é? t@rgwgt?#e\ai% 22’3 E‘ngg g%f%%dge@gﬁ,r%b of film
10 at an Sngthe m‘ro{sszmécrtioetdh'edtioact iﬁhe)fthnmms;l dirhefisioni af) ther f ace 29.

The web of f

characteri st %ﬁgﬁig‘apg@é&)?& ]&g‘:’é(:ﬁ% Fﬂfk P&glilwg;el ald‘g &ngcﬁ&r‘r%f

A wetrayel d%(f%@ﬂ‘gan'élubfélcﬁo?&t)ed Th¢ nﬁ‘%e‘iraﬂér?)ysQ%é%ho

Erarrgl el exae&t tﬁ@aﬂawvg bI éﬂ Wﬂé@ s‘t’?éarﬁ ¥ UhplrRid %hm&t Inzmi ypropyl ene
end conmerci vajlahle fro an

as product nﬂegﬁﬁ/_ﬁﬁ'ﬁ %‘i at)gn angle q{lg? geF fﬁ‘étgg'?l% R ‘ﬁjs *E
had perf dp at fakmingt siefae@@9s havi ng an aver age depth L of

5

and an inscri bed
had a ratio of L

finish on surface 11 in the land areas and in a su.bstantlal

portion of the protuberances of formed film 15. The corona

discharge ionization was retained on a substantial portion of

15 surface 12 of web of formed film 15.

Web' of formed fllm 15 thus produced had perforated

protuberances having an average depth L of 0.65 mm

and an average inscribed circle dlameter 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 optlcal measurements using moderate

magnification.

Examgle 2

A web of debossed and perforated fllm was made.
25 accordmg to the process used in Example 1 except for the
following: forming drum 30 was driven such that the speed

s of web of film 10 was - 7.5 mi/sec; water was fed to
(1500 psig) with a

nozzles 90 at a pressure of 1040 N/cm?

resulting. flow of 7.6 I/sec of water through the five nozzles;
30 the no_;zles 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.

Exanpl e 3
cess of

Texas,
r oduced
0.53 mMm

P ey 85 s, Fefellfh fuBIAd gHEP BRI Gr o0 1M
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25 30 35 CLAIM5S 1. A process for permanently transformng a
substantially continuous web of substantially planar, deformable materi al
having an indefinite length, a first surface, and a.second surface into a
web of formed material.,- without altering the physical properties or the

t herno- mechani cal history of said substantially planar web, said materi al
havT'ng a transformati on tenperature ran&ﬂ sai d process conprising the
steps of: a) providing said web of material on a formng structure with
said first surfaceTbe wabdofvformed nfilmerthals prociced daal fsabstargialy f ace of
said Torm ng. Siel!Shink Cchaidicfeiftiel 'aL el 3B _BPVidithel” smprBaLLER Of said
| ength of said b of material and carrying sard web of materral 1n said

- direction; b) %V\%’Sﬁ"?@ea’-subSt antially unconstrained liquid streamwhich is
substantially stationary in the direction of travel of said noving web to
sai d second SLgf%(’:q oé said noving web of material, said liquid stréeam

havi ng suffici e and mass flux to cause said nmoving web of material,
upon contadt ther ehewebeof debobsediainut pedfirated dfibmivasd aiadenpysuié ace, such
that said mat el [ r t b Nt i aJ. r.ee- di nensi,onal
conformation ﬁgeﬂfgkéégﬁgg?‘ﬁg'pg%%ﬁg&gﬁg Ehﬁglﬁéﬁcé# g#f""gsgiod“iagqﬂi '%'Tream and
c) control | i ndeahestrength snalyprepylene dblesd commereialiyl avaidablehfitoni t r emai ns

bel ow sai d transid Nehémital COBRpaRY T CHbBSER OfTS@lsd as product no.

XELF 4251. :

10 . The web of formed film thus produced had perforated

—/ protuberances having an average depth L of 0.53 mm

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.
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mat eri al throughout said process, thereby maintaining said web of materi al
fn a substantially solid state throughout said process: 2. A _process
according to claim 1l wherein said nmateria nprlses a thernDpIastlc film

having a nmelt tenperature range, and said ansfg“ Uﬂﬂuwﬂﬂﬂﬁ"ﬂre range )
is said nelt tenperature range of said film 3 gto o
claim2 wherein tnﬁﬁéfgéace appear ance and mechani cal propertfes of said

filmprior to for e substantially retained in said forned film 4. A
process according e ahyptaeess £pii permapephdretnansformiag @ streamis

applied to said. 5eﬁﬁﬂgtﬁﬁéiéﬂyoﬁoﬁﬁhﬂubﬁh atabﬁaffeeuﬁbtfammamw syl ©
spray nozzles, the

: ressure a& nozzl es belng east 350 N/ cm
(500 psig). 5. A p¢859§§aa gomatryis ﬁylﬁﬁeaﬁflepgﬁ fq4lﬁﬂ§£§ % he
liquid 2 pr esznre firgti gupfackgsand at seeconl %ﬂ&f%@m(nmoa gw'tg)of 6. A .
rocess accordin Q an n UI I,S water at
g t enperat ure ofgf¥8ﬁwf ngglfgfrrnﬁy%ui §3§8§§@9a§§% gfﬁ(?%UW one of
claims 1-6 mhereinpsapdrtmes1ng tbef&bermo-mbeheyhcmdrh@ﬂtqanwaﬁxsaﬁdea
formng drum 8. AsRpgegesdsiy! ghatakowdsy egeaoinace'e%@& e itliprai n said

formng surface is the outer surface an endl ess A"process
according to any ok&EaBFESFmAkion. femperatyre,rands.ns@idhdrocasS s debossed

and perforated, sabdmggigﬁﬁg ‘theusteps bgqlng a patterned form ng surface
and an opposed surface, ,sai

L Nng _suyrfac I, Si_n ressj ons, whi ch
have sidewal |s and end®n RBPgédlgglﬁaﬁgrﬂFﬁb° nﬁﬁ % §F MBm
said holes in said form ngstwotéoret with saddpfiadsts surfase s:eﬂ cdidweb

e 0% o bon vt PEC BB AT hriatd, LSRN YIS 4P D0

coinciding with said ~ said forming structure, said forming surface
moving in a direction of said length of said
web of material and carrying said web of
material in said direction;

b) applying a substantially unconstrained liquid

" stream which is substantially stationary in

the direction of_ travel of said moving web to
said second surface of said moving web of
material, said liquid stream having sufficient
force and mass flux to cause said moving web
of material, upon contact therebetween, to be
deformed toward said forming surface, such
that said material acquires a permanent
substaritial three-dimensional conformation
before passing beyond the influence of said
liquid stream; and

c) controlling the temperature of said web of
material such that it remains below said
transformation temperature range of said
material throughout said process, thereby
maintaining said web of material in a
substantially solid state throughout said |
process.




«

depressions in said formng surface i medi ately upon contact therebetween,

at least a portion of said liquid stream being cau gh said

p'erf__orations in said web material, t.hrogggqai d hoiﬂn",mlu;mmmm ng

surface, and through sai-d fornmng, structefel so | ong a$ sai d nsvi Rg web

remgins subj ect2¢ oAspratess qutcdrdingeamclanh A Wheklit Sdideatdiani Nudt{ddsCh eNt

force and nHEss ﬁﬁ@esﬁ&ﬁ%%ﬁﬁ’ba of terial to be extended _Into said
it atd & MPht Fepperatine xapaes apd; sid,

depressions and to cause sai | to be
urged toward satEPnSfermpiion tefperaturelgpngs sisossid melth teipérapard danie s
prot uberances aggid efxped in said web of naterial. 10. A process according
to any one of claim2-9 wherein said thernoplastic filmis selected from
pol yet hyl enes, pol ypropyl enes and copol yners and bl ends cont ai ni ng

substantial fradti Anproebss heeerdinctd d1sin Dlwhdred 0&@?.;?&2@%%' rdie?

one of clains 2- wher.ei n saj ddi?? m has ,alzthi,cknfe‘ss 0 rom O. rrmet%éh
0.04 nm 12. A%&%alm#ﬁ P s&&g £id Briqn £ fiorming app substantiadlyium
i s applied beneeathined dnogidstakmedrfidme of said forming structure in an
area where said liquid streamflows through said holes into said formng

structure. 13. A process according to any one of clains 9-12 wherein, when
vi ened per pendi%ul ArProgessiagoarding t o any fonenof laim:il-3 aiteréin madg Nguidce,

said |iqui-d strétaehhSsSSp1d ' b E&ﬂ) e | ORI nges. saj

form ng surfacqﬁa a oi&%ﬁ g?ﬁﬁg{tst e a%‘éife%e %ve ds“é@dggin'?&f’raghfﬁ?“
travel of said %Msﬁ%éﬁf%%pr%ﬂ igh pregsureiatgsaid nagzlemnd sai d
direction of mbedngrit déastABSD Waﬂg 806 Ydigye from said point where said
liquid streaminpinges said form ng surfacé 1s an acute angle. 14. A

process accor dieng 0 fas recedi ng claj ns erein sajd f.orm ng
surface moves i s%wsrsec‘??%ﬁlgetggl Icgﬁg%‘:hﬁ“?a%%@\xéﬁrw %?e]rﬁqéﬂldat a
| i near speed oPressuresat saidinozglesiis at (least OO0 N/om' d( 1090t psiar)y one of the
precedi ng cl ai n8 wherein

6. A process according to any one of claims 1-5 vwherein said liquid
. is water at a temperature of from 40°C to 90°C.

7. A process according to any one of claims 1-6 wherein said forming
surface is the cylindrical surface of a forming drum.

8. A process according to any one of claims 1-6 wherein said forming
surface is the outer surface of an endless belt.

o/ 9. A process according to any one of claims 1-8

- wherein said formed material is debossed and

- perforated, said forming structure having a patterned
forming surface and an opposed surface, said forming
.surface comprising depressions which have sidewalls
and end in holes, said forming structure being open
from said holes in said forming surface to said
opposed surface, said liquid stream having sufficient
force and mass flux to cause perforations to be
created in said second surface of said web of
material, in the areas coinciding with said
depressions in said forming surface immediately upon
contact therebetween, at least a portion of said
liquid stream being caused to flow through said
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only a portion of material is forned. 16. A process
accordllmummgmsmﬁ Q‘rﬁl aims 9-15 whereijp (pach sai d protuberance of said-
Web of orated material-c rises a sidewal | ‘havi ng an
i nner sufface co fféfwtfowriﬁoélaﬂi wéb Omatépidlsutheoaghf sadaddhbiles) and
an outer surface toprisin ortion_of said.f r film o
said fil m exhi bi t##\gs%l@ug?%regﬂﬁ'ﬁ ﬁfﬁ%ﬁ%'oﬂngt Lf‘gégﬁﬂo%gggf ?Is)al ghgl rst and
second surfaces oitfactuielsoplong as &aidi mgyingdwebi yemainsesHbIrCtng

sai d surface roughness. t a a and out er
surfaces of sai dg ?d%?xb I]'g?&?é %eg%ug p%g?ﬁbﬂgﬁ?ﬁ thr%%h\dh'awml’g

nce sai Fh%e e'%z%%hand

perforated film gsufficpenteferaecandi mgssofiny Gﬁec&“s@l e erein
lsal g form ng surfgageecoap’ tgeel é&éeaaeas 1h€b“@%ﬂdsdb@ré&]|§ﬁm (ami],c twai d

and areas conprisrng a surtace roughness e S g a
substantially concaﬁaéu§ai€bf6F5§uEgi"gﬁFPaP sﬁl"&n&' % f??f S%r'f"aeé{ aarirra er |é;I
into a web of forgg?eaa{:gﬁhgh sauasgaabmllll)s af maumteasnomee to
Figures 1 and 9 o he acco
per mnent |y t r anstBAki RET ggg?ﬁ ?°§“§?’§§?ﬁ %%&tﬁ% @ gng%sgt%lﬁealll |y

pl anar material hggi mgtemal_ldefl nite length into a formed material w thout
substantially altering the physical properties or the therno-nechani cal

history of sai rb.snbpfaa‘sse&dcw@m awbonesafdchimsrz-tﬂ whensingsaid

transfornmation n QdsS| ﬁé@ﬁeﬁ@é 4nAg
structure hawﬂb“%iﬁﬁttg fgsfrﬁwiﬁ%j:sur ace oppsgsﬁ%ygr ac

means for novi copolymerst amnbigrﬁ mmmrﬁllbsﬁmfééﬂ-l Eracgionsof thasg: h of

web material . 2{}s. for applying a substantially unconstrained |iquid [

streamto said formng surface with sufficient force and mass flux to cause
said web of material to be forned

11. A process according to any one of claims 2-10 wherein said film
has a thickness of from 0.0l mm to 0.04 mm.

12, A process according to any one of claims 9-11 wherein a vacuum is
applied beneath said opposed surface of said forming structure in an
area where said liquid stream flows through said holes into said
forming étructure.

13. A process according to any one of claims 9-12 where:.n, when
viewed perperdicular to said dxrectim of movement of said forming
surface, said liquid stream is set at a direction of travel and \/
impinges said forming surface at a point: such that the angle between
said direction of travel of said liquid stream as it approaches said
! formng surface and said direction of movement of said forming

 surface from said point where said 11qu1d stream 1mpinges said

forming surface is an acute angle. -

'14. A process accord'in'g'--to any one of the precedihg claims ‘wherein
said forming surface moves in said direction of said length of said
web of material at a linear speed of at least 4 m/sec.

15. A process according to anyone of the preceding claims wherein
only a portion of said web of material is formed.



substantially in the image of said form ng surface; d) neans for
controlling tenperature of said web of materi al suc“ﬂlﬂtm H’ﬁU’lﬂﬁ ature
of said material - remains bel ow said trggsformation e . 20.
An apparat us according-to claim 19 wheﬂgi n said neans for applying said
liqujd streayg,cC decass arbehai . rat.ys
acg%# di ng tgmclgirgn}:lr 20 M%Fgﬁ%:ﬁgﬁgz%?p@%\%?ﬁﬁ%‘ef%i@gggtéégm in a
flat, fan-sHESEHPERPSS 951 webrof, dabppsed jind,perdsratehaaterial] in the

cr oss- machi neng{ € -a OflideR@1l ABvERPah Afrher AGE2ads (b Bhi e obg Cl ai s
20 and 21 \A,herigi n_sai.d ngzzl es ar@a?g{‘? such that, when viewed, perpendicul ar -
to said direttio OL oA | Y UERY SHELacePRBrigingiast r eam

has a directpamiai dfr saiel f£irstdstigacengt sabetfsea) saaldeidinr &eiberimf at r avel

of said |iqu saj d,dj rection of venment _of said formn
surface is ;grtgg%%ét e .a%}gfég.s %.gtAjheaggp%’feanssa&ngcg’rr&tnﬁ“‘{ 5o 8H’égt9Fgcl ai ns
19- 22 wher ei9f saidl fidm prieyrtoc Sommiol | iand sdial £ébpexhibiténgfsaidi shnfabe of .
material  CongPubmesss"BR RS phAich0bf 5! 14429 tgme-a;iﬂ.r f Ld liquid
stream 24. An_ap asr at us_pgc,clor d‘:slﬁngz1l tié any&f)l'ﬁgfo C %l s %@c?f\’ﬁ%er ein said
formed mat erfEfaces g jddesidenpll Oft eack said prptibesanse)gf ssaifladebassedr i si ng
depr essi ons asdi pérfoaxtedicibnal | s and end in holes, said formng structure
bei ng open fromsaid holes in said form ng surface to said opposed surface,

sai d nmeans fip[ A pBboddadadodriing doSirmeane [GF SBdithsf L8 QBereinf &G@ provi ding
sufficient force and 'fmass flux to_cause perforated 8tuberances t 0. be
formed in sSPETMELSREARR PPE| ses kand\Areds betyecn said depressiona, s 24

erei n sai dahdareas compfiziag o prfames rowhtlesg.cas bet ween sai d depressi ons,
said | and areas conprising a surface roughness. 26. An apparatus for

transformn uhs | al ont | Jwous. web_ o tally planar
mat eri al ha&%g%%%oﬁ%%ﬁanéélre%%%ﬁ%mﬁaaf%?%%ggxlr‘rg?éirll |, substantially
as descri becontinvaiemelof substantidlly apthsary defoomablehe
acconpanyi NgnfH{e¥'WSinto a web of formed material, substantially

as described with reference to Figures 1 and 9 of the

accompanying drawings.

19. An apparatus for permanently transforming a
substantially continuous web of substantially planar
material having an indefinite length into a formed
material without substantially altéring the physical |
properties or the thermo-mechanical history of said

o/ substantially planar web, said material having a
transformation temperature range, said apparatus
comprising; ' '

a) a forming structure having a patterned forming surface and an
opposed surface;

b) means for moving said forming structure in a direction of said
lenzth of web material.

c) means for applying a substantially
unconstrained liquid stream to said forming
surface with sufficient force and mass flux to
cause said web of material to be formed

substantially in the image of said forming
surface; and
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- @) means for controlling temperature of said web of material such
that the temperature of said material remains below said
transformation temperature range.

20. An apparatus according to claim 19 m:erein.said means for
applying said liquid stream comprises high-pressure spray nozzles.

21. An apparatus according to.claim 20 wherein said nozzles provide
said liquid stream in a flat, fan-shaped spray having a fan angle of
no more than 30° in the cross-machine direction. '

22, An apparatus accord:l.ng to e:.ther cne of clams 20 and 21 wherein
said nozzles are set such that. when viewed perpend:.cular to said
direction of movement of said forming surface, said liquid stream has
a direction of travel, and the angle between said direction of travel
of said liquid stream and said direction of movement of said forming
surface is an acute angle. -

23. An apparatus accord:.ng to a.ny ane of c.l.azms 19-22 wherein said
means for controllmg the temperature of said web of material
compnses means for controlling the-tanperature of .sa_1d .l:.q_u:.d stream,

24. An apparatus accord:.ng tc any cne of claims 19-23 wherein said
formed mater:l.al is debossed and perforated, said forming surface
comprising depressions wh:.ch have sidewalls and erd in holes. said
forming structure being open from said holes in said forming surface
to said opposed surface. said means for applying a liquid stream to
said forming surface providing sufficient force and mass flux to
cause perforated protuberances to be formed in said web of material.

25. An apparatus accordmg to claim 24 wherein said forming surface
comprises 'land areas between said depressions. said land areas
comprising a surface roughness. S

26. An apparatus for transforming a substantially continucus web of
substantially planar material having an indef:m:.te length into a
formed material, substantially as described with reference to Figures
1=-5 and 8, 9 or 10 of the acccompanying dnwmgs.




