2184390 FORMED MATERI AL PRODUCED BY SOLI D- STATE FORVATI ON WTH A '
HI GH PRESSURE LI QUI D- STREAM TECHNI CAL FI ELD The present | nvention Telates .

to ‘webs of formed materials, especi al | y /pol ymerl C-
~exhi bi ting three-di nensi onal characteristic 2134%9

The_present, invention relates particularly to the production of webs of

debossed and perfg&;,é,l PRUDG film
is in a solid stat %ﬂom@cm’.pﬂgggjﬁm %Wh\ﬂéﬁ?a\l 10
Processes for enbossing and debossing and perforating _
heat - sof t ened: t her noplasti.c fil m are known. As used herein, a web of
-material is a thin, flat, substantially planar web of: materlal of definite,
.preferably subst anti al | y uniform width and indefinite Iength. A web of
enbossed film 15 or other material is such a web of such material in which

numer ous prot uberances have been foTEGUNICAL HVELR it with a substanti al

_third di mensional streg #ur .Qsﬁfeqﬂ{,gﬂhaﬁ tmgtﬁgepkgn &s g HEJ'rances

web of debossed and pertorat iI'mo her ri aI as prot
whi ch provide it matefidisy 20 esPReidliyonal polymerigre [§impendi exhibiting t he

pl ane of the mat ehr@é-dimenbionll M ithapicteristids .t he prot uberances have hol es.
“The protuberalgces ‘of webs of enbossed and .gémdebossed and. perf rat ed

material s may?be of a wide variety of sizes RARSSEL '8?"%!5 aﬁ

identical. Coll mlrticalgrlysu@ 2he vproduxitionnbof sedbandfordebossed canand
perforated materi S d t als

t he protuberanceéﬁlrf° %rsr ? ?6'an§{'ﬁ %ﬁm% 5@&:,[ (ﬁlﬁahr‘\i\'/gbs"mal fﬁ?}"

t hxee- di mensi onali$. Bﬂl?( s@!)‘ﬁf BFﬁFﬁt?"tfH"ghﬁ“brﬁhGrpﬁ?qesﬁrocesses for producing a
web of fornmed 30 film a web of heat-softened filmis provided on a

patterned, .perfor'at ed o%g&maaﬁ%-dée‘fﬁérﬁ&eﬁﬁaﬁrei n as a fqrm ng
‘ 10 Processes: for embossing and .for debossing and |
| perforating heat-softened thermoplastic film are known. As
used' herein, a web of material is a thin, flat, substantially
planar web of material of definite, preferably substantially
~ uniform, width and indefinite length. A web of embossed fiim
15 or other material is such a web of such material in which
numerous protuberances have been formed to provide it with
a substantial third dimensional structure perpendicular to the
- plane of the material. A web of debossed and perforated film
or other material has protuberances which provide it a third
20 dimensional structure perpendicular 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
. 25 webs of embossed and/or debossed and perforated materials
' - are referred to herein as webs of formed 'matenals, the'
'protuberances of such webs of formed films provide the webs
. with a three-dimensional bulk conformation.
| In prior art processes for producing a web of formed
30 -ﬂlm: a web of heat-softened flim is provided on a patterned,




urface) of a structure such as an endless bel't or a drun1cyI|ndr|caI
surface. A vacuum  beneath the forn1ng surface pulls the heat-softened
filminto conformty with the formng 5 surface.. Alternatively, a

" positive pressure may be. used to force the heat- softened film against-—
~the fornming surface. Wiether the web of film is sinply enbossed-or i 5N
debossed and perforated will depend on the :size of the holes in the forning
surface, the softness and thickness of tZhe f|In1be|ng 10 fornmed, and the
fluid pressure differential across the film Processes for prodUC|ng webs -
of enbossed t perfanatedt putdri | surface dleefeored! tq hersinpaseat Sommings, 910

i ssued to Sni thrfaca] bR QnSPeeamerquc% a%%ﬂ eAdless ‘brei-t 36?'da2 dr{fin 452 bot h
i ssued to Chavannes on f,Januar 8, 195& q_pé&e? f| ssued to
Glbert & Pr&xlipagical syrfacen: oftp¥peyym peneat E@'"s ow R -
production ofpulsbghe Ofeateboftened filml ilmofcrirﬂbedlﬁyhevmhptnstfncmfng ne are
di scl osed

'3;-054, 148 #ss&é‘&f‘i &2 Riter ﬁ?ggﬁ"ég?i e "%}2'35 &QI5§Q ég?sg%ggczj to
~Lucas 20 & VarceCothe/ beatasoftened fllm79again§55tbe3f0i§sl@9d surface ey on May _
22, 1979; 4, Z%eﬁﬁ@r'ﬁﬁleﬁeﬁ Oof"'eﬁ‘lh\ uQ“ @l?b%hbzssw@r 1% %ﬁg %&bass“ed to ...

Levm S, Sorensen & Bal | on I\/arc 978 i.ssue nnhei.m

~ & McNaboe on 30F’y PESf“f%‘i will 3‘199%}% onsthey size F&ﬁ dhegh A!?&nﬂ“oﬁh%rch 2,

©.1982; 25 4, 34&1&1;4 supfase] tive Radtiess Ihdrrmenness Afgtisé fBm befhyg and

. . 4,395,211 ued | S t he production

' of perforz? gergeﬁﬁ,eggdf%{i fgtfnggr#ﬁz‘%nd%%??o?etﬁé‘ ,-%2% thlga?é'ﬂt 4p303 609U
| ssued to Hureau Ragcessess foni predutiog . Dsbsnbéreﬂlboﬁsﬁlthemoplasttc The
processes di S?ilﬂsé "ﬂﬁ &iBSed ‘%Beﬁeﬁceﬁatﬁh&ﬂh@tﬁvﬁd ¢oRUeL td *Bﬁnt&h@

" thernoplastic film eat-softened in order tao achieve_the desired

embossi ng or &8HHYsPMgDeReMbee 13y 21958 8f-7?§1é‘51‘| RRA 'Phl’%sd‘éﬂ Bothchi eved
as disclosed issugnytdf Chbeaabeyeohefﬂwes &y hesk;i ngndn 209059689 Web of

film to ?535|ssue@e{oate l%e?'lpo‘ée f’rteném s{er‘rp'ers?lép% %be?ngﬁ,s.%i hat it I S
' Processes for. the - productlon of webs of debossed and o
- perforated: thermopiastlc films are - dlsclosed in U,S. Patents Q
-3,038,19_8__|ssue_d 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, N
© 1981: 4,280,978 issued to Dannh_eim_ & 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
- 4,395,215 issued to Bishop on July 26_,_"1983.. A'pr_o_cess 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 dlsciosed m the references c:ted above
‘require that the thermoplastic’ film’ be heat-softened in order
" to achieve the desnred embossing or debossmg and perforatlon
of the film. This can be achieved as disclosed in many of the
- above references by -heating an existing web of film to a
35 tempera_ture above its meit temperature range such that it is



3in ammlten state and will readily flow and attain a new configuration.
Alternatively, the molten filmmay be achieved by feeding a web of film
directly froma filmextruder onto the formng surface. ~ Such-a process i s
disclosed in US" 5 Patent 3,685,930 issued to Davis & Elliott on August

- 22,1972, where a web of thernoplastic filmis extruded directly onto the
out er surface of an endless belt and a vaguumis pulled beneath the belt to
make the nmolten web of filmassune the co figu’ration of the outer belt

surface. SinilQrly, mblesn 0aeePawilt 70347 A631SHa. a1

. January 9, 1973, oses "a ernopl asti c me?{ruded
directly onto tmfmr@rﬂqwl |hBFF%§ﬂ'V%lNr.fH&amﬂ“QS‘ \fd@uﬁ‘m’f perachdevedm It is

-known to shape wl feea.ﬁ@eé rm@daasﬂmmsfméctmtﬁbmala Pimt aﬁmﬁdtrotmeofl ui-d
"0 S “Patent othe 19570 30386 SUR A PrvesEl (F DSCIo88: M 1-S: 054, 980,
in US. Patents t

.__|bssged to Dayl ernAm i6BS 3301 53Bed Thee Dﬁ\?dwiﬁlbmt%n aAuﬁgmamZIIpusnrﬁt erial .
y deposition q i

0 sci beed 20 Wnets'd hetf S8 sRErheiBabll' AR W AokBhEY BfteFHY 3R °

‘Kasper on' Septheniguter zyrfaceof, aﬂamid'eﬁprbﬂt and a NgRuUM esmﬂed/el y

Hol'es in the |36ﬁi%afth| me rsartb@, Halkec ¥RE Jamtéﬁpws' 88 fited h; EW'E eRéssure
water jets. V\hen'ma ssed or debossed -per.

‘thernopl astic 9 ?B"od%fgeﬂ"‘bn"ﬁ Hat 'P%'Fne‘t!l"' iﬁ’q aceé)ﬂg'aﬂ’/e a¥ede prior |
art processds, Pitens QJeTo9,8HTyisseedsStar yeammol ohhelainvarybal,owozss nelt

tenperature ran el J h | t t i Led -
rewgvi ng the V\%Edto%eéoér rrv{eé foltfl ﬁ}gﬁ?gmﬁ%oﬁ %gﬁ@ﬁr ag‘édgéfhl eﬂg‘kes the
web of 30 for mstof tnmumnylsegsiqaume'ﬁweabé a yaguumofertmingodrums . bul k

conformation. This pegg lir‘ivar‘POJo aﬂgpé%oﬁeﬁ"eﬁ\é}hoh P44t sfHeEEnrﬁét‘.eNalt 0 its

r enoval fromtheform sogr aels often a.rate mtin steg
production of d luid, rAssurR; forcing. theshet g B'lﬂtl ﬂg of
webs of forised rfw!kim sach QerucesPes larat disclosed in U.S. Patents 2,123,552

issued to Helwig on July 12, 1938; and 3,084,389 issued to
Doyle on April 9, 1963. : : :
R | The prbd.uction.of a foraminous material. by deposition of

liquid latex on the surface of a rotating cylinder is disclosed

20 in U.S. Patents 3,605,191 and 4,262,049 both issued to
Kasper on September 20, 1971, and April- 14, 1981,
respectxvely _Holes in the latex film may be  achieved by
rupturing wuth high pressure water jets.

~ - When webs of embossed or debossed and perforated

25 thermoplastxc film are produced on a patterned surface by the
above prior art processes, it is generally necessa'ry to cool
the film below its melt temperature range to set its
three-dimensional structure prior to removing the web of
‘formed film from the forming surface This makes the web of

30 formed film much less susceptible to distortion of its bulk
conformatxon . '
_ This need to cool and set a web of formed film prior to
its removal from the formmg surface s often a rate limiting
step in the production of such formed film. A substantial

35  amount of cooling of webs of formed film can occur by heat



4 tranl'sfer from the film to the formng surface. In Davis & Elliott.

such heat transfer is enhanced by cooling the endl ess belt after stripping

- the web of fornmed filmfromthe belt and before a web

again applied to the belt. 1In 5 Barnhart, a cooling medi um i's used
inside the drum to cool the forning surface. Cooling can al so be assmtbd’

- by contacting the outer fllmsurface wi th an external

of m)ltenfllmls

Faama ¥

cool i ng nedi-um ' while

the web of formed filmis on the formng surface. For webs of debossed 10

and perforated

“.drawi ng air thrdgRs

of formed film

contacting a 15

Contacti ng 15 5GRB Y SRpBIES o R BF Rema AR 0ER, G SUEASETT

etmem $lieh freani trgnsferf i anhancsd aby ocdaling phecassiess

G | bert .& Prenddrefase ajiwell ofcmolten ﬁimalswagem m'ﬁdtéoc&hﬂ b&H\Neblfbf

embossed film oreémaafr@rga hohill' HeRidm W FECIASRG dheTardRY b6 opc! oses

ernoplastic sheet wth a water m st.
Aing $efaces formed filmby these prior art processes.

|sdt he ne](cad to have Céodidg Iﬁcram ‘wisohbe #¥sisdeaV ey t5n$&g:ngt QAPEjuXer! fim ange in ..
‘order to form t | t raneo SlLIe proper I es
sbﬁ'f;éé ”LL.J{ a?w %ﬁg]'lrﬁgl Joﬁea e\?]éee aﬂea é) Pt:

. that can be engdineered
- 30 therno- mechdaroed ﬁl%tlér 9ﬂothQ rfe'miﬂgnsu@a@&-am wepssof debossegi d

cool ing of vacu

A di sadvant age dhe #

p

cool ing of tige fade;SErffbHEbaeCfﬂﬁﬁardbofaﬁé roet QHE' @aneéath%d%' Lsdaty! k

conformati on of

the Til uces a ver nol.ecul ar

mor phol ogi es and’ssﬁéﬁeebylci’?ﬂ"f'é'ﬂ PH’néB'%'fg'bh‘Fﬁ E&TF%FHBBFW\E‘? VACYYm
resul tant fornegrised mo Aemoomgsstrfearwemkmmg'oamddboﬂmedrmdtlper fomﬁhgd web

-?rIaI IO'[ (rarerrge]; 1’1!( lrjnrlanrﬁégé |5Lp'$h% é@oéngc@"?gﬁngd pen e%en‘gp Iael&ggﬂ ‘ ﬁ(l)v s

8103076 (Publ i cdiucon moVamgzlmA) Chavannes '452 discloses contactmg a

15

web of embossed fllm ‘with a wet belt to cool the film. Gilbert

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

embossed film on the formmg surface of an embossmg drum,

D ozle dnscloses coolmg ‘'of vacuum formed molten thermoplastlc

20

" sheet wnth a water msst.

A d:sadvantage of makmg webs ‘of formed film by these
prior- art processes is the need to have the film within or
above its melt temperature range in order to form the film,
This limits the ‘range of desired properties that can be

'engineered ‘into the formed film ‘since all previous

30

~ thermo-mechanical history of the film is erased. ‘Also, the

rapid cooling of the formed fnm necessary for retent:on of the
desired bulk conformation of the film produces a very limited
set of molecular morpholognes and, hence, limited range of

- physical properties in the resuitant formed film.

A process for making a debossed and perforated web of formed

fil cqolin of fhe formed film. is_usuall SSISted by .
rTateﬁe trRm £ Breat fighstanthR Jorcing suréiceo | % he web

20 -

Vi ous

-/

film in which the film 1s.ma1nta1ned at a temperature below its melt

tgpperature'range is,che subject of the copending Application No.

8J03076 (Publication No. 2154173A).



51t is an object of the present invention to provide debosed and
perforated materials which exhibit a surface roughness on.the | and areas
between the protuberances and 15 on a portion of the inner sidewalls of
t he. protuberances It |s a further object of the present invention to
provide debossed and perforated materials having perforated
protuberances of substantially different sisze adjacent one another. 20

It is a still further object of. tfge rege{h’el nvent i 3n to rovi de debossed
and perforated malteffals AU HPO it PLtARAL JRVERtiPRta, Arexide of

shapes. SUMVARY Gfebpssed N9EMT|RER forased dmageriais hehighe sexhibitn\aensunface her e
i s provided a debqughes ado@efﬁpnaﬁedamtsebb%h-ﬁomﬁd %raa;aomkwesﬁ& film

havi ng a flrst surface cond sur e maxi num

thi ckness T, '3ai Pt B?Ta‘é?" @anﬁ'ﬂ inner 3 F’aBEa‘%PE?F\{W REI0CRY pper

sur f ace whi ch defi nesltacqohaﬁ.a'thccl abjegt of aheappesentoinvantion do sprovide
surface of said f ri p sai d
first surface of S%WI ma sal ];'nﬂ(;‘(;a %ggngggrfrg‘?ztgd ?‘%%é?énces
each of ‘sai d protRnssuleaTancesorqf |%-lhﬁ3t‘ﬂ lyoldiffarent sjze adipcent aperture

l.ocated in said priRersaid first aperture having a cross-sectional area

such that a I f di t be | ' th h ft
Gofined. by 200 secontt dbekt S frares PhiRGECoF (tha Arasaet chvearan T © 6

c) a sidewal | \grievide ontdebossedy i andr coperforateshi d matesiaignd ravingd
apertures to one pa,%%gg;‘n&glgfgl W'vlarW'Wsﬂgp&Pner surface conprising

\_/

SUMMARY OF THE INVENTION

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

G surface of said £film, said f£film comprising perforated
protuberances;, each of said protuberances comprising the
following:

a) a first aperture located in said plane, said first
aperture having a cross-sectmnal area such that a
circle of diameter D can be inscribed therein
as hereinafter defined; ‘

- . b) a secomd aper:ute-wholly remote from and.beldw said -



portion of said second surface of said filmand an outer surface conprising
a portion of said first surface of said film said .sidewall having an
average depth L from said pl.ane, neasured about the perjphery of said
second aperture in a direction perpendicular to said plane; d) " a‘ratio of
L/T of at least 5; and e) aratio of L/D of at least 0.5, said:fidm *
havi ng adj acent perforated protuberances lavi ng di aneters which differ by a
i aneter. BRIEF DESON PTLON.CE T DRANAGE B o T o b eepemaereoy Fane

I anmeter. BRI Figure IS a schepatic ow

di agram of a process, for’-fﬂ‘rt(?gcaﬂ?g %%s“%lfaq%ﬁ' $et2rone ?W’gﬁﬁﬁrdiﬂé@
with the present inventi aidedajur da¥iing arsiimnpier | sulr fadeneompr peiageat i ve
illustration of preferre i 3ra f ' _ f Ea [ e_.3
is-a sinplified schemati ?ogl&??’gﬁ/ato;isegnag‘dvi%vé?o@é%%ﬁ?‘%nog?éﬁée jp}){?:{r gﬁésan
shown 'in Figure 2. Figur @uWrers surfageqprpiisingfa peetionfof gard 8irst

Figure 5 is an enlarged wuewale U@%ﬂd?ffﬁrﬂ,‘”@afd%idb&@ﬁlhﬂb‘iﬂgs%ﬁeam

i mpinging the form ng surface at an agcute angle wth the direction o

travel of the forning suraﬁ'gcfé.gﬁfid&?rtg‘ & i%"%‘gfsr‘a-’\é&re%%‘??' Predsyred abouk
exenpl ary. debossed and peihieopeirdcphatyerd fils aifd tdecod sepértwreninhos. Figure
7 is a fragmentary plan Wi . 1 ally f terial of the
present invention. Fi gurélg\glcglgq‘s%%q&eﬁé%%{en% i-%)é%%??gaﬂ?'end vi ew of
a portion of. anot heR)app& &A% ®f lofTriafy at weeast Hntamdal . Figure 9 is a

fragmentary schemat g§ fl QW HI3Y HE A/ G¥ OESFed#¥ @I 9duci ng | am nates
conprising fornmed material in acco[,dan'ce with_the esent jnvention. Fi gur@

10 is a fragmenBai§ E31H Haying GeRL \ReRF R ated REABRRRTARGRS Raving
screen used to pifters whbassddfendyperfaetat e sutimasel s, aetdnddbnemtio t he

present | nventl%@&ating to the protuberances of each diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figﬁre 1 is a schematic flow diagram of a process for producing

webs of formed material. in ahco;dénce with the present invention.
Figure 2 is a simp_.li_ﬂod_ -s_chcmatl_c perspective illustration Q
" of preferred apparatus for forming a web of material.
Figure 3 is a simplified schematic cut-away end view of a
portion of the apparatus shown in Figure 2..
Figure 4 is an enlarged view of Area 4 of Figure 3.
Figure S is an enlarged view of Area 4 of Figure 3 with
the liquid stream impinging the forming surface at an acute ),
angie with the direction of travel of the forming surface.
Figure 6 is a fragmentary plan view of an exemplary
debossed and perforated material of the present invention,
Figure 7 is a fragmentary plan view of a web of partially
formed material of the ‘present invention, :
Figure 8 is a simplified schematic cut-away end view of a
portion of another apparatus for forming a web of material.
Figure 9 is a fragmentary schematic flow diagram of a
process for producing laminates comprising formed material in
accordance with the present invention.

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



7 Figure 11 is a fragnentary enI ar ged perspectlve view of an exenpl ary
debossed and perforat ed filmof the present invention. Figure 12 is a
fragment ary pl an view of an exenplary 5 debossed and perforated material of
the present -invention. DETAI LED DESCRI PTI ON'OF THE I'NVENTI ON Processes as
desgrisbed in Ratent Application No. 2154173A are used to produce webs of
enbossed and/ or debossed and perforated7material in accordance with the

i nvention fromwebs of substantially planar, 10 defornable naterial.

Wth the above nerfligoned pioceSsagmentarly emgsdngeramcciebossﬁmg?fand
per ! or al 1 10 4R, WeHBIRY CHelbsbl sHRTpatA Ak THART of! the AbPlsertr for al od
prot uberances of the fo materia have greatly varying shapes and
si zes, even wibnventionhe same formed material. 15 Def ormabl e materi al

as used her ei n deswigubesia :@ataerfr@émgmaeh plamaﬂewstolfehﬂheﬂempllfyond its
elastic bst ant I.ts_ne
conf ormat i én degBE?le%&n r Rﬁ.[‘) Oéa% é]’alt%l'géﬁﬁg h epr se\l% veR m)geneous or

het er ogeneous, such as honopel yners and,polyner bIends 20 structural ly
honbgeneous or het er ggepRAUSH §#@R@§T%ﬁi Fshggt ;sNQEthojimat es, or any
conbi nati'on of such PTOCESSES Ul GB 2I54I7T3A are
‘preferably used toPtmerﬂseﬂmseﬂe%drsbedmprP@eng Applpeationrio 21341734 wole
material s incl ygdg 39 a}gsgu:& webl B¢ Lm@&va%aéemetmeaampewahéa mtzéal

polyneric filns an mat eri al s formable materials utilized in th
processes of Gin ZP5gudesseaie the ABYRITLdPREiToBrvabenph sabata@tiabigeridnere

- changes i 4 heqéirndbEd ah€erTRL £CUNRER &ha@w&an@fubm PPéciskad, BEEN lembSskiRg
‘as N’ change in al l.ine structure, or ?S’F % 30, from solid to nolten

State. As a CBIANTRIER HoDE IRETINELRR GPETTIEHSY SRpBI SRS “Phnge.
certain physi caf materiai.i edled, t perfonratedi giroduberarnsesa ofi :&heyfwm@t ed. For
a theriopl ast! thaterial Thay! Reve! bﬁte&{ng[)%wmq %“"ﬁ? U €sizb§10fvert S the

melt tenperature range o qve |s |na35
wathm the same formed material. :

15 Deformable material as used herein describes a material
_ which, when stretched beyond its elastic limit, will
o . substantially retain its newly formed conformation. - Such

- deformable materials may be chemically homogeneous or
heterogeneous, such as homopolymers and polymer blends,
20 structurally hombgeneous or héterogeneous, such as plain
sheets or laminates, or any combination of such materials..
The processes of GB 2154173A ' ‘are preferably used to
\/ _ form materials comprising a polymeric film; such materials
~ incilude polymeric films themseives and laminates comprising
25 polymeric films and other materials. ' _
Deformable materials utilized in the processes of GB 2154173A
have a transformation temperature range where |
changes in the solid-state molecular structure of the material
occur, such as a change in crystaliine structure or a change
30 from solid to moiten state. = As a consequence, above the
transformation temperature range, certain physiéal properties
of the material are substantially altered. For a thermoplastic
film, the transformation temperature range is the melt
‘temperature range of the film, above which the film is in a
35 o .



-_caplllarles

.ol ten state and. | oses subst ant i all y al'l - previous

t her no- nechani cal history. Webs of deformable nmaterial which are enbossed
and have ‘bulk conformation, especially webs of enbossed pol ymeric film 5
are produced by the processes of GB 2154173A. : "+ Such enbossed .~
materials are used where the material is desired to have a design .providgd
by.the enbossments, or where a textured. material is desired. Wbs .of -
- deformabl e mat eri al's which are debossed agd 10 .perforated and have bul k
conformation, especially webs of debossed and perfor ated polyneric filns,
are:- produced by err rOCHRPes : gh .
-debossed and. per (f)‘rg'ét edE% ?m; can bé@%ensg?néérﬁg%azft?lbyr owa(ltlle a \';g}nlggty of

bul k conf or mat | thermgrmeshapicd! BHstA™¥e certain liquid 15 handling

" characteristics. A Mebossedfomsblenﬁstfeeraatﬁduchf lFénenBossedeandiFade fOr
.exanple, as a tgg shee I n.,an absor Sid U ture havin

i cgf‘r Tatiofy, PRY ﬁoﬂ'lcﬁanée yie p%%%ﬁséddPgﬁa(té'?% ‘%qﬁ'contl nent
pads, ' banddgesarerprodused biykaheapmcafses df GH 338417380 U. S. PaSekh

3,929,135 i SSUgflnbset il ﬁausorsé@egeg@eape?@ thefrater @ggi "WeiPd 581 2 use 5

for such debossed and per orate S backsheet
for disposable BBY®rBeresiasi eeavidadh bys theosambnssmensed pn wherepat ent
3,989, 867 i ssuetkxtarsd shsver ||§Ioue§|ibea 2 1976. 25 . . Webs of material

prior to formng by [rOC f 4173 - substantially

"planar". For. purpg)}sgg I%ff dleéﬁﬁﬁvﬁ t it ? ﬁl%aT ‘iﬂ’éﬁ gt 1Brded

. herein to ddscr peefosateld \wth bavemnbaik al:?nfoe'fnalt&nt.o elsbecrawyr avébscoofdi ti onu _
of the web of ”3&!5’(?5%5 WRD YdrRpPsked @olyagmscmsc 43! Srodile §hiey 30 =

context, planar s of material may include webs df materi al aV| :
fine-scal e. surP'é\%fG"f%qufPéefﬁFrP&c@BréMﬁé&e) on one -&uchod Rbgﬁﬁ or -

. may be fibrous sfdvpereferateBy famsf aaR beuehgﬁﬁeeredttd PR 5haénéiv rd
- di mensi onal struc tg’“ﬁ"‘hOf Q’{fﬁersu gtantla“_| Q anar n&ter L
substantially es armatiopg; yhig rreﬁ' | orﬁfm’é Fusth %'" (‘dﬁ\"ig
conf or mat i dri) i ngrailingl characteristics.
- _ A debossed and perforated fllm may be used for
example, as a__top__ sheet_ in an absorptive structure having |
‘tapered capillaries. . Such -structures, including disposable

O

. diapers, inco_ntinent_- 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 _
_dnsposable absorbent devices such as those disciosed in uU.S. N
~ Patent 3,989,867 issded to Sisson on November 2, 1976.

25 Webs of material prior to forrmng by the processes of
' GB 2154173A . are _substantlally_."planar" For purposes of
_clarity, . the term “planar"'._when u'tilized herein to describe

. such webs of materlal, refers to the overail condltlon of the
~web of material ‘when viewed on a macroscopic scale. ln this

30 context planar webs of material may . include webs of material
' havmg fme-scale surface, .texture (surface roughness) on one

or both stdes, or may be. fibrous or woven. By surface
roughness, it-is meant that third dimensional structure of the.

. substantially planar material is sUb.stanti'a_lly'_'less' than the
35 third dimensional_ structure (bulk conformation) inlparte_d to



9 the material by the processes of GB 2154173A ' For exanple, a
~thernoplastic filmhaving a matte finish or even a fine enbossed surface
pattern, can be debossed and perforated by such processes

the 5 debossed and perforated conformation is on a1arge scale in the

. dinrggtion peripendicular to the substantially planar material conpared to
~the structure of the matte finish or 9fine enbossed pattern. A .
desirabl e attribute of the processes of GB 2154173A is that _such a
matte finish or thenmasemiak $wd the Prosesses PfoGBa2¥54Mid%an be substientially
retained on the siffee PlrnkhRogiabassetn anglingr b omattedfihidinorTogemrd NMary
prior art procesges for ' webs of enbossed debossed and

roducin nd of .d
.perforated therndpt asﬂ‘%&fsfgm sggfaﬁpscpggtganr n %"é‘ve?”aﬂ (S{ebf’ﬁée ef¥f%®nces
" cited hereinbef grerfoddted ebyaiuks pracwsyss:form ng of a web of nolt tme

T obs e \an' (fBosly PHRAThE ey At Wih kil [l Th O PEORESE pEaid! AP 0CC
"cylindrical surftiecdifectionr pennendiculgat oethe substantialiy sdanan eaterisr f ace

._(fornrit ng surf&fgaé%a'rfb?w'ong%hhe afsm&@w‘racfoZOmeCﬁrHSt'tEUlfﬁﬁi's?.ﬂ 'dﬁSith Lo be
i-nparted to a web_of film e fprm ng_surface has holes throug ich a
fluid can pass. SHPPSEHURPHERRAL kﬁt‘ﬂ%s'?%‘?'ﬁi AL RN LALE (hRURKASEFRS RBI t en
~thernopl astic ficBmiske7ire ur gedsagwmitnsechared maetd dintshtar five boboese '
surface. 25,4 P : f 1,73 ‘o h can be
advant ageous:‘on puasté%j}?t?o. S%ﬁnsc%&egg s%éﬁ%@éeﬁ“aﬁe o E ossusrg “%nd
‘perforated ther mfpthesdebossednandrpestorpiast édmes. . can al so be used for
embossi ng anfllor debvﬁélagi_nalraq aerd‘roraat!atlgodéebss_ orfﬁ'ro;:hsauaatgewelﬂssowhl ch 30
conprise polyners, especially, materials iC ri se _pol yneric
CoTm | For PexamArHossaly Aaoaf HetsBpsfuand “peliRrases ABPETORBRRE By mori c
“filmand woven s mibseiosed ihalseveralanfl (hal yeferencks| citedinbeqpsipbeforan be
errbossed anqéor_eqﬁgfﬁs@éjcuum _formihg of a web of moiten thermoplastic film.

An exemplary vacuum film forming process. is disclosed in

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

the cylindrical' surface of a drum has a patterned, perforated
~.outer  surface (forming syrface') having a  surface
20 configuration desired to be imparted to a web of film. The
forming surface has holes through which a fluid can pass. A
vacuum beneath the forming surface causes the molten
thermoplastic film to be urged against and confof_m to the
forming surface.

- 25 - The processes ~ of GB 21541734 = '~ can be
‘advantigeously used to form webs of embossed and/or
debossed and perforated thermoplastic film. Thes'e' bfocesses.

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

_ . 30 comprise -polymers, especially materials which _COmprise

o ‘polymeric filmf -Far example, l_éminates of polymeric film and

o | metal foil, polymeric film and woven or no’nwoven_'fabric, and

v : polymeric film and paper ‘can be embossed and/or débossed

' ‘and perforated according to the proceéses ‘of GB 2154173A.

- 35 : Such other materials often cannot be embossed or



- and perforat ed accordi ng to the processes of GB 2154173A. 35

‘Such other materials often cannot be enbossed or . 10 debossed and
perforated by the prior art processes because the materials ganpot

wi t hstand the high tenperatures (above the melt terrperature range of a ™
t her nopl astic polymer) to which the material nust be raised in order to
achieve the 5 formation of the material, or because the pressure o
differential available with a vacuum forhMng apparatus is not sufficient to
force the material to conformto the formng surface. The webs of forned
mat eri al s produemksedcendr perfaratéct by othes qrdor Art ORPCceZ$8s 17S7aUSe
preferably - copp i agrabfhis St pwﬁrgtsndpawrm?a :maemuregh@rba%en stic

r heol ogi cal proper I es depend hei r rrg EI t Irﬁ and -
. tenperature.” He# oReithépmparatuse; ransst PHn3t él’rﬁ"e‘l’%ﬂ'ﬂ?ﬂc Qom ertﬁopl astic
‘polyners ar'e qwhl'c'h hetfed nadtdraali tnhsandeoi-seedbrmtbl-@er toBalchieve hine gl ass"

't t t t h | It .
hoove thagh ac BrTaliel Br e Fatsfin, B SaboBSa e, ehade mifreEfAOs Lo
"~ range, ther nnpawﬂabjepraltjﬁrrersa@um bforming capparatiss iisi ngt suffiicient Hios
‘tenperature il tl"rehﬁatehgf TBRGATOHE EALR f'fal?@%r.@llae has..a certain

degree of crystall |n|ty gener al bl'e and . to some degree
def or mabl e under a 8 eb sTF'IE fd’éf”GF'rrﬂBF?"?S’ 8F°§'d€§1’ Accaedingptasthec i s
dependent on tbeod'eatsesofofdef@rmalqm anmount” (di rrpﬁsﬁeeaaly qiombirige) Of

The procesths Hietlohiaa sopBmers 'aviRg' “cRgFactebiic. hddfBERC 10, (o
~ form material prepensiessi nghidrer ndgpesdi ¢ qiol yhireir esegampasitiont handopl astic
~film whichis é%‘gépa@uwr S B’%é&otﬁ%ﬁsPl{sst { iBbHN ?erﬁﬁ@ﬂﬂur@‘boé’&h t he

mel t terrperature ra erno ﬁrrers are in mol ten state and
| arge-scal e, . HWM'?W 39°‘Y"Pﬂﬂ5ecﬁﬂearq"' pogisand béétffrea" p&ften e '

The . nol ecul apridtledngeBRitw Of tHis NDGIds theimtrloast ltempel-amm-e | stw@ndom

- when 15 molecules are in rigid,. fixed posrtlons.
Above the glass transrtlon temperature but below the

'.me_lt .temperature range, .thermoplastr_c polyme_r_s exhibit visco- E Q |

elasticity. In this temperature range, the thermoplastic

~ material generally has a certain degree of crystallinity, and is

20 1generally flexible and to some degree deformable under a

force. The deformablhty ‘of such a thermoplast:c is dependent

on the rate of deforma_tron_._ amount (dimensional quantity) of

_deformation, length of time it is deformed, and its | v g

temperature. The processes of GB 2154173A : are -
25 preferably utilized"__to form_materials .c'omprising thermoplastic-
polymer, | eSpeci,'a:Il:y-.' thermoplastic film, - which is within this
v‘isco'-ela_stic- temperatUre rang_e.'_' - o
Above . the = melt = temperature range, thermoplastic
polymers are in a moiten s__tate and large-scale, cooperative
30 molecular = motions become possible. =~ The molecular
' i arrangement of a molten thermoplastlc polymer is random when
the polymer . is at . equrllbrlum. Thus any non-random
molecular arrangement in a thermoplastlc polymer will be lost
if its temperature |s ralsed above and maintained above its
35 melt temperature range for a suffrcxent time. The prior art



t.he pol ynme ' - treitre——3 _
arra‘rTg'é‘ﬁﬁ”t—ln a therm)plastlc polyrrer vaI be | ost |f Its terrperature S

~rai sed above and maintained above its 35 melt tenperature range for a

sufficient tine. .The prior art t her nopl astlitc fil mform ng processes

~di s¢losed herei nabove formthe filmwhile it is above its imelt tenperature

.to be fornmed. (gDufc

range in a nolten sthesmop@sticor filmnfarMiNg RITPESSean Pisciosed thereiratioce
webs of 5 formed r@?ﬁr tﬁ’é snhnwmsond%nssmt& melt temperature FJP\?QP{ egent
i nvention nust be deformable, preferably to the extent that the _
substantial |y conforme!iten tShetes or mi ng surface on which they are forned.
This requires a certain wewldwmheémat whfcrdidghi be tysdd td NsrotizeokvebRighr i al
as_used herein, is the anmount of ernanent
unr ecover abl e, plast |°5m§9 é’\aﬁeﬁﬁﬁ’ HNORRSATEGSeHI® material is B ,
prior to failure (briexkatjenomustpoe adéfonnable,t peefarably o, the nexmndethatt 0

be formed, —materiahgyusahylsidtadiRIpuespiin @ 4R° BFARET shAER! bAD

preferably have a m ductilit | east nor e
preferably at |east "%’g}i %?ﬁYe e o BT T#'y sT'NsI reauieassid ce"ta“"'2CTI)"VE)“"‘F!“gure

1l is a schematic fl amadiragrodmdaktidityexenmpher wepr mfemténal ptodvei Pgrmigs of

debossed and penpor gj g4 r@k er il Bshd Her@IIANGC. Yid a&psnpfsﬁe ermBNERL ' O

A substantially 20 cont I’nuous St ant a anar
to the process by ar\-y""Géﬁ\’/%’rﬂbi‘%naﬂ'a?féﬁrﬁ"é\ﬁbW'Hshfcr“cﬂwﬁal'@enf Bematerial 8D

The web of material deFopned er ghiby ‘t‘&bfﬁfudém(m&ké‘%é'ém séP¥ratiBhef af aphe a
web of thernoplastic fil rr} 10, whi ch be _a herm)f) a t|c subst ance,
‘a

a w'xture of 25 tRAARBE asti °§L?5§t aﬁ’cege me& S wgeful for the
t hernopl astic. subst ancpssen t bf chleepresamgoiterergion pl?géinabhedna\{dqer mimiirast | C

meterials used 49 PRy nEPSeOleatPr T fidy H&r&hﬁr&iﬁftﬁ&t ak Nggae 1 on

I ncl ude materials norna cast | ms su as polyol e nyl ons,
pol yesters, and tH&%% |"P<‘E'e prefesablyaisti)l ab least of er r @808 ¢ her nopl ast i ¢

materials wused in thggups S¢Pta schematic flow diagram of an exemplary process

for producing webs of debossed and perforated materials in accordance
with the present invention. A substantial.y
continuous web of'substantially'_plahar material 'is fed to the
process by any conventional means such as from large feed
roll 39. The web of material is preferably web of polymeric
film, more preferably a web of thermoplastic' film 10 which
may be a pure. thermoplastic substance, a mixture of
25  thermoplastic - substances, or a mixture of thermoplastic
substances with other components, Preferred thermoplastic
materials used to produce webs of formed film in the present
- invention include materials normally cast as films such as
polyolefins, nylons, polyesters, and the like. Especially
30 .preferred' thermoplastic materials used in the present
invention are polyethylenes, low density polyethylenes, linear "
low density polyethylenes, polypropylenes and copolymers and
blends con:aining substantial fractions of these materiais.

v ' Web of film 10 is pulled from storage roil 39 by driven

35 S-wrap rolis 31 and 32. Web of film 10 is pulled through




i'nvention are polyethyl enes, | ow density polyethyl enes, |inear IOM/denS|ty
pol yet hyl enes; pol ypropyl enes and copol yners and bl.ends contalnlng '
‘substantial fractions of these materials. Wb of film ,10 is pulled from
storage roil 39.by driven 35 S-wap rolls 31 and 32. Wb of film 10 is-
puIIed t hr ough 1 2 tension controlled device 45 around idler rolls 53 .
52,753, 54 and 55. Idler rolls 52 and 54 are attached to pivoted bar 48.
The t ensi on.- of web. of. film .10 is contl | ed by the force placed on web of

film 10 through, pivot arm 48 and [olls 52 a n control
device 45. \\epsign rFentrolled pexire f’f' %’ﬁ' %rlﬁ Eﬁl 'L*) ar ound
idler rolls %dalsﬂ 57dter doilyes2 3ndr. ap arel baaaﬁedrtd ﬁi?votlmtbarf 48iIm10 is

- pul I'ed aroungl;lﬂ gns'l&“ 5‘§egn?r6bb‘ﬂy‘g Weag qq/a Roll 58.is .'

- also.a tensi il -. avai l'abl'e comw%rm ally
- from Cevel placehon meeh:cnft fims 10| tlarough epiwptirarm (48 @nd \wobsob2film 10

s debossed nh AV iof" MridloR NebAre) Ndevied s 30 Wb L8 M} | AN dabadi duid

stream22fromsprays stem 25, thus u0|n m 15. The
filmformnng 5?‘6c€9§55i%‘l‘l°"6§°'d€§8lqebé ?"r?UI‘S‘ 'd'gree&'hsf 58e?%¢I57héPe| naft er.
ldler roll 6Jdmee¢pr$fyara@blryue Nobhawsz.0ol1 w:th hoI es inits cylindrical .

surface; this hel v, pRa o] 61 due to
l'iquid getting be"tp %Pmﬂ%, o# ? ?H‘l"%é 3roam[c{]éd e(S'I l'°’lﬁr$288d Y)f formed
film 15 is pirdiven formimgfdrumnip.r oRoli388 bis aso Bhtension omeaﬁumlmgven vacuum

S-wap repls 4 f ul dl er roll
62, anoQgreféﬁa%%g#gl Y?v?-‘ré)'l N ﬁokgﬂgﬁ?ﬁélﬂlg fkf"ﬁ gl ca gurface

and.idler roMachine trgis, goc. ang'%’ﬂwﬁ'cl‘p'b%w GanFrefr'B%ls Q:H&nges of v .
directi-on of deposted rancarﬁéral:la:tw bnqw.-duﬁg dFah N30 yMthangetign 4§ thrown. -
oo o1 D% RIS en Bom, Bty 3Ok ces BBP LARERMG Meb Af (e V"
cylindrical dJarmedefilmitsh aThecfilm fOpmimgecbmessleﬂllhtb@r descrnibed He roI | s.
The vacuys 'd?'eater detail hereinafter. Idier roll 61 is preferably a hollow
. roll with holes in its cylmdrlcal surface; - this helps avoid
slippage of web of fllm 10 on roll 61 due to |IqUId gettmg .
between web: of film 10 and the roll surface. : |
Web of formed film 15 is’ ‘pulled from formmg rolt 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 roli wuth holes in its cylmdrlcal surface and idler rolls
- 63, 64, 65, 66, and 67 which provnde 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 tension
measuring roll. Driven S-wrap- roils 33 and 34 are preferably
hollow rolls' with 'hOI_es' in their cyllndrical- surfaces with a
vacuum pulled ‘on the interior of the rolls. The vacuum in
these rolls .p.rovides"a',dua_l "'purpos'e;'- It holds the somewhat
30 - wet, slippery web of formed film 15 more securely to the roll
surfaces thus avondlng slippage - of - web of film 15 - It also
removes some liquid from web of f'lrn 15.
Web of formed fiim 15 is pulled from vacuum S-wrap rolls
33 and 34 by drtven S-wrap rolls 35 and 36, Web of formed
35 f‘lm 15 is pulled around idler rolls 68 71, and 72 and past



these rolls provides a dual purpose. It holds the somewhat 30  wet,
slippery web of . formed film 15 nore securely to the roll surfaces thus

avoi di ng slippage of web of film 15. It also renoves sone liquid fromweb
- of film15.- Web of fornmed film 15 is pulled fromvacuum S-wap rolls 33 and
- 34.pby driven.S-wap rolls 35 and 36. Wep3zof formed 35 film15 is pulled
around idler rolls 68, 71, and 72 and past 13 ultrasonic drying horn 40.
U trasoni c dryiungabenie ﬂ@yu@smﬂrt r@sonUtttrasem@y driying i homat esonalsesf f or nmed

15 whi oh are dEMUASPNES SHERBYo S AJBRets, iR morudbFmed B s Rugrl 1S
then pul | ed ar etomizing mesrdudlsdrhpleMpf'/l&uﬂden?ngawﬁ foanech filpnds o
.ul trasonic drywm?nom maand.aeacmumfgmﬂuszlag GaQ'c&Lﬂneréﬂ”'%f%fPﬁﬁ surface

of web of for rred . Utrasonic orns LN conjunction
“wi th vacuun? madifMol ¥sis $hem Pulted tﬁfguﬁﬁo!ﬂ'ﬂé clls ﬂé-o?“mﬂ@oo?sf d'med film.
10 15 without aaucemslmh@akt ngiwhsédie fdryihg Iﬁorhurmheanairwaaaumf web of

f dfil 15 f bl d th I '
tomerature ai PATGIRG iy, We\alRer Slraceiof weh SRRt fiRd over Il o

rolls 79, 81, é.htrasﬁntcoddvmgarhorﬁsvwmpndr 81in c@hjunztin @fth v@oUUm82 is a .
- tension 15 @Wo‘lc‘i@ urz%ﬂad Mé'Pm?i (ﬁr‘wf@é’ %hﬁ%?& wabpg k&‘rQnJJ > Wrap -

rolls 35 and 36 driven |Im1 I's pulled
around idl & r 6PI‘§'tBSUt 8’4‘“8?3“’98'6“‘879 ofgthey fiimgg ifnturthen dryirgafi on
control ling dewede o6 formé@KEimp150id Récessdfe, L webi 068 29 pﬂéfe‘wfblyOf f or med

S S oonbagh M blcs 3 FoBERRARE L Bl DaPndD, WEAT v anc
-tension of webfafméd | fiim 105 dsd pudliedoveor idier f rotia 129,i 87{ handx82ptary
LLEr e oy AR St R BTN SRR e ot D
30 i s 15 measuring roll.
Web of formed film -15 is puiled from S-wrap rolls 35 and
36 by driven take-up roil 38. Web of formed film 15 is pulled
_, around idler rolls 83, 84, 85, 86, 87, 88, and 89 and through
~— - tension controllmg device 46 to take-up roll 38. The tension
20  on web of formed film 15 is controlled by the force provnded
| by pivot bar 49 and |ts attached idler rolls 86 and 88 on web
of formed film 15.
- The tracking and ténsion of web of film 10 and web of
_ - formed film 15 in the exemplary process shown in Figure 1 is
" 25 preferably aided by a slight draw (sfr-e_.tch) of the film -
| i between the driven rolis. For example, forming drum 30 is
driven such that its surface speed is slightly faster than that
of driven S-wrap rolls 31 and 32; this helps retain good
 tension and tracking of web of film 10 between them.
30 Similarly, vacuum S- ~wrap rolls 33 and 34 are driven such that
their ‘surface speed is slightly faster than that of forming
_drum 30, and so on ‘through the process. The _preferred
amount of draw (stretch) between sequential driven rolls will
depend on the material being formed, the d'i'sta_nce, between
35 the driven rolls, the ‘extent and geometry of pérfora’_tions (if



‘Figure 1, draws of ?rom about o
‘driven rol|s (RolygtRyisnes. {gramed obys the cexemniared Rrocess i shawne imme driven

'patternedformngs ace2

) patterned - for sur({ ce 29 of formpg structure 28. . apparatus on

nmeans for appl

."driven such that its surface speed is slig'htly'fa.ster than that of driven

S-wap rolls 31 and 32; this helps retain good tension and tracking: of

~web of film 10. between them 30 Simlarly, vacuumS—vvrap rolls 33 and.

34 are driven such that their surface speed is slightly faster fhan that of
forming drum 30, and so on through the process. The preferred amunt ~ofne
draw . (stretch) bet ween sequential driven rolls will depend on the materi al

- being forned, . the distance between 35 the driven rolls, the extent and

geonetry of perforatlons (if. . 14 any) in -the rraterlal and t he

. tenperature of aowk imattbei misténiak,handpone i temperaturee oprtrmesoaterualForn WébS Of

| ow denS| ty pglléfet ffortrmdofpty esEhe = Syétgsreyofprlg‘gesdsegés&gwl N

to about t ween

rol'l) have: tprtgaHey beedrawedof Fifedm eabdut 31an@%4gaaet sigpl géévf‘él chematic
perspectiv Ny paratu ebossing and perforating a
subst antial’ X&%ﬁ#ﬁ%us?mﬁ?d‘? %uggt BRI 3? % “Wramde 'ﬁat‘ ronsigRrgdg an
indefinite | en@ﬁ Hf ahdvemppoe dtigeopeol Bt haﬂeou‘yp‘ucalw kel USAPO and spray -
system 25. ° The S t pbyl a re 28 havin

61.-{1 e.aslli gaa%d ¥ A‘{Je El Sur%}gsgh %Eg\’fgs%?rlrx n‘ngshas

and op ose
first surface 2f aahexs_@larzeaamaaem for dlebossingpandpetfdrat ing aj sulpmtavt dddy

on formng str H&ﬁﬁhﬁo@@ Wbt b fshB§t§an°tE!£fI%C?lgtgaroﬁxaé’!?rl?aPfhaninyalxouwe@{ﬁ{@ e

whi ch debossed FH%%‘H thetReraronPE fsmine deP’Bcﬁ?céﬂd SPE®Y ni ng

structure 28. spsn&hezml yThe ipat Sms Rk tublejaressi ons 97 whi ch have N

| sidewal'ls 96 and end in holes %% For mi nég%stru%gfure 28 is $ Jfrom hol es
21 in forning $UIPiRGe SYHGIYTEpHb NAYING PTURENE ormifig, surface,43s3Rds neans
for noving forﬁbﬁaswrémﬁacem N Weth béctilnori hashtirbersyirifacéd thendeb of

o second
" structure 28 with first surface 11 of web of film 10 proxlmate

A B Mecd O B rabUCPa, OTwel b i) 10, 1" HrobTded ABR2HdHHIAG S
' patterned formmg surface 29 of - formlng structure 28 For
apparatus on whuch debossed and perforated materlals are to u
. be produced formmg structure 28 preferably comprlses ' i
B 20 depressmns 37 whnch have sndewalls 96 and end in holes 21,
- Forming structure 28 is open from holes 21 in forming surface -
29 to opposed ‘surface 37. The apparatus has means for
movmg formmg surface 29 m a dlrectxon of the length of the -
web of material bemg formed (web of film 10). The =~ U
25 'apparatus has means for applymg liquid stream 22 to second '
B _'_surface 12 of web of f'Im 10 with sufflclent force and mass
' ﬂux to cause perforatlons to be created in web of film 10,
At least a portnon of llquld stream 22 flows through the
) perforatlons in web of ftlm 10 through holes 21 in forming
30 Surface 29, and through forrmng structure 28 L:qu:d stream
22 has suffscxent force and mass flux to cause web of film 10
. to’ be extended mto depresslons 97 and to cause first surface
n of web of - f:lm 10 to be deformed toward sndewalls 96 of
o depress_:ons 97, such that perforated protuberances 95 are
_3_5 _formed.in ‘web of __fxln 10, Web of formed. film 15 is thus



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 |east a portion of
liquid stream 22-flows:through the perforations in web of film 10, .
through holes 21.in formng 30 surf-ace 29, and through form ng 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 si dewal It1§ 96 of depressions 97,
such that perforated protuberances 95 are 35 formed in web of film 10.
Web of formed. film 1%dcaukbys  Theoduppsratus Theasappeeas us fohascontealting
for <controlling tenperature_of wep of fj 0 t Lal :
remains bel ow its transeEPTEET4SR Pgrﬁ')%?a fJurr'ﬁe"q.'r éﬁ;ge‘nﬁngﬁ%t ttlg‘% g?gﬁj?‘g remams.
ranfje) . 10 Exenpl ary t uimidwr itsotrainsformation tempggatusie prRA%CI TRt WianPespture
debp3sed and perforated.jgplegrials is shown in Figure 15 3 which is a _
sin®lffied schematic cut-away end view of a portion of the apparatus shown
in _-gure 2. Tubul ad forming structure 28 consists of three concentric
t;mkn r el enents bonded together: formng screen 27, honeyconb 26, and
perﬁ%%ated plate 24. Form ng screen 27 has formng surface 20 29 agai nst
whi ket web of film210 «(not shown in Figure 3) is forned. Form ng surface 29
has! §fpre-ssions 97 whi ch have sidewalls 96 and end in holes 21, and | and

ar e 23 surroundi ng depressions 97. Depressions 97 provide
conicawities in formng screen 27 where debossed and 25 perforated
prottberances are Wornmed in web of film 10. Forming screen 27 is
supported by honeyconb 26 which is typically a 6.3 deep hexagonal
honeyconb structure made from stainless steel ribbon about O OS nmin

t hi ckness bent _ - .

Exempiary tubular forming structure 28 for producing
webs of debossed and perforated materials is shown in Figure
15 3 which is a simplified schematic cut-away end view of a

~ portioh of the apparatus shown in Figure 2. Tubular forming

structure 28 consists of three concentric tubular -elements

bonded together: forming screen 27, honeycomb 26, and

perfbréied plate 24, Forming screen 27 has forming surface

20 29 against which web of film 10 (not shown in Figure 3) is

o formed. Forming surface 29 has depressions 97 which have

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

surrounding depressions 97. - Depressions 97 _provide'

:: concavities in forming screen 27 where debossed and

G ( 25 perforated protuberances are formed in web of film 10,

= @ Forming screen 27 is supported by honeycomb 26 which is

,56" typically. 3 6.3 m deep hexagonal honeycomb structure made

R =X | from stainless steel ribbon about 0.05 mm in thickness bent
L @ |

Gdq

BT,



16 and brazed to form hexagonal cells 6 mm across. The th

of

t he cell

i ckness

wal | s of honeyconb 26 are preferably sufficiently thin such

that none of holes 21 are totally blocked by the walls of honeyconb 26.

Perforated plate 24 supports 5 honeyconb 26 and is typically nade from
perforated stainléess steet sheet netal 2 mmin thickness havi
~holes of 6 nm dianeter on centers 8 mm apart. Qpposed surfac
form ng structure 28 coincides with the i ther surface of per f orat ed pI ate

24,

The .openi ngs in:honeyc

f
sufficiently s Qraged g"“é Wagﬂﬁg{]éﬁﬁer %at otal oBSt¥fcti

ted plate 24 llgﬁe
t

ng = ‘o
e 37 of

oquid

flow fromany ohitknes 2F ohef cell wgllsuofabené\ﬂcdrﬁb 026y harfeorpriefigrabily uct ur e
28 10 opposed surd :e%t?’\? thaJ;kSIct%f Qﬁ?t noﬂén&“ﬂ Fetsr E'ﬁgal”eg)r?@tgv\ksbl%gﬁ f

holes 21 in forrH

pose SUF ere enpo

(non- per f or at edy mélrsanéelsocmecw 28 . fmmaatqch plakep 24 osupponts

form ng
holes in formn
pr ot uber ances
- 2154173A
mat eri al ,

per f or at ed.
or debossed
form ng sur?

hol es). TuleFa'F°f?Hl?ﬁtﬁgt‘éf'?’u&?'@hjésbféwgt'ﬁ?|V’erfl‘f'ﬁ g‘%’ ?é?ﬁ‘l?ﬂlyo‘? _
| ength of web aiolés | Im o0 fomsinghaurface I2|9gmheov.i§h aforrmiag r seuctebe afs fi | m 10

or

scgee rhor&?cmsl dsParcd ersaby¥.cah§ve1ae@neaam t;smovﬁtbah sekan 3

SSG

v?%Fﬁ'hssg‘[fﬁ%bE’efﬂr ned us?n@“br egg'é%"?ﬁ? ah?e'dPaaﬁ‘eg“wq h

depend onéthm dtdneeteal oecargersr ned, Bhant hipakties Opposelde
the t t f 0, | oi t cav
of fornming surfsgjcpggé il fgl;'nfﬁéo %}%EE{;J%% rﬁ:{x)&es Mth \?\II 9{3’ ¢

Faurfaesmof2perfogated Platﬁsz‘ti-esfmw QRENiNgHeire rmewsoebbossed

anchspshaobam%w@wbw 20C1%%e Iub tsmﬂewrﬁw auchetndt {rdreed,

ace 29 I s maintal ne

ar e erances

out concayv

spray system 28 eREReed POl TR e ARG, struqdefT Y

spray system

rom
ssed
10, _
end in
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I'ties

ities”
th

from
ream 22

has sufficient dpencdremdhotess2f| irx fpomms%wf/ege 049 ftp| ppposed surfaes or ned
toward,gforgyi ng surface 29 and preferably to substantially

35

20

- 28

30

35

- Where embossed (non-perfofated) protuberances are to
be formed in web of film 10, forming screen 27 would
preferably have concavities which do not end in holes in
forming surface 29. The depth of the embossed

—

\r

protuberances which can be formed using processes in accordance

with GB 2154173A  depend on the .materlal 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

. where it is desired that there be no embossed or debossed

and perforated protuberances in the material being formed,

- forming surface 29 is maintained substantially flat (without

concavities or holes).

Tubular forming structure 28 is driven in a dtrectlon of
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

‘toward forming surface 29 and preferably to substantially



17 conformto the image of formng surface 29. Thus, web of film 10
acquires a substantial three-di nensional confornatlon and is transforned
into web of forned film15. Spray system 25 may be any nmeans for applying a
liquid 5 stream to second surface 12 of web of film 10 with sufficient
foréesand mass flux to deformweb of film1Q. An exenplary spray system
as showh in Figure 2, provides a hié -pressure liquid (preferably

wat er) spray across.the entjire w t web of f VAt er is ovi ded
at high 10 ~ preS8QfU™ t'ﬁr&hghm\@ﬁém of%"gﬁgt8“5¢?|‘5y2%b221|-%‘§590” ray
nozzl es 90 are prfidier@bkgauisreecat substaniiajhtipreesdimensipnaly cooforimasionhi ch
preferably provi dad! isittdhsthidd it et of |18 me&aﬂnﬁh%ped spray having a

fan angle of no nore 600, nmpre preferably no npre than - 300,
as neasured in 15 ﬁé"’@?/o%s'ﬁﬁbﬁpn@am?%cﬁ’hbrﬁ““"éu&?f ARPIYRS 3ptiayidangl es

hel p Lo msuS&hstmud tobiedoniu stipfavat 1Drof w@bdof ﬂrrﬁvﬂﬁtwutl@nglmiuent

pr ot uber ances ctj.on tream
22.  Spray nozz:f‘g%e98ngr§‘ag$u¢ a@lfa?% g’ﬁéﬂ ‘g g?f" hg't eﬁ 't“P

di mensi on of -t hespray spystem.s @sraldhewr0 int o E1§er€ach|,nepdwmts| ora
(direction of. rmﬁ%;ﬁ.rg FOr % S that _the spray from
adj acent nozzl esy‘o erl reQEuS!;neﬁThﬂgd L(%fr@ﬁﬁag&]e engl re grac}'on C'RPPr atE 12 of
web of film 10 i 8"H&Rt &é‘l"&j afy webq afd fdmy d8m  Watess iseprafided| at high passes

by Epr ay ;systoa(rjn p25ssurlef toitbigR RRINGfold Of thes whneizlgé 90 V\B]?s&fayf' 'Zg‘ 10
i s being forme oLres ortion.p surface

wijl have a tﬂgﬁe’xal?re ér%ngr&g ‘?lf v&Qtiona R'g?bcp%es’%%&e?p"é‘pray
noxzl es 90 cannatzles nebhicre| preferatdy pronidehdiquidgstrkeant ra2amm 32flas,

~applied only to ESRa gggtg tARAR a% Eﬁf #Ingslg Hnrqno J‘grebeth%gr med. The

processes to nmake debo gerfo the present invention
are preferably c8% é’l?”GuP"%ﬁeer v M9 mererthans conpritsi.nas tmessunedaini c

- %Lyn}?rfs eSIése]gl tHd fg"bef"ﬁ““'?‘t“'e&'f’ﬁﬁ’ W%%W%‘P}aﬁstﬁhﬁlteﬁr PRFS L es.
(0] or ne Il m W no en nrorm Cl se 0 e
configuration of lq or}ﬂsr'l’d surdos, é’g F[ ¥ormatlon gng prevent angled

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 nozzies
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. (f only a portion of the width of

25 web of film 10 is being formed, only a corresponding portion
~of forming surface 29° will have a three-dimensional
conformation. In  such case, spray nozzles 90 can
alternatively be set such that liquid stream 22 is applied only
to those width portions of web of film 10 to be formed.

The processes to make debossed and perforated films of the
present invention are preferably carried out utilizing materials
comprising thermoplastic polymers, especially thermoplastic films,

- ' having visco-elastic properties. Web of formed film 15 will not
' generally conform precisely to the configuration of forming surface

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



29. The bul k conformati on of web of fornmed film15 will depend on the

18 tenperature, force and mass flux of liquid stream 22 as well as film
properties and the configuration of forming surface 29. At higher - _
tenperatures, forces, and mass- flux of liquid stream 22, web of forned -~
film15 will conformcloser to 5 formng surface 29. But becausée
preferred web of thernoplastic film 10 has visco-elastic properties

t hr oughout the fornming process, sone "sptdng-back" of web of formed film15
" generally occurs after it passes liquid stream?22. This visco-elastic

behavi or  of t htemresptwis.aferce and maspeflny o0 liqwd sireagke? 25 peYsible to

achi eve vari atiPn§im Npkdpserkissk aaanfm&rr%bhﬂPuestim_bpﬂf fdrediAgd slirfapelS by
varying the tepperature, force,. aqd massff ux of liquid,stre r’p22._ The
processes of (%D'Zl 51659/5\‘” temperatures., forees.. ppd) Qgﬁ B Bgl 1ayigy

produci ng websstrkamniidssedeandf oforidsbstitn -d8d Wil cqrdofmr aieskrdedoor mabl e
Mo the stbot Shringr, SaMeEdY! 2.7, TBLE, MRde or Ry e et ur e
of substanti al RErPERIAEYG HEMOW 23S VisFoeiagi tprapesties saroyghmarti es

AN S0T TP 6 1 Squr o ol s par s PARG, DY of S 6 RS 0
finish), Iosurfaé cﬁinﬁg??ﬁ”} B?“ég‘gr?bcé&fenitt, Rasses HSHi‘bes'Err%QFheBr—ed into
the fil m throuGhismaviséaeiastiagbekaviorquwss thsi chermoglasties film béing

exanpl e, 4N LLe l.ec . i ant.at. in. il esj r.ed :
crystalli r%lg m’?ﬁﬁ‘gf’og?aé‘se@ég Hgggeus’ﬁ e% %&r‘%evggégga;ah@etﬁ‘ofbmﬁhe fil nQJ
desired tactiqonformpideni of ovel heoff | formegd: cfilfrhd St ehyerwanviagofthe web of

mat erial bei Ngekpe?Belre) PoriteQCHHE MmIssATRA SRNTGUIY strdath 2354173A is
control |l ed such th_gfﬂ It renains {)el ow 5&% transformati on tenperature range
e AF A

of the 30 materi Wh5588 Ot HS £ § process. 3MHuRATUCYHAEk:,ed
process suitable for producing webshb\embdssedaand/oroidebosséd aind

ther mopl a%i ¢ pefrif“gtegt de?orn&a%@erﬁﬂ_elﬂaek QRLPX" i,tiitssdeﬁ'?“le to retain
physical properties engineered into the substantially planar
starting . web of material. In the manufacture of -substantially U
planar thermoplastic film, certain physical properties such as
tensile strength, tear strength, ductility, tensile modulus,
20 anisotropic features of such properties, surface finish (e.g.
matte finish), surface chemistry, pre-embossment, etc., can
be engineered into the film through manufacturing. techniques
which may result, for example, in desired molecular !
orientations in the fiim, desired crystalline morphologies,
25 desired surface appearance of the film, desired tactile
properties of the film, etc.
The temperature of a web of material being formed in a
process in accordance with GB 2154173A is controlled such that it
remains below the transformation temperature -range of the |
30 material throughout the forming process. Thus, a preferred

process S achieves formation of a web
of thermoplastic film at a temperature below its meit .
temperature range. - .

The processes of GB 21541734 : can produce webs

35 of formed thermoplastic film at a temperature below the meit



tenperature range. The processes of GB 2154173A can produce -
webs 35 of formed thernoplastic film at a tenperature below the neit
tenperature range of the filmdue to the large force and mass fl ux

avai |l abl e when using a high-pressure liquid streamto form the film

Prhgr art precesses generally depend on forming webs of filmby using the
pressure differential 5 achieved by pulli r?g a vacuum beneath the form ng
surface and having normal atnD? pheric ressure on the oppgsed surface

of the film Suclempesatifecr#ige of e fiim; <ue Hosthe l3nasy ferreanpd: mase
at nosphere and ifgygeneiizddig mnsufsfmgl enhiglo-gressutdciabid atreamf td m whi ch

' t t t | It d '
mse of the I 1 aUPERsRSaniMreederofo ar: Arocedhed’ aeritffly, qene’ GEoond on
a nunber of factfermingicwetisngft hlileolpyosusingn, thei pressire odidferenpial at ur e
of the matersal defidUed oweaunmzz,e 2UGSERR Uben@dth theOtolRihe sddragy 10

depends on 15 r@’gl d sfream fromnozz| es havi ng sufficient force
and mass flux t @¥ef BAYINGLNEFM3l; | 3tmasphenis de?Fé"GsnquguF%ﬁl grPes$ed or i ng

surface 29 of faurfage of rthet fils, 2&uchTB?es?AQJr|el Hiff@entidlUisdtns lipmteg 22 to

f b of fil d f t th h
nozzl es 90 of s§PagPaut 0L ayfeiacerebatis it afteaiy, Mo cLenct fyuid
i mpi ngi ng on surfbametllermﬁpimhcofﬂml winidh), ISt la¢ di semperathee wbelowndzg | es 90
and surfaceq§2 QrﬁelY"e{énﬂ;erfa'tum ranvget geTtHi”R’GF@J UWrtd Orilaiilo#' dnat i ﬁ

and the surface speed drum he co ness
and- terrperatureS(SFe%b”?ﬂdﬂ“q | % f@"mzﬁ web °fTH@‘ﬁF'6be§§bsdQﬂ9"¢aB?f2154173A

particul arly suidumber fdrr fﬁ@dsmﬁtgume*gs mE deipasrRIbrandhidNHelks At 86d

t her nopl asti c. f|t beld ure {:tts gt} ; nk"ﬂﬁé‘ts solid state throughout

the process and ‘88 Pt 18 'B% | ?Ff'ﬁa ‘mechani sm of film

formation in sol id Bheatsuckdsséuls forming haf uébppfoﬂlmrt‘lﬂpldcpeedesomhere

the filmisgn qRLt 8fke3kP9 from nozzles 30 having sufficient force and
mass flux to deform web of film 10 toward the configuration of
forming surface 29 of forming structure 28. The ability of
liquid stream 22 to form web of film 10 depends on the
pressure of the liquid flowing through nozzles 90 of spray

20 system 25, the mass and distribution of iiquid impinging on
surface 12 of web of film 10, the distance between nozzies 90 -
and surface 12 of web of film 10, the temperature of liquid
stream 22, and the surface speed of drum 30, as well as the

\/ _ composition, thickness, and temperature of web of film 10,

25 : The .processes of GB 21541_'73A particularly
suitable for producing webs of debossed and perforated
thermoplastic film:_.wh_i!e' retaihing the film in'_its solid state
throughout the process and |

30 it is believed that the mechanism of film formation in

T ' . solid state differs from that of prior art processes where the
film is in a moiten state. _

' " When ‘molten film is debossed ‘and perforated by the

~ action of a vacuum beneath a patterned perforated surface,

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



When nolten film is debossed and perforated "'by the action of a vacuum
beneath a patterned, perforated surface, 35 the nolten film is drawn into

a depression in the form ng 20 surface; and the nolten filmreadily and

rapidly acquires the inmage of the formng surface. Subsequent to this —
forming action, the nolten filmover the hole in the forming surface is' ‘&
extended until it ruptures, thus form ngz¢ he perforation in 5 t he '

prot uberance of the formed film Formation of debossed and perforated film:
in the sol'id sfitfgc@pRedr thé omditéh cfilm nrevdtiyanndnrapidiyn acduires rthishe ol t en
state in that, the- - perforatiaon. i ch n te rs before
t he protuberad@@ggcggi Pé% ??#ﬁﬂpn_i s"_'r{(g%&s'hap_)dgfb%tﬁagghe _goedg%%eg%r%g'ﬁa in the
form ng surf axtion,Thhe mutérarfilenoves thieohnles imcinet farsing surfacguises 4 and
5.- Formng s déd: uWeiichy i UG i FPmaRe ! i #H&f{t'r{“‘ﬂg surface
29 which consi.ce'rs’?gnoga_l g\ral@il a?ea'?.p}g -%’d ghl .evvaflrﬁﬁ of pepresgf ons .97 whi ch
end in hbl estheiprotyRerance (qafi the formegnfillp initially 15 inpinges a
port!_on o]{ ]f! : movsérfﬂv?@ﬁsgoab&t%segdahal'@’e??oﬂgageaorilmnq-lu Sttlfef apfd29, that
portion of film . is stretched, .intg depression_97 in a relative
strai ght - si dec®*9*% RRR2E3 tq-fd'f)#&'nﬂ t@&”ﬁ”'?’ﬁefﬂ%fmﬁﬁr%ﬂ_i‘gﬁ W‘éﬂdewal |'s
96 of depressistat®7in That pting i perfdrationm ini seatty epedredbelragcadoften yi el d
point 20 and Seq Vel 3 ysiya near..t hg IOt he V, thus
perforations adﬁgggsegeéhkiﬁﬂfﬂ’ter%?ﬁ%ﬁ%%f %%‘#'%?f’é%% ?%(rplfeaats R%B%s'?‘ a
portion @0 |idjufepsessiem in2 theodsrminousurfacre pdiisr mecbasism e film
and - through diuwis sthemabicBRYMAFigurésCe A 5. ThFerhirylidrebhor, forces |
the sidewal | s of, Llr-l- mﬁ%S B{-Of uber ances .96- t (éyvard- Si dgwal-l é QE%‘
depression 9MRih; By SPAYNS [ <088 2FclipRe BT JRIMRI \IHTERCE e WPISR confor s
to the confi guwonisists of lhadniangas 2 ana 39dewsllHI& mft depressibyst9® nass
flux and force ,of .liqgujd.stre 224,0N Iﬂng Ii .M .. Jhe | Ngab endency
of the film i ‘%Fps:%écéselhé’g c%ét_ate ) l'gle‘-b‘}e-ngg'sgr%ngz f;.%ﬁleim}ydegree
of def ondat iimpingesidd partion of film over depression 97 and hole 21 in
' forming surface 29, that portion of film is stretched into
depresSion 97 in a relatively straight-_sided V-shape 98, if
permitted by the configuration of sidewalls 96 of depression -/
97. The portion ‘of film is stretched beyond its yield point
20 and subsequently ruptures, usually near the point of the V,
thus perforations are created in the film. After perforation,
at least a portion of liquid stream 22 flows through the
perforations in the film and through holes 21 in forming |
surface 29. This liquid flow forces the sidewalls of film A
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 reciprocal visco-elastic relation_ship 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, -



time/tenperature reciprocal visco-el astic relationshi p inherent to solid

state thernoplastic film. Therefore, such spring-back can be
.Substantially controlled by the force and mass flux, as. well as the
tenperature, of inpinging liquid 35 = stream 22 on vveb of film 10. 21 _
Regatdless - of the nmechanism for fornmi perforated protuberances 95 of
debossed and perforated film 15, liquid stream 22 nust have sufficient

force and mass flux kg sﬁcuaesfb;s%hsur.ﬁgﬂﬁn%émoffowe%% Ad | Berftdalds 0°

deforned toward .5 surface 29 t 0 cause 0 be
‘created in web o‘?’thPﬁfa.L’EFest ABsot Arhossedepndf pctrfpnam tfdmbéSdebqgedad and

ﬁerfor a]'E ?d I {1 dthearfh o2 rahi &N h@ﬁ(eeﬁhfﬁéeﬂtfﬂok@baﬂ? Q?Hsli $I1t{)>@?t@ ggﬁséms'[
have sufficien c mess fd ux.to e of fi o deform
'I'Q%‘ Rt ‘F ey of g 18 %0 |'?’qu‘i‘?rfﬂ°5?‘8€sﬁ?‘§a%d f1 ow

“toward the inmg fformng sur aces
required to fsor rfior méng cﬁuf‘rfattefnZﬂOamilﬂo cause g:ecﬁdﬂa)tlod\spw\cbmgrén“teﬂhm

properties of thgedidfmelmi 1@ fmdgegaagﬁ‘gjq?ebs n@f thﬁ f orré)sﬁaﬁ)%frat i on.

Web of film 10 is m)re easi [ roerfora and ation
of formng surf &0 ReA ?"ﬁtFﬂw d'bt'é@mfggﬂatsOQSof ammad fidma, t Hqpiet atur e

- approaching thestredr nerm@gtatmw 5@ffien® forbE ardd |Mss Mx thSca

se
sufficiently b S eatur an rder to |nsurethat
web - of forned fﬁecglvlog HF’F t%ﬁg@ d;e)ﬁbgl%%gep PHfOrming rfags of
film 10. For0f ord%-ngThe ﬂ!lqenqbr gressuued ahdr flopl a=igutrdd | tos folim cweb egf 20
herein wth wat Q‘f!m QBYWI':I?”P@![ %tW“o%%eHE ﬁadr'ﬂ%hteh?rx\ﬁéﬁtes ofa l ' qui d

state can be used Pr ef erre r] to
[erf]: more prefdFy Baing dofmeghanst the speed of the[farming (m'é‘ﬂélpr\ed wat er

pressures are preferwéd yof &flm hea&t more easlli?gerfd/rﬁﬂd ]anc( 5ﬂ9me33 i)

25 f
&D{:rr] (12{)8 SSI g) X%nﬁ%\‘eadtf%'} °fU§?'HB'"t%[er eéf gfq'%ﬂ steam 723 is

webs ‘of subd?® antheatdcy 19 amatenperatupe asppcoddHing heh neeit poémypératueaes,
range of the film, but is sufficiently  below such melt

- temperature range in order to insure that web of formed film
15 retains the desired physical properties of web of film 10.
~ For forming of the preferred thermoplastic films disclosed
20 herein with water, any temperature which maintains the water
in a liquid state can be used. Preferred water ‘temperatures
are from 40°C to 90°C; more preferred are from-
_ 65°C to 75°C. Preferred water pressures are
preferably at least | 350 Nlc_m2 (500 psig), more
25 pr‘eferably from - 700 Nlcm2 (1000_ psig).-to:' ~ 1100
Nlcm (1600 psig) or greater. . o '
Usmg the processes of GB 2154173a | webs of
. substantially planar thermoplastic film, such as polyethylenes'
low density polyethylenes, linear low densuty polyethylenes,
30 polypropylenes and copolymers - and - blends containing
substantial fractions of ‘these materials can be 'successfully
debossed and perforated. . For economic reasons, webs 6f
formed film as thin as possible while still retammg sufficient
| strength are generally desired. Such webs of film preferably
35 _have. a thtckness of no more than 1.0 mm, more

1100
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and copol ynmers = and bl ends cantai ni ng subst anti al
ese rraterl al s can be successfully debossed and . perforated.
easons, webs of forned filmas thin as possible whil'e sti |~
-retaining sufficient st rength are generally desired. Such webs of fdlm’

have -a thickness of no nore than 1. 0 mm-
erably no nore than' @206 mm nore preferably still ‘the
is from 0.01 mMmmto .- - 0.04 mm Such webs of film

are fed into theprpfcr@@é\s nn mpneehipan at ur e Hedbowwm henarel prefarpbhatstile range.. |

5 of the: fllm
tenperature of

E@nﬁ'i@ {hickAesd) velond il My @y Gnhegh at theg aibiqgat

the room where_the Process i's elng carried out. FOF

“exenpl ary for miEhst¥eRg Lot BN ?F\% efP@nthen PEPRRRS t hr ough t he
perforations of web .of far r&deﬁapbﬁaﬂﬁeabem the mielhe témbm-smbur-asgélows on

ol EHth'f{glth%engF%é ?ﬂgﬁm“{f@sf o?ff O{ﬂ{gm ngr%m\r‘% Sg b’?%w de
partitions whiclampienthdeonanataredsf wihehinsofomtieng theirpgess\ishbegigit is

RaFFegPs@duction of webs 15 of formed film by processes
94 -

t hrough forngng
Stati onary- mani £

not necessary il

in accordance with B 2154173A, a_vacuum may be. dr awn on. chanber

for. two purpose

s. Clffbe*empiarer Qrmng Strustrer ddm thRe waser | whial

f orm ng struct uwmwSZShrdiLegte twebpef-fd‘rehahsl@f fwebs lof Cupimaet $|l|an'iSn£\‘SeﬁurfaC9 :

| SPSOMS bl *HRRE B FS0RR S, ffiiyPe ki in

chanber 94 provn:bes!bal‘n%‘hn# formingc wirainy 300! dsmqlomﬁrwfmémfomleZagm nst

b%9 Pésérermsnae%mwr&&ﬁ I QT maggaérgﬁmﬁ“m .web 10,
of f RiSce er ._

- 29 of formgg s
of liquid strea

form ng surface
SO * that web
ext ends beyond

perforat|ng web

s

does not~slip on sur
Fﬁé‘“&r%%a%%'i &% withig ‘orming, drumi30.4epossi ng and

of - fAlltmdé}\ st i1aiotTeRteofarinen| tiewli srddudtion of webs

of formed film by processes in accordance with GB 2154173A, a

. vacuum may’ be drawm - ‘on chamber _94 for two purpos_es.
* Chamber 9u_._'prefer'ably extends from the portion of forming
-structure 28 where web of film 10 first contacts forming

20

~ surface ,29' of forming structure 28 to somewhat beyond the

area of impingement of liquid .stream 22 on second surface 12
of web of film 10. A vacuum in chamber 94 provides a meaﬁs._'

for securely holding web of film 10 against forming surface 29

of forming structure 28 prior to the forming of web 10, s

25

~ that web of film 10 does not slip on surface 29. Chamber 94

extends beyohd.the area where liquid stream 22 is debossing

_and perforating \_)veb_-of film 10 so that most of th_e liquid from
“liquid stream 22 flows into. chamber 94 either with the aid of
- 'vacuum or'without. The hqwd collected in chamber 94 is

30

discharged through pipe 93. If liquid is able to get between

- web of formed film 15 and forming surface 29, problems such

-as slipping, distortion, or tearing of web of formed film 15

35 °

can occur.. By discharging most of the liquid away from the
system through <hamber 94 and pipe 93, such problems are
generally minimized.  If vacuum. in chamber 84 is used, it

need only be a low level to achieve the desired purposes of



~liquid stream 22 flows into chanber 94 either with the aid of vacuum or.
without. The liquid collected in chanber 94 is discharged through pipe 93.
If liquid is able to get between 30 web of fornmed film 15 and -form ng '
~surface 29, problens such as slipping, distortion, or-tearing of web of
forped-film 15 can occur.. By discharging nost of the liquid away fromthe
system through chanber 94 and pi pe 93, 2ach problens are generally
mnimzed. |f vacuum in chamber 94 is used, it 35 need only be a | ow
level to achi elelding e refd fimr. J8s secyrely againsg| fonmjngwsiiréaces i2%m 10
securely agai Ngndfor "drdwivlg fIRfAd 29wayp dfrom %amrzg $ucrdtél Ry THyam forming
surface 29. Thus ang vacuyum e\éﬁl hg c@agber-.g Isg’pref-etés bly far bel ow
that required 28YsYBSYUR: fevieliniENamRenett JF Preferably far, bslaw: thets yacuum

1 evel in chanbeeq@ireds té rsubstantially deform2&@bnaf Hiym nN0r e Arprfeferrad i s from
15 to 50 - “use of higghsz r upe,l iquid eg 0 produce
webs of for?red na l('a]'rghl zligvhegr(*ﬁ/i%%smqae r gﬂ’&ﬁ 'gﬁqﬁe n%é lves i zgé-hﬁmpr#@duct S
produced.  Manynoref prefeseediliscfiromt i ves aPeto not 160 mmhHgvabl e or are nuch
nmore difficult to aphé eyge WoENa URidH-griSsid Qiqdil S4tRGIHM M og,m&g_:eof' webs

of nolten therno Iasgifc film Fidure 11 a perspective tfragnentary view -
s@f %r&

. L 1S .

of an exenpl ar WP¥h8 meflmBtanid RIRYdes| far mapyoplternatiyes 4 theventi on.
Film 150 of Fiprodactsl paodbeedir odMamy Wfi nghesle atrermativey fareni gt screen
127 shown iR Fi_gur. The pattern , f.ormn screen 127
used to prlcl)gtJng\%fe%acjc)’?e'f%'{]%é'g f‘ﬂltul%bn f@ggl §{f§%§'&ﬁ t?ng{:'i"ﬁg gkﬁgf’ éﬁﬁw a

- forning . screethecpriorpartrydeuum formingsefi webs ofawelten thermepdastis t ed

heeeinbefore. Fhm, palFighre 01 f 1Y M NBeSsidctie 2FagmeRtsdy f ol NgF Ss een 127
consists of a repeate

| and area 151 SZENE %@%EQSEP ﬁ?ﬁ-?ﬁ%&t’ ﬁgi?@ﬁllF&gEFi ;SII %%%S%SWO]E "
| and area 151 amdersticlenal Fiml430ofofpdigagentl damr besiprodutdd wsird) are
- substantially oBERRENY HWiding Scrddid27 Ui IR IFighhd 1#xtend
- The pattern and structure of forming screen 127 u's'ed to’
produce web of formed film 150 is shown in Figure 10. | Such
- a for'mi_ng screen ;c':ar'\ be made .as disclosed in Radel &
. Thompson cited hereinbefore. The pattern of forrhihg surface
20. " 129 of forming screen 127 consists of a repeated patterh of
' nested pentégonal _depres's.ions 141 with land area 151 between
the depressi_ons. ' Forming_ surface 129 consists of land area
151 and sidewalls 143 of pentagonal depressions 141 'w_h'ich are
AL . . substantially‘ perpendicular to land area. 151 and extend
25 through forming screen 127, thus forming pentagonal holes in
forming surface 129. The open area in forming surface 129
created by these pentagonal holes is. ~ 67% of the
projected surf_ace' area of forming screen 127, Dimensibn A
across all ribs of land area 151 between parallel sides of
30 adjacent penfagons_ i_s' 0.178 mm. Each pentagon has
o one side B  0.477 mm long and the other four sides
' - 0.651 mm long. Each pentagon has two 90° angles C
which are never adjacent an_gies and are always f_ormed by
two of the equal length sides of the pentagon. Dimension E
35 which is the thickness of forming screen 127 is 1.3 mm.



._ 2'5'_ t'hrou‘gh.fb_rm’ ng screen 127, thus form ng pen_t agonal holes in form ng
surface 129.. The open area in formng surface 129 created by these

pent agonal holes is . 67% of the projected surface area of forning
screen 127. Dinmension A-across all ribs of land area 151 bet\ieen paral | el~
sides of 30 adjacent pentagons .is 0.178 mm Each pentagon, has-oQg/ .
-side B -~ 0.477 mmlong and the othgr four sides 0.651 mmlong. Each

~ pentagon has two 900 angl es' C whi ch are never adj acent ‘angl es and are

al'ways formed gy ohing QirebhC1ZINBE dreRULEr isiRErer of Ne PeNiza08R. amP' mensi on
E 35 which'is the hi ckness of formi ng screen 127 is .- .24

" For ni ng screerlsl@?dhaf@‘anﬂétﬂ &ps Ate¥at or of . 129 cm and |s made from
stai nl ess steel . Ebb@os‘sed and - perforatdd>d materials alaf ofe theesentesent

I nventi-on conpr.ise. necic, filmhavi t.s a a second’

surface sepa?ﬁf‘ganb'?" '%P'E!Eﬁé?dy'éﬁ ft ﬁﬁv%a\g{r@ ﬂa#\f/égtagﬁﬁﬁcﬁga?%% with an

- upper surf&ce a/\lsecbndesunfaceasepa'rnedndycarrphmkeesa. pcﬁuch)nnaxlertalle second
surface of -th r of the.

“first surfaceq‘i\ut %‘ela?\qja?ea gﬁﬁ ﬁ ﬁ%gb%gé@ ?ngfed I#‘é'lqm 10 150

of Figure 11 rand feomprises faacmrtm aﬁdtbecmnduméecew! shpafilMed by a

7 mexi mum thi cknggd - lowek lsarfsrcefwmahycamaﬁsésom PR NGY ithel Iflrathaw ng a
-subst anti al | y unif or

m.thic m , 150, | a
e b Y ol A M TIRS? Fnmpiirah debesatd (hdmerroratsdalin' S ating
that a 1510 pliSOeof Figafe nleldhla; firse supface $3t famek se€ondirsirfacen 1380 sinply -

“indicates that%elfpg?gpe% fbh) Q }%Qmﬁ R ﬁe.ﬁl@leg?o-pt SHCF% ':é\‘%gb} 9 ﬁ‘em b160 IS N

substantial |y IS un ers ormed f l e and.
‘can conform t SrA@N9 PRIYMeris fﬁﬁ‘abé&'"@@oéﬂ?étﬁ“téﬂﬂy ynifers éhél‘!‘“eﬁ&t erials

of ht he pres]«cerlt 2lf’tzjlr'fBl‘ltit@Elijll’llm 16041 pRine Flgff:leﬂahedby et We&ncers]
ool uberane! TS o K SRRLTER o TR LFRATSY, | Silndofher o
o _ 15 plane is defmed by the upper surface of land area 160 simply
mdlcates that formed film 150 can be laid out such that land _
area 160 ‘is substantnally flat it is understood that formed -
film. 150 is flexlbl_e and can “conform to_ many ron-flat shapes. NG
_ Debossecl and 'perforat_ed_ ' materials of the present - '
20 invention = comprise pe_rforated protuberances such_ as
| " perforated protuberances 155 of formed film 150. Each
_ protuberahce 185 has a first aperture 161 located in the plane
of the upper surface of land area 160, and a second aperture B
162 ‘wholly remote from and below said plane. ~Each -
25 protuberance 155 has sidewall 163 which continuously |
:nterconnects first aperture 161 and second aperture 162 to
~ one another Sldewall 163 has mner surface 164 comprlsmg a
portlon of second surface 132 of the film and outer ‘surface
167 comprising a portlon of flrst surface 131 of the film._
30 S n descr:bmg debossed and perforated materials of the
' ‘present mventlon, it is useful to refer to certain dlmenslons
of the formed materlal Exemplary formed fllm 150 has. a
maxnmum thxckness T separating f'rst rurface 131 and second
surface 132 of ‘the fllm. Sidewall 163 of each protuberance
35 155 has an’ average depth L from the plane of the upper



of the upper. surface of |land area 160, and a second aperture 162 wholly
renmote from and below said plane.  Each 25 protuberance 155 has
~sidewall 163 which continuously interconnects first aperture 161 and
second aperture 162 to one another. Sidewall 163 has inner surface 164.
cogpri sing. a.portion of second surface 132 of the film-and outer surface
167 conprising a portion of first' surface 131 of the film 30 I n
descri bi ng debossed and perforated materi.d8fs of the present invention, it _
is useful to refer to certain dinmensions of the forned material . Exenplary
formed film- 156UEfRCey ofpiandiATed; &gﬂ‘les@eaﬁ%'sﬂa@&?vhgt% R&rIRIAMYA QS 131 and
second surface 15320:@& iperthiré m62 Thdsvairection pérm-dicmaat sdiar phgre .35 155

. has an average I t REr surtace-of |and
-area 160, rreasurédé Sk {'{”[r e‘%{erf\fp%rg ?ranggon%boage? ure 65” ga

direction perperst@pe} arTBei sizpl aﬁeflfstl _pertyner 161 ecimlbﬁfdmthﬂsbrmce 155

Ls often an S”%%ﬁé » tPBEs-sedtiGnal ZFeé)EuEhrﬁ{ataﬂeéuFﬁl"eeo#%atﬁ

.described as 5 hayv |n8 a cross-sectional area such clrc e of
P

di aneter D can 580 BedPseiRedniiegrin. A9 insceiberbd Efiecie defiped MRERESher i n
as one th% 1! S Widrie/ tiviat hisn whol it vamirnt tﬂr%tﬁﬁéeﬂm]gcm X %daﬁa@siges of
aperture at 0 such .that f.or ever i a

bi secting the cfﬁﬁlr%gé{g;ergrfegpéy@{gl e sta,tlﬁ '“"Hﬁ'é"“bl?(fh%?)n‘?%{ s‘p(ﬁ“ﬁi‘ in each
semcircle, or that cfpan@teé'ty diameter sbisectingcthe mitciet thereatis. aDdbastsed and
perforated jgmatghpalsgcnObontdt? pBIMSEAL eh&‘(egérhﬁnra?g?g%} StheP' AbHRERIANCES

-haV|ngarat|o of L/T of at | east 5, nore pre ly a ratio of LIT of
“abAeast 15 16°7RgstE b‘V%fséﬁcng?“'saFFlm‘atsr-at io of L/T of at |east

15. Debossed and perdeossed rrawrlpéﬁoaégeuhemwﬁeni ioflv etHd orp.-bau,et a ratio
of L/D of at Ieaﬁ

[ 2 aratlo of Ieast
0.7, nore prefe 7nyt oan Ca?t"]pr'%‘ H[_)Pg"%? Feg@(mg a ra{‘olog L/
debossed and paastor at eds 20ﬂorenareihrabb' @f ratie qfr b4Tnef awensu on can

~have protubgg anggs more preferably still a ratio of L/T of at least - 15,
' Debossed and perforated materials of the present invention -

o _ ~have a ratio of L/D of at least - = 0.5, preferably a ratio

A~ ~ of L/D of at least 0.7, more preferably a ratio of L/D

' of at least 1.0, . Because debossed and perforated

_20_' materials of the present invention can have protuberances
having an extremely wide variety of shapes, it is possible for
such protuberances to have first apertures havmg more than
one inscribed  circle. For such  irregular-shaped
protuberances, the ratio of L/D refers to the portion of the
25 protuberance surrdunding a3 particular inscribed cirtle of
- diameter D. | | :
An attribute of the high-pressure liquid film-forming

process of GB 2154173A : is the ab:llty to retain -
_ certain physical properties of a substantially planar flat film
30 in a formed film produced therefrom. Desired physical
' propertnes of the s_ubstantlally planar ' starting - film can
generally _be substantially retained in the land areas between
the.prdtuberances of such formed film, and to so.ne extent in

| the sidewalls of the protuberances. Due to the physical
35 distortion of the film in the protuberances, the film in the



havi ng an extrenmely w de variety of shapes, it is possible for such .
protuberances to have first apertures. having nmore than one inscribed .
circle. For . such i rregul ar-shaped protuberances, the ratio of L/D
refers to the portion of -the 25 prot uberance surrounding a particular-
cinscribed circle of diameter D. An attribute of the high-pressure : \-J
“liquid filmformng process of GB 2154173A : Is the ability
to retain certain physical properties.of %8 substantially planar flat fi I m
30 in a formed film produced therefrom Desired physical
properties of timrosubetancesal | ¢speciaily fdjacenty the msesAngenaperituyepe

- substantially rgaate'?sﬁ y! dedudlpes %ﬂt@ﬁ?ﬁéru‘ﬁ@t %%mtatteprmp@wesr% the' Sucﬁ_

formed film and to_ so.ne extent. in sirdewal I s ‘of the protuberances.
. Due to the. phydftin the lang §fﬁ't|on of the film in the protuberances,

the film in the R6msro@t abeantaRRs of meesa Itu ackdi@difeat widhhes 2S60TEA |

aperture, geperall qwres SQIe differin sical properties _fromthe -
filmin the Pand®%fed. e,&’rﬁﬁfoﬁr a&?fd’ﬁ‘f“ag‘em&g p‘?’%&%%seés? t% c%bolﬁég% Ewith GB
"2154173A 5 - ovaetgime surifage sappearencen and rrpngpmmsess@neersdtenadm dity to

retain surface appR t red & s al |
planar film" - For e%@ﬁlﬁ?ggtmt | gﬁf%“&ﬂgr eétjher ngaﬁtéi‘w%lapgf Y
S

" having a sur f adBerdg I, chaveg, mawefasarraeeharse Y e?dodsed .
pattern can be dedrtesutfacelotOa fime reimbossed pél!errprceﬁeﬁieéebd%saacﬂﬁdance

_WIthGB215 73A et.ai ni Jraite sur ace qr f S pattern
on the 1and ref%?“aﬁga Ytedp'g’cFEr? antP &S BC?i WléPg@ng}géﬁsi‘ﬁ‘ L
- sidewalls of t he-epanmrt@eﬁmcwtefsurrfece oomefiiné | émibossEl- patterna onpahm cuI ar U
~advantage - in . as.haexnrsg ofdﬁwsﬁ?ﬁ\edammwandpﬂfsfaort@t§dlar§e| BRteMel BRUt @

shi ny "plastic" Took surface rou resent on only -
one surface of tthe fidgwafls| ﬁ? BT%(P{"@“FB‘P'FﬂWg Sg h:?nggf%?ﬂ tike- caisfor a
matte finish, onsnmay. epietmhla_el eadvantagegh int hackiehmigint debdssed§ | ahd
15 he'rfor_ated films without a shiny "plastic" look. Such a
' surface roughness may be present on only one surface of the
flat film before forming, as is often the case for a matte NJ
finish, or may extend clear through the - substantially flat |
- film, as is generally the case for a fine embossed pattern.__'
‘20 For films" which ‘are - transparent or translucent, a surface
roughness on - either surface of the film .is effectlve in
' reducmg the shiny plastic look on both surfaces. -
: When such a surface roughness is present on at least u ..
‘one surface of the unformed film, a formed film produced
25_. therefrom by processes in ar.cordance with GB 215_41734 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 thure 11,
o in such_case formed film 150 v_vould also exhibit such surface
30 roughness on at least one surface of sidewall 163 of each
' perforated protuberance 155 to an average depth of at least
L/4 from the plane of the upper surface of land area
160, However, formed. film 150 exh_ibits a surface smoothness
on both inner surface 164 and outer surface 167 of sidewall
35 163  adjacent second aperture 162 due to the extreme



film- as is generally the case for a fine enbossed pattern. 20 ~ For .filns'
whi ch are .transparent or translucent, a surface roughness on either
surface of the film is effective in reducing the shi ny plastic |ook on
bot h surfaces. When such a surface roughness is present on at. |east one
surface of :the unformed film a formed film produced 25 therefrom by
processes in accordance with GB 2154173A @an exhibit a surface roughness on
at | east one surface of the land area of the fornmed film e.g., on either
the upper or | ovretching nfcthe filmnin &h@armnowhenesgﬂmdyaberumd f62 m 150

‘of Figure 11. Ir;ssmh,“agg,.mbortn@qeophk pr'}chxggJI drpﬁ%g g?(%ph% Wsosurface

30 roughness o @ | east ofe surface 0 eac rat ed _
-protuber ance 15%ft&RTERNG HveNian exhibit surface \nowghness tane aplleaet of the

upper surface ofonleasdrﬁceaoﬂ@i)dewaﬂomebf ﬁ@féﬁde& bFﬁtllSQrﬂ’féB Ri55 Seen

" surface snDo hnes i nner. surface 4 and outer surf ace 167 of
si dewal | 5 %3%e§gha§ hit I%aeséond a |2t1 rem the plane of othe uppertrene

37 st rez ﬁhl ][lg ofsurﬁasef i ¢fn land haeea egb®dn wurgat Schestd @pegﬁmes%?ades fO[ med
uring Lhe Tor MoGonese i WaCUREARd Lo idiyg'f B She v o "

exhibit surface rol ess on at [ east oOne su _
perforated prot me?&eensss fepends, eppthe apropertiessof the film Libéingrom t he -

- plane of the uppfermed anacehe (B‘onk:lm&s Urkfer Wﬁ&h ,{I’h? fgﬁa ?f S;‘Cg
e perforate

_surface roughness ogégpesw gﬁe of ,t‘hepl3| |

" prot uber ances depends e Droptr EXeeParyy %'N"Igm%%Fﬂ'g f o nbavisgd t he
condi tions undesunfaceh aberrations Nt & land afdagursa .10 A hmebhek efge ary
O no, soreen BASabaNGN G [2CRrAS LR 4°UBHokaR A" Sondody

met hod for produci; ng sich-a form ngﬂ;s reen 1s discC
assi gned Eur opedfsipRednEusgpear afatant \dpplicarion she. A9, ©$9AI65 A\ljld:fane

Louis & Quel | et Atw, pWhlilisrieed L&siBt Gﬁmﬁueﬁett%'5 ﬂt%?she@mgef{en(?etrhoéj for
_ produ0| ng f‘q_.‘rm pgszscreens :

Another method for producmg formmg screens
| havmg surface aberrations on the forming surface is disclosed
'L‘\/i ' in commonly assigned U.S. Patent No. 4,327,730 issued to

' Sorensen on May 4, 1982, the disclosure of which is hereby
20 mcorporated herein by reference Sorensen achieves a

. forming screen havmg random surface aberrations on both the

| land areas of the forming surface and on the sidewalls of the -
depressnons in the forming surface, while Ahr, Mullane, Louis
\_/ ' & Ouellette discloses a formmg screen having a regular
25 pattern of surface aberrations only on the land area of the
formlng surface. Elther type of forming screen can be used

in processes of the present mvent:on to produce formed'.
materials of the present mventlon. However, it is preferred
“to use forming screens having surface aberrations, either

30 . random or regular pattern, only on the land area of the

' .forming surface (such as surface aberrations 156 on land area
| 151 of formmg surface 129 of formlng screen 127 in Flgure
S 10). '

"1t has’ been found that the use of a formmg screen
35 havung surface aberrations on . the land area results in a



o dependent on any

havi ng surface aberrations-on the form ng surface is disclosed in comonly
assigned U.S. Patent No. 4,327,730 issued to Sorensen on May 4, 1982, the
di scl osure of which is hereby 20 incorporated herein by reference
Sorensen achieves ‘a forming screen having random surface aberrati‘ons on"
both the | and areas of the formng surface and on the sidewal | s of the’
.depressions in the form ng surface, mhll% Ahr, Millane, Louis & Quellette-
di scl oses a.form ng screen having a reg ar 25 pattern of surface -

| -~ aberrations-only. 0 t f C I.teh type of -
forming screerf °E’3ﬁ bé Tls‘é qh ﬁg%rg';ssse@oerc?f %nge resentg ﬁ'r'\av%ntcl}fo%e

produce f or mecdormirey i surfacé ofhethpr dorming seeeen othan ey &3 | forming

preferred to ug 3%6” t?\guf.cst?a?ss@ﬁ‘écﬁga? Sttakions @?eﬁséﬁ'orﬁlthﬁugﬁ'er 30

random or regsL? ern,-only .ont ar ea form; nq surface -
(such as surfabe enrsrseet BrventBm ol |natd C&ﬁRSﬁ'dfei GF‘ fQSWmHﬁ" fBce 129 of

. forning scgeennehbnish quuruﬂuéﬁ) thtst d&%ﬁr?eeﬂ f|§UBdhéWd tdiepeisguel a
form ng screen 35 having surf rf berra ons ontB r}glparﬁdare ults |na o
28 fornmed fil rﬁ'\AﬁPE'nVcéﬂf 5F'ﬁt§'°ﬁ‘6 efYICES o PFYRen h e maﬂja ning
surface of "t hefoFming rsg.rsaxreeea t han when a form ng screen w thout such .

.. surface aberratio S e hoyug e V, n t
Epb lfiobre Wbl koBedNRC0a Pasing ) EHRT i
bel i eved to besutfiecer phartationso oM dhﬁoriéhdf @reas. b&ute MOt ofthei I m 10

and forming SWihaesngde EtB?&P?eeéroﬁECheaunsefrr&rr&i-mefd)rnhnsaw@een havi ng
surface aberrations on .

but t 10 d F f |
the depressi orr§“9rhé"§aﬁt@Qﬁftﬁdngne'&effr‘i’er'Pﬂgv?‘?}éeﬁop% é’ﬁﬁe%%dl%ﬁ%}tl\gd Eyo \J

. the forni ng safeethd o fohmed anflimy edutof notie tof otheed sidewatis bof e to the .

sideval s of i BLOLUAS APCRS YorkRd FARTeCWhihMine VRGP AP (0 de 111 m Lo

-be formed has % e Toughness on one surface
formed has a surface roughness on only one surface of the .

15 film and a surface smoothness on the other surface of the
 film, the resulting formed film exhlbtts a surface roughness of
the fand area which would be a combmat:on of the surface o
roughness of the - startmg film and a roughness |mparted by e -
, the surface aberratlons of the land area of the forming - - '
- 20 surface. The formed fulm atso exhibits’ a surface roughness |
~ on at least a portlon of one surface of the sidewalls of the
'protuberances correspondmg to the surface roughness on one -
surface of - the startmg film, but the forrned film exhlblts a
. surface smoothness on the entire other surface of the
25 "s:dewalls of the protuberances correspondlng to the smooth
surface of the startmg film.
A surface roughness on the flrst surface (the surface '
proximate the formmg surface of the. formmg screen) of the
, _"flat film to be formed has a similar effect as the surface-
30 aberrations on the land area of the formung surface.. Such a
rough first surface of the film results in a formed film which -
conforms more closely to the nmage of the formlng surface of
the formmg screen. than when the first surface of the film is
smooth. This is also beheved to be due prlmarily to frictional
35 forces between web of film _10 and formmg surface 29.



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 conbination of the surface roughness of the starting filmand a

roughness inparted by the surface aberrations of the-land area of the

forming 20, surface. The formed filmalso _exhibits a surface roughness on
| east a portion of one_surface of the sidewal |s of the pr ot uber ances -

| corresponding to the rfac s on one surface of the startjng film
but the formed film Si PE g’g %fiea"grmBF'Ff?&%edonthﬁ'ﬂkp G[\%?H‘fré" Mot her

surface of the :Hivusg';dml:&aeofpattmnpr,otlu'blendamlgespecﬁanaempsnmawgngoat he
Sooth Strface OlybBevahaky | 08 itddnarks SHILASS EMOBECFRodkdd Byl 14l

.surface (the surface proxi form™ng sufface o SCr een)
of the flat fil mh'gb‘WéSFBF?re’dqWés sareamnfpam"‘g freocessest R %ﬂi%léiiso

aberrations og the |and areaa ﬁE ﬁnbﬁtér@r rﬁlm vieW ¥¥€an Séb@é)né\af-pumnfe'df st
surface of the fi mhlch conf or nore clgsely to

the inmmge of the "F(TF ﬁg g@ PQKH‘%f Ia(qgé f'b?'ﬁ‘f' nd?scPBgh {" RS (1 first
surface of the flald;aaesatsamt#notmbrsml shaw#0 iheFigqured 6t 0 sﬁcﬁueebdssmrl ly to

__frl cti onal fgp‘geﬁep M@% p‘{l%f&l T Ogﬁgggtog@eqﬂm%ur g\%g‘geg 29

Webs of debossed er nopl a avi n it fat e
patterns, incl udlpt‘?byfb%'F‘Fof'é'!‘l 3ngd Mavengdiacsinde pratukenanses shaeingan@'sshapes,

can be produced hitheditfaghblr 8Sfaetér |dfabt desdtr eam f or ng ngopracesgese of GB
2154173A. 5 A fragnentary plan view of an exenplary forned

material 120 haw"ﬁ’éerarge hol es 121 and-smal| hol es 122 adj acent one
alot her is shown in Fogmatiod. - oSuciuctiebomsedazndipedossatied wsihgr i the of

the present i nve\%hgé%g rr%i &eﬁif,w%mrl c filmang de[cgagg ?ﬂ#a(b%E?ure )

pr ot uber ances ha iffer by a factor of a
5, 10, 20, 50 or difeeentidr aar9ssn thefthickaess mit the anaterial bejpgsifermed using

t he 15 is wrtually independent of the formation of adjacent areas of
N B the material. This differs from the prior art vacuum forming
processes where once a hole is formed in the film, the
. pressure differential across the thickness of the film in the |
— immediately surrounding area is substantially reduced. - Thus
20 it is not usually 'possible"to form very small holes adjacent
large ones when wusing the prior art vacuum  forming
processes. ' ' - : )
" This independence of formation to immediately
surrounding areas of the material being formed allows
25 processes in accordance with GB 2154173A tobe used td impart
~ protuberances of a wide variety of shapes to the material
being formed. The shapes that can be formed are of an
almost infinite variety. For example, shapes having large
open areas adjacent narrow open areas can .be formed. A
30 fragmentary plan view of an exemplary formed film 180 having
irregular shaped holes 181 having adjacent large and narrow
open areas is  shown in Figure 12. Such a film has
protuberances with a first aperture which has an
irregular-shaped cross-sectional area such that at least two |
. 35  circles of diameters D can be inscribed therein such that the



. processes of. GB 2154173A o ‘because the pressure differentia
across the thickness of the material being fornmed 15" is virtually

i ndependent of the formation of adjacent areas of the material. This
differs fron1the prior art wvacuum forning processes where once ‘a hole is-
“formed in the film the pressure differential across the thickness of- \cj
the filmin the i medi ately surroundi ng ar§? I's substantially reduced.

Thus 20 it is not usual 'y p055|ble to for very smal | - hol es adj acent .
Iarge ones - when . usin art vacu rocesses. This -~

i ndependence ~&wo c'f'S'Pega?? Jwet. 5)‘(%"cia'i’ mffd seehyH V}ﬁlﬁ‘ﬁ?n‘g aﬁ?e‘?ﬁve of - the
“material being D"som'm:dh cﬂfﬂeoWsyZE faqxoocdssaesleialt accor dapce, Wot, h2a38 '
2154173A 't obe E ;r@rénpart protuberances -of a wide variety of shapes
to the material "béin or med The shapes that can be formed are of an
al nost - i nfinite variktg, lackopf seasivitystmsbe $izeiefgthe Argaingdn theas

adj acent’ narg owfo - Acpéén Callowe fop' Fowe ﬂex&m.&rﬂgr&mham/real 3Rati ew of
an exenplary forned film 180 havin o es 181 havi ng

u ar ap
adj acent |arge §A8 Rﬁr o) oi?eﬁ“pe?r"gﬁs° s?ﬁf\ﬁﬁ" Sﬂ Of; §0i¢ eProgesses zuch g
film has protuhetsraaase wiithGe 28541754 Bdr exaerpie 6f forming strii@Sur@n

i rregul ar-shapedgc; S0 t S t circles
of dianeters D ggn b§§?oz§t§r#g@%ﬂy}gsnbﬁggkgﬁef a{lﬁeggrfoggf)ﬁ?\gila Mties do
not overlap, andheuchriPhatafthe VRGBU®i r &Qringay eroxressesi chfodmption bofa

factor of afg!| eperforated pﬁ’otuﬁerﬂ@ce#@saﬁ@eeﬁrﬁm{& tol ot baCkorplete
sensitivity to the size

| f -
nmore flexibili ty'heﬁ‘-‘s? ﬁﬁt'ﬁ'r E%"?'ﬁ%?sg WcﬁeH]?éB ??f'&]gpé’??g‘ﬁffﬁnné %?rl\ienor\-"t .
27. for the proowsalesellnwalis oofddoceyaomb I8 255&&76£rt15bobetommion off f :

+ forming sty uct ugge 2l UsededBEO G408 D350 o iRRRRY el i o33! o

filmin the "prior
perforat ed prot uD@Pafﬂ!’éSe%aB'M'ﬁBGﬁdUF@mdhebe SFifn éard processes.

ls On the other hand,. such partnally blocked holes in forming
surface 29 generally have little or no effect on the formation
of perforated protuberances when the high-pressure liquid ‘
stream formmg processes of GB 2154173A , are used, ‘-/
-1 long as such blockage does not dlrectly support a portion
20' | of the ftlm bemg formed : _
. In the prior. art processes for producxng formed film by
vacuum forml_ng of a web of moiten film, the film must be
cooled below its meit temperature 'range to set the new bulk
_ conformatlon of the formed film prior to removing it from the
25 forming surface. - The heat transfer required to set the fiim
| is often a rate Iumltmg step in such processes. - Because the

processes of GB 21541734 = - are performed with the

. web of f:lm in a solid state throughout the process, no

o coolmg is requu‘ed to set the film prior to removing it from
30 the formmg surface. Thls allows these processes

| | to be run at very high speed, thus -

: prov;dmg substantlal economic beneﬁts. While the exemplary
process shown |n anures 1 and 2 can be run at lower

_ "speeds,' it is typically run at speeds of 2 m/sec or faster.
35 P_referable speeds for such a process’ are from 4 m/sec



where holes in formng surface 29 are partially blocked by the netal cell
wal | s of honeyconb 26. Such .partial obstruction of the holes in formng
surface 29 generally results in an unperforated protuberance using
these prior ‘art processes. 15 On the other hand, such partially bl ocked
hol es”in formi‘ng surface 29 generally have little or no effect on the.
formation of perforated protuberances when th§1h| gh-pressure liquid stream
form ng processes of GB 2154173A used, as |long as such

bl ockage does not directly sypport a |on of e e f or ned.
In the prior art prod8sses fg 'Rgﬁfdu %g film tﬂ)? va%{f{?r%? ﬁ)sqﬁf g of
a web of nolten fil mattaivabblel m nust be cool ed below its melt tenperature

range to set the new bul Iw,g?){fg;:,gpt #ﬁ{l ﬁ?oéﬂgeg ofvieref il '?ﬂ&?férprﬁtnﬁ) [y ng

it fromthe 25 form ng surface eat transfer required to set the
filmis often a ratedif8Rth nfrogt e filmsSxRryfeccitos 2 (RrmiNge suptace can

piocesses of GB 2§543¢Rive moderately h.ghefmﬁgrmdsww toi 8rneb 205 i sdo
in a solid state throughout.the process to, set the

filmoprior to removihy T4 Froth 36714Yes °POF(r)ncﬁ'§%°|§fr}g* tie)quhrﬁ "‘8\%‘85,9{
these processes to beientationsit aneerippainkesh tospmmth, fohmedprfidmsdprgduced at

subst anti al econom cq Hef 'nxo%eray{igl e WibR eéggga?r .S)&gss @p mole'&ular

Figures 1 and 2 can e run - F yplca
speeds of 2 misec oPrieAdatipns 3are Wrﬂ%?@ \ébi‘%""é‘bﬁ%ss'f‘éﬁ thsh ﬁ‘%cé@'&gﬂare

from 4 g Sea@nisotPdpitOpropertids NoSehée fopaRdS film.t OThe processes’ 6€C

faster are attainable.. Wile prior art _pro ﬁssesfvm%récﬁ nol.t en flh S
h/d| rectly from a GBi318A1 84 r uder ontB"a A8 Hf:ﬁg I At ¥eryc 1%
rmder ately high forngpgedsatwishéup impafting] suct? unhwarged inolecutarcorientations

achi eved on a comrer ¢} aines g elincy e TCUFE!rRBIrAE 3t WiipaHautP iG]

to such forned fil ns at such noder at

hi gh nmol ecul ar their meit temperature range and are no stretched to a large
15 degree. ' :

' ‘Because there is no molten film that must be solidified,

: ‘the processes of GB 2154173A can ailso be run at

very high speed where it is desired to form only part of a
web of substantially planar material, Figure 7 shows a
20 portion of a web of thermoplastic film 110 which may be
- divided into sections 115 for use as cover plies for shapéd
disposable diapers. Web of formed film 110 is debossed and
" perforated only in areas 111 which will be the legbands and
' waistbands of the djaper. Perforated areas 111 will thus
2S provide an air-breatheable fit around the legs and waist of
 the diaper wearer to provide comfort. The remaining area

) 112 of web of film 110 remains a moisture barrier.
¢ ' -~ To produce web of film 110 using prior art vacuum fxlm
forming processes, the entire web of film (or at least
30 substantial portions of web 110) would normally be moiten
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 particularly difficult since  there are no
35 perforations in area 112 through which cooling fluid can flow.



orientations are typically unwanted since they induce |large 10 anisotropic
properties to the fornmed film The processes of GB 2154173A can
produce forned filmat very high speeds w thout inparti,ng such unwanted

nmol ecul.ar orientations in the filmsince the films are retained’at ’ T
tenperatures below their nmelt tenperature range and are not stretched fo\&/
- large 15 degree. Because there is no nolten filmthat nust be solidified,
the processes of GB 2154173A 3¢an al so be run at very hi gh speed

where it is desired to formanly part, of web of. s tanti y | anar
material . Figure ﬁ@#@v\éﬂa"fowxﬁo‘?{ g of ac%835¥y$€r%&s§% i m 110
uni ch may be digerffiaid i WnAgCtAOneed idf fitm ;ssénamecspgn platss_bgo&hshgpedl
i sposabl e di apers. "\ o f41 m |s_qqgg% r RELIAr ayed only
in areas 111 wR"CREIA%S °geGPh£ef$gZ:1 %nds and wai st _a%?s of 't he di aper.
Perforated aredigddds vii land Busontd bpr‘@ﬁﬁﬁié’&‘a’rp@vr'dmgeaf?ﬁ'@m S9fe ar ound
the legs angd wapslitf hdigsdidPRIrmiRg! QUrtRePnov bRty CAMTf@irtain Bpackemi ni ng
area 112 of "web o Llnllio remai ns“a noi sture b rrtzﬁ. TE prgﬁ* e_web of
film 110 usingageawrtoapeovjdeuinrmed ﬁfﬁ?rﬂr?hé’"p?”&geg im 0. o ECPe3 e of
film(or at |egvocads coubst ea¥iiyalbed eriformedfatwaigh 16peatb sincaothenk| y be
nolten while areas 111 ,aje _dehoss d, rforated. Then the nolten
portions of weliSd® fefrh ﬁﬁﬁoﬁghl\’d?ﬁ%v@n}af%g £°8':)"ﬁé§'i n order to solidify
the film Rapid coodin mrogucingecdébossedd ande perforateg wgbspef maseridiul arly
difficult .ginge,:1he 25§ 3P CEeLSAITaAL ONS in arpa wWdle? folhaugh
whi ch coolﬁﬁg f ﬁ?é g%%.?ﬁ%ﬁfs_ 32 Areas 111_Bf web of, filn1%1g. an easiryLJ
be debossed andhptrths dtsed ofhfPENiNGe SREBERY YWithmdeoressioRE 20F; §o¥Sate by
the processes QhatB wekadldyfmetrical with Thegamrpartat therholeadimg Fiamdr es 2
and 3 could be used by provigding formnpg, s n..b ] L form ng
surface 29 onl W’Fﬁ"}%r?‘gﬂ?‘? s%'gcg}?taraéﬁg‘% ost'f%‘\‘/?"de" o ‘%ﬁhfg?&g?sﬁ!?\ on web
of film110. Sugifthasymmetrical debossed protuberances. It was found that
15 the angle at which liquid stream 22 strikes second surface 12
"~ of web of film 10 can affect the symmetry of such
protuberances of web of formed film 15. . The mechanism that \J
'is believed to be occurring is illustrated in Figures 4 and 3,
where the apparatus and process are viewed perpendicular to
20 forming surface 29. In Figure 4, liquid stream 22 is set at
" direction of travel 101 such that it impinges second surface 12
of web of film 10 at an angle about perpendicular to direction
of movement 100 of forming surface 29. A_s 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. Ang|e
99 is defined herein as, when viewed perpendicular to forming
“surface 29, the ah’glé between direction of travel 101 of liquid
35  stream 22 as it approaches forming surface 29 and direction of



process coul d easily be perfornmed at high speed since there is no need to
~solidify the filmafter formng. In produci ng debossed and perforated webs
of material 10 ~using the processes of = GB 2154173A, ) it was found
~ that the use of Torm ng screens with depressions and hol es that were
“syimptrical with regard to their leadin and trailing edges did not

al ways produce webs of forned filmwth 59 trical debossed protuberances.

"It was found that 15 the angle_at' which |iquid stream 22 strikes second
surface 12 of watpvement| 10 19f ctafmingegurface ymfsemy tBe RAE! prhargber ances

- of web of forned; Jduh”bir’iamThe maﬁhfgussrfbmmg | Surl?sdd ezeed AhgIe 9xCigrring is
~illustrated in Fi ar at us ape ggr cess ﬁre vi ewed
[<i

re 9
.per pendi cul ar t(?rgge a?:é) n‘?'h %?f?ﬂ:%’eZQhFh ngﬁpgfﬁr angd'e %0 ¥|HB8m 22 is
set- at "directi oniquidtstaean mynﬁudeperidatonl the rmitrge'eosefommgsuufrm 12 of

veb of f11m 30 9 6 rarising Bk BETARNSHE Ykled! 8t NiERLLAS A TRUATEN 100

of formng surface 29. epr essi on oac stream 22, the

~portion of web &PSFES r’rPIO 'éﬂ“'?S stragm| é&dl nd\tedWYofht%bréB%‘?% the js
contacted by’ Idequ'led Singtes9 23f f iigaid stream QAUPProBendrin oangfe web of

berforated in aftiRebaEtyt & neRireabR oL keapi X7 Fortipg srBee s been
found that by settl nghé i procdssas @eimGBZZBiMmAt h di recarenpamcmaal\yel 101

|t the PrOPET SAGA 98! roblenly Welblasdy SR pelA0rba’ Ml e 2C° 29

substantially synmetri cal r or at ed rotuberances can be achieved. Angle
99 is defined héP%TW%{és“ﬁh 'rllmv@é\ﬁecf’tBSFpEﬁG?'Bﬁ!sars%‘@ 3 ekl s fivitace 29,

t he/ angl e bet weelndioveat intitepiald,r aared podenf Iﬁhqué qar35e§ste&eam 22 as it

o na surt ace 2 1 om e S8olHES WS B e Hebert 2 S5P stk B or i ng

surface 29. Anddrinages soyy eiﬂeoam ycamseaGUeephngl of tﬁﬁhéarpmmertmrigée 99

(for “setting;4i ayisflerdd casgetRer | | THRPGARH e t86n@3LLRG" Ple 'dXeigigryur face

' process shown in Figures 1 and 2 by feeding two (or more) '
‘webs of substantlally planar materials snmultaneously over
formmg drum 30 A portlon of such a process is shown in
Figure 9 where web of thermoplastic film 210 and web of meta!

20 foil 211 are fed in planar cbntacting relationship onto forming
surface 29 of forming drum 30 and are formed by liquid
stream 22 from spraying system 25 to produce debossed and
perforated laminate 215. | The third dimensional perforated

" o protuberances of formed léi_ni_hate 215 provide an. intermeshing

25 of the thermoplastic film and metal foil layers such that the

~ plies of the laminate are held together. | |

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

30 = depressions qr'conc_aviti'es of the forming surfaces. Such
female forming surfaces are primarily. suited for material

_ ] having greater compressive strength then tensile strength,

L For formih_g materials ha\)ing' greater tensile strength th'an

' - compressive strength, male forming surfaces such as that

35 illustrated in Figure 8 are preferred. Web of deformable



5 29 of forn1ng screen 27 and the speed at mhlch web of film 10 passes by
liquid stream 22. At very high speeds, the desjired angle 99 of |iquid
stream 22 approaches ‘an angl e perpendicular to the direction of travel of
form ng surface 29. The processes of GB 2154173A ar e
particularly 10 useful for producing debossed and perforated Ian1natan
of thernoplastic filmand other materials such as netal foils, nonwoven
materials, and paper. These processes can.be used not only to deboss -and
perforate Sucmé@manacxosné)tfbrmédmrt cmaaum-ntihg Pliifage 0529 o€ formimgite to be

T Foures . SRR padlich 4, e, Shiot b S e PT TR .%F?ﬁfaﬁzf“”_‘ :
material s si maRanthass pyodueing’ webi o gfdrqu refteriah 33t i on of such a _
process i's shown in-Figure.9 where web of thernoplastic film 210 and web of

‘metal- 20 foil 211 . are fed in planar_contacting.relationship onto formng
surface 29 of forming drum 30 and &XAMBLESd by liquid stream 22 from

spraying system 213héOfdrroodﬁ%eeﬁaheﬁe%eeran&&ehwd aé@dnukﬁ@ttwse of15. The
“third dinmensiggnal ,perforate ro erances of -forne te 215 provide
an i nternmeshi ntg'ezé’ °58'P‘tﬁb°m§¥}mpﬁ Y; i4rer inah dnte It°f ’F'tl &)%rs such
t hat t he pli esscopet dfe thernwantionr an kelydwagget her. The il l ustrations _
provi ded herei nbef ore have described film formation on female form ng
surfaces where the materical being fornmed is forced by a high pressure
liquid streamExampje3b depressions or concavities of the formng

surfaces. Such fexalgeb! M Bebosseds asea a;sérfomeaarfdru vwas Uaddel Or
ool R kRl Sl CBTREE hieedh BOBIel T FEEM o S B, P
. strength, nal arfddiscgsed indretniseforeh FRornihgt s&een 12710 Figare i Fi gure 8
_ ?re preferred. as:\é‘}%eﬁf" ge]‘:&rm efnlm.34 tg{e ﬂ|m3116) §sfé)rm9 0, mal e
orm ng- surf ace ormng structu to t eactlono |rrp|ng|ng
~ liquid streamthick and 19.4 cm” wide web of low denslty polyethy!ene film
available: commerclally from ‘Consolidated Thermoplastlcs
15 Company, Harrlngton Delaware as product no. 23932. Web.
of film 10 had a matte finish on surface 1 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 33/3!4 and 35/36 were drlven -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 g
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 1138, '_respec-tivé_l'y.'T The tension measured by tension -
mea'su'ring rolls 58, 67, and 82 was 0.9 kg, 0.5 kg, and
1. 2 kg, respectwely durmg the run. . |
| Web of film 10 was debossed and perforated by the flow
- of liquid stream 22 from five spray. nozzies 90 evenly spaced
30 4.8 cm apart and centered across web of film 10, Nozzles 90
- were wash jets, type 2540, evallable commerclally from
Spraying Systems Co., Wheaton, lllmols' they provnde a flat
spray at an. angle of 259, Liquid stream 22 was water

35



322, thus producing web of fornmed material 315. EXAMPLES 5 . The
follomﬁng exanpl es are presented as illustrations of the present invention;
they are not intended to limt the scope of the invention in any way.
Example 1 A web  of debossed and perforated film .was ' nade 10
subst-anti all y» by the process depicted in Figures 1, 2 and 3 and discl osed
herei nbefore. Forning screen 127 of Fi e 10 was used to form the film .
‘Wb of film 10 was a 0.025 nmthick and 19.4 cmw de web of |ow density

pol yet hyl ene féd l@é@'tbaﬁéﬂle§@m’f£{ Y eéd.p@rammof fes qhl daikdsur
Ther nopl asti cs p; Hﬁll’l’l n ton as pr.oduct no. 33932
Wb of film 2 QZP nP¥F on" *39e"1f Sl ®EsS orbies af schar ge

treated on surwater llrou'gh nihegy fdrwmozS[kswasTﬁel neztleslcheltd”léﬁett becispeed of

and 35/36 wer oAt oo SRray ePERETRt 28° Y RPAR deCard Ehatirec; e -

was adequat® t%wslcmswan@me)fdlrwmmo dTthewthinsfest odimmmsion rof1%heé hr oughout
the process. . vﬁgr?gpglequdeq o%, ih4e8i a%ﬁp-rmel g'%%§w33134 and

35/ 36 as a percentfl t he ? Qrm.ng drum 30 were 108%
and 113% r¥P¥E Qfel grming, “l'éﬁ%ﬁo@ ﬁeagtheed‘qs}'est ereosetresieseh i ng roI I s

5ﬁ,- 67, andb82thn3the flat sPrdy log, wﬂtdi Eﬁ'eaﬂﬂgz Lnﬁnk ed rﬁﬁ'ﬁSﬁ'l\é%V f'ur' ng
the run. W [ at 0 I qui
“stream 22 fro(rgl?llg vdgngﬁgaf;&i%gg%) %gﬁ °gv ¥ &'f °§g'¥’"4° gp&?t and -

centered a& osforming (ﬁUf‘fattGmZ!O ~Nozzl es 90 were wash Jets type 2540,
ayaplabl e comer cvab! fsmsaSmnaWanhéxsbgm&@L .-etéﬂgsa B ddkd 101 S0
strea

tPreil prowde t spray, at .an, angle of
~wat er 35 "%'ﬁgpr‘e&“ endﬂzl"és"!ﬁ) 'ﬁ?daaf%ﬂf'pél"&’t dReaopubstantiabt a

pressure portion of the protuberances of formed film 15. The corona
' - discharge ionization was retained on a substantial portion of

15 surface 12 of web of formed film 15.
Web of formed film 15 thus produced had perforated
‘ protuberances having an average depth L of 0.65 mm
4 and an average inscribed circle diameter D of 0.8 mm.
' Thus web of formed film 15 had a ratio of L/T of 25
20 and a ratio of L/D of 0.8. - The dimensions L and D
were determined by obtical measurements using moderate

magnification.

— Example 2 _
' A web of debossed and’ perforated film was ‘made
25 according to the ‘process used in Example 1 except for the
followmg . forming drum 30 was driven such that the speed
1 of web of film 10 was 7.5 m/sec water was fed to
nozzles 90 at a pressure of 1040 Nlcrn2 (1500 psig) with a
- resulting flow of 7.6 I/sec of water through the five nozzles;
30 the nozzles were set such that the flat spray of water stream
22 impinged surface 12 of web of film 10 at an angle of 85° to
the direction of travel of forming surface 29. -



2 of 830 N[err] (1200 p5|g) resulting in a flow of. 5.7 I/sec of water

t hrough the five nozzles. :The nozzles were set such that the spray angle

of [err] was parallel to and centered in 5 the cross-machine direction.

- (The -t hinnest di nension of the spray was parallel to the machiné direction .
- the direction of travel of forming surface 29.) . The nozzles were- set”

such that the flat spray of water strearr:3 2 i npi ng_ed surface 12 of web of

film10 at an angle of 810 to the directfon of travel of 10 formng

surface 29. Wb of r Wagd finish.

on surface 11 in th aﬂfe %r"é dr}Hﬁ' %ggbét ar?'[ gahggr?w ]Eiatlﬁ;

pr ot uber ances Qhefsnnmctrfarbmer&tics‘r las sbeonabdo%cfnamgé fibmi EEW'G-T‘P%S ' ;
“retained on a %p%%‘gﬁ'#‘ﬂ portion of 15  surface 12 of web of formed film

15. Web of for "t hus produced had perforated protuberances havi ng
an ‘average depth L. of 7 0.65 mmand an average inscribed circle

di ameter D of " gxampie -8 mm Thus web of formed film 1 5 had a ratjo of
L/ T of -'Z’:'%;U_

tio of L/ 7
L and D wer@ det erfiieRy ‘% ?eggﬁq%cgpd”gggtﬂrgmufym Jla% fhade ggr g-%éemns' ons -
~magni f.ication. droseyd G‘JfZEﬁamﬁl} Jf eskebpt sthat aweb pef ffdﬂaﬂ@dw[aﬂ m high made 25

according to tggaprg}ii ﬁfﬁnbﬁbgﬁﬁ@m' ei’\deéﬁﬁﬂkréﬂilyt Eea.flémleoww

form ng drum at t e spee 10 was -
- 7.5 misec; wat &xxg8s ¢*&I‘“Fé' ne9mPaAY poHauston,r ckaxase A8 _RTEG“RF ch®- (1500
_p5|g) W|th a regigiygiflow.of 7.6 I/sec of wat er through the five nozzles;

o th | ¢ hat |
i noed 3Bk aee 1578 weB S tariiad, dm ' Gy Spr%ﬁ“%?“f@‘%?{ AR’ ) ohJ
~of travel - of f qrotubersanckscbagihg an aa&rigo d&bth)fl-f@ med fiPr8d o _

‘produced had sybg Rt \dribed circle diameter of = 0.8 mm. Thus the -
“web of formed fllm had a ratio of LT of 21 and a ratio
of L/D of 0.7. S ' o
15 | U
20
3\/'.‘_
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t he sane characteristics as the web of fornmed fil m produced-by Exanple 1. — —
Exanple 3 5 : A web of debossed and perfordtéd fil mwas nade ﬁm t he

process of Exanple 1 except that web of film 10 was a high tﬂﬂ“ﬁ jﬁ““ll"l“,
§ =

pol ypropyl ene*bl'end coimmercial |y avail abl e from Exxon Chein

Houst on, Texas, 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 dianeter of 0.8 mm Thus the web of
formed filmhad a ratio of LIT of 21 and a ratio of L/D of ' 0.7. 15

20 25 30 35 ﬁ;@##g 1. A debossed and perforated material conprising a
polynmeric film J a first surface and a second surface separated by a
maxi mrum t hi ckness T, said nmaterial conprising a |and area which has an.

upper surface wWhi,chad@lidgsed RINANDAES fGHEY e A PO ¥ ifqi 4 second
surface of said filmand g .l ower surface which conprises a portion of said
first surface oPOd¥MEIAL) %\"lg‘\gﬁévf’-iqgmaccgﬂﬁﬁtsi%% AN & RN T YTk
-each of said prsepbeatedebycammaximugn thd ckidseVTg sai)d maetdiisl aperture
such that a oi r SPIBBASiRE, S, dand a3RY WHIER RAY ol R SHRACI R NET,
“defined; b) adefioes apedlianec andoicomprdiseise & pontimh bf @aishisegimhe;
surface of said film and a lower surface which comprises a
portion of said first surface of said film, said film
comprising perforated protuberances, each of said
protuberances comprising the following:
a) a first aperture located in said plane, said first
aperture having a cross-sectional area such that a
circle of diameter D can be inscribed therein
as hereinbefore defined;
_ b) a second aperture wholly remote from and below
1~/ said plane; _
c) a sidewall which continuously interconnects said
first and second apertures to one another, said
sidewall having an inner surface comprising a
portion of said second surface of said film and an
outer surface comprising a portion of said first
Y surface of said film, said sidewall having an
average depth.L from said plane, measured about
the periphery of said second aperture in a '
direction perpendicular to said plane;
d) a ratio of L/T of at least 5; and
e) a ratio of L/D of at least 0.5;
said film having adjacent perforated protuberances having
f . diameters which differ by a factor of at.least 2, said L/D ratio

relating to protuberances of each diameter.



a sidewal | which continuously i nterconnects said first and second
ap other, said sidewall having an inner surface conprising
Emwmmﬂmmuwecond surface of said filgy and an outer surface
COHﬁFI%Iﬂg & pértifon of said first surfac said film said sidewall
having an average depth L fromsaid plane, neasured about the periphery oﬂ\d

said second aperture in a direction perpendicular to said plane; d) a
ratio of L/T of at least 5; and e) aratio of L/D of at least 0.5; said

filmhaving adjpceni qundsyed eshdrpérber atedsmboyrhgldasopraingwtiocic1diit ar

& ametor. 2 e aaxs i pes, EhLaoRRE cheRPoLBrBRChRAERERERRCES "
wher ei n said'hHavﬂng;Dﬁﬁeuhimhpéifﬁeathﬂ ar baocberanfeathdeasy B.s which
differ by a factor of at least. 5. 3. A debossed and perforated materi al

according to Claims | & wherein said filmhas adjacent per f or at ed
prot uber ances [3avi iy dpbpmiramfpetf@;laﬁedamberbalaacceaéﬁngot04CIaAms

debossed and pey 4-9@};&,} r}?tfé @'ff‘ﬁﬁoﬁ snaaiec&e Wgaréc%a%ar 9&61:%%%%@@

has adj acent per T'or at prot erances avi Ny by a fact or
of at |east 20haying RYpIthir {%ﬁ?opﬁiidfﬂﬁPBFlﬂf akcdraskgllo d ains

1-4 wherein said f|In1exh|bits a surface roughness on at | east one of said

upper and said Io r rfa S 0 t

said inner and% (ﬁﬁhﬁ %é@%?fégﬁgeé'@g&BEEQ}OQgﬁsgggﬁg gﬂ?ﬁqﬁ

at least L/4 frm sdxe:thlrarsaalds £ il chas sadij a«nenpepeufan&edapcpmberances

according to C é%‘ﬁ“%*ﬂﬂh igh fEd hébf£é¥§§|ggsggfqgg gOY@hness on
sal

at | east one o i nner and outer surtfaces of sal S|dema to a depth
of at least L/2 fromsaid plane. 7. A debossed and perforated materi al

according to Csgi M debossed and perforated material according to Claims
'~ 1-4 wherein said film exhibits a surface roughness on at
least one of said upper and said lower surfaces of said
land area, and on at least one of said inner and said outer
" surfaces of said sidewall to an average depth of at least" .
L/4 from said plane. ' : \»f

6. A debossed and-perforated material according to Claim 5
wherein said film exhibits said surface roughness on at
least one of said inner and outer surfaces of said sidewall
" to a depth of at least L/2 from said plane. '
. R . ) J -
7. A debossed and perforated material according to Claims
' 1-6 wherein said film exhibits a surface smoothness on both
said inner and said outer surfaces of said sidewall
" adjacent sa1d second aperture.

8. A debossed and perforated material according to Claims
- 1-7 wherein said ratio of L/T is at least 10.



1-6 wherein said filmexhibits a surface snmoot hness on botHTiiTT‘Twmﬁ—{meeﬁﬁ_

said outer surfaces of said sidewall adjacent said second apﬁl,l,

-debossed. and perforated material according to dainms 1-7 whe g’ H"I
of L/T is at l'east 10. 9. A-.debossed arSperforated nﬁterTaICaoc

toiGlains 1-8& wherein said ratio of L/T is.at |least 15. 10. A debossed and
perforated material according to Clainms 1-9-wherein said ratio of L/Dis at
least 0.7. 11. é? debo sed an erforated materi al according to Clains 1-10
wherein said r 10‘%f ebessed 4 nq eREfqrated mapeniabsaegordingetpofintns

mat eri al -accor di+g§) wmeﬁmnsaﬂdlﬂamr@frmm fspetyrease i5lmis a
thernmoplastic filmsel ected from pol yet hyl enes, pol ypropyl enes, and .
:copol yners and bl ends containing substantial fractions of these materi al s.
13. ‘A debossed ¥hd »aiébossed andepe‘afomteﬂ dnatetball acosrding vbeCtafims

said filmhas g tdighdEstn aid 3G % .04 n¥%3&§ o/ydebossed and

Jperforated naterlal accordlng to c alm s tescri bed mnth
¥eference to Figure 6 of the acconpanying drawnngs

o _ 11. A debossed and perforated material accordlng to Claims
' 1-10 wherein said ratio of L/D is at least 1.0.

12. A debossed and pe:forated materiallaccording to Claims
- 1-11 wherein said polymeric film is a thermoplastic film
selected from polyethylenes, polypropylenes, and copolymers
.and blends conta1n1ng substantial fractlons of these |
materials. '

13. A debossed and perforated material according to claims
1-12 wherein said film has a thickness of from 0.01 mm to
\'\ j 0.04 m- '

14. A debossed'and-perforated material accdrding to eleim 1
suhstantlally as described with reference to Figure 6 of
the accompany1ng draw1ngs.




