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DESCRI PTI ON BACKGROUND ART The
present invention is in the general fie#d of perforated plastic 5 film
and especially relates to perforating of plastic film The invention
particularly relates to perforated plastic film the netal screens or

nol di ng ~elenents used in the vacuum perforation of plastic film and
to a net hod of fabricatgd S cr : forated plastic
filmhas many useful appl .@i&%ﬂ@ﬁﬁ Aﬁ&i@%@ GAEU-LABJE%eni ng and
farmng to prevent the growth of gra%g_sﬂewdT s while permtting
moi sture to be transmitted through t t he soil beneat h.
Perforated filnms have a nul tipli ciBACKGRGIINDaARYT spaced apertures
whi ch al |l ow pernmeation of liquid and air or other fluids. [

filmns
'can be used as a ca'lﬂ?oﬁ@ﬁe"@ﬂn\ﬁ%%&%lfbﬂ"g%gﬁﬁﬁ'@ fiedd °§£ﬁ"f%l’?§ed19|as“°
appar el rpo [ al or
P eep ng Bag Ty a4 SRpBGilpedtes 18] BT airkf of BlestEfi | THPfventsh ©
exterior | ayerpaeﬁcumaﬂmrbh\temm pédortted IpﬁﬁkttﬂfdineltheﬂsetaSscp'eens derholdiingh

woul d be adjacent to the skin in a conp nd t
woul d al so i n&@lements vseq i} theyasuyyp Reég‘é'@?oﬂf a‘H@%’i"b@ﬁP J;F(bg ?IEPQH al .
20 An exa”mfefaﬁhcéhﬁ?%i%hogcrgsﬁfsOr ated filmfor nmaking di sposabl e

. S.

di apers atent No. 3,814, 101. A
particul ar cl ass ofPgréoratedptabtic film has desmy ubeful Rpplibatipasn It is used ib. S.
Patent No. 3,929, 135, issued Decenber 30, 1975. Thanpson t eaches an -

absorpti ¥@ st rgacdewegmdmf%rmlas togrevent the Bfewih of arassand we@dmméulper i zed o

Chpered capi | EaTRs "BErde, Y0 RE BRI AR CHRBLER Uk et T
article, thesoemneatlil r cRérésratedafitthy havere |multm,cngt ef Cugjudaty vigdtedn

absorbent fibrous material |ayer. The snmooth side of the perfqrat |Im
is thus in us@PeRturssmbichalloy premegtian ofiliquid, and airef gEher "H‘n’o%‘b’é’g

'99 / 82;3??“ St ieitisUe4n B 8d hE&fcomplonknt % cﬁsﬂé%b@é‘%a?%?cér}‘%ggfv%arg%
15 apparel purposes, such as napkins, diapers, or for hospital pads, bed or
sleeping bag hmngs, and the like. In such composite structures, an
exterior layer of film having the desired properties is provided which
would be adjacent to the skin in 2 composite garment, and the garment
would also include a filler layer or layers of absorbent fibrous material.
20 An exémple of the use of perforated film for making disposable diapers
is shown in U.S. Patent No. 3,814,101,
A particular class of perforated film is described by Thompson,
U.S. Patent No. 3,929,135, issued December 30, 1975. Thompson
‘teaches an absorptive structure with a top layer of perforated film
25 characterized by having a series of regular spaced small apertures in the
form of tapered capillaries of certain dimensions ranges. In the finished
article, these are directed inwardly 10 be in intimate contact with an
absorbent fibrous material layer. The smooth side of the perforated film
is thus in use in contact with the skin. Film as described by Thompson,
30 in garment structure as outlined, maintains a dry and comfortable



2 ~condition, even after transm ssion of fluids to the absorbent
| ayer by W@®7/03818 conbi ned effects of the absorpti-on-and tREWEHOR08nce to

back flow as a result of the relative length and surface properties
of the tapered capillaries. 5 o One of the earlier nethods
for vacuum perforation of plastic film Is disclosed in U S. Patent
No. 3,054,148. The patentee describes a stationary drum having a
nol di ng el enent or screen nounted around the outer surface of the

drum and adapted,to freely rotate thereon..A vacuum chanber i.s

enpl oyed bene%?'ﬁd'%'ﬁé" gypga{{qr&r%qsgglﬁglog of fluids ta the a%saf?‘?'@:]a%?f@{ hb%t ween
the respecti Vé?ﬁfb'iriéfﬁﬁeﬁfs biehd BB§pRoASANG tifdRistance to BackSFIdR'ds0d at ed
to cause the plasticized sheet to flow into openings . provided in the
screen and t heesaitty ofathee ralativel dangth epdnsurface hpioperties of the piapeoedit i ons
to beforrredin,ihe | astic sheet or film One net hod for
meking fil m wWPaPIBER%r ed capillaries on one side 15 thereof is shown in
oS Pategt No. 3 @b dfithd st mARbRLYSF vhBuum perfofdtf of BlaSE M- ! N
this patent heated filmis supported by a perforated sCreen and a
vacuum appl i eid disctdseduindtiSi Batarit Nbe 3,054,148 fihepaterteeadescrideses ar e
pulled in the filmin the directi onI of t{z?e __Jacuum. begea.t..h e . Screen
t her eby f or ni SRgticRREY durnhaving airaelding elemeny or sgregn mounted around {i1g o j et v
of methods angyaRPsiidhes st A dtdhanBadastebeto YRAY Rtate thereBAR! f  ating
screens or rotatable nolding el enents have been devel oped . over the
years for parvacuutmychamber i& eoployes heneath thex aorseastotredte sepressure ar e

U S. Patgnt 4. 155 693; 4 252 516:. 3,709, 647; ~4.151, 240: 25 4,319, 868
and 4, 33 0soaTTereniar betes 1RE fespepivéGaTacesof e Tnermioniastic spSRE, | soq
of a series ofp B@[P@ff@iﬁédnﬁi 8husé the plaswdicéd Bheerabdfslv into op gier to
forma cylinder. U S. Patent No. 4,252,516 provides a screen having a

series of hexptpyided iR phe ssrentsang therebyi gauseaa spdee of openingseholesar
therein. US. Bé’&éﬁ}ﬁ% to %671%Zm%é7ipgt®?\r’fgg§§%rs%e?oF%r?ﬁ' ng 30

vacuumformn aving a circu I'ng rmedi uim t her ei n. WO
97/ 03818 One method for making film with tapered capillaries /¥l 6h&%d& 9306
3

15 thereof is shown in U.S. Patent No. 3,054,148 issued September 18,
1962, to Zimmerli. In this patent heated film is supported by a
perforated screen and a vacuum applied to the underside of the
perforated screen. Holes are pulled in the film in the direction of the
vacuumi beneath the screen thereby forming tapered capillaries in the

20 film.

A variety of methods and apparatuses including particular types of
perforating screens or rotatable molding elements have been developed
over the years for particular perforation operations. Examples of these
are U.S. Patent Nos. 4,155,693; 4,252,516; 3,709,647; 4,151,240;

25 4,319,868 and 4,388,056. In U.S. Patent No. 4,155,693, the screen is
comprised of a series of perforated metal strips preferably welded
together to form a cylinder. U.S. Patent No. 4,252,516 provides a
screen having a series of hexagonal depressions with elliptical holes
centered therein. U.S. Patent No. 3,709,647 provides for a rotating

30 vacuum-forming roll having a circulating cooling medium therein.



U. S. Patent .No. 4,151, 240 provi des a nmeans for cooling the film after
it has bewepesfier ated and debossed. U S. Patent No. 4, 319P§§G’S95’°93°55ets
forth an apparatus for nmaking a thernoplastic film having raised

bosses with perforated tips. A partlcul3arly constructed enbossing roll for
5 effecting the desired filmpatterniis disclosed. U S Patent No.
4,388,056 discloses an apparatus for continuously formng an air-laid
fibrous web having oppositely phased, cylindrically undulating side edges

d d d b b A NG, dr Wm & |
honeyconb. type. annUhSr CaIRMAGr bk 1 RACRIYI4S B dusans Bt goklr #F ART °
extending ri ban8pf) RdgBadR o2 ProfbiticCand febb3bednay s, Fthwat Abl @, 819, démw

‘nodul ating ne 1 S os adjacent the radially inwardly di sposed
boundary of agessr foreh earpappamus)ﬁoa noakingrd ehemoplalsycsfdghrhﬂvm eaised ar -
enum s nt S

shape plenum circunferentiall nn n ural ity of
f or IOadjpust i ngbasﬁﬁse‘yéturl@rﬁ?r@ﬁeagﬁp ?FP&‘YSEOW ‘AFP'ftffbssm'fcg Pof the
15 air- ay| gg‘tegﬁH the desired fll Vﬁét‘t'ék‘ﬁ Rer ERciided’ O, 8hi Paten@sNoc fil ns

i nvol ves ten polyneric materials such as
pol yet hyl ene 4n:3l88;0”526 dnﬂcamea:an apparpnlsyfm'reomﬂmml@ﬁiyéfoommg Fneaifrigid nel t

web of filmor plastic sheet exit] s on.a.no t|n
“cylindrical séibEeys webhaving %Bﬂf‘é@gmaéeﬁoc\ﬁ @%"MM%MHF&F ’
roll. The vac endln
| ongi t udi nall éHQ" ﬁwc{eﬂéﬁ?@ﬁé’ﬁ? s‘?‘Jf @gtl ﬁgﬁé'g‘té%? Qgeﬁﬂaﬁﬁg w%tﬁéﬁ(ﬁ t he ’

area where t hponehcombptyast i annuiar@xapeonfmhm s incdedingr c:rcumfenenltl@llwg

element. A vacuumfrom.inside the screen is directed throu t he
Sl ot T 186 v extanding Hbs 2hd HARHASRAUAES: A FIAUONERE AcHEapls AL igwe

mol ds the pl ag@e?(g%xtﬁ.{.hgjt&gﬁﬁé%stméqbsrefaeaa%@ﬁegﬁg%a@mgqh@\;@a Iy bispseyah the

hol es of the e sane w IS produce

cool s the fil Boundary of an arcuaie pdtﬁonmmcnmumtunemalb,fsegmemgnnular-
processi ng equi prent i s

defi nes aest h&hape RleRYMYy E"‘é‘ﬁ@f%"@m'aﬁ)ééﬁghh%‘g Bﬁ'ﬁ%‘eﬁyﬁfé’g 'i‘l‘mtslfr‘g"?%t% b

[ 1 th
\IID\BCT / U";S 5/ OS 3828%81113?1@35 b@s8uft didpacross partféuldr aFRE3R1GT the surface of the

perforat a8 fi lain-layingdpuret erred screen fabrication technl que, the deS| red
Vacuum perforation of thin plastic films involves the extrusion of

molten polymeric materials such as polyethylene and other plastic
polymers through a die. The hot melt web of film or plastic sheet exiting
the dle impinges on a rotating cylindrical screen which is mounted on a
20 statlonary vacuum drum or roll. The vacuum roll has an axial slot and a
set of seals extending longitudinally along the length of its inside surface,
beneath the area where the web of plastic impinges on the screen or
molding element. A vacuum from inside the screen is directed through
the slot in the vacuum roll. The vacuum present within the slot forms or
25  molds the plastic film or sheet to the screen and perforates it through the
holes of the screen. At the same time, an airflow is produced which

cools the film.
An important component of the vacuum processing equipment is
the cylindrical screen. This molding element defines aesthetic, tactile and
30 mechanical properties of the film as well as the geometric pattern of the



screen pattern is nickel plated on a specially prepared cylindrical _
mandr el . - WO 97/0381& -seant ess cyl i ndri-cal--ni ckel - screen of anyqivésIsnsos ned

or desired pattern can be produced. OQther netals, such as copper may
also be 5 used. Howeger, the prior art screens produce
filmw th perforations that extend through the filmat substantially
aright angle to the surface of the film Such perforations provide
a direct line of sight and a direct path through the film This

feature of t ' fy ' ' I . . f] | s used in
cat aneni al orﬁ?'ﬂé%dr%\%‘ljﬁg}r'\]t ypw%g?%éérggntfﬁgw@%ig?%m‘haﬁe’ Me”%ﬂf remai n
vi si bl e. Accosgteeqpatterh éy sickel platteioh & @pesially preparedtyiindfical mandrelavi Ng

- masking characteristics that, reduce the visible presence of the

col l ected fl uMg@amless cylindrical njickel sgreen fsanypredetermined orfdesiredhat

1 Tm can be ditTed.eh B picuced:’ Ol ety et s Rorberimé e B4 | ng

the surf&ce aisgdie filmw Il not have.a direct pat h t hrough the
film Such achar%(_:lteristichgreatl | nproves the .. protective quality
of the cl ot hing. owvever, the prior art screens proguceffilmwith gerfosgtions/Ehat ON

The i ti ' i a1t i ' ' first

Ut hpean” aBnd hRed i o REEGERERASHY 8. Tk S helbil ot

the first surfilace Sushpperfatationsoprawidé ar direciing st @isht! AW odlirddtepdthl m from
nd_surface. The perforations.formcapitlaries

he fi
e T e S ot ece e pe ot TR o
an 10an9|tﬁeffﬂﬁ'ﬂ?s inﬁ:étﬁ?\g@%ftor ﬁ@c%ﬁgy@gééﬁﬁ& ds th@glléc ay 'S

perpendi cular to the tirst sur
PCT/ US95/ 0930tuid remain visible. Accordingly, there is a need for & perforated film
BRI EF DESCRI PTI ON OF THE DRAW&%?. . Fig..1is a schemtic
el evational \13¥ING FBAFKIR9 Gharpctesistics that redych the, visiblegpresgace af fbep| e

pi eces of equidneetdd amdsoyed in carrying out the process. - 5
Fig. 2 is an enlarged, sectional view showing a segment of the
formi ng surface adtdésnglss dgsirablerto bawve asfilm that does not provide a direct

15 path through the film for fluids. Such a film can be utilized for protective

' clothing as fluids contacting the surface of the film will not have a direct

path through the film. Such a characteristic greatly improves the
‘protective quality of the clothing.

[ 4

20 : DISCL RE OF THE INVENTION
The invention is directed to a thermoplastic film having a first
surface and a second surface. The second surface is spaced'a'part from
the first surface. A plurality of peﬁorations extehd through the film from
the first surface to the second surface. The perforations form capillaries
25 that extend from the second surface. The capillaries are disposed at an
angle from about 5° to about 60° with respect to a plane that is
perpendicular to the first surface.



Fig. 3 is an enlarged, schematic, sectional view of a prior
__p_egf_or at édOf%IO&Slﬂa\g/l ng straight capillaries. P ﬁcgi.’ész?s’l"’s-""%n

enl arged, schematic, sectional view of a prior art 10 perforated film
havi ng tapered capillaries. 5 Fig. 5is a cross-sectional view
of a filmform ng screen of the present invention. Fi g.
6 is a cross-sectional view of a perforated fil mnade using the

screen of Fig. 5. 15 Fig. 7 is a cross-sectional view of a

perforated film made usi rHRIERDESCRIPRONOF THEFDRAWINGS Fig. 8
is a cross-sectional view of a perforate ' T m made using the screen
of Fig. 12. Fig. 1 isig. sehematicc etevational | vieay shewing thepdntesr at ed
filmmade using the 20 scr.een . of. Fig. .10. . Fig. 10 is.a

cr 0ss- sect | o EARSTIB LT IG PrFEIIE piessS of abjpment employed in'Gairying ol ¢
cross-sectionge pigtssf a filmformng screen. Frg. 12 is a
'tross-sectional view of a filmform ng screen. Fig. 13 is a
cross-sedional viEig.& imahagnlarges, seditionag view stowingparsegmentdof tihen of

t he present ipvention.rf | Ei gh 14 is a protective gown using the
fabric of Figioring surface as emplpyed in ghe Procesf.eppsk using the fabric of

Fig. 13. Fig. ¥ii§-anl @nldrgedC sehenilid, | ttlondl 46w oftta phBPIdIENt pad
or drape. _Fi g 17 is a cross-sectional view of an absorbent
pad or drape.perorated film having strgight capilesies- secti onal view of a | andscape
f:?;?/r IU%QS/ 0930\é\0 97#%?’8&% an enlarged, schematic, sectional tg/iew of a prior art Fi g.
19 showsy@ capgrrBrital maﬂhsomgtfaw’e?w%asﬁiamst he filmof the present

i nvention. o Fig. 20 1s a cross-sectional view taken along Iine
20-20 in Fig. 19. Fig. 5 is a crosBispctionad view af di filpe founimgt screenoaf tisé ng the
filmof the preseni. 5 ..ilnvention. Fig. 22 is a

cross- sect i onRICSEEIPYRIRD-5 ong line 21-21 in Fig. 21.

BEST MODE OF CARRYENGEIE didss!s¥eEdihbMew of a perforated film made using the
screen of Fig. 5.

15 Fig. 7 is a cross-sectional view of a perforated film made using the
screen of Fig. 11.

Fig. 8 is a cross-sectional view of a perforated film made using the
screen of Fig. 12. _
_ Fig. 9 is a cross-sectional view ofé perforated film made using the
20 screen-of Fig. 10.
- Fig. 10is a crosé—sectionak view of a film forming screen.
Fig. 11 is a cross-sectional view of a ﬁ.lm forming screen.
Fig. 12 is a cross-sectional view of a film forming screen.
Fig. 13 is a cross-séctional view of a fabric containing the
25 perforated film of the present invention. _
Fig. 14 is a protective gown using the fabric of Fig. 13.
Fig. 15 is a facemask using the fabric of Fig. 13.
Fig. 16 is a cross-sectional view of an absorbent pad or drape.
Fig. 17 is a cross-sectional view of an absorbent pad or drape.

30 Fig. 18 is a cross-sectional view of a landscape fabric.



Referring to Fig. 1, an apparatus for carrying out the process of t he
I nvent i onwo9e#do381ss.-.a rotary cylindrical drum 10 supported aRCTéE%ﬁ"’%f‘??ﬁ

by a centrally disposed axle 11 supported by neans of stationary axle
supports 12. The cylindrical surface 1% of drumroll 10 is highly
perforated to allow air to pass therethrough. The nol ding el ement or
screen 14 is nounted around the surface 13 of drum 10 and i s adapted 15

to rotate with the drum 10. : El emrent 14 nay be formed as an
integral unit adap | 0. &0 f eof or
It may be w apped g%uﬁ%’sﬁﬁ\évsacatﬁéérﬁ%?ﬁﬁ@%ﬁﬁ&#ﬁgﬁggf%g{bt ﬁgﬁé’?gﬁén any
sui t abl e manngfesem linPerithors.es of rotating drum 10, a gear drive may

be enpl oyed ich is adapted to 20  nesh with gearing provided on_the drum
el enent itself or Hig&Q isya argsgesectional yigw gakenalang e 26-26\in HgutOpy
means of caps provj : Of o E o a
vacuum chanber 15 F&eéfgpé% ?g reé'é;[og St}&q{o‘?lau%lpégls%?g»g?# edr:éﬁ!tslegi\F

bet ween tde rpaRegionve surfaces of the t her nopl astic sheet to cause
the plasticized sheet to flowinto the 25 perforations provided in the
nol di ng el enent 14Fihd®2 isc? eFensesertignal yiaw taken ajang lipgdd-21 in Fig. 21.
Referring to Figs. 1 and 2, the vacuum.chanber 15 is positioned .

within drum 10, along the axis of drum 10 and opens at the surface of

the drumover a limt@EFOMODE OF CARRVINGPOUTYTHE IBMENTIONV t h the inner
30 portion of surface 13 of drum 10. Two plates 1 5A define the chanber.
WD 97/ 03818 Referring to Fig. 1, an apparatus for carrying out the protes$ss0f/ 09306

7 | ' : i __qof '
{rai 1 ng' gt friventBribRlds Abafty St et Glm A0 Skpe e b fadibng
forma seal apgiagentrally dispesesliakizctl SUippbirtedsbplimesamy ob staticieargfaxiet al |

HDPE, rubber or other sui table paterial . Th |l ates 1 _5A are
stationary wi EHPPRESel2- oni%é:Vt“Qd”c?"thHf |38ﬁal13dP?e‘£’f’Fbrf°Hf 18h§ qum’( and

rigidy affi X?grfo?af@&' fo dfioW aPitdCpass therefﬁ'ﬂogﬁlﬁ!. ﬁTﬁF%@lﬁﬁgtéﬁheﬁbﬁFber 15

remains in a fixed or stationary posi ti um 10. " Thus, chanber

- 15 is seal ed stresinl 14ds moutedepountehe surfageet 3 piciram dPandhigsadapted um 10 |
and may evacuat ed or. reduced i . pressure by punping equi prent
connect eﬁgt o ?‘P\éo'?ﬁﬁﬁﬂgp tﬁﬁ ‘&H}‘?‘ fg) sui tabl e manner. As can be

seen in Fig. 1, |ogHMEnaW MmAfbeadbAfiediad @ndind8yl unit adapted to be

slipped on drum 10 from an'end thereof or it may be wrapped around the

drum 10 and then affixed thereto in any suitable manner. For purposes

of rotatifhg drum 10, a gear drive may be employed which is adapted to

20 mesh with gea'ring provided on the drum element itself or a pulley drive

may be connected to the drum by means of caps brovided on the ends

thereof. As shown in Fig. 1, a vacuum chamber 15 is utilized to create

a pressure differential between the respective surfaces of the

'thermoplastic. sheet to cause the plasticized sheet to flow into the

25 perforations provided in the molding element 14 and therefore perforate
the sheet.

Referring to Figs. 1 and 2, the vacuum chambér 15 is positioned
within drum 10, along the axis of drum 10 and opens ét the surface of
the drum over a limited portion of its periphery in contact with the inner

30 portioh of surface 13 of drum 10. Two plates 15A define the chamber.



Is extruder 21 having a die 8 which is used to extrude a hot

..t her nopl aw0i95/03888et * 17 onto drum-10. |In practice it has be IF YR at
pol yolefin materials work particularly well as the thernoplastic materi al
15 that is extruded onto the drum 107 As the sheet material 17 travels
downwardly fromdie 8 the sheet contacts screen 14 which is turning
clockwise with drum10 in Figs. 1 and 2. The rotating screen 14 carries
sheet 17 over vacuum sl ot 15 which causes the thernoplastic nmateri al

to be drawmn into fhe openings in.screen 14 an her eb £.or e 20
sheet is coollEtP¥ r%ﬂa‘ﬁ’é’g'({]%anﬁgfeq%wgr : |°J§‘h%c‘5ﬁ§‘{‘§r%%ﬁ'%"ﬁ'rﬁa%?ge?ﬁten
state to a sothainbbAt®, 3Rdld P6HRE Profidery nopiatdPMBA b fdrtn hidedl aghmseheet
17 continues to travel around in a clockw se nmanner shown in Fig. 1 on

drum 10 and cthe surface 33. t Dhe sealsgnay begnade of metal, HDPE; subber or ather he
solid sheet mat.erial 18 cqntinues rdl 'y _over .25 ral.l 21 tqQ cor,ona
treating rol |8 %bl?l‘f@ag%rl"‘gna Pe%lﬁkl%gmq% @r%zﬁpyongwal '9‘ respecotcm/ép%d wth

a sui tablge di ghaBbhaCdFBERSH Bf HeCAnAR ARPXidIY dffikbAabeskle 11 or other
pol yet hyl ene (TEFLON), chlorinated pol yet hyl'ene (HYPALON), OR

POLYESTER ( Mv$uiRyble Hmeensrso that oh@mberr 35t rergainst in a tiked «rt stationary
d ele d i fi I d 30
cor ona bar - oaPeutefp et Bar s chele ¢ Fsaled by Al el RARRE A 6oy

an WO 97hEdSHAéral openings on drum 10 and may be evacuated or reduced in
PCT/ US95/ 09306 8 i nch above

the rol |. Thepassure BarPWBpINg &suipmest! eonnected ke dheeghamber in anyor ona
treating bower .iorgrce. 24. The sheet continues past a tension roll 25
to a secdohd t&HEFHR PBM26 and onto wind-up roll 27. It should be

‘understood that thascosPpa deeRdhirg. @P%ﬁté@%ﬂoﬁre@% b8/EbhED Hﬂﬁmaitbd >

applications for the filmand this part of the process ‘can be renoved.
Further, it iis meotruderayd rhavingaaydieo & whitheist usedote oextrugdedaupotol |

27 if the filmpis bein | nto _an end e,application i n. i n-l.in
orocess, | thermopiadtie Bibet F'a Bof6 diin 07 40 Phociiet rads theHobieE ca
be utilized tgoRlefid idtetiBl Work parliedalyastil asfthethefrhopletiBmagiial
i nvention. The process shown in U S Patent No. 4,878,825 which
utilizesl® suiiris extruded onto ther gruntOscAscihei sheatematerialol 7 tthavelsicuum

or asent. | nventPBEWAILY H¥Eh k'S the st dBrifcls" B, £ Wiy in e ot

he' process shown | at ent hat
utilizes a higlockindse wieh dirgmi 10 &t FRgitand 2. The rotating screen 14 carries
sheet 17 over vacuum slot 15 which causes the thermoplastic material
to be-drawn into the openings in screen 14 and thereby perforated. The
20 sheet is cooled to change the hot thermoplastic material from its moiten
state to a solid state and to set the perforations in the film. The sheet
17 continues to travel around in a clockwise manner shown in Fig. 1 on
drum 10 and continues on to the rolls 19.
From roll 19 the solid sheet material 18 continues upwardly over
25 roll 21 to corona treating roll 22. The corona treating roll 22 is usually
covered with a suitable dielectric material-such as epoxy, fluorinated
polyethylene (TEFLON), chlorinated polyethylene (HYPALON), OR
POLYESTER (MYLAR). However, bare roll treating with a dielectric
covered electrode can be utilized to treat the film. The electrode or

30 . corona bar 23 is suspended parallel to the treater roll at about 1/16 of an



15 perforate a plastic filmcan be also used with the present invention.
The wbeambiiggs of U.S. Patent Nos. 4,878,825 and 4, 838CTABPBRer eby
expressly incorporated by reference into this patent application as
alternative nmethods for formng the pegforations of the present invention.
Figs. 3 and 4 show prior art types of perforated plastic filns that 20
have been produced on the apparatus shown in Fig. 1. This film has
straight capillaries 3 as shown in Fig. 3, or tapered capillaries 4 as

shown .0 Fig. 4.1 o] 0 f '

di sposed at mcﬁ a%g.yést!‘gﬁpﬁaﬁﬂg? éaorbgg;o%élzé %ﬁﬁ%&gggggfé{ﬁ%}%'sﬁﬁﬁﬁ‘é’ce of
the filmand gorona tpéﬁmgﬁoé\le‘i”sbﬁﬁée 4 nghefsheey Bbntindes pdst & ¢éngien folt hr ough .
the film 25 : e configuration for the screen 14 of the present

i nvention whi 28 to a secoad tensionerblt 36fandronte wisdfup sok@7s| Hissheultdiben i s
shown in nore detail in Fig. 5 The screen. 14.is | am ngtg stfucture
conpri sed of %"‘S?'é&‘k"‘i)fthat the ?ﬁ’fg’ﬂ?i HeapngLeReation '%29%§39u§§,8 %g,alg& ~and
37. The %Cree&?]ﬂif’cé%ﬁﬁs%r the filnPh8this/ phACET B bFodesisScah BBQRATbVEd, be in
contact wth the thernoplastic 30 sheet 17 and an inner surface 40 that
faces the vackunthehdbixnotl slways nepgssaryoeswind the film onto a wind-up roll

PCT/ US95/ 09304, . T o s 9. . The sheets
~contain apl UEZI-'iftEpeofl"Hp'ér Pﬁlrn@s pg&__'f’ﬁ%tanefpgnas? rﬁ%ﬂ‘&%ﬂf’ﬂe'" an m-(ﬂﬁq ckness
of the indi vig,t&lesgheets. The apertures 41 preferably all have
substantial Fy the sane geonetric shape, however, it should be
under st ood that th¥ bedgiotedahapetherrfesming pmceasises caarhe utilizedteets 5

Bhot o- etithi nofarEh Bd pRERretE tipsRe T itHE p{ERRAY IrfarfTRS e atipgess, O°
"sheet's gener agthowhaeUaS! PatdriteNs. 4, 8T82S twhichoutiliust a suppost fonthe
practice it has been found that sheets having a thickness  of Sbout 2 mls

wor k par ti cul fermingegcreenin the greg ghikmyacunm gonmnrks perdeulary wellinsed 10 -
to f th
Formasr cenfirfifig e pEPRBE! i} 6P idBRohPlnyeifioR THE pRlogsiSfibivi ©

di aneter of timeUaPePateras4ABR39,216hthathetlizesis highepressant Hqoid streamatmut
100 mils._In practice it has, been Lou d that a nge from about 71}1’
to about'®0 nPedofRle g RESUElTY ¢3nbea

*

r | s
| wged wiith the BigsPOLIYEienGMME 15
particularly %éhﬁrs\%@%ﬁb?&it Pafintt8s.| 3B P82 REAGLABES 211G aRe neredyer

at contact points Ile the lamnate is subjected to heat and pressure.
The resul t ant expreissiy dneonpocatede bys refesercs tioto rtbis edtent @pplicationa@s shape
alternative methods for forming the perforations of the present invention.
| . Figs. 3 and 4 show prior art types of perforated plastic films that
20 have been produced on the apbaratus shown in Fig. 1. This film has
straighf capillaries 3 as shown in Fig. 3, or tapered capillaries 4 as shown
in Fig. 4. In both of these films, the perforations are disposed at
substantially a 90° angle with respect to the surface of the film and
provide a direct line of sight -and a direct path through the film.
25 One configuration for the screen 14 of the present invention which
is utilized to form the perforated plastic film is shown in more detail in
.Fig. 5. The screen 14 is a laminate structure comprised of a stack of
individual sheets 31, 32, 33, 34, 35, 36, and 37. The screen 14 has an
outer surface 39 that is disposed to be in contact with. the thermoplastic
30  sheet 17 and an inner surface 40 that faces the vacuum chamber 15.



and its free edges are bonded to one another to forma conti nuous

t ubul ar - fwors7essIst ruct ur €: --As-shown in-Fig. 5, the apertur ®ETHSIEMAINAe 20
| ami nate structure are not concentrically aligned. Instead, the apertures
41 are circunferentially displaced in ghe same direction to forma
passageway 45 through the |Iam nate structure that is disposed at an
angle. The apertures 41 shown in Fig. 5 all have substantially the sane
di anet er and each aperture has been displaced fromabout 1 %to about 25
50% of the digneter of the ,apertures fromthe a ure on adj acent
Sheet i th a THPaReBcamiait SpuERty S EeRRbwesbT dhihextand Ahiogh the
apertures. | d f

105 of the draRArEes S thh IRERIE bERte T TheHpdinites T BRIEbI PR
results in asubssangiaiby the tdarhei gedmmidsedhapeanhavwever,f rmrrsbdmldt te 30

t o about 60[err W t h res;%ﬁct to a Pl ane or line 47

97/ 03818 erstood that the shapes of the apertures can be erenpéfﬁ 53?@9306
10 I t &ﬁ% Jhis
angl e i 35 -%ég?r?lg&rﬁw ?%éllg'\ﬁn%?gg&élangrogd;\él{ n Fi gﬁe@?hé n\%téﬁél%ﬂeﬂe%hee

- apertures 41 phototetchingehas mreneﬂatlm apéntures 4liimthe individpal sineets. The t he
passageway 45 . fornmed thr t he nate, screen 14 .is. ener lly 5
cylindrical iShe&ts eFB'\%@&@P’ 8 fé@"hﬁgﬁ\"&t%& q ﬁ%-s oy

the aperture%;rsaﬂcawwasaﬂéeﬁ h%n@ t sHlets Ragin tiﬁﬂﬂné’§§15f smmfsa“ be

used, and nmulti-sided figures such as a rectandgl e, square, exagon or a
__ pent agon canwotlepamdularmwwr LﬂmwﬁeanmjmutZto about 20 shéstsérewsdch Fi g.
10, the §creen ertu hat 10 beconme progressively snaller

in each18dj ad@ & s PePh H‘PrPJF%e”eq fange for the; nUBBPE B SBeetsciour e;
the passagew%rﬁl‘Sa éé?é‘én"lsll- 1@3{8’?{4 M ch £93Y &?t 10 sheefts. t‘gﬁ %fé&g,%way

advances t hrough the screen S pa I cul ar Uure each
aperture 41' dlamlterpbhﬂmzlaaestermtlednribecxtmeagls from about2 milsdiccasder from

the aperture ad) ag ent sheeI i s result na 15 assa
that conti nu?ﬁ@fp'g&nd T RIAG %?'b@%”%% tg?nfea range fﬁﬁgw&lﬁ/ances
t hrough the serassutléo- mils for the effecthR 8ans&er ¥4 thﬁhékymtun‘és':!l-g wérks has

apertures 41 " that becone progressively smaller as the apertures
shown i h5Fi gpaIUCUH@WeWGH The s:h@ets of the Iammaﬂeearap!mrtdecbm ome apother

g: fgl:?fgg 132 r@ééggggw&g wﬁ@@éﬁ%i@ﬁwpneaté% suBR89 TN eatand pressdss. 'n one
The resultant laminate structure is thereafter rolled into a tubular shape
and its free edges are bonded to one another to form a continuous
tubu!ar—forming structure. As shown in Fig. b, the apertures 41 in the

20 laminéie structure are not concentrically aligned. Instead, the apertures
41 are circumferentially displaced in the same direction to form a
passageway 45 through the laminate structure that is disposed at an
angle. The apertures 41 shown in Fig. 5 all have substantially the same
diameter and each aperture has been displaced from about 1% to about

25 50% of the diameter of the apertures from the aperture on the adjacent
sheet with a preferred range of 5% to 25% of the diameter of the
apertures. In practice it has been found that a displacement of about
10% of the diameter of the apertures works particularly well. This
results in a passageway 45 that is disposed at an angle from about 5°

30 to about 60° with respect to a plane or line 47 which extends



through the screen 14". As shown in Fig, 12, the screen 14'"'

defines awmspesgesvay 45''' that has a compound curve PGF/USHH9306
passageway. In this enbodi nent a portion of the sheets that formthe
screen 14''' are displaced in one 25 4girection to forma first portion 51
of the passageway 45''' and a plurality of sheets are displaced in’

the opposite direction to forma "~ second portion 53 for the passageway
45" . Normally, all of the apertures 41''" will be of the same

di ameter and will be displaced equa |.stance -on,each. | ayer .of the
screen 1a- PewRafictier torb adtsl Hibtene 39 of Ik S0Re 180, Thisdide &
vary in size geflefdlly HBWR'aLhnglesRiATIgEs! WO 97/ 03818 |
PCT/ US95/ 0930 11 can vary

to form a conver gi Thepapertgresad/ tbthe shgetsfare geneoalty cincdlér af shape andhe

passageway 45''' is dispose t an,angle A.that .is fromabout -5 to

D bout 60y or ]t PRsRasEY 45 i, BN Gp tiedaimindta serRea, 4 kugensrally

per pendi cgll ar t ur " I thatle p%gcmd 5
portion g% [ Sc%{?g%@i‘aelgl#ﬁfagﬁ aﬁgﬁ%\%%t ﬁfﬁ@?ﬁfﬁ@‘ﬁgﬁ‘?&sﬂ?ﬁﬁ o0 about

60[ err] tivé apertasgsecan very ard phathevaly ellipseidal and other shapes.cdn e 6
shows a cross secgtion of .a .Bi I rp 54 that, has been fFeF,mEd i utilizing the
scréen shown MRS gndnulfiided figugas such a3 regtapgle. sauake, hexagon,gga,
second surfacgeffagotBah ideStitifstd ﬁﬁog@doﬁﬁihag_es of the filmare 10

usual ly positi onec?'i n substantially parallel “relationship. This filmhas a
plurality of perfo/st isbowrcdntFigt TQr the sureenr14’s haS apertbees i41h thlte

illarjes 55 h bst.ant i al | i f i anet di spl aced at
oo’ angr &t - BRPaIE AR ese 7ol umler Risstradiegiti ast o che fotindip s 47
t hat | StingIdReeeh gtiudtule) thBDdssh§bwaly 48Cthards %Hhae vtn'rx]ll é&BnvEr§e

capillaries 55 are 15 substantial Iy cylindrical in shape, have a Side
wal | 62, defi A8 the passagpwayRAMaNcesIhrougl the screaspdAl.ndn siaisipartinulagur f ace

59 of the fil ngl, openi 0,at _the. e 7.qf the .

capillary 55 ﬁ@?ﬂ,‘rg g%%@e%g)éﬁﬁg E‘flipgsr p'sfqﬁ%‘%q %eséipgge[t{]gﬁf'qedﬁggggoefogst he
film54. The dignefef from lthe apertufRPionl abjsendSsHyets Us Thid ¥eSORESH apart
fromthe surface 59 of the.film54 20 by a di stance from about .005 to

about . 0P of RASFAASWVAN 145 thphGaginuously fansmuabieamly cenvesgep as the2s of
an inch bei ”%Qéﬁ%ﬁ'\&ﬁg'admﬁc@??ﬂ}d%]h the scrfbndds- t he opening 60 both have
or geo d t

a center poin tric center e center point of opening 58
i s displaced from The screem4posmdwafin Fig. 11 has apertures 41’/ that become '

brogressively smaller as the apertures shown in Fig. 10. However, in Fig.

11, the apertures 41’" are displaced in the screen 14’ as that the

20 passageway 45''converges in one direction as the passageway advances

through the screen 14",

As shown in Fig. 12, the screen 14'*’ defines a passageway 45"’

that has a .compound curve for the passageway. In this embodiment a

portion of the sheets that form the screen 14'’* are displaced in one

25 direction to form a first portion 51 of the passageway 45’’’ and a

plurality of sheets are Qisplaced in the opposite direction to form a

gecond portion 53 for the passageway 45'’’. Normally, all of the

apertures 41’** will be of the same diameter and will be displaced a equal

distance on each layer of the screen 14’’’. However, it should be noted

30 that the apertures 41°’* can vary in size and the amount of displacement



opening 60. The center point of opening 60 is displaced fromthe center 25
poi nt of WwpessEs5s by a -di.stance that -i s from-about 5%t o PATHRRISHLG6,

of the dianeter of the opening 60 with the preferred range being from
about 75% to about 125% of the dianeteg,of the openings 60. As can be
seen in Fig. 6, the capillaries 55 have a plurality of steps or ridges 56
that are produced by the off-set sheets of the screen 14. The ridges 56

WD 97/ 03818 )

PCT/ US95/ 09306 . ‘e 2 . n the
filmb4 are sCaRVan taforn pSORYERSINGNASEEIBVaYIED shaTBe%'&T‘tn%?@'o“ 51 of

formed by the,of f-set & hate: for oyt : go+dig. 9
.shows the cro é%%%%ﬁv%\?hg’ fP?Er%{sg%sgPhégfa rﬁgé_&lge%é%ﬁ?tolrs nfé%m aboutEUEt:f_l i zing
the screen shgweut n6®® gwilld. reBpest f td ma5SAhei orsplamteart ¥ alwhich redtends5 to
the filmshown in Fig. 6 except that the side wall 62', each_capillary

55 and the ppermensigiylacty thepytargartace 39 pEHaseresm the -1 1 e £eCoRd ace
59" of t fi . s g | | g8 f ' 54"
That has beenPBrisn B s disposedxfen el EandL N A3 AECLE §° it Pl
side wal | 62" with td¥pet to theaslaheé orilige $3. and the passageway 65" converges

as it advances avvaié_ fromthe surface of the filmand. in particular -
converges on one sFige 6 ghows a crgag sgctigp;9ha film b4 that has been, fogmed,os o

Cross section, gf..: td [N ig. 5P It | o 24 e
screen shown Pﬁﬂlz'—ﬁastﬁ%zéd?gﬁﬁtsﬁpgv ﬂrgﬁ'rgé l‘?'he caﬁ?ﬁlsgr ng a5f5i'x,ts}t,s'uif5d& Sgand t he
passageway 65and ahsecorad Surfate [G3k.t The st ehdtsecondi syréaces of thenfilm are

angle Awith respect to a plane 47 that is disposed: perpendicul ar to the
first sul®aceuswally pgsitioneds in sykstantialy psrailiel selatignship. ¢ ﬁ'eﬁ‘t's imdasdsed at

Cospoct B, BP Heifordifins; G2, AR0 fori Ebbliatis 39 o SRS AIEK] Mo,
converges as chpl@ries 55INane asubstantidlly dniforim disrhetee dnd are difplabed fat| m

54"'. However, It shoul d beo under stgog‘ t hat the ca(gi 'l ari %s,n%S "' can
have wal | s t hap angledy from aboyg f7ctq about 60° with respegiic,g plang 2l |

have capillar ;ses?rgnl%?ﬁhgcﬁfrlgru gihﬁﬁ’l@%q st 599k the ﬁlm.zéltﬂ@éa:ﬁﬁéﬁeé 55tﬂlr90k a

direct line o apertures that is per pendi cul ar to
the surftBe obubswmnitiallyn citindrickingh yshapes fhiaves awiside hewadl 62, definemski ng

characteristic such that_ fluids_that pass rough t fi arn.

absorbent str Géﬁﬁﬁ%eWYIséxo'?a‘ﬁef'&%t R 'Bgeéé]g‘ ﬁg%%%%&? %@%%Pﬁ}'m 54

capillaries and second opening 60 at the end 57 of the capillary 55 that is spaced
apart from the first surface 59 of the film 54. The ends 57 of the

capil-lari(es 55 are usually spaced apart from the surface 59 of the film 54

20 by a distance from about .005 to about .05 of an inch with a spacing
from about .007 to about .025 of an inch being preferred. The opening

58 and the opening 60 both have a center point or geometric center and

the center point of opening 58 is displaced from the center point of
opening 60. The center point of opening 60 is displaced from the center

25 point of opening 58 by a distance that is from about 5% to about 200%
of the diameter of the opening 60 with the preferred range being from

, about 76% to about 125% of the diameter of the openings 60. As can
be seen in Fig. 6, the capillaries 65 have a plurality of steps or ridges 56

that are produced by the off-set sheets of the screen 14. The ridges 56



are perpend| cular to the first surface 59 of the film This is particul arIy

i npor t ant W97/438t&neni al or incontinent applications. The RGEHEISOP30E0 -

maski ng produced by the filmwll be directly proportional to the angle of
WD 97/ 03818 12
PCT/ US95/ 09306 _ 13 t he

capillaries in the film their length and the degree to which the
capillaries converge in shape. Such filnms al so can be useful in preventing

i sposed at A W BrCHt SOHARCHIT rben IR BF SRR oMkt o

5 a direct mtﬂw bvqnetbﬁisetfshbms tHartfonsh tHehecrebHi YW | | have to change .

direction to pass through the capillaries. Such filmcan be used for
protective cl ot hi ngigamfeshewsithe ciess seelion of @ film 841 thatrhascheen formed

"eduethe t OTOBARY T SKReh e B el LERe iR SRR Sl gF o
capi | | ariges agotigy €irhlshorah am &y, t@@x@é?ﬁ tedtithe siaeatall BRY, @dch bSpmb&t hi ng.
Fig. 13 shows_a | ayered fabric materi that utilizes the film of

present i nven®Poan mpamw ﬁérc@nmg@rasatemndasfrmthgmrsWrgane
br eat habl e OL% rojfzi?{grf The outer layer 73 is usually a paper cover .
stock that is Vvery B vei ght and al so hi ghly breathable. Next is a |ayer

15  of non-woven F@tﬂrsr&iwiEdrbﬁs se6tibn efblTaR] 547 hhht ﬁéé)uéé'ﬁ?rémﬁ ance
to . t he passage of fluids_through this | ayer. In particu

non- woven usinggthg issreqn dvikies Yoodln &biss filmcthe: §|d=e| ovalk &2'f iafuthis t hat

come i n 4 nt A l.eri

pol ypr op&f engﬁpﬁg 'S'/Pégf E)B;’I' e;r]f'é i M&a\r&we{]y t ecron%gﬁg%seaﬁgga&agpef Ravay
non-woven | ayleorrashéd sasfacesdfetticafitn laaMennZQartzc@mecfﬁrﬂiérQeé orebhe @fad i d
resi stance. The &'xt layer on the fabric 70 is a thernoplastic film

79 that has P TRCLER- of perforatlons 81 and the perforations form
capillaries 83 andg ‘Pg%’sﬁﬁﬁrsdé T @t{l r?'?)faJ‘gécfichr{ 8 ¥iim 54”a§96‘&ucséaer r] to

~about 60[err] with spect to a I's” perpendi cul a
surface 85 ofutilizng ithensciéen shewmnnml Bigt |1(2 fin thig Jiguse pheé icapillagids 8525

that th II 83 t rd a t th th -
oo S ECP and b BadSage sy dio BN AdiisEporian Barthat it Hiskesed atifon
the film79 tahdle Avash heddeatubid slaheso,ﬂhitggen Scﬁierdeﬁérgtabﬁl’&tﬁér 1d fHd d

through the film Al thou hthef|Im79 has own a
‘subst ant i al | yfirst suriacet®297 hef the filnband lkosecdnd legloneﬁ3 rtlna‘sllsailsmbst&!i ap

understood that AL BR ALLE botﬁ‘angrtes Srd 18n! Lb.8B: 58 W abblt BoFwith respec’tcI ?

to the plane 47. In Fig. 8 the capillary 55’’’ generally converges as it

20 advances from the first surface 59’ of the film 54'’’. However, it

should be understood that the capillaries 55’’’ can have walls that do not
converge.

The above films all have capillaries that are disposed at an angle

that acts to block a direct line of sight through the apertures that is

25 perpendicular to the surface of the film. Accordingly, the films will have

a masking characteristic such that fluids that pass through the film to an

" absorbent structure will not be as visible to a user as when the capillaries

are perpéndicular to the first surface 59 of the film. This is particularly

important for catamenial or incontinent applications. ‘The degree of

30  masking produced by the film will be directly proportional to the angle of

kY .



WO 97/ 03818

PCT/ US95/We36/3818

be used for the film79 in the layer fabric nmaterial 70. The next

| ayer in the layered fabric 70 is a s nd | ayer of non-woven materi al
that is positioned adjacent the surface 85 of the film79. The second
woven material 87 is intended to be a |l ayer that cones into
the skin of the user of the fabric material 70. If the fabric

| ayer- of non-

- contact with

material is not intended to cone into contact wth the skin of, the user,
the second | djpercepillades vihe fitmetngir ng}ér?"ma h

pur pose of t
structure th

the| deqrge to which the

;l{%;{glga?fégg%ﬂﬁéb% shapd S Shgh RIS o Baly Bﬁf%{s%?@'siﬁ preventin

nd nore 10

eSistance to penetration to

87

The

14  PCT/US95/09306 i "al so

5

particul arl y,unwantets dirébe fiuidflow Afirosgh nhenfilesl tSinbe theecapiltarigzplreat i ons

where fl uids

are splashed or, sprayed, onto the paterj al d the terial
provi des T esidisResed 8banNGIer Buid pHidNg the fywiage of '&P%%ﬁ?“’\" i RO

Y& ¢

be utiliged ié‘dﬁr@ﬁt[ﬁé?ﬁ%‘ro&#lﬁ'tﬂe.#ﬂﬁ?.arlﬂﬂé%d‘é"ﬁﬁ%eﬂ&ihev'vﬂ' ﬁggg%eéhﬁ‘\%z

wher e peopl e
fluids.

mat eri al 70.

are 1 nterested ei ng prot ect rom spi or spra

can

15

direction t6ipasslthoughstte paptliaciesy e Sgotnfib® card bei gsedlJoshows a
protective facemask 91 that can b de. using the | ayered fabric. : -
when Buitsmay: Fame

Rrotegtive glning SsgBay: fRMeCint dinesy cordachwithiie

that the inner
wear er. For hedacehtheptertdericy ef ghenfigid fodh tspéashing rdisdctBA thidughdthe

LT 7R B A0, TSy 95 e ke -

that are spilled or sprayed wll

contact the outer layer 73 of -the fabric.

“The f1uil® wi |6aniliaries and G5aaty enhanpe tbepratectiviectanability oftheclpthitgdes

st to flui . . i . |
resistance Lo {1t AgRaaehiahtANayaRicrhil datli hAFDRAE A GRISI 7 |
engages t he tpresenplimaintion.i IThe/ taydrbérfabris matelialeZ0 hxat 8 lightoweglgtthe

firlmand the velocity of the fluid_is si

of the | ayer ¥epHRblR oufer davei &3delhe gu

and provides

materials that are cur

15
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StoBkTRatisAY it SheiBht BB'aRES hihiy BREachBBIcR RekiRY RByéP
of non-woven material 75 that is breathable, but provides resistance to
the passage of fluids through this layer. In particular, the non-woven
material provides good resistance to flow for liquids that come in contact
with the non-woven material. A melt blown polypropylene, polyethylene
or p_olye.::ter can be used for the non-woven layer as these materials have

accepfable levels of fluid resistance. The next layer on the fabric 70 is

‘a thermoplastic film 79 that has a plurality of perforations 81 and the

perforations form capillaries 83 and they are disposed at an angle from
about 5° to about 60° with respect to a plane that is perpendicular to
the surface 85 of the film. The thermoplastic film 79 is positioned so

. that the capillaries 83 extend toward and are in contact with the non-

woven material. The capillaries 83 formed by the perforations 81 allow
the film 79 to be breathable while resisting the direct flow of liquid
through the film. Although the film 79 has been shown as being
substantially similar to the film 54 shown in Fig. 6, it should be

understood that the film similar to the films shown in Figs. 7, 8 and 9

nificantly redyced. The structure
g?fe‘@b!ﬁf 73 I843ugHYs3 AFPCHLOVELi ds
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Fig. 16 shows the use of the therm)pl astic fllmof the pr esent

invention in an absorbent pad or drape;$8. In the structure, the film79

I's positioned on a |ayer of absorbent materl al 93. The film79 is disposed
~so that the capillaries 83 that are forned by the perforations 81 are in 5°
contact with the absorbent material 93. Wth the structure the capillaries

83 tt k fl t hat . f th lastic film79
25 2t Lo Sind o Dby 0, RS 1 A2 i T el
di t | f f
e T oy sttt o B g

cont ai ned in tHas ;scposmletlmbnkigauenrlrethersmfacfe%&rd thet fnbas79 y Thessétendwhen

| ooki ng at t sur Fig., 17 shows
anot Ihe? enbolc}?MEEP B'P“awﬁé(ﬁndPaW‘éé)gsgé "?Weééﬁ be a 'aV%éhﬁﬁﬂﬁmﬁl IN%i ng

the filmgf t §S| th the
surface 8% | négtg\r(')t%tE g?fﬁeémt?ﬁ\égnf 25@?3 3)]? 321% ﬁ%?aq?ﬂ'égatenal ?er lé#ﬁ%%ﬁr‘}%e film
79 is positi onmadexiai is it intendeabtd tamiecnt@Sohtactedith the skin dfithe user,

perforations extent.in a d| rection avva fr the absor bent .
material 93. ‘?féé&‘/ﬁrlq swavenmat H?'n% &aaybe Aglatede absor bent

material 93, thereThé PTRDBsE & theffic! Matdridi it g;gpv*d%fa%r%méb%that

i's under pressure, such as a sprayed or spi
Fi g. 18 showsstrbetureethat haSegondrmspﬁtche dof pémetTatiors ta ﬂmdstsaaqbenore

1Y G B A B e sy
DOS' tioned. where TfdP8F Qﬁl@&h@@%r%}ar bh’é‘o ?ﬁé’i‘r‘lét@hh?ﬁn@%é"ﬂ&@ﬂgl o

noi sture, such as rain, pass through the filmto the groun
However, the Rioyides @lstaaaputo Iﬂ;ﬁ |d¢r§cgsaes thratighed f/a Eluidvi Mhiscfabwricndan ni ze

h f h h h the f 79. _Thi t
weed growt h it ke "™ the mediE8 ABRE A IPRE vioSieL el AR cuhen Brdat 1 1 s
positioned. Haherepeopidafe interestediin towig rpaé&ctt&n gt dpifed of %bréﬁ%’ eis

‘no difficulty with disposing of or pooling of rain water.
appl i cati®ons H#E6e additional strength is 30 required, a non- vvoven

gacg'/eblsgg / 8; 38‘2” bepiam pagrgnwkCat PBrotetil8C§odn ¥o and Fig.'95° hIes,
protective facemask 91 that can be made using the layered fabric
material 70. For the protective gown 89, the second layer of non-woven
material'87 may be deleted if the gown is to be worn over clothes so
20 that the inner surface of the gown does not contact the skin of the
weérer. For both the protective gown 89 and the facemask 91, fluids
that are spilled or sprayed will contact the outer layer 73 of the fabric.
The_ fluid will pass through to the non-woven materia} 75 which provides
resistance to fluid penetration. The fluid .will then contact the
25  thermoplastic film 79 having the angled capillaries 83. When the fluid
engages the thermoplastic film 79, there is no direct path through the
film and the velocity of the fluid is significantly reduced. The structure
of the layered fabric 70 is intended to prevent direct passage of fluids
and provides a much higher level of protectio.n than the breathable

30  materials that are currently available.



16 the film79 to provide additional strength. It should also be
under st ooW0 97/03818 t hat t hé non-woven material 97 can al so bBCTHEIMB to

t he . opposite side of the film79 to provide additional strength to

t he | andscape fabric 94. 5 15 Fig. 19 and 20 show a

cataneni al or fem nine hygi ene pad that can be constructed using the
filmof the present invention. The pad 105 has a | ayer of perforated
thernoplastic film79 that is positioned over an absorbent core 107.
The film79 is positi d,so that the ends of the . . capillaries 83
that extend from f‘:'lgmogémr‘fvscgﬁ?a\"c* V\frﬁ]\e ttﬁﬁ"ﬁﬁglgﬁﬂgnft""l@? the Presegy. The
absor bent corijaveatiohNAldiigbsstbent paR'GY drapB’eB.oin thé'8ftucture, the WHETD
material 109 and a highly absorbent wadding or gel material "1 1 1.

non- pervi ous isipasitignedena layenefialzsdrbepbaiatedaldB.ofhe fidms7 A is disposed

h ' | fi : \ ~ igs. 2
2nd 22 show & HRH brblialBE BY et A Rimestbdne nesterarions i ate I « he
filmof tge peswet witty il assbroéhtnidtenarod. Watde  structure ?]hé eyfillafibs

perforated thernmoplastic film79 that is positione
absor bent cor&3 atTto Wiekffididtiv®t is onpibei stirfaved8s of thethéimopastic filmt 78

core 117 Theto dibppgioens mieh! i tRaeBhE o7 e RSB PIaveRhe 20
woven mat eri adirdctlthersighi iawﬂg(a fﬁ?g%_@?&t peRAALRAUISY tiHe STFREL af ttﬂ% é

A non-pervious thernoplastic film123 is positioned on the side o
absor bent cor@minte thaabsosbentpostarial 83 sathatfluids7ehat are contained in the shoul d

b t t hat .t he, fi | ay. 9 shown ip Figs, 19-22 w]l .- provide
skt ng br - (aRA0eRL iSRRG 4Bt el v oD leBkiogak tha sirfats s
previously digglbs;s[ﬁg.ﬁlﬂ.l 79. It shoul d be understood that a film

0

simlar to the filnms shown in Figs. 7, 8 and 9 can al so be used as
the film79 in theFigpdl7 stadvwvsranother embbdimentofa gad dicdrape 90 that can

T ot on 3 B b b R A Do BT GRS, B 81 nose

WO 97/ 03818 positioned with the surface 85 in contact with a layer ofPstddeB8Rt 09306

1z 15  material 93. The film 79 is positioned so that the capillaries 83 formed
by the'perforations 81 extent in a direction away from the absorbent
material 93. With the capillaries 83 extending away from the absorbent
material 93, there is more resistance to strike through for a liquid that is
under pr‘essure,‘ such as a sprayed or spilled liquid. |

20 Fig. 18 shows the use of the thermoplastic film 79 as a Iandscabe
fabric 94. In this application, the film is positioned with the capillaries 83
extending towards the ground 95 upon which the film is to be positioned.
The perfokations 81 and the capillaries 83 allow moisture, such as rain,
to pass through the film to the ground 95. However, the angled

25 capillaries 83 effectively eliminate or minimize the amount of light that
can pass through the film 79. This prevents weed growth and other
undesifable growth in areas where the film is positioned. However, since
rain can pass through the film, there is no difficulty with disposing of or
pooling of rain water. ~ In applications where additional strength is

30 required, a non-woven material 97 can be laminated to the surface 85 of



cited, can be nade w thout depart| ng fromthe scope of the follow n

cl ai ns. WO 97/03818 . - 18- CL: AM ~B: PCT/US95/09§06 1. A
t her.nopl astic fllmcorrprlsmg. a flrst surface; a
second surface that is spaced apart frqe said first surface; and

a plurality of perforations extending through said film each perforation
formng a capillary defined by a sidewall that is substantially
cylindrical in shape and that extends from said second surface, said

! . | 0
W ih rospect fug el F0E6 Boftu g s - tsns olsol e uofPathed s 5 o
angl ed capi | | giatethe RHAMRBYERINSteal O chh flﬂs@beslbﬂhhaie"ﬂf ﬁilﬁ'ie PpBsite

api |l ary when viewed al ong the pl ane. filmof claim
(1: pwher e|yn sapBigde of the film 79 to prande additional strength to the landscape fabric
94. ' '
5 Fig. 19 and 20 show a catamenial or feminine hygiene pad that

can be constructed using the film of the present invention. The pad 105
has a layer of perforated thermoplastic film_ 79 that is positioned over an
absorbent core 107. The film 79 is positioned so that the ends of the
capillaries 83 that extend from film are in contact with the absorbent
10 core 167. The absorbent core can include one or more layers of a non-
woven material 109 and a highly absorbent wédding or gel material 111.
A non-pervious thermoplastic film 113 is positioned on the side of the
absorbent core 107 that is opposite to the film 79.
Figs. 21 and 22 show a .diaper product 115 that can be
15 constructed using the film of the present invention. The diaper 115 has -
a layer of perforated thermoplastic film 79 that is positioned over an
absorbent core 117. The film 79 is positioned so that the ends of the
capillaries 83 that extend from the film are in contact with the absorbent
core 117. The absorbent core can include one or miore layers of a non-
20 woven 'material 119 and a highly absorbent wadding or gel material 121.
A non-pervious thermoplastic film 123 is positioned on the side of the
absorbent core 117 that is opposite to the film 79.
It should be noted that the film layer 79 shown in Figs. 19-22 will
provide masking for fluid that is retained in the absorbent core material
25 as previously discussed. _
It should be understood that a film similar to the films shown in
Figs. 7, 8 and 9 can also be used as the film 79 in the applications
shown in Figs. 16-22,
The above description of the invention is given for the sake of
30 explanation and various modifications and substitutions, other than those



capillaries have an end that is spaced apart fromsaid first surface of
said fil m¥A¥Bs ke fromabout .005 to about .050 of an i NBET/USISN9306

3. A thernoplastic fllntconprlsing: a first surface;
a second surface that is spaced apart fqypm said first surface;
and a plurality of perforations extending through said film

.each perforation formng a capillary deflned by a sidewall that extends
fromsaid second surface and

conver ges as o I ai S aplllarles
bei ng di sposezag%h aﬂ#&ﬁyaﬁrﬁoﬁ&géggpebggﬁ@? f'jorf‘c; g&ﬁﬂp%gf; be folipwing
respect to a ptlaimes.t hat is per pendi cular to said first surface, said

angl ed capillaries preventing a direct |line of sight through sai d
capil lary when viewed al ong the plane. :



4. The filmof claim3, whereln said sidewal | of said capillaries
conver ges wmgmxgms di r-ect i-en-- S : 5. The fi | m oPCTAUS95#09306
wherein said perforations defl ne a first opening in said first surface
and said capillary termnates in a secqgd opening that is spaced apart
fromsaid first surface, each of said Tirst and second openings being
substantially circular and each of said first and second openings first

second en ent ol Ijt . 6, The film of
2Ingi m 5, EIPEI E%g‘f& ce%?iEaETng nfg%l? sdid first opening is displaced from__
said cent e[ JpDésotiptidn: Spegeld SET.an@agedent.ng. This Sheet Has Been R
20 Claim(s) :paged...>. to paged A ,"ll ll"’ "l ll ﬂl’
1 Drawing(s) :paged...w... to paged ....0...
[J Abstract  :paged .. ... to paged ......
5

CLAIMS:
' 1. A thermoplastic film (54) comprising:
- ' a first surface (59);
a second surface {64) that is spaced apart from said
10 first surface (59); and ' o
a pluralxty of perforations (52) exténding through said
film, said peﬁoratlons (562) forming capillaries (565) that extend from said
second surface (64), said capillaries (65) being disposed at an angle from
about 5° to about 60° with respect a plane (47) that is perpendicular to
15 said first surface {59).

2. The film (54) of claim 1, wherein said capillaries {55) have
an end (57) that is spaced apart from said first surface (59) of said film
(54) a distance from about .005 to about .050 of an inch.
20 | | |
3. The film (54) of claim 1, wherein said capillaries (55) are
substantially cylindrical in shape and define a sidewall (66)..

4. The film (54°, 54'’, 54°"’) of claim 3, wherein said sidewall
25 (66°, 66°*, 66"’} of said capillaries (55, 55’’, 55’*’) converges as said
capillaries extend from said film. '

5. The film (54'’) of claim 4, wherein said sidewall (66"’) of
said capillaries (65’’) converges in one direction.
30
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7. The filmof clai m 6 V\,herel n sal d center point of said second openi ng

-1-s -di-spl anaxloF/ 03818 S of said first opening RCHUSISAB fr om
about 5% to about 20 tr of said first opening.
8. The filmof clai gnter point of said second opening

is displaced fromsaid center poi nt o sai d first opening a distance from
about 75%to about 125% of a dianeter of said first opening.
9. Atherm)pla'sticfilmconprising a first surface;
a second surface t space ar.t fro id first, surface; a
aplurality of per orat ?Bﬁsﬁé’lqggg QTQC'FHT‘oungVah%'&?rH spiq per b%’}ggp ation
formng a capibfidd ¥ firipbpeRigABE} if 518 Mt dufraceTgofah ai d
capillaries haw‘n grg? rg?tlzh tﬁat ext teﬁge ??(9))?# ég%cpﬁﬁﬁbﬁ? ace at
an angle (A famnnahemncls[&?)rq:f said capillary (55) that is spaced apart from said

first surface (59), said first (58) and second (60) opemngs being

5 substantially circular and having a center point.

7.  The film (54) of claim 6, wherein said center point of said
- first opening (58) is displaced from said center point of said second
opening (60). |
10 | o
8. The film (54) of claim 7, wherein said center point of said
second opening (60} is displaced from said center point of said first
opening (58) a distance from about 5% to about 200% of said diameter
of said first opening {58).
15
9. The film (54) of claim 7, wherein said center point of said
second opening {60) is displaced from said center point of said first
opening (58) a distance from about 75% to about 125% of said diameter
of said f?rst opening (58).
20 "
10. The film (54’"’) of claim 1, wherein said capillary (65°*’) has
a first portion (61’’’) that extends from said first surface {59’’’) at an
angle (A) from about 5° to about 60° with respect to a plane (47) that
is disposed perpendicular to said first surface (59’’') and a second portion
25 (63) of said capillary (65’’’) that is disposed at an angle (B) from about
5° to about 60° with respect to said plane (47), said second portion
(63’’’) being positioned in the opposite direction to said first portion
(61"},

‘) O L



about 60[err] with pl ane that is dj sposed er pendi cul ar

to said fwobreasts a‘;mﬁﬁm%ﬁ]ﬁ portion of said capill a?‘}’pfp 09306

di sposed at an angl e to about 60 with respect to plane, said
21 second portion being positioned ifgthe opposite direction to said
first portion and preventing a direct I|ine of sight through said
perforations when viewed along the pl ane. _ 10. The film of
claim9 , wherein said capillary defines a first opening in said first

surface and term tes S n e [.S:. S e AQm sai d

fi rst surface of squ fi'l hﬁﬁm ?ER q 8‘9%‘% %116 ﬁ@‘ﬁl‘r?‘%g%@ ‘g?@ﬁ%wﬂs%m@rei n

said thermoplaghbg ahl fifst opeRitP{5® §Tihald ifdt surface (59°”’) and a second
opening (60’’’) in the end of said capillary (65""') that is spaced apart

from said first surface {59’’’} of saxd film.

12. The film {54) of claim 1, wherein said thermoplastic film is

---a polyolefin film.

13. A diaper {115) cdmprising:

10 o a thermoplastic film {79} having a plurality of perforations
- (81 ), said perforations forming k:apillaries (83) that extend from said film,
_said capillaries (83) being disposed at an angle from about 5° to about
- 60° with respect to a plane {47) that is disposed perpendicular to said

surface (85) of said film; | |
15 an absorbent material (117}, said absorbent material being
positioned adjacent said side of said film (79) from which said capillaries
(83) extend, said perforations (81) and capillaries (83) allowing fluid to
pass through said film (79) and into said absorbent material, said angled
capillariés (83) being positioned so that fluid retained in said absorbent
20 material (117) is substantially not visible when looking at said side of
said thermoplastic film that is spaced apart from said absorbent material

. {117); and '

a thermoplastic film (123) positioned adjacent said
absorbent rﬁaterial (117), said thermoplastic film (123) being positioned
25 on the side of said absorbent material (117) that is spaced apart from

' said perforated thermoplastic film.

14. A catamenial product (105) comprising:
a thermoplastic film (78) having a plurality of perforations
30 (81), said perforations forming capillaries (83) that extend from said film,

I

|



12. A thernoplastic film conprising: a first surface;

.a second WO $m3818-hat -i s-sSpaced- apart from said first surfB@'@’US%"ﬂ!P306

a plurality of capillaries extending through said film each capillary

bei ng defined by a sidewal|l that is sghstantially cylindrical in shape,
said capillaries being disposed at an angle from about 5[err] to about
60[err] with respect to a plane that is perpendicular to said first
surface, said angled capillaries preventing a direct line of sight through

the capillar Isaei caplﬁane Y@:% gel ntsgcensgd 3% %n angle from about 5° to about
60° with respect to a plane (47) that is disposed perpendicular to said
- surface (85) of said film;
an absorbent material { ‘I 07) positioned adjacent to said film
5 (79), said absorbent material being positioned adjacent said side of said
film (79) from which said capillaries (83) extend, said perforations (81)
and capillaries (83) allowing fluid to pass through said film (79) and-into
- said absorbent material (107), said angled capillaries (83) being
pbsitibned so that fluid retained in said absorbent material is substantially
10  not visible when looking at said side of said thermoplastic film (79) that
' is spaced apart from said absofbent material {(107); and
a thermoplastic film (113} positidned adjacent said
absorbent mate_rial {107}, said thermoplastic film (113) being positioned
on the side’ of said absorbent material (107) that is spaced apart from
15 said perforated thermoplastic film (79).
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