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Fi‘eld OF The Invention This invention relates to
apertured filnms having primary utility as a cover nenber for an
absorbent article, and to nethods and apparatus for form ng such
apertured fil ms. 10 Background OF FHe- I nventi on

For many years it has been common to use nonwoven fabrics as a
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such fabrics are often for
as a cover member for an absorbent article, and to methods and apparats for

forming such apertured films.

10 Background Of The Invention
) For many years it has been common to use nonwoven fabrics
as a cover member, or facing layer, for products that are adapted to receive
body discharges, such as disposable diapers, sanitary napkins, adult
incontinent devices, wound dressings and the like. Such fabrics have
15 typically been formed by air-laying, carding, spun bonding and the like, and
it is known to post-treat such fabrics 10 provide strength and integrity, as by
the application of binders or fiber entanglement, either mechanically or by
the application of fluid forces. Since such fabrics are often formed of
hydrophobic material, it is also known to post-treat such fabrics with surface
20 active agents to promote the passage of body discharges through the fabric.
Such fabrics have, or are perceived to have, desirable characteristics such as
breathability, drapeability, softness, and pleasant hand and tactile impression.
One of the drawbacks associated with facing layers formed of a
nonwoven fabric is that liquid such as urine, menses, wound exudates, and
25 the like that passes through the facing layer and into the absorbent core has a
tendency to strike back through the facing layer, particularly under pressure
and when the liquid in the absorbent core approaches the volumetric storage
capacity of the core. For this reason, and other reasons, it has been known
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While certain of such apertured films have functioned
reasonably well for their intended purposes, the vast majority of such films
have actual and perceived major deficiencies. For example, even though

15 such apertured films may permit fluid to readily pass therethrough, and may
minimize strike-back of such fluid, such apertured films nevertheless tend to
have the appearance, feel and hand of a film, ‘rather than a fabric. Such
film-like characteristics are considered as a negative by the consumer, and
thus absorbent products with apertured films as a facing layer have not met

20 with widespread consumer acceptance.

Major improvements for apertured film facing layers for
absorbent products are disclosed in commonly assigned, copending U.S.
patent application Serial Nos. 08/417,404 and 08/417,408 to Turi et al. filed
April 5, 1995 as a continuation and a division of Serial No. 08/004,379, filed

25 January 14, 1993 as a continuation of Serial No. 07/744,744, filed August
14, 1991 (corresponding to publication WO 93/15701 Al on the above list).
In the above-mentioned Turi et al. applications, an apertured film, and
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of micro-holes and fiber-like elements (fibrils) thereabout to impart to the

apertured film physical characteristics of appearance, sofiness, feel and hand,

10 like those of a nonwoven fabric. While such apertured films are a marked
improvement over prior art apertured films, it is desired to provide further
improvements in such apertured films, as by improving the ability of such
films to pass viscous fluids, such as menses.

For use of apertured films as topsheets forsanmrynaphns.

15 clean-dry properties are very much desired. This means that the sanitary
napkin should appear clean and dry to the user even after it has accepted a
flow of menstruat fluid. There are many factors affecting the clean-dry
properties of a sanitary napkin, including the aperture characteristics and
open area of the napkin cover material. There is a trade-off in the effects of

20 the film aperture size and open area on clean-dry properties. On the one
hand, large apertures allow the fluid to be more rapidly transmitted to the
absorbent core. On the other hand, apertures that are too large permit the
fluid to be transported back through the topsheet from the absorbent core (a
phenomenon sometimes referred to as “strike back”) and to contact the

25 wearer. Furthermore, large open areas tend to allow the stain on the
absorbent core of the napkin to be visible through the topsheet and give the
wearer the perception that the product has not kept her clean. To exhibit
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Summary Of The Invention

In accordance with one aspect of the present invention,
apertured films of the type disclosed in the above-mentioned Turi et al. patent
applications are improved by providing such films with larger apertures and a
sufficient open area so that viscous fluids, such as menses, can flow readily
through the film. These improved properties are imparted to the film by
subjecting the film to fluid forces in the form of columnar streams or jets

* from at least two sets of orifices, the orifices of one set having a diameter

greater than ten mils, and the fluid supplied to the orifices having a relatively
low pressure less than about 500 psig, and the orifices of at least one other
set having a diameter of less than or equal 10 ten mils and the fiuid supplied
thereto having a relatively high pressure greater than about 500 psig. The
present invention can be practiced with selective variation of the sequence to
which the film is subjected to fluid forces from the low and high pressure
orifices, that is, first low pressure then high pressure, or first high pressure
then low pressure, or other combinations or variations.

The apertures are, for the most part, irregular in shape and
size. They are measured by various techniques that approximate the
diameter, which may be expressed as equivalent hydraulic diameter (EHD) or
equivalent circular diameter (ECD). The resulting apertured film has a
combination of large sized apertures having average EHD’s of from about 7

Wi | e such apertured filnms are a marked
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clean-dry properties are very nmuch desired. This means that the sanitary
napki n shoul d appear clean and dry to the user even after it has accepted a
flow of nenstrual fluid. There are many faetéfs affecting the clean-dry
properties of a sanitary napkin, including the aperture characteristics and
open area of the napkin cover material. There is a trade-off in the effects

of 20 the fil nmdpeq@m-’» imils, andsmallcsizedr apertures diaving awerpgEHPM of es. On .

L anem tted to tnciont ol PRPRIbRlTIaE, Sait hkinend i Aol BRATuEE 0
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To exhi bit Wr&?/&%@ﬁ&auy parallel ridges formed by generally vemally oriented
PCT/US96/ 13796 side walls which define a series of generally parallel valleys. The film thus

includes generally parallel alternating solid or closed portions of the film

10 separated by apertured or open portions of the film, that contain the
aforementioned combination of large and small sized apertures. Both size
apertures are formed as a result of elongating and drawing the stretichable
material between the localized support regions of the backing member as a
result of the application of fluid pressure, and as the film elongates it

15 undergoes thinning until it finally reaches the point of rmupturing (i.e.,
splitting and fibrillating) to form the above-mentioned apertures.

As with apertured films disclosed in the Turi et al. applications,
the apertures are surrounded by a network of fiber-like elements or micro-
strips of drawn plastic material. Such drawn fiber-like elements (fibrils)

20 cooperate with the apertures to provide the apertured film with physical
characteristics similar to those of nonwoven fabrics. The fiber like clements
have lengths. varying from about 0.005 inch (0.013 cm) to about 0.05 inch
(0.127 cm), widths ranging from about 0.001 inch (0.003 cm) to about 0.035
inch (0.089 cm), and thicknesses ranging from about 0.00025 inch (0.0006

25 cm) to about 0.002 inch (0.005 cm).

In accordance with the present invention, apertured films of the
type disclosed in the above mentioned Turi et al. applications are modified so
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drameter, which My 2 Widans forallowing Shid pplied flui to be traneporied away from =
the backing member are provided. '
The starting film on the backing member has portions of the
15 lower surface of the film being in contact with the support regions of the
backing member. The upper surface of the film faces away from the backing
member.
A fluid in the form of columnar streams from at least two sets
of orifices is directed against the upper surface of the starting film in a zone
20 of contact, i.c., a zone in which the film is subjected to the forces from the
fluid streams. The orifices of the first set each have a diameter greater than
ten mils and the fluid supplied thereto has a pressure less than 500 psig. to
cause the formation of large sized holes in said starting film. The orifices of
the second set each bave a diameter less than or equal to ten mils and the
25 fluid supplied thereto has a pressure of at least 500 psig. to cause the
formation of micro-holes in the starting film.
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mls to about 30 mls, and small sized apertures having average EHD s of
fromabout 1 ml| to about 7 mls. Such apertured filns have an open area in

the range of from about 3%to about 13% _g. The
i nproved apertured filmof the present invention is 5 preferably
formed on a backing nmenber |ike that shown in Figures 17-19 of t he

above-nentioned Turi et al.TROfilmM kemoved frofi the corticilzbie, lad idendw.! M havi ng-
a series of generally parallel ri dges f&rgmad by generally vertically

ori ent ed apeured, Simds gem » general ly parallel
val ' eys. The filmthus Other féafiirés EaSadViisges bof ¥h Jbﬁ\retﬂioh‘%ﬁﬂati ng-

solid or closed portions of the film10 separate y apertured or

open portions- of theeome readily apparens from theifallowing detailed deseriptiopnticoned
conbi nati on gf Iarﬂgmﬁg gBJIL ' : h size
apertures ar'g forme gﬁ’ esu@%%%ﬁ%%ﬁ@&w awi ng the stretchable

mat eri al between the | ocalized support regions of the backing nenber as a
result of the applj LR.af fhikd gressure, and as the filmelongates it

FIG. 1 is a schematic side elevational view of a production line
for forming apertured film in accordance with the present invention;

10 FIG. 2 is a schematic side elevational view, on an enlarged
scale, of the unwind section of the apparatus for producing the apertured film
of the present invention;

FIG. 3 is an enlarged side elevational view of the aperturing
section of the apparatus used to form the apertured film of the present

15 invention; :

FIG. 4 is an enlarged side elevational view of the dewatering
section of the apparatus used to form the apertured film of the present
invention;

FIG. § is an enlarged side elevational view of the drying

20 section of the apparatus used to form the apertured film of the present
invention;

FIG. 6 is an enlarged side elevational view of the
slitter/rewinder section of the apparatus used to form the apertured film of
the present invention;

25 FIG. 7A is a schematic view of an orifice strip used in the
apparatus to form one of the aperwred films of the present invention;
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material. Such drawn fiber-like elenments (fibrils) 20 cooperate with

the apertures to provide the apertured fil m9th physical
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as to provide the nproved fluid distribution properties in the
region of the fil e ave'been subjected to stretching, by downward

defl ection of the filmintoFIGe9 sanep phih viewio theBackihif nfembeOsHowd S 8R" .
during lower portion of FIG. 8;

FIG. 10 is an enlarged cross-sectional view taken along line 10-
10 10 of FIG. 9; . :
FIGS. 11A-D are views similar to FIG. 10 showing sequential
stages in the drawing of the starting film to form apertures in accordance
with the teachings of the present invention;
FIG. 12 is a photograph in top plan of an apertured film
15 formed in accordance with the present invention at a magnification of 7.5
times; | '
FIG. 13 is an end elevational view of the apertured film of
FIG. 12; |
FIG. 14 is an end elevational view of the apertured film of
20 FIG. 12 at a magnification of 15 times;
FIG. 15 is a top plan view of another apertured film formed in
accordance with the teachings of the present invention at a magnification of
7.5 times;
FIG. 16 is an end elevational view of the apertured film of
25 FIG. 15;
FIG. 17 is an end elevational view of the apertured film of
FIG. 15 at a magnification of 15 times;



formation of the film 5 The met hod for form ng an

apertured filmfroma stretchable t hernopl astic polyneric materi al
i n accordance with the invention conprises t he rovi di ng
a-starting fPMOW®BMbrising said stretchable thef‘lncf)rH’F“"Q{:mta

polynmeric material and havi ng an upper surface and a | ower

surface. A backing nenber conprising |ocalized support regions for 10
supporting the starting filmis provided. -The backi ng nmenber has recessed
zones into which the filmmy be defornmed by the application thereto of
fluid forces. Means for allowing said applied fluid to be
transported away from FIGS. {18A and,Blare\photographs taken apa magnification of

Surface of ‘the 1110k Rertated 8 RAREH LBRBEL bud1hs Beiieh oPpes e

backi ng menber. Tarcempgssed WMMBMMfM afnstaie t he backing

nmenber . | ui he, form of. co um1ar streams from
at |east two set sassociated formigg gﬁni’f énéf t"@ﬁ ﬁé)
surface of tshe stasequegcefoﬂmteemrﬁceeﬁps%ﬁmhavnﬁrﬁﬁ%@cl&gebnﬁeau’i1 zone in

‘which the fil f h £l uid
The ori f1 ces of ¢ 1EORRpE Vi ¥, 28, bl 2 doond i it gouing oy smat”™ ' *°

ten nmils and the érificesl ifs diukdfie WIR'RIGOTATFIG 18&%2’&9':@8 psi g.
to cause hj&ﬁforrratl.on of | arge sized les in said stalfting film
The orifices of the watee %mdiw-eﬂgh ﬁﬁ\bem!@ﬂ%mfess t han or

equal to ten m | spafibnbd 8gaifst the assodidisd &.,?H? thereto has a pressure of
at |east 500 psig. to causSe_the rratlo 'of micro-holes in the

starting 7 i10m FIGS. 18C and D are photographs taken at a magnification of
' 10 X of apertured film formed in accordance with the invention, formed from
an embossed starting film having the female side thereof against the
associated forming member, wherein the film was subjected to aperturing by
a single orifice strip having relatively large orifices in accordance with FIG.
15 7D (FIG. 18C showing the side thereof against which the water jets were
directed, FIG. 18D showing the side thereof positioned against the associated
forming member);
FIG. 19 is a block diagram showing the various steps of the
process for producing the apertured film in accordance with the present
20 invention; |
FIG. 20 is a perspective view of a sanitary napkin comprised of
an apertured film according to the present invention; and
FIG. 21 is a view, partially in section, taken along line 21-21
of FIG. 20;
25 FIG. 22 is a graph depicting aperture size distribution in a
sample of apertured film made at 875 psig. on an apparatus using three
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The filmis remymehd om the contact zone, and the now  pcrusssnsagsert ur ed
fitlmis renoved fromthe backi ng nenber. Q her
features and advantages of the present invention wll ~ becone
readily apparent fromthe foll ow ng detail ed,description, the 5

acconmpanyi ng draw ngs, and the appended cl ai 5" Bri ef
Description O The Draw ngs FIG 1 is a schematic
si de el evational vi f | tured
filmin accordance %cg s%rﬁ)é’%@ggkgwgvenﬁ ofonflcgs a“f&rtbé 86&39%&%65 FI G
2 is a schematic siuniis indiameterynal view, on an enl ar ged scal e, of
the unwi nd section of the ap us for oducin he .apertured film

of the present invention; FiS. '8 wa”'&g% 'ﬁgﬁﬁrﬁﬂ B BR ged si de
et evational view of satripie affapesrare dﬁm)madeonan@pﬁhmﬂomﬁrﬁﬂgea silgieroMfes used

toformtheaertured il.m of the i pventi on;
FIG 4 is an @nl ar g%P W%P@Wgﬂgf‘u éﬂab?om%‘ tehisaid orifice strip

section of  the appapenigshowndhl FIG 7©r m the apertured filmof the present
I nventi on; FIG 5 is.an enl arged sjide el evational

view of the drying 20 ElG:124 8, a graph depicypg, ApATIiEe size-distrihution ina he
apertured film of t4shph 6Fuplitured film made on an apparatus comprising a first orifice strip

(shown in FIG. 7C) having a plurality of orifices, all of which have a

10 diameter of 20 mils, and a second orifice strip, downstream of the first strip,
wherein the second strip (shown in FIG, 7A) has a plurality of orifices all of
which have a diameter of 5 mils;

FIG. 25 is a graph depicting aperture size distribution in a

sample of apertured film made in accordance with the invention; and

15 FIG. 26 is a graph depicting the results of comparison in which
the spacing of the orifices comprising the orifice strip is varied.

Description Of The Preferred Embodi
While the present invention is susceptible of embodiment in

20 various forms, there is shown in the drawings and will hereinafter be
described presently preferred embodiments, with the understanding that the
present disclosure is to be considered as an exemplification of the invention,
and is not intended to limit the invention to the specific embodiments
illustrated.

25 Referring now to the drawings, FIG. 1 is a schematic, side
elevational view of one embodiment of a production line that may be utilized
to produce apertured fitms in accordance with the teachings of the present



I nventi on; FIG 6 is an enlarged side el evati onal

vi ew of the slitter/rew nder section of the apparatus used to form
t he apertured film of the present inventi.on; :
FtG 7Ais ¥QMEMBtic view of an orifice strip usedln Fﬁrmsyms'l%

appar at us to formone of the apertured filnms of the present invention;
WD 97/ 09018
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FIGS. 7B, C, D and E are enlarged views of "orifice patterns whi ch
can be used in the apparatus to formthe apertured films of the present

I nventi on; aﬂ.{(&; %eﬁ Vi ew
of a starting fil mengon A’“B‘gé?%‘flgg'gt on at'%gac I ng ng q* processi ng

in accordance wi tfrom isight to left in FIG.pl.c Aaris showavin FI6h; 1, the producuon line has
Lot b0 Ao st b A 5 e o 4.4 g
Cross-sectional \dewateting statioh 500 drying stition160, and a slildhgpi’evﬁi\dihg.and

5 surfactant application station 70.

As shown in FIG. thhe ﬁlmunwmdmgsuuon, two rolls 31
of starting film material 33 are mounted for rotation on frame F. The film
from rolls 31 is fed over guide rollers and into festoon 32 which bas an
automatic (closed loop) tension control system. Film 33, under suitable

10 tension, e.g., between 0.1 to 1 pound per linear inch, emerges from festoon
32, and proceeds to the aperturing station 40.

While many different starting film materials are suitable for use
in the present invention, one of the preferred materials is a polyethylene film
commercially available from Exxon Chemical under product designation

15 EMB-631. This film is an embossed, white pigmented polyethylene film.
The polyethylene component consists of a blend of 40% by weight low
density polyethylene and 60% by weight linear low density polyethylene.
The film has 6.5% by weight titanium dioxide.

The starting film is embossed with a diamond pattern at 165

20 lines per inch to provide on one side of the film, referred to as the male side,
a plurality of discontinuous observable protrusions separated by a continuous,
interconnected grooved pattern. The other side of the embossed starting film,
referred to as the female side, has a plurality of observable, cupped recesses
separated by a continuous, interconnected rib pattern. The cupped recesses

25 in the female side of the film are in respective registration with the
protrusions on the male side of the film. The starting film is electrostatically

treated with a corona discharge treatment on one side, preferably the male



FIGS. 11A-D are views simlar to FIG 10 show ng sequenti al
stages in the drawing of the starting filmto form apertures in accordance

with the teacf@ggﬁw&ts the present invention; PCT/US96/1379%6 FI G
12 is a photographin top plan of an apertured film 15 formed in
accordance with the present invention at a magnification of 7.5

tines; FIG 13 is anlsend el evati onal view of the
apertured film of FIG 12 i FIG 14 is an

end el evational view of the apertured filmof 20 FIG 12 at a
e oo nes! as 3L T8 s sy e srngsof 130 e e ™"
teachings of the prnlireetion (withS00Xoelongation at break), and 1300 grams in the cross 7. 5
;L)g'ra Cured filmof Section (W'F‘Pé”?s&“&“l's“ BRak) s S‘LW‘@H &%‘3&! gﬁ
end gllgvat | onal vi mxﬁ the apertured-film of FIG 15 at a
T L oeat Lo0s %" 1° 11 ™S\ 1y process fi7 making dhié Hilm of the invention may beeither
" batch or continuous, generally similar to the batch and continuous processes
disclosed in co-pending Serial No. 08/417,404. The preferred embodiment is
a continuous apparatus, as further disclosed herein.
With reference to FIG. 3, the film 33 from the unwind station
10 is shown entering aperturing station 40 at the right hand side thereof.
Aperturing station 40 includes a honeycomb;type support drum 41 rotatably
mounted on a frame F1. The drum 41 has a three-dimensional backing or
forming member, described in detail hereinafter, mounted on its outer
peripheral surface. Four water jet manifolds 42 are also supported on frame
15 F1 and four suction slots, one for each manifold 42, are provided interiorly
of the support drum, as is also hereinafter described in detail. The suction
slots are mounted within the drum and are aligned with the water jet
manifolds located outside of the drum. Each water jet manifold comprises a
metallic strip, hereinafter sometimes referred to as an orifice strip, having 2
- 20 plurality of orifices having predetermined sizé"and spacing. Specific
examples of such orifice strips are described in more detail hereinafier. A
given manifold 42 may comprise one or more orifice strips. The orifice size
preferably remains constant for each strip. However, the orifice size may
vary on a given strip. The distance between the lower surface of the orifice
25 strip and the outer surface of the backing member of the aperturing drum is
preferably in the range of between 0.50 to 1.0 inches.



FLGS. 18A and B are photographs taken at a magnification of 10 X
of apertured filmfornmed in accordance with the invention, forned from

an enbossed startl n?refl | m having the femal e side thereof ﬁ?ﬁl'.l d3shardd €

associ ated fdY nber, wherein the filmwas subjected aperturing by
5 a sequence of three orifice strips, the first having relatively

| arge orifices in accordance with FIG 7D, and the second and
third having relatively small orifjqces in accordance with FIG 7A
(FIG 18A being the side thereof against which the water jets were
directed, FIG 18B being the side thereof posi ti oned agai nst the
associ ated form ng nmenber ) ;HdtGvater under pressure is pumped kd 8. manif6lds 4d, hhir €

phot ographs taken,at a nmagni fication of of apertyred film
formed in accor dafEPIs Pﬂ%ﬂ%‘%ﬁ‘é‘ﬁhﬂ” F’Grﬂlﬂfﬂl‘Wr% fn'the SR s sed
starting film havimthe!foen bf GethMndr weiter! ! eniemg&ssuwm each manifold 42
associ at-ed form ng nenber, wherein th&;hfyl |'m was subjected to aperturing by

a single orifice SaYibs sARARAtS B‘FMV GPEF'Q&ﬁHP@l‘%mOU&!@(ﬂ%ce wi th
FIG 15 s 7D (hilepa3lSta e ggfp ﬂgg@hﬁﬁ,s he wat er
jets were directed, FI G 18D S e Si ere 18@ posi t1 oned

agai nst the assocM!’!!’G"meed Ir e By counmarslreamsofwater

FIG 19 is a bl oclyitth I t

process for pr odugl ng ;rdle apetrheEf %@fﬁ,%ﬁ%%g‘}éﬁhﬁ@%?ﬁgﬂﬁesem 20
i nventi on; ownwardly into the recessed;regions bmkmganembﬂ mounted o the
sanitary napki n c m;rc Sﬁ.g 0 eyt Lm accordl ng to the
present inventi on9 g fthereby uusmgﬁﬂﬁ& &)sﬁréﬂ ag{ é\N partially
i n section, 1@ aken nuiliipligity iofi drréphila? Size holes. Theafowrdperturad; ﬁlﬁﬁuemerges from

Sampl 6 of apert ur SECTRPIE siidn 0 AIEn Bp i Hiteof ad Pekeeio Jewmigrng, o
section 50.
As is shown in FIG. 4, in the dewatering section 50, two

dewatering drums 51 are mounted for rotation on frame F3. Drums 51 have

15 a honeycomb configuration, and each drum has two vacuum slots associated
therewith, capable of drawing vacuum up to 7 inches Hg. Twelve air knives
52 are provided, six air knives being provided for each drum 51. The
suction slots associated with the dewatering drums 51 are located internally of
the drums, whereas air knives 52 are located outside of the drums 51.

20 Excess water is removed from the apertured film by the impingement of high
velocity air from knives 52 and by suction through the suction slots in drums
51. Air knives 52 operate at an air temperature range between about 150°-
180° F. Total air flow through the twelve air knives S2 is between about
1,000 10 about 2,000 cubic feet per minute per linear foot of apertured film

25 width. The dewatered film 53 emerges from the dewatering station 50, at the
left-hand side thereof, and passes to the drying section.
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orifice stri pa,oeg%a,ll
m

being 5
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S in dianeter; FIG 23 is

graph depicting aperture size distribution in a sanpl e of
apertured fil mnmade on an apparatus conprising a single orifice 5

strip having a plurality of orifices each 2d31i1's in di aneter,
bei ng shown in FIG 7C,

strip

graph depicting aperture si

. di stributi ' . \ . l, f
apertured film nade on an aﬁg'éhl ifrg‘l“'ﬁw s!ﬁgg‘%é"fwggsgp?qsm '@Fﬂ?‘ﬁd

(shown in FIG 7C)adinviuditig awd| vdéutim 8tonB{610mbiritsiesn framé FAl BabH Griod \6Vias

dianeter of 20 mls, and a second orifice _strip, downstreamof the fi

strip,

v Yetion slatwhich haviansureof 3001 asgmnd thedrum. Twentyair knives

plurality of orifigearejidsitiohed outwardly of &eh Vacuady @rum 61 @bk Rhiva 63 |

FIG 25 is a graph depicting aperture size distributionin a

sanpl e of ap@rt ur cEPETRE 8 Asemaparaucehenyesn 150°ABAHF

FIG 26 i hafl Sk Reived162 ' 5D6it 7,000/¥tin Per i
S 8,97 PNtk BeiveDE? [sYebded aBbuCHARAol B6R 7, 000N TR lincar

the spacing of the o

10

15

25

ces conprising the ori'
foot of apertured film width. The pressure drop caused by the vacuum in

drums 61 is about 2 inches of water measured across the film. The dried
film 63 emerges from drying section 60 at the left-hand side thereof and
passes to slitter/rewinder section 70.

Referring now to FIG. 6, the film 63 from the drying section
enters the slitter/rewinder station 70 at the right hand side thereof. A slitter
71, consisting of spaced score cut type slitting knives, cuts the dried
apertured film to the desired width. The dried and slit apertured film then
passes to a surfactant applicator 72, where a suitable surfactant, e.g., Tween
20, is applied to the film by kiss-coating. The surfactant is preferably
provided in an aqueous solution consisting of about 48.8 + 1.5 percent
surfactant. In an exemplary embodiment of the invention, the surfactant
roller coating speed is 15 + 3 inches per minute. Preferably, the surfactant
is applied to the male side of the film. The above-mentioned parameters
result in a surfactant solution add-on of 0.25 mg/in? + 0.07.

Referring to FIGS. 7A-7E, the columnar jets of water are
discharged from one or more orifice strips having a plurality of orifices.
Preferably, the orifices are formed by drilling a precursor metallic strip to
form cylindrical holes. However, it is anticipated that holes of various
shapes may be used.

faving a plurality of orifices, all ofpcrisoensighi ces

a

said orifice
FIG 24 is a

a 10
rst

S,

Hieicambined ajin flow for 15



Deccription O The Preferred Enbodi nents Wil e the
present invention is susceptible of enbodinent in 20 various forns,

there is sho%' ol pe drawi ngs and will hereinafter be PCT/US961379ESTT | bed
presently pre 2718U° enbodi ments, with the understanding that the

present disclosure is to be consi'dered as an exenplification of the

I nventi on, and is not intended to limt the invention to the
speci fic enbodi ments il lustrated,

Referring nowto the drawings, FIG 1 is a schematic, side
el evational view of one enbodi nent of a production line that may be

utilized to producgi@pPeA ishéwsard bﬁﬁ&éﬁbmf&f&m&ﬁ@/wwkm
t eachi ngs of the present 97/ 090

PCT/ US96/ 13796 of water each having a relatively small cross-section to form micro-holes-in _

brocoeds RO Hhesnddf 82k RS Ve diit EFRRS LG |

~ production |ine hainch), and are sphcede.Oﬁﬁpmh aparhit il'btasmmfom Smp maﬂ%hlgfrgmm i on
2t0at ?gnagg,r tyi ng é‘ﬁﬁ'l on mﬁmcﬂdl‘?fm %Swt ering station 50, a drying
FIGS 7B-7E show orifice strips for producing columnar jets of
water, each having a relatively large cross section, to form large sized holes
in the film. FIG. 7B shows an orifice strip having two rows 84, 86 of
orifices 84°, 86’ that are spaced apart on opposite sides of a center tangent

10 line. The orifices in each row have a diameter of 15 mils (.015 inch), and
are spaced .022 inch apart, center-to-center. The spacing of the orifices in
the top row is offset from the spacing of the orifices in the bottom row by
.011 inch. The strip contains 90.9 orifices per inch.

FIG. 7C shows an orifice strip having two rows 88, 90 of

15 orifices 88", 90° that are spaced apart on opposite sides of a center tangent
line. The orifices in each row have a diameter of 20 mils (.020 inch), and
are spaced .032 inch apart. The spacing of the orifices in the top row is
offset from the spacing of the orifices in the bottom row by .016 inch. The
strip contains 62.5 orifices per inch.

20 FIG.7Dshowsanonﬁcesmphavmgmorows92 94 of
orifices 92°, 94’ that are spaced apart on opposite sides of a center tangent
line. The orifices in each row have a diameter of 25 mils (.025 inch), and
are spaced .038 inch apart. The spacing of the orifices in the top row is
offset from the spacing of the orifices in the bottom row by .019 inch. The

25 strip contains 52.6 orifices per inch.

FIG. 7E shows an orifice strip for delivering columnar jets of

water each having a relatively large cross-section for forming large sized



5 surfactant application station 70. As shown
in FIG 2 in the filmunw nding station, two rolls 31 of starting
filmmaterialwg3u@b mounted for rotation on frame F. The PEFURIEN3796
fromrolls 31 is fed over guide rollers and into festoon 32 which has an
automatic (closed | oop) tension control system Film 33, under suitable 10
tension, e.g., between 0.1 to 1 pound per linear inch, energes fromfestoon
32, and proceeds to the aperturing station WD Wi | e
many different starting filmmaterials are suitable for use in the

present invention, one of the preferred materials is a paolyethylene film
commerci al |y avai | halesdnifilmm Thexasifices,eachhave M%rﬂf@c@g l%é‘singﬁﬂdthn 15

EMB-631. This fil ng,SeddogiTineise téMi?lE ' of

The pol yet hyl ene rc@rrponé(rilt consi §slgtns 0 g‘_‘ﬁl’enﬁ %)?%%%%3&%#8&6%5\%@

densi ty pol yet hyl ef issitatgle forfprmiog dilm ih iapensdante with dhes presenp invension, hssne .
The filmhas 6.5% ' 'I%'Ehaﬂ'i l: O ek gy : The
starting filmis eﬁybo(%@%%%s;s a d#g%ngr'l%%% e;"r? %Pref%lglyzpéeferred forl“lsﬁes per
inch to provisde oninmombinatien withione of mmors orifidecstripschaving-relatively smalk orifices,

a plurality of di SPOT}ti ngoug 'obséri\ég(ghﬁsgrotrusi ons separated by a

cont i nuous, or IprRaapR Fnﬁ'écé?'é ed pattern. The other side of the
enbossed starting film The small ofifices {sket FIGATA) preférabipbavesa diamefens a

plurality of observapl GUpRed ,recesses : rated. by a

conti nuous, i nt ercﬁ?fﬁéi?@ﬁﬂr Pﬁ"dﬂ?’eﬂﬁcﬁﬁ?‘ﬂgﬁeﬁ%ﬁw@lﬁg‘“‘ in the
femal e side of thediameir greater thah Q9Gils i ve registration with the

protrusions on the male side of the film_ The start'! nﬁ filmis

electrostati¥ally paratug for making, apsrmured; fims of the Bresent rent on one
side, preferably t{ResidhSs described in detail in co-pending patent application Serial No.

08/417,404. The apparats for making the film of the present invention
contains certain additional features, including a second set of orifice strips as
discussed above with reference to FIGS. 7B-7E. The pressure of the water
15 delivered to the small orifices is generally greater than 500 psig, preferably
on the order of 500-1600 psig or higher. The pressure of water delivered to
the large orifices is generally less than 500 psig, preferably on the order of
125-200 psig.
In a preferred embodiment, the aperturing equipment consists
20 of a honeycomb type support drum, a three dimensional forming member,
several water jet manifolds, and corresponding suction slots arranged
interiorly of and sequentially along a section of the circumference of the
drum. The forming member is an engraved sleeve, as shown in FIGS. 8-10,
which is mounted onto the honeycomb support drum. The suction slots are
25 mounted within the drum and they are lined up with the water jet manifolds
located outside the drum. Each water jet manifold contains a metallic strip
having a plurality of orifices. For a given manifold, the orifice size remains
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side. The fil m has an ultimate tensile strength of 1750 k339d he

machi ne WOIMIYR - oct i on (with 500% el ongation at break), and 1300 grams
In the cross direction (wth 650% el ongation at break). as
determ ned usi ng ASTM t est D-882. S The
process for making the filmof the invent+®-my be either bat ch

or continuous, generally simlar to the batch and conti nuous processes
di scl osed in co-pending Serial No. 08/417,404. The preferred enbodi nent is
a continuous appaecastant theoughont ihestripli Tk distaice betwieen the orifice strip and the .

Wth reference to 1

shown entering apgg{aurl ngters@g{‘b 1%8 §8%?¥weggg§h%ae&%%of
Aperturing stati anaxﬁbldmarletpd&:mkeﬁb -myxpautwmenrm:dlpmxﬂ-md ot at ably
nmounted on a franme F1. ng Bﬁrﬁ 41 ﬁa@ ﬁﬁ{ee d| |o.nah‘H§)ackm&%

form ng nenber, RUEL PHB. afFTmh roé'i te

peri pheral surfacabsﬁﬂumyvmma:%mﬁjuufmm of the 2bRnnsd B avae] e@n frame

15 Fl and- four suctl | Ot'S or- each mani f.ol d a provi ded
interiorly %ﬁéﬂ’o r'gﬁw{‘fnéé"?%n “’ﬂgr‘é‘? ﬂﬁé’f’%?{&scri bed

in detail. The Sué‘dgk'ﬂ%dsleeve thereb§ cRisingahé filiRk 46 stedclybrid upndkcd Bitsla UM and are
aligned with the water mani fol ds | ocated outside of the drum

Each water jet nemphp 19%8?115?’8’3%’?“‘“ The pregsurs and-temperapire pEthe; naf er

soneti nes ref err egafep sapplitd wédch niaRifSil 'thdy b 'Rpard@lyPregillated. ThelPrétesy | Ly Of
orifices having predeterm ned size and spaci ng. Specific exanpl es

of such orilffi ce sl’ﬂﬂ@&"&r@"@é@%ed in nore detail hereinafter. A
given manifold 42 may CO”pan?@Sﬁé@&U}Fds%ﬁ @figgpce strips. The orifice size

Water Temperature: 155° - 165° F.
Maximum Number of Manifolds Used: 3
Distance between Manifold Strip and Surface of Sleeve: 0.50"-
15. 1*
Low Pressure Manifold:
Number of Manifolds: 1
Orifice Size Range (inch): 0.0145 to 0.030
Pressure (psig): 150 + 25
20 Water Flow: 8.0 £ 2.0 gallons per minute per inch of orifice
strip (gpm/in)
Suction Slot Vacuum (inch of Hg): S. 0 4+ 20(¢17 + 10.2
kPa)
High Pressure Manifold:
25 Number of Manifolds: Maximum of 2
Orifice Size Range (inch): 0.005 to 0.007
Pressure (psig): 1,150 + 350



preferably remains constant for each strip. However, the orifice size may
vary on a given strip. The distance between the |ower surface of the
orifice 25 wo9Bisp and the outer surface of the backi ngcwpsdsasmeof” t he

aperturing drumis preferably in the range of between 0.50 to 1.0
i nches. WO 97/ 09018

PCT/ US96/ 13796 - 14 -

Hot wat er under pressure is punped to the melfi-fol ds 42, and t he

pressurized water exits through the plurality of orlflces in the orifice

strip in the form The, water ressure in
each manifold 42 O‘& %&'paﬁgtzﬁl%ﬁéﬁm brPeI hch of pgifice | m 33

is trained over a guide 5 smp roller 43, and then over the outer
peri phery of the three di rre er _nount ed over the

na rmng.
support drum 41. The col urm #—J h&%"fﬂﬂ $'% 3633|7t=kn@3h&)0r| fice

strips inpinge on the film aqgnifoR to defl ect

downwardly into the recessed_regl ons 0 “backi n& menber nounted on the
support drum?thereby causi @%Mﬂ%ﬂ'&fﬁ@!@fﬂ rand their associated orifice] 0

from " Y Coper Py ool bb ks R varely of RAEIREE IR 1b bR 0O
passes to dewat eri Gentinuous wravel of the film on the drum. Any of the fcllowxng five
sequences may be used to aperture the film: )
1. Low Pressure, High Pressure
Low Pressure, High Pressure, High Pressure
High Pressure, Low Pressure
High Pressure, Low Pressure, High Pressure
High Pressure, High Pressure, Low Pressure
RefemnngIGs 8-10, the forming member is a three
15 dimensional surface having a plurality of radially extending support elements
that rise from the base of the forming or backing member. These elements
are substantially similar to the corresponding elements disclosed in co-
pending patent application Serial No. 08/417,404.
FIG. 8 is an exploded perspective view of starting film 100
20 supported on backing member 102. The starting film may be either
embossed or unembossed. Alternatively, a portion 104 of starting film 100
comprises embossments 106, and unembossed regions 108 as shown in the
upper portion of FIG. 8.
Backing member 102 comprises a base portion 110 having an
25 upper surface 110a and a lower surface 110b. Backing member 102 further
. comprises a plurality of apertures 112 running through the thickness of base
110 from upper surface 110a to lower surface 110b. As will be seen

10

wor W



section 50. As is showmn in FIG 4, in the dewatering
section 50, two dewatering druns 51 are nounted for rotation on
frame F3. Dr% dgav_e 15 a honeyconb _configuration,fpqusﬁﬁg.}gsdr-um has
two vacuum sl Sssoci at ed t herewi t h, capabl e of draw ng vacuum
up to 7 inches Hg. Twelve air knives 52 are provided, six air

kni ves bei ng provided for each drum51. The suction slots

associ ated with the dewatering drunms 51 are20oecated internally of

the drunms, whereas air knives 52 are |ocated outside of the drunms 51. 20
Excess water is renoved fromthe agerturegl filmby the inpingenment of high
velocity air from heseinaftersspesieeshl2ane prayided ito allow forremoval oof wates duing i n

druns 51. 4Al E'Mf'es Il t L ange _
bet ween about 150[%”'_5{3 ° i 1§0| err|%@£glmgl r oi/vlﬁtaﬁr o@gh t he

twel ve air kni ves mémber 1§3talsocincludes & plurality of radinlip®stending: support 2leg@tsc ubi c

dovat ored 111 m 55 Wiy THERE pyitis lemRE el o tepd 1 18 cointing Wil pulit

| eft-hand si de t heofampper surficedi@eef portiom ¢10iand  pais of angled side walls 118, 120

- 97/ 09018

bCT/ US96/ 13796 (Destseen in FIGS. 9 and 10). Side walls 118, 120 extend outwardly from _

base 116 to meet at a land portion or ridge 122. Support elements 114 are
aligned in parallel and spaced equidistantly from one another. They may run
either parallel to, perpendicular to, or at any angle to the sides of the backing

10 member. As shown in FIGS. 8 and 9, these support elements 114, when
viewed in plan, are generally sinusoidal-like or wavy in configuration. It will
be understood that the support elements may be provided in other
configurations, e.g., straight-line, zig-zag and the like. A detailed
description of the forming member is disclosed in co-pending patent

15 application Serial No. 08/417,404. '

Referring to FIGS. 11A-D, the progression of the drawing of
the starting film 124 to form apertures in accordance with the teachings of
the present invention are shown. Referring to FIG. 11A, the starting film
124 is initially laid on the Backing member. Referring to FIG. 11B, the film

20 124 deforms in response to the application of columnar jets of water and is
drawn (i.e., stretched) downwardly and partially into the space between
support elements. Referring to FIG. 11C, as the film 124 is drawn, it
becomes thinner. Referring to FIG. 11D, as the film is further drawn and
becomes thinner, it begins to break apart and form holes 126. This process

25 is further described in co-pending patent application Serial No. 08/417,404,
wherein the formation of micro-holes surrounded by micro-strips of film
material, or fibrils, is described.



Wth reference to FIG S5, the air drying station 60 is illustrated

as including two vacuum drums 61 mounted on frame F4. Each drum 61 has

a suction sl otwponmorsh has an arc of 300[err] around the dr”ﬂ{“s‘ﬂﬁéﬁ?y air
kni ves 62 are positioned outwardly of each vacuum drum 61 and the
air knives 62 5 operate at a tenperature between 150[err]-180[err]F.
The conbined air flow for al | fort')zla'ir kni ves 62 i s between about
5,000 to about 7,000 cfm per I|inear foot of apertured filmw dth.

The pressure drop caused by fhe vacuum runs 61 js gbouyt 2
i nches of water neasured acr l‘ﬁ?@“cﬂ“i'@ﬁi% memi)qr ﬁmofﬂ@
energes from dryi ngf gRirésefit ﬁoeﬁbnﬁ'@:phﬂeﬂ daNgs give sighificait diniénsioddlity

passes to slitter/rew nder section Referrl ng

now to FIG 6, theilthezdizection em&;mw&@msoﬂhﬂmmers t he

slitter/rew nder Shﬁéiﬂeﬁﬂrﬁ@ﬁlﬂ) EdthlasSOfE fhelp26¢esf In
71, consisting of spaced score cut type srlttl ng kni'ves, cuts thg[o?:lrgfted
apertured filfmto pmeguw@smdnﬁwzﬂmecammama@mhab@nmw | mt hen

15 passes to ggﬁn&ﬁg s/ e fﬂﬁfégm ant ,
e.g., Tween eﬂl ppﬁ%P to ?ﬂe %‘arﬂﬁ@@ﬁ ﬁisog%g at’ing
surfactant is prefmmhlbeylmts mecmcﬂmcmuemmnmmwmmymmd

consi sting of abou . . t. In an
exenpl ary enbodi ne?ﬂuégep%g %\%}1@4 gﬁ&&ﬁ% %gﬁdgg{sﬂtWﬂ. roller
coating speed is 15 [err] 3 Innhhfilmspehsorbentiproduds aﬂdamnﬂans disdlosed hereing t ant

parameters 167" B el ind ok oRiyAF 1 it o s R Sl e g™

mg/in[err] 0.07. include large sized holes only. It m%imlm&@nﬁrﬁlei&e?&mﬂhe
columar jets of water fromone or npore &Eifice

strips having a pl 8 X/g’S?“ e pﬁwg&épfﬁmm inSpSpERse 0  apPURHOR 8f £ i ces
are formed by dril koRgnar wmmrcompﬁbm%smrtmﬁz& of the ori

Y apee ool e ooy dieused tbove: 1t & balived it e targe sized ioles, lso forined Hom
15 the drawing of film material, are formed primarily in response to application
of the columnar jets of water coming from the larger orifices, rather than the
smaller orifices, of the orifice strip discussed above.
The resulting apertured film has a combination of large sized
holes or apertures having average EHD's of from about 7 mils to about 30
- 20 mils, and small sized apertures or holes, sometimes referred to as micro-sized
holes, having average EHD's of from about 1 mil to about 7 mils. Such
apertured films have an open area in the range of from about 3% to about
13%. It has been found that using orifice strips having orifices whose
diameters range from about 10 to 25 mils results in the formation of
25 apertures in the film having an average EHD of about 7 mils to about 17
mils. The fibrils surrounding and defining the micro-holes and the large
sized holes are described in detail in co-pending patent application Serial No.
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FIG 7A showsygwipsuigfice strip 80 for delivering col umar piRisveares

wat er each having a relatively small

of

cross-section to formmcro-holes in

the film The orifices 82 in the manifold have a dianeter of 5 mls (.005
i nch), and are spaced .020 inch apart. Thi gzmanifold strip is avail able

fromb5 t he Ni ppon Nozzle Co., of Kob

“Japan.

FIGS. 7B-7E show orifice strips for producing columar jets of

wat er, each havi
hol es _ i
84, 86 of

si zed

A7 g THE el 9\l T seBiavet O BT 00100 T o

cm)otoi about8.054hch @6127tcm); widihs angiag droad about OO RRAS t €

sides of a centergit ent_ 1 [ ne orifices in each row have a
di aneter. of 15 m@@?%ﬂ%ﬂﬁoo%ﬂ“h (JB& cm); and thisknesses ranging fiem apart

cent er - t 0- cent er . sb6BED.9002S ix¢h¥0.006'6mY 6 §BoREH.002 inch (0.005 cxh'e LOP row is

of fset from. he

imch. The stri p

. ft i f t he bott
saam nﬁ !09‘(},@&&? irl#'ilhgi ﬁ'@gwiq,éwu?bipfﬁwnro(%vx\;ﬁcr%-holes and

. 011

FIG 7C shows an iargefsised lés OF dhuperttred Win'miite i Secofhndd widl the invaliibh.'
88', 90' that are_spaced gpart on opposite sides of a center tangen

line. The orificeBhotographsinBIGiShA%E. B show/lasge sizest holes of ansagerond filmch) ,  and

10

15

25

made in accordance with the invention.

The combination of large sized holes and micro-holes of the
dimensions discussed above yield an improvement in the clean and dry
properties of the film when used as a topsheet for a sanitary napkin. The
resulting open area is in the range of 3 10 13%. Inthepﬁoranﬁlmhaving
micro-holes only (see co-pending application Serial No. 08/417,404), when §
mil diameter columnar jets of water are used, the resulting apertured film has
micro-holes with an average EHD of 3 mils, and has.an open area of about
3%. The increased aperture size and open area in an apertured film having
large sized holes in combination with micro-holes in accordance with the
invention provides an improved level of aperture size and open area so as to
strike an advantageous balance: large enough apertures to rapidly accept a
flow of menstrual fluid and to allow it to pass through to the napkin's
absorbent core, but small enough to mask the stain on the absorbent pad to
give the consumer the perception of cleanliness. Thus, the absorbent
products of the present invention made with the apertured films of the present
invention have much improved clean and dry properties.

In a preferred embodiment of the invention, the starting film is
apertured by large diameter, low pressure columnar water jets and small
diameter, high pressure columnar water jets. This combination of jets at both

-



are spaced .032 inch apart. The spacing of the orifices in the top rowis
of fset fromthe spacing of the orifices in the bottomrow by .016 inch. The
strip contai nswodzbsomy i fi ces per inch. 20 PCT/USI6{139%6 7D
shows an orifice strip having two rows 92. 94 of orifices 92",

94' that are spaced apart on opposite sides ; a center tangent

line. The orifices in each row have a dianeté&’~of 25 mls (.025 inch), and
are spaced .038 inch apart. The spacing of the orifices in the top rowis

of fset fromthe spagi the orifiges i.n the Qhott ro . 019 pnch. The
25 strip cont &zﬁ%@ .%WB@%P’WCWRN”%& gre\ﬂ‘erpcnmhm
FIG 7E shows an or Eirhsemade widp sthatl didfiieter highpitesttrieljemn along £ Filmsmade by this
wat er each having a relatively |arge ross-sectiontjor fqQrm n%dlhalra&ee si zed

WO 97/ 09018 embodiment also a softer to the user than films made only

PCT/ US96/ 13796 diameter, low pressure jets. - 17 -
holes in film_The orifices. h have a dianeter of 0.025 inches, and are
spaced 0.083 ithches, center-t c&?ﬂse’r!?b%ﬂ?mﬂﬂﬁf‘bﬁéwﬁﬂﬂ_ﬁp’sm in
FIG _ 7E i S pfoebds T6¥ ﬁo&wm{%w apkrnifed msmdgf&&uwehﬁéﬂzem
present invention, ‘use - of orifice strips such as shown in FIG

7B-7D i s present|y [irdsep ik thefpspcessis to position a piece ofthin, stretchabla film ofie or
more orifice strips guanbdidnt phiffe Flaterfal'Bh & b3tkidd GEsupport member (Box 1).
The support member with the stretchable film thereon is passed under high
10 pressure fluid ejecting nozzles (Box 2). The preferred fluid is water. The
water is transported away from the support member, preferably using a
vacuum (Box 3). The film is de-watered, suction being preferred for this
purpose (Box 4). The de-watered apertured film is removed from the support
member (Box 5). Residual water is removed from the apertured film, e.g.,
15 by applying a stream of air thereto (Box 6). Surfactant is next applied to the
apertured film (Box 7). The apertured film is then rolled up to await use as
is or as a structural component of another product such as a sanitary napkin,
disposable diaper or wound dressing (Box 8).
Referring to FIGS. 20 and 21, there is shown a sanitary napkin
20 130 comprising an absorbent core 132 of wood pulp fibers, a thin, fluid-
impermeable barrier film 134 and a covering material 136 which may be any
of the apertured films of the invention. Preferably, the covering film
material has the structure shown and described herein. Barrier film 134,
which may comprise, e.g., a thin film of polyethylene, contacts the lower
25 surface of absorbent core 132 and runs part way up the longitudinal sides of
the absorbent core. Covering material 136 has a length somewhat longer
than the length of the absorbent core and is wrapped around the absorbent



for formation of mcro-sized holes. The smal |
orifices (see FIG 7A) preferably have a di aneter under 10 mls.

The | arger onwbbhsbis(see FIGS. 7B-7E) preferably have a pcrusesns®s anet er
greater than 10 mls. 10 An apparatus for making
apertured films of the present I nvention is described in detail in
co- pendi ng patent application Serial No. 08/ 417, 404. The appar at us
for making the filmof the present inventio contains certain
additional features, including a second set of orifice strips as

di scussed above wéop?ﬁg‘?ﬁg ﬁkﬁmiﬂﬁf ﬁ@l&f ?Sgéotmﬁ wat er 15

delivered to the es I's general 'y greater
preferably covenmateriabard @veridpp&d andieolod togethenon meglnw s qfrth% sure

of water delivered t |l a QL 1L f r ess than 50
psig, preferably P ?We“'mgf‘%?"&" W&e%ﬁﬁtgﬁgﬂ&?ﬂé&eﬂ

lhn a prﬁ{)e: ed enbodamﬁﬂémhbﬂmmﬁbnmg@mlmﬂm ofﬁdnsnmtasyﬁpkm As of a
oneyco ype suppor ree I Mensi rmn

several wate® j et ﬁﬁﬁ?d%%éﬁé ﬁﬂﬁg%ﬁt%’%"@?@?@"‘ {?efﬂrged
interiorly of and gmeHRg eaédphn&bmlﬂemnﬂafmiuké‘re Adhesiveri4z 8nce of the
drum The form ng nenber is an engraved sl eeve, as, shown in FIGS. 8-10,

whi ch is mounted OPROBCIAPIINS IR pseohia eemayable reledse stipl#ds o i on slots are 25
mounted within the drumand they are lined up with the water jet nmanifolds
| ocated outside the drum Each water jet manifold contains a netallic strip
having a plurality of orifices. For a giEXAMBREX ol d, the orifice size

remains  yg In one embodiment of the apertured film in accordance with the

invention, the starting material is an embossed film supplied by Exxon
Chemical under the designation EMB-631, and having a thickness of 0.95
mils. This film is corona discharge treated on its male side. The film is
placed on the forming member shown in FIGS. 8-10 which is mounted on a

15 support drum as described in co-pending applications Serial Nos. 08/417.404
and 08/417,408 to Turi et al. with the corona-treated male side of the film
facing away from the forming member. Two manifolds for directing
columnar streams of water at the film were used. The first, or upstream,
manifold has the orifice configuration shown in FIG. 7D of the drawings,

20 i.e., there are two offset rows 92, 94 of orifices 92°, 94°, each of the orifices
having a diameter of 0.025 inches. The orifices are spaced a distance of
0.038 inches center-to-center to provide a total of 52.6 holes per inch. The
second, or downstream, manifold has the orifice configuration shown in FIG.
7A of the drawings, i.e., there is a single row of orifices each having a

25 diameter of 0.005 inches. These orifices are spaced 0.020 inches on a
center-to-center basis. There is a total of 50 such orifices per inch. Water
having a temperature of 165°F is supplied at a pressure of 165 psig to the
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const ant t hr owglymdard he strip. The di stance between the orRCIUSESBT¥| p and
the surface of the engraved sleeve is preferably between 0.50 to 1
i nch. The mani f ol ds are pressurized by punping in heated water. The
pressuri zed wat er exits through the2Series of orifices in the
orifice strip, thus creating 5 substantially columar water jets. The
energy of the columar hot water jets inpinging on the film causes

the fil mto contoufirstananifeld, aad atia pressire) of 1400 psig to the secondymanifold s |'They e

t hereby causing th s |

multiplicity of i r?igg‘u'+ E&&gﬁl %ﬁ%ﬁ%g%e rdghgﬁgbﬁtgﬁrpwur% t he
wat er supplied to emﬂmmﬁulmmmummméowmm TheBlmiocess 10

ggrgggters are as fOH%‘WmWWMLﬁQ 4%@ %wﬁ%ﬁrds/mﬁn)

lva,>r<]| ][TUPngnbes of dMgm}i il FIG. Lssgrouéivm g drying, the male slde of the filmDiskissrvatedet ween
Mehi f o tri an r ee\v,
Low Pressure IIC\)/taml f 2 8 sonition of Tweei 30 i ""Nﬁ FPO%F"IB‘FC’%%M”

Oifice Size Range xﬁsglﬁﬁhbubﬁqﬂﬂlﬂ%ﬂlﬁg Bf 6 #ilm effects transfer of the surfactant Pr essure
(psig): 150 [err]

Wat er Fl ow. 8 0 2.0
gal | ons per ni nut e Spltion from the coronaqireased male side to the fezaale sde. kﬁsi l‘F
(Zg(F))m( | 2)7 lerr] 10, 2sm'fav.:tant solution uftiratelyP Brics!, ﬁie ﬁ(ﬁ%@mﬁﬂfa@w 0 [err]
' 1& (including all surfaces of the film) of o 12 mg/in>. The resulting apertured

film has an air permeability of approximately 325 cubic feet per minute per
square foot (cfm/fi2) at a pressure differential (AP) of 0.5 inches of water.
The film has a measured open area of 6.24% and an average ECD of 10-11
mils. ECD (Equivalent Circular Diameter) is a calculated aperture diameter

15 that is based on a measurement of the area of the aperture. The area is

‘ measured using the disclosed hardware and software for measuring EHD in
co-pending patent application Serial No. 08/417,404. The formula for ECD
is ECD = -'L%-‘- » Where A is the measured area of an aperture. There is an

average of 500 apertures per square inch. The bulk thickness is 14.5 mils.

20
EXAMPLE 2
Another embodiment of the apertured film of the invention was
made using the samé starting film and forming member as used in Example
1. The line speed was 50 yds/min. Two manifolds for directing columnar
25 streams of water at the film were used. The first, or upstream, manifold has

the orifice configuration shown in FIG. 7C of the drawings, i.e., there are
two offset rows 88, 90 of orifices 88°, .90, each of the orifices having a



H gh Pressure Manifold: 25 Number of Manifol ds: Maxi num

of 2 Oifice Size Range (inch): 0.005 to 0.007
Pressure (pSweerosdisl50 [err] 350 WD 97/ 09018 PCT/US96/13796 -
RCT/ US96/ 13796 - 19-

Water Flow. 0.9 0.22 gallons per mnute per inch of orifice

strip Suction Sl ot-2&euum (inch of Hg): 5 [err] 3
(-17 [err] 10.2 kPa) Mani f ol d Usage Sequence: S

The pressurized water jet nanifolds and their associated orifice
strips can be ar rdiameser ¢fi0.029 inches; yThef orifices arecspscedai distance ofd).032:inchesect i on

of cont img&_é&?&e‘%g%vg&e{?@lom% ﬁolfé ‘%é%ﬁh[ ﬁ]ﬁ‘ M@&,f ol | owi ng

five sequences nay aperrure t
1. Low Pr essurdownsiream, nanifold hasithe orifice configuration shown i FIG. 7i0of the essur e,
EggthrP(ragzﬁtrj(rae, H &ngrgsesiseuf there is a single row of orifices each gﬂving a dlathe PE)FSSW ©
S 0.005 inches. These orifices are spaced 0.020 inches on a center-to-center
basis. There is a total of 50 such orifices per inch. Water having a
temperature of 160° F. is supplied at a pressure of 150 psig to the first
manifold, and at a pressure of 1500 psig to the second manifold. The drum
had a vacuum of 6 inches of Hg (-20.4 kPa).
10 In the dewatering section, there were six dewatering knives,
and a vacuum of 4" of Hg. The air temperature for the first set of air knives
was 180° F. The air temperature for the second set of air knives was 120°
F. There were two film drying cylinders and each cylinder had five heated
air knives. The hot air temperature for the knives was 150° F., and the
15 vacuum was less than 1" of water.
The apertured film produced according to Example 2 was
analyzed by microscopy. Open area, hole size distribution and total features
{number of holes) were measured by image analysis techniques, with the

following results:
20
Open Area st. EH.D.* ECD Apervure
{mean) Dev. (mean) {mean) St. Dev, Count
6.19% 68 7.61 mils 10.8Smils | 1047 | 858/sq.in.
mils -
25 * EHD is measured as discussed in co-pending patent

application Serial No. 08/417,404, which is incorporated
by reference.



4. Hi gh Pressure, Low Pressure, H gh Pressure 5.
Hi gh Pressure, High Pressure, Low Pressure eferring
to FIGS. 8- 1Gyobieteor mi ng nenber is a three 15 di nensi onﬁFr'gfuwf“ggg havi ng
a plurality of radially extending support el enents that rise from
t he base of the form ng or backing nenber. ?ese el enent s are
substantially simlar to the corresponding &l ements disclosed in co-

pending patent application Serial No. 08/417 404.

FIG 8 is an expl oded pers %gﬁ lu?%gl]ﬂ E?enmems
supported on backi ng rrenber %S |ng g"f?g e elt

enbossed or unenbdcwmdhhwatMmTablpdﬁtlon 104 of starting film 100
conpri ses enbossnents 106, and unenbossed regi ons 108 as shown in the

upper portion of FIG 8. Backlng menber 102 conpri ses
a base portion 110 having an 2§ arasteristics i BHpsnd a | ower

surface 110b. Bacldng- n:be-r._.’l..ﬁ..’z_f.l.u'.t.h.ef » : J"tes—a_p.l-ua.l.l.t.‘y of
apertures 118 runii ogfice h corifee t)hNuinber OKR®AS jOflnth:Ro® Spacing | Numbet Of Orifios) Jupper
surface 110a to | qwetipsuf f §ise 1100f Oifficesibiet | |heBesesemOrifices ROSETPODON
PCT/ US96/ 13796 1D (inches) Orifice Strip (centes-to-center, in.) Of Ogifics Strip
a 0.005 ! 0.020 50
b 0.010 2 0.01s 133
10 c 0.01S 2 0.022 90.9
d 0.020 2 0.032 62.5
e 0.025 2 0.038 52.6
f 0.025 1 0.083 12
1s Experi ion With Batch F ion. Of Fil

The batch film aperturing apparatus used in the experiments
reported in Table 2 below was similar to that shown in FIG. 3 of the
drawings. However, only one water manifold 42 was used, and only one of
the available vacuum slots was used. Each of the orifice strips labeled “b"

20 through "f" in Table 1 was in turn mounted in the single water jet manifold
and used to make one or more apertured films as shown in Table 2. The
starting film and forming member were the same as those used in Example 1.

A piece of starting film was mounted to the outer surface of the
forming member by a series of pins projecting from the forming member.

25 The honeycomb support drum was rotated so that the mounted film was out
of line with the single orifice strip. Vacuum was applied to the inside of the
honeycomb support drum. Heated, pressurized water was supplied to the
manifold. The honeycomb support drum motor was rotated to pass the
starting film once under the orifice strip. The resultant film was removed



herei nafter,
during

i nvention. Backi

n
radi al | y- ext\é’ﬁé?’l’?g

menber
YW upport el enents

apertures 112 are provided to allow for
the manufacture of apertured filmaccording to the
102 al so includes a pl picahussenimé

r enoval

of water

114. These support el enents

conprise a base 116 coinciding with the plane 5
of portion 110 and a pair of angled side

in FIGS. 9 and 10).

Side walls 118, 120 eX

of upper surface 110a
lls 118, 120

nd outwardly from

(best seen
base

116 to neet at a land portion or ridge 122. Support el enents 114 are

aligned in parall may run
ei ther paral el tofﬁb%?ri%en [ F'emmd at any angma&?he SI d%g&éf t he
backi ng 10 ﬁmmnwummmm@mammgnmu@wmport el ement s
114, when viewed in plan, are generally sinusoidal-like or wavy in
configuration. It wll be understood that the support el ements may
be provided in other e 2 B Ting ghsht -1ine, zig-zag

and the lLike. A I RS
di scl osed i 18 co- pat en : applicatijon Seri
Referring to Fl 11A{D, t h prograssionlof'the dr awi ng
starting film12 rm apqrtyres I g acgordanc L.t h th
t he present inve r@n&m eﬂﬂfnj Vel % t
124 is initjgl ly | aixg ¢n e |bagky n§ PENOEraawmeh qr e 4o
film 20 124 0eToqmE 1T N jr ecponge L0 fNne _appifl caLy O
of water and is 15 J%&—&GMM
into the space befwden] b S¥upporisd el enwht s.{ RAer 1fi
t he filnt124_is d awn, ttb 1000 eqapesthbnn r.éﬁpferﬁhng to,ﬁIG. 11D
as the filmis fupttrertoramrtand veTon Tt gtTs (0}
break apart and fm_h%l e€ 146, 280 4 dfbcéss 95 150 i d 2% 1her IHbscdi bed
in co-pendi gg patnts appl iccat]i omoeSedi ako Np. @B/ 417, 464, 8.7 wdher ¢in
the formati on of [ CJyO{NOIEsS |SUT, %ﬂ‘g:gx“nt T O-[ST LL-DS |0 Ty m
material, or fibr léil ‘s~453“°..4§eu7 i & i M2
7 c 850 160 0 150 115 L7
s d 160 160 60 150 15 1.1
9 ] 250 160 60 150 8.1 12.1
20 10 d 350 160 60 150 9.4 M7
1 d 550 160 60 150 13.2 13.7
12 e 150 160 " 60 150 20 10.1
n e 240 160 LY 150 7.4 14.9
1 e 375 160 60 150 12.8 172
25 142 f 150 160 60 150 3.5 13.0(1)
14b f 200 160 60 150 5.7 12.8(D)
e f 250 160 60 150 6.0 11.5 (1)
* vacuum value is inches of water below atmospheric
30 pressure.
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Due to the veryhehdeed! €MENts on the formi ng nmenber, the fiPOT/wSIN3T96 ~ Of

t he present invention is expanded (i.e., is given significant

di mensionality in the z-direction relative to the origina

t hi ckness of the precursor unapertuped film immediately as it
conmes off the process. In sone prior art 5 © processes, expansion in
the z-direction nust be acconplished in a separate enbossi ng step

(see for exanple, U S. Patents -Oﬂnmmm%ﬁ%ﬂwﬁ%dacmrdmgtothéODSbeet
limts the contact between the wearer, and the absorhent |ayer and

t hus enhances the feeling of dryﬁmﬁsﬁlﬁ?&dﬂl“?m! application Sexial No.

In the filnms, absorbent products ggne 7ol MW%QYM t he
holes'in the filminclude both micro-holes and | arge sized holes, or may
i ncl ude | arge sized hol es orfl}y = s bel i eved that the  mcro-holes are

formed primrily frﬁgw&gﬁwﬂgfa tea®i €rial in response to
application o? col umar ts of water comng fromthe smaller
orifices of the orifice stri® asingothe flvid; pressureowith as orifice steip obaed t hat

?rgfelrfiglg? er ée?o?ﬁ;gsbrflngsi T;r %esponséﬁpo é’B"‘f‘f}g%?urgw ng of Tl (Tf t he
columar jets of water com n® fr dneredsing the geifico diafrietee increasesiopen adeaat 4 he
sma_tl |l er orifices, of the orifice Mimw&m.ed above.
10 Due to stretch of material that occurs during the process of
forming apermres, the weight per area of the film is reduced to about 0.47
oz/sq.yd, which is 65% of the initial film weight per unit area. When the
0.025 inch diameter orifice strips spaced at 0.038 inch, 0.050 inch, 0.062
inch and 0.075 inch of Table 8 were used, the open area decreased from
15 13.1% ©012.0, 11.2, and 10.1% respectively.

Additional embodiments of films according to the present
invention were made using the starting film, forming member and general
20 procedure of Example 1. The characteristics of the orifice strips used are
described in Table 1 above. All of the runs were made using water at
160° F, with the corona treated male side of the starting film facing away
from the forming member. The number of orifice strips used, and their
characteristics and processing conditions are shown in the following table:



The resulting apertured filmhas a conbination of |arge sized

hol es or apertures having average EHD s of fromabout 7 ml|s to about 30 20
mls, and snmall sized apertures or holes, sonetines referre;{iﬂ%&ﬁ; -

nm cro-sized wo970918 hol es, having average EHD s of from P to
about 7 mls. Such apertured filns have an open area in the range
of from about 3% to about 13 % It _has been found that using
orifice strips having orifices whose =30 -gj aneters range from about 10
to 25 mls results in the formati on of 25 apertures in the film

havi ng an average EHD of about 7 m|s to about 17 mls. The
fibrils surrounding and defining the m cro- hoI es and the Iarge

si zed hol es are described i Fabie T Gyt .,z.,,. ek i cati on Seri al

No. VWO 97/.09018
PCT/ US96/ 13796
08/ 417, 404. The fijpriTs—Tav

cm to about 0.05 Jinch (0.1

. WM ' frd
5 o) i
(0.003 cm to abo S35 4 1&% 6@:’5 %'gpaﬂd 1
about 0. 00025 | ncH-EomoBtciT oo B e Tt~
Phot ogr aphs in Fl 135 18A1 B $holy (¥® donbindtio
| arge sized hol es jof aps apeftuged|fijsgn fadg i N agger d
i nventi on. ——PhorouT EpitSs TGS .
an apertured film 17 4 150 a 1000
10 18 a 1000 _ 120
19 a 1000 a 1000 120
20 a 875 a 875 a 875 120
21 a 875 a B75 a 875 150
22 a 1000 d 150 120
15 23 a 1000 d 150 2 1000 120

Following air drying, the films were kiss-coated with an
aqueous solution of Tween 20 surfactant at a concentration of 48.8% on the
corona-treated male side to produce a bulk surfactant add-on of 0.12 mg/in?

20 of film as described hereinabove in connection with Example 1.

The apertured films produced in these experiments were
evaluated for air permeability, aperture size, open area, strikethrough and
bending length (a measure of film stiffness). Tests were run according to the
following methods well known in the art. Air permeability was tested

25 according to ASTM D737. Film apertui-e size and open area were
determined and used to calculate Equivalent Circular Diameter (ECD).
Strikethrough is a measurement of the time required for 5 cc of a test fluid to
be absorbed through the film supported on ground fluff wood pulp. The test
fluid is a mixmure of 75% by weight of defibrinated bovine blood and 25% by



made in accordance with the invention. The

conbi nation of large sized holes and m cro-holes of the 10 di nensi ons
di scussed above |e+d an inprovenent in the clean and dr yPCT/USI6/N3TI6
properties of"¢ B¥ | m when used as a topsheet for a sanitary napkin. The
resulting open area is in the range of 3 to 13% In the prior art film

havi ng m cro-holes only (see co-pesgllng application Serial No.

08/ 417, 404). when 5 m | dianeter columar jets of water are used,
the resulting apertured filmhas 15 m cro-holes with an average EHD

of 3 mls, and haswgghdTan10% B3 wight dqutous solunon pol%iﬂ%humdmd

aperture size and open area in an apertured film having | ar ge

si zed hol es in contavidaneJ90). tmﬂm%@ﬁmﬂc@éﬁéﬁ%ﬂ?&m}mﬁ@s
i nvention provi desgadibd At %’Wére'tﬁé@ﬁre&’fac&?ﬁh W ASTM D158%] PhE

to . strike an advan ageous bal ance arge enough a er ures to
rapi dly accept a 2be film WB&MOMFMIWMVGQ balowit to pass

through to tlge napki n' s ' absorbent core, but srrall enough to nask
“the stain on“the absorbent pad to gi ve the consumer the perception
of cleanliness. Thus, ldtie fbionhauoy ! He# - ' ability nt
I nvention nmade w t filas of § : b N
have much i nproved cl ean and dry properties. 25 Air Permeability In
preferred enbodi ngnt of t heExpetinent #n, t he stjar tCRM/SQFT@ 0.5 in. H,O AP)
apertured by |argg dranetrer, TOw Pressare corpmar water 3 and snal |
di aneter, high pre[sswmaﬁaler i et s IThis conbi n139: of jets a
bot h 97/ (9018 16 .00
PCT/ US96/ 13\996 22

17 ' 246.67

18 107.00

19 143.67

20 173.67

15 : 21 170.67
22 214.33
23 ' 212.67

The data in Table 4 show that the combination of large
20 diameter and small diameter orifices (experiments 16,17, 22 and 23)
produces a more permeable, open film than films made with small diameter
orifices alone (experiments 18-21). It is belicved that the use of large
diameter orifices, albeit used at lower water pressure, is the primary cause
for the creation of large holes. Further, it is believed that the use of smaller
25 diameter orifices is the primary cause for the creation of the smaller micro-
holes.
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greater open area than
pressure jets al one.

hi gh and | ow pressure produces | arger apertures and

filnms made with small dianeter high
Films nmade by this enbodi eRt appear
softer to t HEOBH®MEt han films nade only with |arge m@“@?@ter | ow

pressure jets.
t he several

pol ymer materi al

support menber with the stretchable fil mthereon IS passed under
pressure fluid ejlableidagContinuouscAgenused ) sof A :

wat er
vacuum ( Box 3).
pur pose (Bo
menber (Box’5).
by applying a st
t he ape
to await use as
such as a sanita
(Box 8).

shown a safgtary
wood pul p fibers

a covering nateri
P

t he i nventi on.
structure shown
conprise, e.g.,
surface of absor
of

| onger

30

5

steps in the
films of the present
to position a piece of thin,

IS transpog

4) .

FIG 19 is a block diagram showi ng
process 4hor producing the novel apertured
The first step in the process is
stretchable fil m of t her nopl asti c
on a backing or support member (Box 1). The
hi gh 10
Ateg The

i nventi on.

'15t he Tb’soraent

suctlon belng prvferred for Jthis
Wﬁls renoved fr@'mqfhe qJuppor t
Resi dual W . .g., 15
[ Eperutgin 1. 1" Daers G spplli o to
turdd film ( Bovw4¥) . d up
16 P or gga st of aggt her fproduct
S EERAL-ISiymar e i ng
17 Tf8ferr 21, Mhere i s
napkgn 20| > In ap§Er bgnt cpse 137 of
athrr—fiords TTeT ] 1 ] 434 and
VA af- ap ed _fli | s of
ef ermbly,|the agwering filzm 238 mefer i algshas thhe
NagesScrTped nerern. arrlfd'wlrm T 9 ch may
ent 2ore {132 awd9r uns| pars.ssmay |up s.h%e | dngi t &% nal jsi des
core. Jgeveripg npjeri 3l 1gge hag a [ghgth s‘orrewhat

The data in Table S show that the combination of large
diameter and small diameter orifices (experiments 16, 17, 22, and 23)
produce a film with larger aperture size and increased open area than films
made with small diameter orifices alone (experiments 18-21).

FIGS. 22, 23 and 24 are graphs that show the aperture size
distribution of films produced in these experiments with a 5 mil diameter
orifice strip (Experiment No. 20), a 20 mil diameter orifice strip (Experiment
No. 15), and the combination of a 20 mil orifice sirip followed by a 5 mil
orifice strip (Experiment No. 16), respectively (see Table 3 above). As seen
from these graphs, the apertured films produced with orifice strips of
different diameters have aperture sizes that reflect the effects of various of
the indjvidual orifice diameters. The film (Experiment No. 20) produced
with only a 5 mil orifice strip has apertures most of which have a diameter
under 10 mils (see FIG 22). The film (Experiment No. 15) produced by a 20



than the I ength of the absorbent core and is wapped around the absorbent
WD 97/ 09018 .
PCT/ US96/ 13796 PCT/USI6/127H6 -

core and bar rve8@"18n as shown in FIG 21. The |ongitudinal edges of the
cover material are overl apped and seal ed together on the | ower surface of

t he napkin in the usual manner. | n_tsbe enbodi nent illustrated, the
cover material is scaled to itself at the ends 138, 140 of the
sanitary napkin. As 5 illustrated in FIG 21, sanitary napkin 130 has

a | ayer of adhesi vgnil dAfitOstrip only has a bRABE difteibidth SPuPéitire danictids, with
undergarnment of the user. Adhesive 142 is . protected prior to use
by a renpvabl e rel $galcencentptionvat approximately 9 mils and at approximately 23 mils

BAPLE 110 (e FIG. ). The ShPO3RESEIIN. ) prdlucklty faibdisiead & | m i n

accor-dance with the ~ 7 inventiofh, the start Tat €r | 'S an
enbossed fil m supplai oibgrifice)sip and a 20 mil ogificestrip basaqlistribusion 9E bolgnat i on

i'schar ge. tr et e Qiitpheks T 5P ) coteqrraied wndec T2 s, dil g sigel | Por O"
f orm-ng nenber showoncentRticSof Idlet vithia dikmetsr obamounadi 23 mils (see FIG. 24).
" These three graphs indicate that the 5 mil orifices create micro-holes
primarily, that the 20 mil orifices create larger sized holes primarily, and that
a combination of 5 mil orifices and 20 mil orifices creates a combination of
10 micro-holes and large sized holes. Comparable data is shown in FIG. 25

which shows aperture size distribution in a sample of apertured film baving

micro-holes and large-sized boles in accordance with the invention that was

made on a commercial production line.

15
Experiment # Strikethrough Time (sec)
15 16.3
16 17.6
17 13.5
20 18 28.8
19 25.6
‘20 : 20.2
21 2.9
2 15.8
25 23 17.10




15 support drum as described in co-pending applications Serial Nos.

08/ 417, 404 and 08/ 417,408 to Turi et al. with the corona-treated
mal e side of the film facing away fromthe form

mani f ol ds f o™VAORME | ng col ummar streans of wat e$@rﬁ§5ﬁ325“ | m were
used. The first, or upstream mani fold has the orifice
configuration shown in FIG 7D of the drawsggs, 20 l.e., there are
two offset rows 92, 94 of orifices 92', 94', each of the orifices

havi ng a dianeter of 0.025 inches. The orifices are spaced a di stance of
0.038 i nches center-to-cenThsdawilpﬁ'lblédehavmelmfm‘iE Slarsrosrifiees | nch.

Tem secaqnd down .0l d has t rifice,configuration
shown in FIG alorie, 8{9‘5\"8{" gmglpgﬁ sﬂ‘@r@“‘i"& et ogficss| ¢ r ow of
orifices each hawexigrimeas 15, 16, 17]i 2V@KD3) hodBodd Bilrh WillEfsted ftﬁﬁéq;ﬁﬁ%' ces

are spaced 0.020 Jnches n a center-to-center bas is a
total of 50 such tHReS dewith smal] diameter orifices alone (expgrimentsid8er at ur e of
165F is supglied . a pressure of 165 psig to the WO 97/ 09018

PCT/ US96/ 13796 - 25-

first manifold, and at a pressure of 1400 psi g to the second mani fol d. The
filmis passed under thg AV W A REE 4 : Ol n nut e. The

suction pressure i nsi de

devatered vi th e Bpakaiy S”O%MM?&& Efdﬁenaﬂ”mgﬁﬁgﬂ,
15 228
10 16 26.3 6.5
17 223 6.5
18 27 6.3
19 26.8 55
20 26 : 9.5
15 21 255 8.5
22 235 5.8
23 27.30 8.0
comparable
commercial product 21.8 14.8
20
The data indicate that the MD bending length of the films of
experiments 15-23 is comparable to those of other commercial sanitary
napkin plastic covers, and that the CD bending length of the films is lower
than comparable commercial films. Hence, stiffness and expected comfort of
25 the films of the present invention are expected to be comparable or superior

to that of other commercial apertured films.



5 shown in FIG 5. Followi ng drying, the male side of the filmis

ki ss-coat ed with a 48.8% solution of Tween-20 in water to a

sol ution add- QR Hesbls 25 mg/in[err]. Subsequent ropdinemdred he film
effects transfer 601’ t he surfactant solution fromthe
corona-treated male side to the fenale side. After the sur f act ant

solution ultimately dries, the filmhas a buBk-surfactant add-on 10
(including all surfaces of the film of 0.12 ng/in[err]. The resulting
apertured filmhas an air permeability of approximately 325 cubic
feet per minute per Resylts pladdisional experimep@tion) are shown i EI6s 26¢ In
differential ([err] L ‘iﬁ?s%aﬂﬁ . : | a
measured open ar eatlﬁ-))efug. 4%81.1"1%] an ave%gggﬁrEo&glcg? %vw%dzw%ﬁl s. ECD
(Equi val ent G r cul ®ffecy omfilme ope agean  Twioowater jetimanifolds were sisehninithese 15

that is based on a t of . L. u The area is
measur ed using the m?ﬁ%r %&&m&?@fgﬁ%ﬁ%&m%f@—&q n
co- pendi n? pa?ent apws of atifices dices 'pnttimciidéiaifdlﬂe?#oﬂﬁéldlﬁh‘ een’i@ﬂﬁblbﬁﬂi‘efi&iﬁCD
is ECD = [err] , re Ais o1 ured.area of an r .. There is an
average of 500 ap%ﬂ&@s@é‘réﬂgﬁﬁzgﬁ%ﬁm’mﬁmmtlﬁgsk?#é@' 1E+#®5 nils.
20 offset distanceAvastdne-half Wioidiraa o, céntérho-coanar of e m of the
i nvention was orifi mii‘ﬁ u%ﬁgﬁﬁe sane z&%%ﬂ m agggw“%rm ng menber
as used i n Exanpl e ofinees. Al o 3 diameter - yHIS/ GEpiRT-toTeRBteRani f ol ds
for directing col UWm@&moﬁﬁcﬁtﬁﬁmﬁbeﬁﬁéﬁrwﬁthWﬁ?ﬂﬁﬁ- The
sho

first, or upsaream mani f ol d_has the orifice configuration wn

in FIG 7C offthe drawi ngs, Fhesecond, of dowpsream, manifoldihag ope prfice stimwitss, 90
of orifices 88", 9Q singfléfdww Of ofifices WeréinC CPhe Gificas esth bad a diameter of 0.005

inch and were spaced 0.020 inch on a center-to-center basis. Water was
supplied to the first manifold at 150 psig. Water was supplied to the second
manifold at 1000 psig. The film traveled at 150 fmin. The drum vacuum

15 was 60 inches water. The following Table 8 indicates the open area, number
of apertures per in’, ECD and air permeability for the resulting apertured

films.
Table 8
20 i
. Circular
- Film Lazge Orifice* |- Number of Diameter, Air
Number | Spacing, inch | Open Area, % Apertures inch Permeability
24 0.038 13.1 914 0.0099 508
25 25 0.050 ° 120 1136 0.0085 476
26 0.062 11.2 1151 0.0081 465
27 0.07% 10.1 1299 0.0072 435

* Two rows of 25 mi! diameter orifices.
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di aneter of 0.020 inches. The orifices are spaced a di st 032
i-nches WOSHM&r -t 0-center to provide a total of 62.81’?&3%3%5er i nch.
The second, or downstream nanifold has the orifice configuration
showmn in FIG 7A of the draw ngs, .i3g&., there is a single row of
orifices each having a dianeter of 5 0. 005 inches. These orifices are
spaced 0.020 inches on a center-to-center basis. There is a total

of 50 such orifices per inckir p¥¥teabilifyowhas fhessured pér ASTM DFS7fesilS afd
160[err]F. is supplied, at_a pressure of 150 psi l,eto the first

mani fol d, and at &cRoredan, Tablgs i&&B@fcﬁ?F_MWWeg%éﬂ%ﬁmﬁfﬁBFdn‘m’E drum

had a vacuum of 6 obpiBiitied of Hinl apetruredd¥aA50 pdig and 150 /min. were 310 cfimlst t he
dewat ering section, there were six dewatering knives, and a vacuum

of 4" of Hg. The 4£onthe 2fmil diameter prifice steipi(only) (0138 insh spaping)optrel,

was 180[err]eF. TRl dectabddchiedt e{rﬁ’ t T @'%es was
120[ err] 5 - h'EI.""HI‘F%:re vverelwﬁ_ |I%i§§f?‘ﬁgpylﬁﬁ8g?§'%kcfpea N cylinder
had five heated - When the Semil diamietes stripTwas added,the air permeability incfeasedithe kni ves

The aper tured {11 A0 HATLER te conmet BRHR. Sbre F3cs bR heaflectlfn |,

m croscopy. Open apacing toci valus toed3Sicfinfsf 0,035 inghes. t At 150 fémin.y thes
(nunber of hol ©5) oSebai S8 thed a8, 253 hlried: SHHRLIUIAS widds- "°
10 mil strip provides about 195 cfm/sf beyond the measured air permeability of
the large hole strip alone. The above data indicates that as large orifice
spacing increases, fewer large-sized holes are produced, and the open area is
accordingly reduced.
Apertured films made according to co-pending Serial No.
15 08/417,404 and films of the present invention were tested and compared.
The films were prepared on the continuous production line under the

following conditions shown in Table 9.

20



20 Open Area St. E.H D.* ECD

Aperture (mean) Dev. (mean) (mean) .St
Dev. Count s7moms, 6. 19% . 68 7.61 wckasssadI8s ml s
10. 47 858/2’8 " * EHD i s neasured as

di scussed in co- pendlng pat ent application

Serial No. 08/417,404, which is incorporat‘éa'

by reference. WO 97/ 09018
PCT/ US96/ 13796 - 27 -
The characteristics of the orlflce strlps used |n t he experlnents
descri bed bel ow are shown Tz Merhi ya} And Tabl e 1.
Characteristics of _Oifice QTJLD& o ('}‘IfI(‘P Qifice O
Rows  Intra-Row SPFiBd e acchdkBET [  Gkriaf N 051417,404 Préiof kiation Si 4
O Oifices Per BET Vﬁen g TTCes PE bt&&ﬁ’h ryeh EME-631
5 Forming Member Pattern - sinusoidal (12 rails/in.) sinusoidal (12 rails/in.)
Number of Orifice Strips : 3 2
Orifice Strip #1 Pressure
(psip) 875 150
Orifice Strip #2 Pressure
10 (paig) 875 1000
Orifice Strip #3 Pressure
(psig) 875
Orifice ID a/aa i
Orifice size (mils) 5/515 20/5
15 Water Temperature 158° F. 160* F.
Line Speed (ft./min.) 150 150
Surfaciant Treatment Tween 20 Tween 20

Sanitary napkins ‘comprising a cover, an absorbent core and a

20 backsheet were prepared using the apertured films of Table 10 as coverstock
materials. Two different napkin designs were constructed and tested for
strikethrough and rewet using synthetic menstrual fluid. Synthetic menstrual
fluid was prepared dissolving 0.15% polyacrylamide in isotonic phosphate
buffer. Approximately 0.3% Germaben was added to prevent bacterial

25 growth. The pH of the solution was measured as 7.4, and the viscosity at 30
centipoise at one radian per second. Results are shown in Tables 11 and 12
below.



|.D (i nches) Oifice Strip (Center-to-Center,in.) O Oifice
Strip 0. 005 1 0. 020

50 0. 010 2 POTRS96/137

133 10 “’°°"’9’8“ 0.015 2 vt
90.9 d 0. 020 2 0. 032

62.5 e 0. 025 2-38- 0. 038

52.6 f 0. 025 - 1 0. 083

12 15 Experinmentation Wth Batch Formation O Fil s

The batch fil mapertur| ng apparat us used in the experinments
: . I :

reported in Table

drawi ngs. However,

p - - p * - o Y,
t he avail abl e vacuum sl ot s was used Eﬁanklml)eameﬂorl f i ce st rips | abeI ed "b"

20 t hroufh M&mm%ﬂ% j et
mani f ol d Fihlin madel atcordimgk® one | oiSerixlrNo. 8p417,404€d] f Present &veathon\n} i n
Table 2. The StAriinNg 11 g -Torm ng. nenber Wer e tne, sane as
those used i ® Exarjd E"’F‘ﬁ‘"ﬁ“’“&' (sec) A piece bt star®ng filhn
was mounted to the W(g)surface of thq 004form' ngf nembep gy a sefies
of pins projecti ng=fomthe—feorr-rg—refrer—=25 Hrel-heneyeert—stpport
drum was rotated so that t he m)unted f|Imvvas out of line with the
single orifice strig b LmKethyon el -0 ~
honeyconb support drum Heat ed press + h[was suppl [ ed to the
mani fol d. The honeyconb support drum o was“rotated to pass the
. . ‘/ﬁ
starting fi Ilra onc ﬁﬂger teratgcoo lhgl ce sﬂrlso 15'0 o&fﬁ‘i'ﬂ;&‘“ | Iarrﬁt\f“/avs‘= E.em)/ed
5 cc strikethrough time (sec) 39 39
Rewet (g) 0.11 0.05

15

20

The data in Table 10 and Table 11 show strikethrough time and
rewet absorption. The strikethrough time refers to the time elapsed for
absorption of 5 cc of synthetic menstrual fluid, with a lower time being
desirable. Rewet absorption refers to the amount of fluid that can be
absorbed in a filter paper that is placed in contact with a sanitary napkin that
has absorbed S cc of fluid in the strikethrough test, with a lower amount of

rewet being desirable.

The data demonstrate that the larger open area and aperture
size of the films of the present invention give rise to at least equal or faster
strikethrough times than the prior art films. However, even though the
improved films of the present invention have larger open area and larger
average aperture size than the prior art films, the napkins made with the
films of the present invention have unexpectedly lower rewet values relative

to prior art films.
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fromthe form ng nmenber and air dried. Process conditions used to nmake

-28-

filnms and t hewamwbhignt fil m properties are shown i n Tabl ePCIMSH1FTI6
Tabl e 2. Batch Fil m Aperturing Experinents

Open

Hydraul i c

Film

Tenp. Vacuunt

| D (psi)

(mls)

3.6 10.7

150 6.5

60 150

160 60

400 160

C 5504
10
15
20
25

Wat er Wat er

Di anet er -39- Oifice Pressure
Speed Ar ea (EHD) ** 10 Ex#

([err]F.)  (in. Vater) (ft/mn) (9% **
1 Arnidther test used 38 Gneasure the (a@0of transport gfOmenstrual

fluid ghrongh the Spermred film'ls the *Drop Tesfl. Comparafyd data for | O

60

the filns of the preset fnvention versus prior art films are shown in Table 200

12 50 2.9 11. 7 15 5
, * . 150 8.7 16. 3
160 60 150 - 11.7 14. 3

150

Film Made According To | Serial No. 08/417,404 Present Invention

Absorption Time (sec) (0°) 27 8

Absorption Time (sec) Drop rolled off 17

(45° wransverse tilt)

The data in Table 12 refers to the time required for absorption
of a drop of synthetic menstrual fluid, with a lower time being desirable. In
the first test, the film was level. In the second test, the film was tilted to an
angle of 45°, The data further illustrate the superior fluid transport
properties of films of the present invention relative to prior art films.

.;\permr_ed plastic films made according to the present inveation
exhibit the following characteristics: tactile softness; textile-like look and
feel: low film stiffness as described in Table 7; aperturing patterns, open
areas, and pore sizes ranges as described in Table 5 and Figures 23-26; low
basis weight (< 0.7 oz/yd®); and film/air/synthetic menstrual fluid contact
angles on both sides of the film of <70°.

The apertured film of the present invention, with
surfactant treatment, offers overall comparable fluid penetration rate (as
measured by Scc synthetic menstrual fluid strikethrough times - test method
described in co-pending patent application Serial No. 08/417,404), which is
improved over non-surfactant-treated films by approximately 34% in either a

pulp absorbent core construction or a peat moss based absorbent construction.



7- c 850 160 | 150 1.5
8.7 8 u m 160 60

L 5 Sdobons Fllll ) e SIIL Il 250y 00
60 150 o 4" ' 14.7 11 d 550
160 60 150 13.2 4§37 12 e
150 160 60 150 2.0 10. 1 13
e 240 160 60 150 7.4 %429

14 WHNDIS cmmmns 60 150 1

17.2 25 l4a 160 150
3.5 13. 0( 1) L. Ampthod for fqmnnsanapemvd film froméaso 1680
150 5.71  swelcRabié Mermoplastic cUfiferial comptising: 25

60 150 6.0 fétic polypers 1ng: *

vacuum val ue i s inches of ®ht erProuiing astarting film comprsing said stretchable
PCT/ Uso6) 13706 ‘esTiepastic poly meric material having an upper surface and a lower
- 20- surface;

b) providing a backing member comprising localized
support regions for supporting said staninﬁ film, recessed zones into which
the film may be deformed by the application thereto of fluid forces; and

10 means for allowing said applied fluid to be transported away from said
backing member;

) supporting said starting film on said backing member
with portions of the lower surface of said film being in contact with the
support regions of said backing member and with the upper surface of said

15 film facing away from said backing member;

'd)  directing a fluid in the form of columnar streams from at

least two sets of orifices against the upper surface of said starting film in a
zone of contact, the orifices of the first set having a diameter greater than ten
mils and the fluid supplied thereto having a pressure less than 500 psig. to

20 cause the formation of large sized holes in said starting film, the orifices of
the second set having a diameter less than or.equal t0 ten mils and the fluid
supplied thereto having a pressure of at least 500 psig., to cause the
formation of micro-holes in said starting film;

e) moving said film from said contact zone; and

— 25 __ f) re}noving said now-apertured film from said backing
member. | '



**. (Open Area and EHD were neasured accordi nﬂ to th

met hod di scl osed in co- pendi ng“mlluuﬁl H»MJF& ll No.
08/ 417, 404, whwoly7o®18 ncor por a er ence. PCT/US96/13796

() = ECD 5 The Hat'a indi'cate the foll owi ng trends:
[err] I ncreasing the fluid pressure with_gg-orifice strip of a

gi ven size increases open area. - lerr] I ncreasi ng
the orifice dianeter increases open area at a

given fluid pressure. 10 2. A method offomﬂgqnt Rired ifillh fodm@at eri al
that occurs during the process of form ng apertures th, ¥]\E| ght

per area of the fil Aretchaplethermpplastic,pelymeric material in accordagce chis

65% of the initial Gnemin\Rhd st B& of dhiflces e a muﬁ%emgeormww nch
dianeter orifice strips spaced at 0.038 inch, 0.050 i1nch

inch and 0. 075 i nchta#bopt3d mils. wer e used, the open area decreased from 15

13.1%to 12.0,¢11.2, and 10. %reﬂpﬁﬁﬁ)wﬁfh'mm apertured hent ation
Wth Conti nuouss For mati on O‘JBF I m gan pe Addi t?onal

enbodi nents of fil mﬂmmﬂ@msumpobmmmwnﬂ in accordance\with ¢laim er e nade
using the starting fil e of
Exanple 1. The char g’h%i% g@eggq H@@%‘P?ﬁ ce '?Ealﬂp%&ﬁge §PBP&%QH

described in Tabl e milsltowaboutADImidls t he runs were nade usi ng wat er at
Lo0ferr] . with the, corona, tg ot aloloh of il b A Wil T 20110
and their 10 @bacmeemenﬁOpMna pdlymeric amtsriahincarooidancenwittaclaims hown i n
the followng table: wh rem said first set of orifices have a diameter in the range of about 15
mils to about 35 mils.
5. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
15 wherein said second set of orifices have a diameter mtherange of about 3
' mils to about 7 mils.
6. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
wherein said fluid emitted from said first set of orifices has a pressure in the
20 range of about 100 psig to about 500 psig.
7. A method of forming an aperwred film from a
stretchable thermoplastic polymeric material in accordance with claim 1
wherein said fluid emitted from said second set of orifices has a pressure in
the range of about 500 psig to about 2000 psig.
25 _ 8. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
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'Flzgtlj_{ 3826/ 5796%@% Film Apertlmlllwllullullllllful‘uL o

Gifice Strlp Orifice Strip‘#2" Gifice Strlgcrlgsnnm%
Line 5 Oifice Pressure Orifice Pressure
Oifice Pressure Oifice Pressure -4Beed Experinent #
%rlplD OI(p5|) StripID (psi) Strip ID (psi) (ft/mn)

12
16 d whergggwd fluid epitted from sgid first set of orifices has a pressure in tbggo
17 d d3f a 1000 120 10

an about 125 psi .

18 a  UegE60 Peig 10 about 2K peig a 1000 a
1000 9.  Axoethod of forming an apeptured film from 2 5 875
a 875 . e . a
e ! swesbhable thermibpRistic polyx;i%g%matenal %ccordmce%ﬁm chiml
a 1003 . wiierein said fluidcemitted from said second set of orifices has a pressure in
2_3 a mex%gge ofaboutso‘aps:gtoabout%pslg a 1000 - 120

10. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
including the further step of providing a third set of orifices, said third set of
10 orifices having
a diameter greater than or equal to about ten mils, the fluid supplied thereto
having a pressure less than S00 psig.
11. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 10
15 wherein said third set of orifices have a diameter in the range of about 1 mils
to about 10 mils. '
12. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 10
wherein said third set of orifices have a diameter in the range of about 3 mils
20 to about 7 mils. _
13. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 10
wherein said fluid supplied to said third set of orifices has a pressure in the
range of about 500 psig to about 3000 psig.
25 14. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 10



Follow ng air drying, the filnms were kiss-coated with an aqueous
sol ution of Tween 20 surfact anﬂmmﬂl l““ﬂ“!ﬂﬂ’Lm of 48.8% on the
corona-treat ecwoetsoemi de to pr ct ant add- 86T/HSIE(I3796
ng/in[ferr] 20 of filmas deséribed hereinabove in connection with

Exanpl e 1. The apert éed films produced in these
experinments were eval uated for ai r‘g freability, aperture size,
open area, strikethrough and . bending length (a nmeasure of film

knoun i n- e art . Ao i il eriit bom s it et o orihiCey 1B aTHeef S BPARE '
D7|37 IFitl mEapertiJret ggfalmmso@ps;g{temumopmg determ neﬂ andhused to
cal cul ate Equi val en rcul ar e ethrough is a
nmeasurenent of the time requﬁlsed m%%@m&&lh be
absorbed through th é:éﬂaﬁlesm m&wnﬂmﬁhmfacmwmclﬁm t est

fluid is a mxture of 75%Db ht of "defibrinated bovine b ooﬂ aryj 25% by
WD 97/09018 5 wherein sai lmcro- oles haveanaverageEl-m of about 1 to

mils.

16. Amethodoffomﬁnganapermredﬁlmfroma
stretchable thermoplastic polymeric material in accordance with claim 1
wherein said micro-holes have an average EHD of about 2 mils to about 5

10 mils.

17. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
wherein said large sized holes have an average EHD of about 7 mils to about
30 mils. _

15 ~ 18. A method of forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 1
wherein the fluid from the first set of orifices is directed against the upper
surface of said starting film prior to directing the fluid from the second set of
orifices.

20 19. A method of forming an apertured film from a
stretchable theundplastic polymeric material in accordance with claim 1
wherein sa:d micro-holes are defined by fibrils.

20. A method of forming an apertured ﬁ!m from a
stretchable thermoplastic polymeric l_natenal in accordance with claim 1

25 wherein said large sized holes are defined by fibrils.

21.  An apertured film formed from a starting film of
stretchable thermoplastic polymeric material, and having a given thickness



wei ght of a 10% by wei ght aqueous sol ution pol yvinyl pyrrolidone (GAF

Povi done K-90). Bending | engthyj " Imi rection (MD) and cross

direction ( bats MEASUr ed ach“;li uu;mn m D1388. The, Pt,;'ses- of
- el ow.

the film produced I n continuous*rufs &re"showt in Tabl es
Tabl e 4. Continuous Apertured Film Properties - Air Perneability

Air Perneability Expggiment #

CFM SQFT @0.5 in. Herr]OJferr]P) 15
139.33 10 16 _

24212 gg dimension comprising: aipgurality of apertures extending through the

107. 00 thickness dimension of saidfilm, said plurality of apertures including first
143. 67 . .
173 67 15 andsecondgrwpsofnpeglgm.mdmeapemnesofsaldﬁntgrouphavmga
170. 67 size greater than the size Bmhe apertures in said second group, the apertures
214. 33

212.67 9 of said ﬁ's‘mmmg%ipﬁbf'ﬂg?ﬁ% by fibrils farmed fromesaid, i nat i on

of large 20 titrbpiastic ﬂ;dmmhheﬂﬂarreter orlflces (experinents 16, 17,

22 and 23) produces a re bl.e, op fil mg made
with small dianeter :R%&“@Hﬁ@ &‘F‘ﬁ% ‘%8“%1)‘” herean ; g
bel i eved that the saigehbefls iu%&ﬁaverage !ength%%i@%ﬁﬁe orauimweos kPR dboused at
| ower water pressure  is the primry cause for the creation of

| ar ge hol es. Furtﬂé?smF‘b I's believed that the use of smaller 25

di aneter orjgices is the pragrar Wéﬁgreﬁqnmtl{qgmé with @faith P¢ vﬂﬁ?&:ﬁ er
m ero- h(:!aueisﬁbnls have an average width in the range of about 0.001 inch to about
0.035 inch.
24,  An apertured film in accordance with claim 21 wherein
said fibrils bave an average thickness in the range of about 0.0002S5 inch to
15 about 0.002 inch.
25. An apertured film in accordance with claim 21 wherein
said first group of apertures comprise large sized holes having an average
EHD of about 7 mils to about 30 mils.
26.  An apertured film in accordance with claim 21 wherein
20 said first group of apertures comprise large sized holes having an average
EHD of about 7 mils to about 20 mils.

' 27. An apertured film in accordance with claim 21 wherein
said second group of apertures comprise micro-holes having an average EHD
of about 1 mil to about 7 mils.

25 28.  An apertured film in accordance with claim 21 wherein
said second group of apertures comprise micro-holes having an average EHD
of about 2 mils to about 5 mils.
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Tbl e 5. Cont gupgeuDer {urec F.mmlmmamnmn\ |ILperture scamswepEn A ch
Equi val ent EC St andard

Circul ar Devi ation Open Area Apert ures/ square

Expei nent # D aneter (mls) (mls) -45- (% i nch

15 16. 46 10. 12 4.55 197

16 8. 62 9.22 5.34

17 7. 48 29. g Aqrapertured film y: Fgordance with clamgl wherein 10
18 4. 65; .

19 4 5%51‘1 starting film ha@%gﬁckness in th%%& of about 0.3 mﬁﬁous t3.0

20 4. OCmils. 2.25 2. 38 1635

21 4.16 2.

55 6. 49 30. 5 Bapemred film ﬁi %gordance with clai&gélgwherein
5 said overall thickness dimension of said thermoplastic polymeric material is
in the range of about 5 mils to about 40 mils. '
31. An apertured film in accordance with claim 21 wherein
" said apertured film has an overall thickness dimension greater than the given
thickness dimension of said starting film.

10 - 32. An absorbent product comprising: an absorbent core
having oppositely facing major surfaces, and an apertured film covering at
least one of said major surfaces, said apertured film having an outwardly
facing body contacting side and an opposite side facing inwardly toward said

. core, said apertured film being formed from a starting film of stretchable

15 thermoplastic polymeric material, and having a given thickness dimension,
said apertured film having a plurality of apertures extending through the
thickness dimension of said film, said plurality of apertures including first
and second groups of apertures, and the apertures of said first group having a
size greater than the size of the apertures in said second group, the apertures

20 of said first and second groups being defined by fibrils formed from said
thermoplastic polymeric material.

33.  Anabsorbent product in accordance with claim 32
wherein said fibrils have a length in the range of about 0.005 inch to about
0.05 inch.

25 34. An absorbent product in accordance with claim 32
wherein said fibrils have a width in the range of about 0.001 inch to about
0.035 inch. '



15 23 _.'. 6.88 6.18 4. 88

856 Table 5 show that the

conbi nati on of | ar ”"l“l mmmﬂﬂml" and smal | pgig5hoRe Ori fices
(experi nment sV9&" I 22, and 23) ¢ L produce a filmwith

| ar ger aperture si ze and I ncreased open area than filns 20

made with small dianeter orifices alone (ggperinents 18-21).

FIGS. 22, 23 and 24 are graphs that show the aperture size

di stribution of filnms produced in these experinents with a 5 m| dianeter
orifice strip (Experimnent 35. A)absoabeid productcin abedrdance with clsins3 i p

(Experi nent . . .1 and the conb at i a20 ml
orifice strip fowbmﬁaﬂ!?%‘%m 1 the ran qﬂ'*@'@ogisrﬁnﬂ‘ ©Experi ment
No. 16), respect@oeRindhsee Tabl'e 3 above). As seen from

t hese graphs, the apertured fllms roduced W|th orifice strips_ of

different dianeters have a% bgq‘m Matholpim3 of various

~of. 5 wherei@id. mtwfasém%mﬁrsé Sized B} eJHviHI;(aEXpe“ ment
No. 20) produced W t h onlg/o orifice strip has
apertures nost ofversgecEHR.0fabout] mils ta-gbout lmlse under 10 nils (see
FIG 22). The film (Experi t bordert brSueSH ordarcl with claim
PCT/ US96/ 13796 WO 97/. OQO? ml Ib a@! with 2
-33 - wherein said first group of apermres comprise large sized holes having an
average EHD of about 7 mils to about 20 mils.
10 38. An absorbent product in accordance with claim 32

wherein said second group of apertures comprise micro-holes having an
average EHD of about ! mil to about 7 mils.

39.  An absorbent product in accordance with claim 32
wherein said second group of apertures comprise micro-holes having an

15 average EHD of about 2 mils to abont 5 mils.

40.  An absorbent product in accordance with claim 32
wherein said apertured film has an overall thickness dimension greater than
the given thickness dimension of said starting film.

41.  An absorbent product in accordance with claim 32,

20 wherein the apertured film is in direct contact with said at least one major
surface of said absorbent core. '

42. A method for forming an apertured film from a
stretchable thermoplastic polymeric material comprising:

a)  providing a starting film comprising said stretchable

25 thermoplastic polymeric material and having an upper surface and a lower

surface;



m| orifice strip only has a broader distribution of aperture di aneters,

W th

approxi mt el y goiohs - (=cd NNNRANTTREH = (2permmmnesso 16

produced by a conbination of * g 5tmPM ofifice strip and a 20 nil
orifice strip has a distribution of hole 5 di aneters that is
primarily concentrated under 12 mls, and has##7sl i ght concentration
of holes with a dianmeter of around 23 nils (see FIG 24). These
three graphs indicate that the 5 m| orifices create mcro-holes

primarily, that the 20 nmi| ob)fi cproviding:a batkingmemberzomptising focatizedari | v,

and t hat

creates a conbinati

" 105BOR o Y Slppbedly ol B, fesed bone? php Wik

Conpar abl e data is thedilm may b¢ dfordied by the application thesdo of flaid fotfces,candi ze

ar ge- i zed hol oo | AesecaF AAEE by ibplied Bl 36 bF Hmppoed sy o %™ 750

on a commerci @ provatking qnexhba;e 15 ) Tabl e 6. Conti nuous
éxpg; :J:rggt Fl#l m Properties rp ket hrl%tglgh Jine fim p s4i¢ backing
i? 3 with portions of the liwer sutface of said film being in contact with the ig c
50 support regionscof said backing tember and with the upper surface of sgidg
%(9) , film facing away froné fald%'icﬁng member; 22 )9
22 10 d) directing 3 fiuid in the form of columnar streams from a 23
17.10 first set of orifices against the upper surface of said starting film in a zone of
contact, said orifices having a diameter greater than or equal to ten mils and
the fluid supplied thereto causing the formation of large sized holes in said
starting film;
15 e) moving said film from said contact zone; and
D removing said now-apertured film from said backing
member.
43, A method for forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 42
20 including the step of directing a fluid in the form of columnar streams from a
second set of orifices against the upper surface of said starting film in a zone
of contact, said orifices in said second set having a diameter less than or
equal to ten mils and the fluid emitted therefrom causing the formation of
micro-holes in said starting film, said micro-holes being defined b§ fibrils of
25 said thermoplastic material.

44. A method for forming an apertured film from a
stretchable thermoplastic polymeric material in accordance with claim 42
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PCT/ US96/ 13796 -34 -
The data in Table 6 show that ei II“I“"IHF“HHMIEHM er orifices -al one,
or the conbi n¥Pi | arge di aneter® afd &mafl ti aneter ofFUSHEI796
(experiments 15, 16, 17, 22 and 23) produce a filmwith faster
stri ket hrough t| mes than filnms nadeggith snmall dianeter orifices
al one (experinments 18- 5 21). Tabl e 7. Continuous
Apertured FilmProperties - Film Stiffness Experiment # VD
2‘23”0“ ng Length (Miherein ﬁﬁ‘ﬂkﬂ%&:ﬂe&%@k@ hﬁ%avemgedmmetermme rahge of about
26. 3 7mxlstoabout2@tglls 17
22.3 6.5 27
6 3 19 45. Ammodforfommaﬂémredﬁlm&oma 5 5
20 stretchablecgthermoplastic polymeric material in accordanes with claim 42 21
25.5 5 wheremﬂ:eprésnﬁ'eofsmd ﬂuxdsupphedtosaxdonﬁcu:smtherangeof

h about 100 to about 500 psig.

46. An apertured film formed from a starting film of
stretchable thermoplastic polymeric material, and having a given thickness
dimension comprising: a section of said stretchable thermoplastic polymeric

10 material having an overall thickness dimension greater than the given
thickness dimension of said starting film, a plurality of apertures extznding
through the thickness dimension of said film, said plurality of apermres
including large sized apertures, said large sized apertures being defined by
fibrils formed from said thermoplastic polymeric material,

15 47. An apertured film formed from a starting film of
stretchable thermoplastic polymeric material in accordance with claim 46
wherein said plurality of apertures includes micro-holes, said micro-holes
being defined by fibrils formed from said thermoplastic polymeric material.

48. An apermred film formed from a starting film of

20 stretchable thermoplastic polymeric material in accordance with claim 46
wherein said large sized holes have an average EHD of about 7 mils to about
20 mils. ' '

49. An apertured film formed from a starting film of
stretchable thermoplastic polymeric material in accordance with claim 46

25 wherein said fibrils have an average length in the range of about 0.005 inch

10 about 0.05 inch, have an average width in the range of about 0.001 inch to



22 23.5 23

Coosrcai | prag o RN O IIIII M e

The data indic #S-},?, P&t the MD bendi ng Iength of the filns of

experiments 15-23 is conparable to those of other comercial sanitary
napkin plastic covers, and that the CD bendt#3-1ength of the filnms is |ower
t han conparable commercial filns. Hence, stiffness and expected confort of
25 the filnms of the Bresent i nvention are expected to be corrparabl e or

superi or t abowt0.033 inshnand hayean average thiskpess i the;range-of about WO
97/ 09018 00025 PCT/ US96/ 13796
- 35 - 0. mabtmto'%’ezsmfh's of additional experinentation are
shown in FIG 26. In 50t heAn absorhent producs incorporatingthe, apesured; fiim of

Ch b 255, 5 o LA of b cor g Spimsily i e o o2 T
upstream mangfol d sapficessaidapértured fim bqvenngmwm on® of said major suffaces. f i ces
-on r espective si des of the | 9Pg| tK Qeod ke r}tt)r?nrmgl H‘gp%kﬁmsﬁﬁg

stretchable lhermoplasuc polymeric material comprising:

- a) - providing an embossed starting film comprising said

stretchable thermoplastic polymeric material having an upper surface and a

10 lower surface;

b)  providing a backing member comprising localized
support regions for supporting said staring film, recessed zones into which
the film may be deformed by the application thereto of fluid forces; and
means for allowing said applied fluid to be wransported away from said

15 backing member;

c)  supporting said starting film on said backing member
with portions of the lower surface of said film being in contact with the
support regions of said backing member and with the upper surface of said
film facing away from said backing member; .

20 d)  directing a fluid in the form of columnar streams from at
least two sets of orifices against the upper surface of said starting film in a
zone of contact, the orifices of the first set having a diameter greater than ten
mils and the fluid supplied thereto having a pressure less than 500 psig. to
cause the formation of large sized holes in said starting film, the orifices of

25 the second set having a diameter less than or equal to ten mils and the fluid
supplied thereto having a pressure of at least 500 psig., to cause the
formation of micro-holes in said starting film;



the two rows of orifices being offset as shown in FIGS. 7B-7D, i.e., the

of fset di stance was one-hal f t ter-to-center spacing of the
orifices. Al orifices had a di Mm{“ﬂl"mml’ ﬂn nch. The o5¢ 3;98 cent er
i ne e Dot t

spaci ng of tWOBOY ces for each experi ments was vari ed as in Table
S. 10 The Second, or downstream nmanifol d had one
orifice strip with a Si ngle row ofsgrifices therein. The orifices
each had a dianeter of 0.005 inch and were spaced 0.020 inch on a
center-to-center basis. Water was supplied to the first manifold
at 150 psig. Water was suppe) ed thevingfaid filh® fiém said contact #6he} g d at 1000
psig. The filmtraveled at 150 ft/mn. The drum vacuum 15 vvas 60 i nches
water. The following Table 8 i ndF@ﬂY@&ﬂ‘ﬂ@W&lmm of

apertures per |n[WECD and air perneability for the resultlng
apertured
Table 8 20 Equi vad®nt A method of forming-an apertured filmecin@ceqrianse

a0 ABert u 0 clum 3 péhaln gk e s iy il ool

Area, % Apertures 0. 038
13.1 914 discharge aga@@npon one side therof. 0. 050
12.0 1136 0 85 062
11. 2 1151 Ame @mganapemredz@gmmo
10.1 1299 with claim Sl m:mlmg applyisiiba surface active agent (o one side ofsiid Tvvo r ows
of 25 m| diameter orlfl%i

10

15
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Ai r permeabil'l s

y was neasured per ASTM D737;

- 36 -
results are PCTUSI/NINbanprted

in Table 8 in cubic feet per minute per square foot of film The air

perneabilities of filmapertured at 150 '
di arreterl/po?é

whi ch decreased nearly linearly to 245 cfnl sf

cfm sf for the 25-m |
spacing) control, 5

for the 0.075 inch spacing.
added,
spaci ng. There was a nearly |
value to 435 cfmsf at 0.075

conbi nati on of the |arge dianeters

es_gbout
t he graae ho

5- 10 ml| strip provid
perneability of

indicates that as large orifi®e

=
the air perneability i nﬁgased

g and 150 ft/mn. were 310
fice strip (only) (0.038 inch

When the-B-m | dianmeter strip was
o—a O 505 cfm sf for the contro
degf q@ Wi h spacing to a
. f&nng, the
25 pmi @t&rﬁcontr@étrip with the
9% & Bqf@@d tHg Measured air
al . EThe ve data

f ewer

| ar ge-si.zed. hol es are produced, a

Ci nSi%%eases,m
; S g

accordi ngly

reduced. Ape; tured f|+ee—rade—aceordi ng to
co-pending Serial No. 15 08/ 417, 404 apdBfilns of t pr esent
i nvention were tested and Sonmpar ed; She films wee,prepared on the
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Tabl e 9. ApeNFUP@H"ﬁiIanreparation And Properties
Present | nvention
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WO 97/09018
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Fig. 2
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5 Form ng Menber Pattern sinusoidal (12 rails/in.)
sinusoidal (12 rails/in.) Nunber of Orifice ?&ﬁj
3 WO 97/09018 2 Oifice Strip # essure
(Ppsi 9) 875 150
Oifice Strip #2 Pressure 10 (psig)
875 1000 2720 Oifice Strip #3 Pressure
(psig) 875 Oifice ID
al al a d/ a F@gf.vge size (mils)
5/5/5 5 20/5 15 ter Tenperature
158[err] F. 80Ter+d_ F. Li ne Speed (ft./min.)
| SO 150 S tant Treat nent
Tween 20 Tween 20 Sani tary napkins
conprising a cover, an absorbent c nd @ backsheet were
prepared using the apertured fil mgg Fadbt as coverstock
materials. Two different napkin deSrEH@ onstruct ed and tested for
" strikethrough and rewet using synyl fluid. Synthetic
renst r ual - fluid was pregé -€i-st (G.I;LS% pol yacryl amide in
| sot oni ¢ phosphate buf f e YONP i ely') 0. 3% Ger maben was added
to prevent bacterial 25 gr NT D rdqf \Yhe FRBMUti on was neasured
as 7.4, and the viscosity at 30 ehfijpoi A@E Nhadl an per
second. Results are shown d4_Tables I1 ‘and
AIRKNIVES _ X ‘ SE
1 s, R
e 51
DRYING POl
SECTION ‘\‘{\g) N =
O\'-'.; :’5 = )
80—, ARKNVES Fig.
61 ] 62
VACUUM . I
DRUM o o o A /61
I' Oy N .\ ll . . \ \“
':‘ ,’ ) ':\ ’ J:’ f 7 4 v
52’\(1\(/5\="=;~* /«(@» 53
63—. ":3, AN \I// 1 ! \\ W\ J j‘ FROM
. e i - T 11 K. DEWATERING
TO 3= SECTION
SLITTER/ 4
REWINDER \_F4
- SECTION
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Tabl e 10. StWPREMPHugh And Rewet OF Napkins Made Wth Apertured Films
Napki n Design #1 Fi | m made according to Serial No.

08/ 417, 404 Present Invention 5 5 cc strikethrough tine (sec)

68 62 Rewat/28)

0. 04 0.02 Tabl e 11. Strikethrough And Rewet O
NapKi ns Made Wth Apertured Fil ns : F-

Napki n Design #2 10 "Fil m made according to |9- @ri al No

08/ 417, 404 Present 7 tion 5 cc strikethrough tine (sec)

39 39 Rewet ( Q) :

0.11 REWINDER 7 Tge data in Table 10 and
Table 11 show stpikethrough tinme and 15 SUREACTAY orption. The
strikethrough tinmey t he Li | aps e8PPIJEATOR 7 absorption of 5
cc of synthetic nen | ™ d, welfit i me m

desirabl e. Rewet , : ef¥s a nt/rarg-}fe‘lr ! ; at can be
. j N ﬁ A Q

N Y . ¥ ' ?
e 63
F5—— )
: o) o ; . FROM
' DRYING
SECTION
— | 020 SPACING Fig. 7A

005 DIA, HOLES 80
/ 82 [

Fig. 7B

e 0,022 0.011" |o—

84 84" D= 0.015 INCH
NO. HOLES _ g5 9
+ 4 INCH
8

" ¢ TANGENT
0.015* -+
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absorbed in a filter paper that is placed in contact with a sanitry napkin

t hat has absorbed 5 cc of fluid in the strikethrg , Wth a
| ower anountwa$7/0998 rewet bei ng desirable. P&%}’bﬁ%&
data denonstrate that the |arger open area and aperture si ze of

the filnms of the present invention give rise to at |east equal or faster
strikethrough tines than the prior arg /pglns. However, even though the
improved films of the present invention have |arger open area and | arger 25
average aperture size than the prior art fiImsFiMIcEns made with the
films of the present invention have unexpect edl wet val ues
relative toprio bofi " V\D97/09018
PCT/ US96/ 13796 5035 —— o6 - 39 -
Anot her test used to |measure the fate of tra msnstrual

s the[ ’F@I %orrparatlve data for

fluid through88
the filnms of the r sus pr| |5Q|55 are shown in
{Tabl e INCH Drop Test Data For

Tabl e . _
. ¢ TANGENT
90 90’

Apertured Filns
Fig. 7D

~—0.038*—=1 0.019" =—

92 D= 0.025 INCH

92" NO_HOLES .,
INCH
T
¢ TANGENT

l

—={ 0,025"
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Fi-l m Made According To Serial No. 08/417, 404 Present |nvention

Absorption Tinme (see) (O[err]) 27 8

Absor pti on TP} Drop rolled off PCT/US96/13796 1 -
(45[err] transverse tilt) The data in Table 12
refers to the tine required for absorption of a drop of synthetic
menstrual fluid, with a |ower tine beﬁﬁ&“ﬂesirable. I n the first
test, the filmwas level. In the second test, the filmwas tilted to an 15
angl e of 45[err]. The data further illustrate the superior fluid transport

properties of filnms of the present in 'ozirelative to prior art fil ns.
Apertured plastic filnms made accordin . present invention
exhibit the follow ng characteristics:'tactile_SOEGQess; textile-like | ook

and feel; low filmstiness as deggr e Tabl e 7; aperturing
patterns, open 20 ar eas, angei SR ) described in Table
5 and Figures 23-26; |ow b i | and
filmair/synthetic nmenstrual fluigd glb¢s on both sides of
the filmof [err]70[err]. _ e apertured film
of the present inventiop it :

~overall conparable flufd p

synt hetic nenstruga S :
descri bed in cogpendrFag=pat ent appl(i i ?ﬂ), which is

i nproved over oin either a
pul p absor bent

constructi on. [
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- 40- VWHAT |S CLAIMED | S: 1. et hod
for forming XPHPMBured filmfroma stretchabl e TW&%& astic
pol ymeric material conprising: a) provi ding a
starting filmconprising said stretchable 5 t her nopl astic polyneric
mat eri al having an upper surface and aZ/@&ger surface;

b) provi di ng a backi ng nenber conprising | of-' ed9n support
regions for supporting said starting film rec Jg-z es into which

the filmmy be defonmed by the application thereto of flgad forces; and 10
nmeans-for allow ng said applied fluid to be transporte%away fromsaid

backi ng nmenber; supporting/Zsaid starting film
on said backi ng menbe g [ <3y face of said
filmbeing in cdk i 2 DHLOAS yi d backi ng
menber and with the(’XsQ e A2 SNl Ny - fromsaid
backi ng nmenber; in the form
of col umar strﬁa ai nst the
upper surface o actt the
orifices of the fir§gt mils
and the fluid sygr| F¢ pd0. to 20
cause the fornmati OR t he

orifices of

pn or equal to
ten mils and t h#%

agsure of at

A
Fig. 10
|
] / | | ' I | 120
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formation of mcro-holes in said starting film e)

novi ng said fi#%rom said contact zone; and 25 f)
removi ng sai &' AOUPRertured filmfrom said backing PCTESPRYTe -

WO 97/ 09018 PCT/ US96/ 13796

- 41- 2. A method of formng an apertured film
froma stretchabl e t her nopl ast@e2gol yneric material in accordance
with claim1l wherein said first set of orifices have a dianeter in
t he range of about 2ey | 11& to about 30 mils. 5 3.
A met hod of form ng arwapetu filmfroma stretchabl e

t hernopl astic polyneric @ erial in accordance with claim1l wher ei n
said second set of orif§jces have a dianeter in the range of about 1

mls to about~—TO—mTs 4. jaLh form ng an
apertured filmfr a 10 st flet chabl e t her nopl ast%c pol yneric materi al
in accordance withlclaim1l wherein said fi f2let of orifices have
a dianeter in thef fange of about {1 0 about 35 A

5. . A nethod off form ng an aperftured filmfro

Fig. 11C

124

Fig. 11D
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126
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stretchabl e thernoplastic polyneric material in accordance with claim1l 15
wherein said second set of orifices have a dianeter in the range of about 3

mls to about 7 mls. 6. A nmet hod of form ng an
apertured fil W9 8M4 stretchabl e thernopl asti c pRGHHPYE¥at eri al
I n accordance with claim1l wherein said fluid emtted fromsaid
first set of orifices has a pressure||1t¢y7@0 range of about 100

psig to about 500 psig. : A nmet hod of forming an
apertured filmfroma ‘ pol ynmeric materi al
I n accordance with claim tt

second set of orifices h; e ﬁigmm%oo
psig to about 2000 psig. g thod of form ng
an apertured filmfrom a . c polyneric
material in accordance w
PCT/ US96/ 13796
wherein said fluid emttg{
in the range of i
9. A met hod of form ng
t hernopl astic polyneric

- 42 -
has a pressure

stretchabl e
1
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5 - wherein said fluid emtted fromsaid second set of orifices has a
pressure in the range of about 800 psig to about 1500 psig.

10. A nethod of fornming an apertured filmfroma stretchabl e-

t hérnopl astic ¥BPYMRYE ¢ material in accordance with clai m 1PCTUS6/137%
including the further step of providing a third set of orifices, said third

set of 10 orifices having ’?? (et er greater t han or equal
to about ten mls, the fluid supplied ther having a pressure

| ess than 500 psig. A nmet hod of form ng an
apertured filmfroma stretchabl e thernDpIastlc polymeric materi al
in accordance with claim10 15 i; third set of orifices have a

dianeter in the range of about 1 nlls oA Io about 10 mls.

12. A nethod of for bt chabl e
t her nopl asti c pol yne
wherein said third sg
mls 20 ~ to abo
form ng an apertured

p of about 3
hod of
hstic

polymeric material i said fluid
supplied to said thi range
of about 500 psig to A et hod
of form ng an apertu \ ppl asti c

polyneric nmaterial i

Fig. 15
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- 43- wherein said fluid emtted fromsaid third set of orifices

has a pressure in the range of about 800 psig to about psi g.

15. A net hoWO57®P8} ni ng an apertured filmfroma %ﬂ”@%@%&gle

t hernopl astic polynmeric material in accordance with claim1l 5 wher ei n

said m cro-hol es have an average EHD of 1 ml to about 7

mils. 16. A met hod*™of¥f orm ng an apertured filmfrom

a stretchabl e thernopl astic polyneric nmaterial in accordance with
i Sianibiiniiiesiatiete ~HD Of about 2

claim1l wher ei n,
mls to about 5 10 3
form ng an apertured f
polyneric material in o
si zed hol es have an ave#

8916

erein said | arge
30 mls.
red filmfroma
e wth claim1
ted against the
upper surface ¢ ecting the fluid

fromthe second set of 19. A
nmet hod of form ng an apé chabl e

t her nopl astic pol yneric § 1

wherein said m cro-hol e 20.

A nethod of form ng an
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stretchabl e thernoplastic polyneric material in accordance with claim1l 25
wherein said |large sized holes are defined by fibrils.

21, An aper ilmfornmed froma starting film of tchable
thérnnplasticgﬁéﬁaﬁ@ Pic material, and having a given th|ckd§§§md§ 3756

97/ 09018 PCT/ US96/ 13796

-44 - di nmensi on conprising: a g?ggayi ty of apertures extending

t hrough t he t hi ckness dinension of Said film said plurality of
apertures including first and second groups of apertures, and the
apertures of-said first group having a size greater than the size
of the apertures in said second group, the apertures 5 of said first
and second groups being defined by fibrils formed from said

t hernopl astic polyneric materi al . 22. An apertured
filmin accordance with cIa|n121 mhereln said fibrils have an
average length in the i T ittt = uh I nch.
10 21

wherein sai d 1 : I - o Uit
0.001 inch to about . o
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0. 635 inch. 24. An apertured filmin accordance with
claim 21 wherein said fibrils have an average thickness in the
range of about 0.00025 inch to 15 about 0.002 inch.

25 An apert WR¥8¥¥n i n accordance with claim21 wherein Pc""“s"":""%sal d
first group of apertures conprise |large sized holes having an average

EHD of about 7 mls to about 30 mls. )/ : 26. An
apertured filmin accordance with cIMnnZﬁ?Wﬁ%rein 20 said first
group of apertures conprise large sized holes having an average

EHD of about 7 mls to about 20 mls. 27. An
apertured filmin accordance with claim21 wherein sai d second
group of apertures conprise mcro-holes having an average EHD of
about I ml to about 7 mls. 25 _ 28. An apertured film

I n accordance with claim 21 mhereln sai d second group of apertures
conpri se m cro-hol es hgdoomad -4 il L e Rcoiis pelegieit O

about 5 mls. WO
- 45 - }
claim 21 wherein.
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said starting filmhas a thickness in the range of about 0.3 mls to about

3.0 mils. 30. An apertured filmin
accordance with claim21 wherein 5 sai d overal |l thickness dinension
of *sai d t her rO¥P&&PPE pol yneric material is i n t hePTTAGEIBI apout
5 mls to about 40 mls. 31. An apertured filmin
accordance with claim2l1 wherein ﬁﬁﬁ? apertured filmhas an
overal |l thickness di nmension greater than gi ven t hi ckness

di mension of said stating film 10 32. An absorbent
product conprising: an absorbent core havi ng oppositely facing
maj or -surfaces, and an apertured filmcovering at | east one of

said maj or surfaces, said apertured filmhaving an outwardly
faci ng body contacting side and an opposite side facing inwardly toward
sai d core, sald apertured flln1be|ng forned froma startlng film

of stretchable 15 ) gi ven
t hi ckness di nensi on, of
" apertures extending th film

sald plurality of aperf§ s of
apertures, and the apen ze
greater than the size tures
20 of said first med
fromsaid t hes
33. An absorbent prod n said
fibrils have a Iengthl
0.05 inch. 25 ance
with claim32 e of
about 0.001 inch to ab{

O

o .

F

[ [N

TGy
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35. An absorbent product in accordance with claim 32 wherein said
fibrils have a thickness in the range of about 0.00025 inch to '
0-002 inch. WO9709018 36. An absorbent producPCFNS¥EBP dance
with claim32 5 wherein said first group of apertures conprise |arge

si zed hol es having an aver age EH@F&% about 7 mls to about 30 mls.
37. An absorbent product in accordance Oci ai m 32 wherein said

first group of apertures conprise |arge sized holes having an

averge EHD of about 7 mils to about 20 nils. 10 38. An
absorbent product in accordance with claim 32 wherein said second
group of apertures conprise mcro-holes having an aver age EHD of
about 1 m|l| to about 7 mls. 39. An absor bent
product in accordance with claim 32 wherein said second group of
apertures conprise mM CHRRNEER KRS RO S -

R 2m|S
to about 5 mls. '
‘accordance with ¢lai m
overal |l thickness ding

di mensi on of said star
product in accordance
in direct contact wth
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surface of said absorbent core. 42. A nethod for
formng an apertured filmfroma stretchabletheﬁm %ﬁc

pol yneri c nawese®8conpri si ng: provi ding a
starting filmconprising said stretchable 25 therrmpl astl c polyneric
mat eri al and having an upper surface and a | ower surface;

97/ 09018 16720 /PCT/ US96/ 13796

-47 - b) provi di ng a:backi ng nenber conpri sing
| ocal i zed support regions for supporting said starting film
recessed zones into which the fi may.i) deforned by the
application thereto of fluid forces, and geans for allowng said
applied fluid to be transported away from sal d 5 backi ng nmenber;

c) supporting said starting filmon said backi ng nenber W th
portions of the |ower |spOSMIONFLMshid filmbeing in contact with the
support regi oﬁﬁ)bf—sa-l-do ypeofeber and with the upper surface of said
filmfacing away fromisai I ng| menber; 10 d)
directing a fluid in the—oR-et—ebl umar streans from a first set
of ‘orifices against the uppef surface of said starc'ggmgfi Imin a zone of

‘ ]
PASS SUPPORT SUCTION WATER
BOX 2——| MEMBER UNDER : | AWAY UNDER
HIGH PRESSURE SUPPORT MEMBER
WATER JETS :

!

DE-WATER
BOX 4—— APERTURED FiLM
VIA SUCTION

REMOVE APERTURED
BOX 5™ FILM FROM SUPPORT
MEMBER

A
REMOVE
BOX 6 —~| RESIDUAL

WATER

|

APPLY
BOX 7 SURFACTANT

J
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contact, said orifices having a diameter greater than or equal to ten mls

and the fluid supplied thereto causing the fornatlon +@rge
si zed hol esWOP791§| starting film 15 oIZ

moving said filmfromsaid contact zone; and f)
removi ng said now apertured filmfrom said backing menber

43. A method for formng an aperturmggdg I mfroma stretchabl e

t hernopl astic polynmeric material in accordance with claim42 20

including the step of directing a fluid in the forn1of col ypmar streans
froma secondFE 0 i)lflces agai nst th : urface of said
starting filmin a zone of contact, inh said second

set having a dianeter |ess than or
emtted therefromcausing the for i on of in said

starting film said mcro-holes b said

t hernopl astic material . form ng

an apertured filmfroma tretchabl e thernopla ‘o,d'-ric
iameter in

material in accordance mnth clad W 97/09018
48 - whe arge siz | es have g
the range of about 7 mls to ab 20 m |

J 138 | /S
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45. A nmethod for formng an apertured filmfroma stretchabl e

t hernopl astic polyneric material in accordance with claim42 5

wherein the QM8 of said fluid supplied to said orifi CEIYSEP e

range of about 100 to about 500 psig. ' 46. An

apertured filmforned froma starting film of stretchabl e

thernopl astic polyneric material, and k@vippg a given thickness

di mensi on conprising: a section of said st retchﬁgt(l;g pl astic polyneric
i mEns?

10 mat eri al having an overall thickness d eater than the
gi ven thiskness dinension of said startipng film a plurality of
apertures extending t hrough the thickness dinension of spid film
said plurality of apertures including large sized apertuyes, said
| arge sized apertureggbeing defined by fibrils formed frpm said

t her nopl astic polfﬂb TfC terra—15— A7T—Amapertured
filmformed froma startitng fil m of stretchabl e thernopljstic

pol ymeric materig ifgfaccordance with cl.aim46 wherein spid
plurality of apeﬁw g inkludes picro-sholes said micro-holes
bei ng defined byZFibdijls Aormed from said thernoplastic polymeric] materi al .

48. An aperturedZilwfforned froma starting filmof 20 strietchabl e
t her nopl astic pogynedfc material in accordance with claim46
wherein said Iar@ZQi ed hptres—frave amaverage ERD—of—about—7 s to about
20 mls. w 49. An apertured filmfornmed from a
starting film of retchabl e thernopl astic polyneric matferial in
accordance with clfjgud6 25 _wherejin said fibrils have an avlerage
| ength in the range ¢f about\ 0.005 inch to about 0.05 inch, have
an average wdth in ghe rangg,of about 0.001 inch to
0 ‘ ] —t t +
0 10 20 30 40 50
EQUIVALENT CIRCULAR DIAMETER, MILS
Fig. 23
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e f i\/ \
=
[TV ]
: .
il N
(TS
5 _
o M ] I - + " N |\_\i

T * 1} -

0 10 20 30 &0 50
EQUIVALENT CIRCULAR DIAMETER, MILS

SUBSTITUTE SHEET (RULE 26)



WO 97/ 09018 ' PCT/ US96/ 13796

-49 - about 0.035 inch, and have an average thi ckn%s&,jsp%t he
range of aboMO9789918 4 (0025 to about 0.002 inch. pCT
50. An absorbent product incorporating the apertured fil m of claim

46. including an absorbent core having oppositely facing major 5

surfaces, said apertured filmcovering B/ /f#ast one of said major surfaces.

51. A nethod for form ng an apertured filmfroma stretchabl e

t hernopl astic polyneric material conprising: = 24 a)

provi di ng an enbossed starting film conprising saiﬁlg- stretchabl e

t hernopl astic polyneric material having an upper surface and a 10 | ower

surface; D) provi ding a backi ng nenber g¢onpri si ng

| ocal i zed support regions for supporting said staring fillm

recessed zones intg i ph the filmmay be deforned by the

application theret (5°qf J\Igui d torces; and neans for allowjng said
t

124

applied fluid to be tfragngported away fromsaid 15 backi ng mgnber;
c) supporting S?oi@'d rting filmon said backing nenber W th
portions of the W %ur&\ac’e of said filTmbeing in contact with {he

sa

support regions gf backi ng nmenber and with the upper surface|lof said
filmfacing away r3;¢ ai d\ backi ng_nenber;. 20 d)
directing a flui i f e farmof columar streans from at

20}
10' \’/‘\\‘_§_‘\‘;
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least two sets of orifices against the upper surface of said startlng film
ina zone of contact, the orifices of the first s hgﬁg%h
di amet er gr ¥QEYMBan ten nmils and the fluid sugy pﬁ ereto

having a pressure less than 500 psig. to cause the formati on of

| arge sized holes in said starting film the orifices of 25 t he
second set having a dianeter |ess th&ﬁ/?b equal to ten mls and the fluid
supplied thereto having a pressure 0O | east 500 psig., to cause the
formation of mcro-holes in said starting film WO 97/ 09018

PCT/ US96/ 13796 -50 -

e) . noving said filmfromsaid contact zone; :!f; f)

renovi ng said nom#apertured f|In1fron1sa|d back menber
52. A nethod of 19 : 3 mnth claim
51, including ;OVI:
di scharge treatmeid
of formng an #pert §

applying a sur eagEsSHe

. A nmet hod
hl i ncl udi ng
rtured film

~
(=]
U

MICROSCOPY OPEN
2 n

10 * -t 4 3 + —t —~+
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