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METHOD OF FORMING IMPROVED APERTURED FILMS, 
RESULTANT APERTURED FD..MS, AND ABSORBENT 

PRODUCTS INCOR.PORAIING RESULTANT APERTYUD Ell.MS 

S field Of The Jnventjon 

This invention relates .to apertured films having primary ~ 

as a cover member for an absorbent article, and to methods and apparams for 

forming such apenured films. 

10 Jlackgrgund Of The lnyentjon 

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 dispoDbJe diapers, sanitary napkins, adult 

incontinent devices, wound dressings and the like. Such fabrics have 

JS typically been formed by air-laying, carding, spun bonding and the like, and 

it is known to posl-ueat such fabrics to provide slrenph and intqrity, u by 

the application of binders or fiber entanglement. either niecb•nically or by 

the application of t1uicl forces. Since such fabrics are often formed of 

hydrophobic material, it is also known to post-areat such fabrics with surface 

20 active agents to promote the passage of body discharges through the fabric. 

Such fabrics have, or are perceived to llave, desirable cbaracterisdcs such as 

breathability. drapeability. softness, and pleasant hand and aacdle impression. 

One of the drawbacks associamd with facing layers formed of a 

nonwoven fabric is that liquid such as urine, menses, wound exuda~. llld 

25 the like that passes duough the facing layer and into the absorbent core bas a 

tendency to strike back through die f'acing layer, particularly under pressure 

and when the liquid in the absorbent core approaches the volumetric storage 

capacil)' of the core. For this reason. and ocher reasons. it has been lcnown 
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in the past to utilize apertured plastic films as the facing layer in absorbent 
articles. 

The following list includes disclos_ures of such apertmed lilms 
in issued U.S. and foreign patenrs and published patent applications. 

S U.S. Patent No. 3,632,269 • Dovialc et al. 

10 

IS 

20 

25 

U.S. Patent No. 3.929,135 • Thompson et al. 

U.S. Patent No. 4,324.276 - Mullane 
U.S. Patent No. 4,351,784 -Thomas et al. 

U.S. Patent No. 4,381.326 - Kelly 
U.S. Patent No. 4,456,570 - Thomas et al. 

U.S. Patent No. 4,535,020 - Thomas et 11. 
U.S .. Paient No. 4,690,679 - Mattingly et al. 

U.S. Patent No. 4,839,216 ·Curro et al. 

U.S. Patent No. 4,950,264 ·Osborn 

U.S. Patent No. S,~.653 ·Osborn 

U.S. Patent No. S,112,690 - Cohen et al. 

U.S. Patent No. S,342.334 - Thompson ct al. 

U.S. Patent No. S,352,217 - Curro 

U.S. Patent No. S,368,910 ·Langdon 
U.S. Patent No. S,368,926 - Thompson et al. 

U.S. Patent No. S,376,439 - Hodgson et II. 
U.S. Patent No. S,382,245 -Thompson et al. 

U.S. Patent No. S,382,703 • Nohr et al. 

U.S. Patent No. S,383,870 -Takai et al. 

U.S. Patent No. 5,387.209 - Yamamoto et al. 

EP 0 304 617 - Suda et al. 

EP 0 432 882 A2 - Shipley 
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BP 0 S98 204 Al • Garavaglia et al. 

EP 0 626 158 Al - Coles et al. 

EP 0 626 159 Al - Taki et al. 

EP 0 640 321 • Tanaka et al. 

JP 3-286762 A - Yamamoto et al. 

WO 92118078 Al - Colbert 

WO 93/15701 Al • Turi et al. 

WO 94/18926 Al - Perry 

WO 94122408 Al - Langdon 

WO 94128846 Al - Steiger et al. 

WO 95/00093 A2 - Osborn et al. 

While cenain of such apertured films bave functioned 

reasonably well for their intended puiposes, die vast majority of such films 

have actual and perceived major deficiencies. For example, even thoup 
IS such apertured films may permit fluid to readily pass theretbrougb, and may 

minimize strike-back of such fluid. such apertured films nevertheless tend to 

have lhe appearance. feel and band of a film. ·ralher than a fabric. Such 

film-lilce characteristics are considered as a negative by the con.sumer. and 

chus absorbent products with apenured films as a facing layer have not met 

20 with widespread consumer acceplaDCC. 

Major improvements for apertured film facing layers for . 

absorbent products are disclosed in commonly assigned, copencling U.S. 

patent application Serial Nos. 08/417.404 and 08/417,408 to Turi et al. filed 

April 5, 1995 as a colllinuation and a division of Serial No. 08/004,379, filed 

25 January 14, 1993 as a continuation of Serial No. 07n44,744. 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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methods and apparatus for forming lhe film, are disclosed which impart to 

the film physical characteristics like dlose of nonwovcn fabrics. This is 

accomplished by supporting a film formed of slretcbable thermoplastic 

pOlymeric material on localized support regions of a backing member, and 

S directing a fluid in the fonn of high pressure, small diameter columnar jets 

against the upper surface of the film. so that unsupported portions of lhe film 

are directed downwardly between the support regions to cause the formadon 

of micro-holes and fiber-like elements (fibrils) thereabout to impart to the 

apertured film physical characteristics of appemnce. softness, feel and band, 

1 O like those of a nonwoven fabric. While such apenured ftlms are a marked 

improvement over prior an 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. 

15 

For use of apertured films as topsheets for sanitary napkins. 

clean.dry properties are very much desired. This means that the sanitary 

napkin should api;iear clean and dry to 1he user even after it bas accepted a 

tlow of mensttUal fluid. There arc many factors affecting the clean-dry 

properties of a sanitary napkin, including the aperture characleristics and 

open area of the napkin ~er material. There is a trade-off in 1be effects of 

20 lhe r11m aperture size and open area on clean-dry properties. On the one 

band. large apertures allow the tluid to be more rapidly aransmitted to the 

absorbent core. On the other band, apertures that are too lar&c permit the 

fluid to be transported back through the copsbeet from rhe absorbent core (a 

phenomenon sometimes referred to as •strike back•) and to contact the 

2S 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 lhat me product bas not kept her clean. To exhibit 
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both clean and dry properties. a topshcet must have a carefWly balanced 

combination of aperture size and open area: 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 

S underlying absorbent core to give the wearer the perception of cleanliness. 

Summarv ot The Invendon 
In accordance with one aspect of the present invendon. 

apertured films of the type disclosed in the above-mentioned Turi et al. patent 

10 applications are improved by providing such films with larger apertures and a 

sufficient open area so chat 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 stteams or jets 

from at least two seas of orifices. the orifices of one set having a diameter 

1S greater dwl ten mils, and lhe fluid supplied to the orifices having a reladvely 

low pressure less than about 500 psig. and the orifices of at least one other 

set having a diameter of Jess lhan or equal to ten mils and the fluid supplied 

thereto having a relatively high pressure grearer than about SOO psig. The 

present invention can be practiced with selective variation of the sequence to 

20 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 pan. irregular in shape and 

size. They are measured by various techniques that approximale the 

25 diameter, which may be expressed as equivalent hydraulic diameter (EHD) or 

equivalent circular diameter (ECD). The resulting apenured film has a 

combination of large sized apertures having average EHD's of from about 7 
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mils to about 30 mils. and small sized apenures havins average EHD's of 

from about 1 mil IO about 7 mils. Such apenured ~ have an open area in 

the range of from about 31 to about 13 •. 

The improved apenured film of die present invention is 

S pre~rably formed on a backing member like that shown in Figures 17-19 or 

the above-mentioned Turi et al. applications. which results in the tUm bBving 
a series of generally parallel rid1es formed by generally vertically orieDted 

side walls which defme a series of generally parallel valleys. The film thus 

includes generally parallel alternating solid or closed portions of the ftlm 

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 u a result of elongating and drawing Che stretchable 

material between the localized support regions of the backing member as a 

result of the application of tluid pressure, and u the film elongates it 

15 undergoes thinning unlil it finally rcacbes the point of rupturing (i.e., 

splitting and fibrillaling) to form the above-mentioned apenures. 

As wirh apenured films disclosed in die Turi et al. applications, 

die apenures are surrounded by a network of fiber-lib elements or micro­

strips of drawn plasdc marerial. Such drawn fiber-lib clements (fibrils) 

20 cooperate with the apcrtureS to provide the apertured film with physical 

characteristics similar to those of nonwoven fabrics. The fiber like elements 

have lengths. varying from about O.OOS inch (0.013 cm) ro about O.OS inch 

(0.127 cm). widths ranging from about 0.001 inch (0.003 cm) to about 0.03S 

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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as to provide the film with improved fluid disuibulion properties in the 
region of the film which have been subjected to sttetching. by downward 

deftection of the film into die recessed region of the suppon member. during 
formation of the film. 

The method for fo~g an apenured film from a stretchable 

thermoplastic polymeric material in accordance with the invention comprises 
the steps of providing a staning film comprising said sttetcbablc 

thermoplastic polymeric material and having an upper surface and a lower 
surface. A backing member comprising localized support regions for 

10 supporting the starting film is provided. The backing member has recessed 
zones into which the film may be defonned by the application thereto of fluid 
forces. Means for allowing said applied fluid to be transported away from 

the backing member are provided. 

The starting film on the backing member has portions of the 

15 lower surface of rhe 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 screams fi'om at least two sets 

of orifices is direcled. against lhe upper surface of lbe starting film in a zone 
20 of contact, i.e •• a zone in which the film is subjected to the forces fi'om tbe 

fluid streams. The orifices of the fint set each have a diameter parer than 

ten mils and the tluid supplied thereto has a pressure less than SOO 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 

2S Ouid supplied thereto bas a pressure of at least 500 psig. to cause the 

formation of micro-holes in the slarting film. 
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The film is removed from tbe contact zone. and the now­

apenured film is removed from the backing member • 

. Other features and advantages of the present invention will 

become readily apparent from the following detailed description. the 

. 5 accompanying drawings. and die appended claims. . 

10 

Brief Descrjptjon Of The Dnwjop 

PIG. l is a schematic side elevational view of a production line 

ror forming apertured film in accordance with the. pre.seat invention; 

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 1be aperlUring 

secdon of the apparalUS used to form lbe apermred film of the p~ 

lS invemion; 

FIG. 4 is an enlarged side elevational view of the dewatering 

section of the apparatus used to form the apertured film of the pRSeDl 

invention; 

PIG. 5 is an enlarged side elevational view of the drying 

20 section of the apparatus used to form the apertured film of die present 

invention; 

FIG. 6 is an enlarged side elevational view of lhe 

slitter/rewinder section of the apparatus used to form lhe apertured film of 

the present invention; 

25 FIG. 7 A is i schematic view of an orifice strip used in the 

apparatus to fonn one of the apertured films of the present invention; 
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FIGS. 78, c. D and E are enJarged views of orifice pauems 
which can be used in the apparatus to form the apertured films of the presen1 

invendon; 

FIG. 8 is an explOded perspective view of a starting film 
S positioned on a ba~~g member for processing in accordance with the 

present invention; 

FIG. 9 is a top plan view of tbe backing member shown in the 
lower portion of FIG. 8; 

FIG. 10 is an enlarged cross-sectional view taken along line 1~ 
10 10 of FIG. 9; 

FIGS. llA·D are views similar to FIG. 10 showing sequential 
stages in ihe drawing of the starting film to form apenures in accordance 
with the teachings of the present invention; 

FIG. 12 is a photograph in top plan of an apenured film 
15 formed in accordance wilb the present invention at a magnification of 1.S 

rimes; 

FIG. 13 is an end elevalional 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 IS limes; 

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 
1.5 times: 

FIG. 16 is an end elevational view of the apertured film of 
2S FIG. lS; 

FIG. 17 is an end elevational view of the apertured film of 
FIG. IS at a magnification of IS times; 
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FIGS. 18A and B are photographs taken at a magnification of 
1 O X of apertured film formed in accordance with the invention, formed from 
an embossed starting film having tbe female side &hereof against the 
associated forming member, wherein die film was subjected IO apenuring by 

S a sequence of three orifice strips, 1be first having relatively large orif'1Ce1 in 
accordance with FIG. 7D, and the second and third having relatively S..U 
orifices in accordance witb FIG. 7A (PIG. 18A beina die side thereof against 

which the water jccs were direcled, FIG. 18B being the side thereof 
positioned against the usociatcd forming member); 

10 FIGS. 18C and Dare photographs taken at a magnificalion 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 
usociated fonning member, wherein the film was subjected to apenuring by 

a single orifice saip baving relatively large orifices ID aCCOldm:e with FIG. 
IS 70 (FIG. !SC.showing the side lhereofagainst which the water jets were 

directed, FIG. lBD showing the side thereof positioned against the associated 
forming member); 

FIG. 19 is a block diagram showing the various steps of tbe 

process for producq lbe apenured film in accordance widl die presenl 

20 invendon; 

FIG. 20 is a penpecdve view of a sanitary napkin comprised of 
an apertured film according to the present invendon; and 

FIG. 21 is a view, panially in section, taken along line 21-21 
of FIG. 20; 

25 FIG. 22 is a graph depicting apenure size distribution in a 

sample of apertured film made at 875 psig. on an appararus using three 
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orifice strips each having a plurality of orifices, all of the orifices being S 

mils in diameter; 

FIG. 23 is a graph depiCling apenure sm disttibution in a 
sample of apertured film made on an ap~tus comprising a single orifice 

S strip having a plurality of orifices each 20 mils in diameter. said orifice strip 

being shown in FIG. 7C; 

FIG. 24 is a graph dcpicdng apenure size distribution in a 

sample of apertured film made on an apparatus comprisin1 a first orifice sttip 

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

10 diameter of 20 mils, and a second o~ strip, downstream of the first suip, 

wherein the second strip (shown in FIG. 7A) bas a plurality of orifices all of 

which have a diameter of S mils; 

FIG. 2S is a graph depiccing aperture size distn"lmtion in a 

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

15. FIG. 26 is a graph depicling the results of comparison in which 

the spacing of the orifices comprising the orifice scrip is varied. 

Description Of De Preferred Embgdjgn(S 

While the present invendon is suscepnl>le of embodiment iD 
20 various forms. there is shown in the drawings and will hereinafter be 

desen'bed presendy preferred embodiments, with the understanding lbat the 

present disclosure is to be considered as an exemplificalion of the invention. 

and is not intended to limit lhe invention to the specific embodiments 

illustrated. 

25 Referring now to the drawings, FIG. I is a schematic, side 

elevational view of one embodiment of a production line that may be utilized 

to produce apertured films in accordance with the teachings of the present 
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invendon. As is indicated by lhe direction mow. lhe process flow proceeds 

from right to left in FIG. 1. Al is shown in FIG. 1, the production line bai 

five major stations; a ftlm unwinding station 30, an apcnuring sr.adon 40, a 

dewatering station 50, a drying station 60, and a slitting, rewinding, and 

5 surfaccam applicadon mdon 70. 

As shown in FIG. 2 in the film unwinding station, two rolls 31 

of starting film material 33 are mounted for robltiOD OD frame f. 1be film 

from rolls 31 is fed over guide rollers and into festoon 32 which bas an 

automatic (closed loop) tension concrol system. Film 33, under suitable . . 

10 tension, e.g., between 0.1 to 1 poimd per linear inch, emerges from festoon 

32, and proceeds to the apenuring station 40. 

While many different starting film materials are suitable for use 

in the present invention, one of lhe preferred materials is a polyethylene film 

commercially available from Exxon Chemical under product desipadcm 

ts EMB-631. This film is an embossed, white pigmented polyethylene fi1ni. 
The polyethylene component consists of a blend of 40~ by weight low 

density polyeehylene and 601> by weight linear tow density polyethylene. 

The film bas 6.5 ~ by weight titanium dioxide. 

The starting film is embossed with a diamond paa:em at 165 

20 lines per inch to provide on one side of the film, re'erred to as the male side, 

a plurality of discontinuous observable prottusions separated by a continuous, 

intercormected grooved pattern. The other side or the embossed starling film, 

referTed to as the female side, has a plurality of observable, cupped recesses 

separated by a conlinuous. inlerconnected rib pattem. The cupped recesses 

2S in the female side of the film are in respective registration with the 

protrusions on the male side of lhe film. The staning film is electrostatically 

treated with a corona discharge treatment on one side, preferably che male 
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side. The fllm bas an ultimate tensile strength of 1750 grams in the machi.ae 

direction (with SOOS elongation at break), and 1300 grams in the cross 

direction (with 650S elongation at break), as derennined using ASTM rest 

D-882. 

The process for making the film of the invention may be either 

batch or continuous, 1enerally similar to the batch and continuous processes 

disclosed in co-pending Serial No. 08/417,404. The preferred embodiment is 

a continuous apparatus, u funher disclosed herein. 

With reference to PIG. 3, the film 33 from the unwind mdon 

10 is shown entering apenuring station 40 at the right band side thereof. 

ApertUring station 40 includes a honeycomb-type support drum 41 rotatably 

mounted on a frame Fl. The drum 41 has a three-dimensional backing or 

fonning member. described in detail hereinafter, mounted on its outer 

peripheral surface. Pour water jet manifolds 42 are also supported on frame 

15 Fl and four suction slots, one for each manifold 42, are provicled interiorly 

of the support drum, as is also hereinafter described in detail. The suction 

slots arc mounted wirhin the drum and are aligned with thc water jet 

manifolds located outside of the chum. Each water jet manifold comprises a 

20 

metallic ~trip, hereinafter sometimes referred to u an orifice strip, having a_ 

plurality of orifices having predetennined size-and spacing. Specific 

examples of such orifice strips arc described in more detail hereinafter. A 

given manifold 42 may comprise one or more orifice strips. The orifice size 
preferably remains consrant for each strip. However, the orifice size may 

vary on a given strip. The disrance between the lower surface of the orifice 

2S suip and the outer surface of the backing member of the apenuring drum is 

p~eferabJy in the range of berweeo 0.SO to 1.0 inches. 
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Hot water under pressure is pumped to the manifolds 42, and 

the pressurized warer exits through the plurality of orifices in the orifice strip 

in the form of columnar water jets. 'J:.'he water pressure in each manifold 42 

may be separately replated. The entering film 33 is l1'ained over a guide 

S roller 43, and then over the outer periphery of the three dimensional fmming 

member moumcd over the support drum 41. The columnar stteams of water 

exiting the orifice mips _impinge on the flbn and cause the film to deflect 

downwardly into the recessed regions of the backing member mounted on tbe 

support drum, thereby causing Che film to stretch and rupture into a 

10 multiplicity of irregular size holes. The now-apertured film 44 emerges from 

apcrturing station 40 at the left-band side thereof and passes to dewatering 

section SO. 

As is shown in FIG. 4, in the dewatering section SO, two 

dewateriDI drums 51 are mounted for rotation OD frame F3. ~ SI have 
15 a honeycomb confisuralion. 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 lcnives being provided for each drum S 1. 1be 

suction slots associated with the dewatering drums S 1 are located internally of 

the dlums, whereas air knives S~ are located out§ic!e of the dnlms SI. 

20 Excess water is removed ft'om the apertured film by the impingement of high 

velocity air from knives 52 and by suction through the suction slots in drums 
S 1. Air knives S2 operate at an air temperature range between about 150°-

1800 F. Total air flow dirough the twelve air knives 52 is between about 

1,000 10 about 2.000 cubic feet per minute· per linear foot of apertured film 

2S widlh. The dewatered film 53 emerges from lhe dewa1erins station SO, at the 

left-hand side thereof, and passes to the drying section. 
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With reference to FIG. S, the air drying stadon 60 is illustrated 

as including two vacuum drums 61 mounted on frame P4. Each drum 61 has 

a suction slot, which has an arc of 300° around the drum. Twenty air knives 
62 are posidoned outwardly of each Vacuum drum 61 and the air knives 62 

s operate at a temperature between 1so•-1so• P. The combined air tlow for 

all forty air knives 62 is between about 5,000 to about 7,000 cfin per linear 

foot of apertured film width. The pressure drop caused by lhe vacuum in 

drums 61 is about 2 inches of water measured across the film. The dried 

film 63 emerges from dryiDJ section 60 at the left-hand side thereof and 

10 passes to slitter/rewinder section 70. 

Referring now to FIG. 6, the fllm 63 from the drying secdon 

enters the slitter/rewinder station 70 at the right hand side thereof. A slitter 

71, consisting of spaced score cut type slitting knives, curs the dried 

apenured film to the desired widdl. The dried and slit apenured fiJm then 

lS passes to a surfactant applicator 72, where a suitable surfaclBDt. e.g., Tween 

20, is applied to the film by kiss-coating. The surfactant is preferably 

provided in an aqueous solution consisdng of about 48.8 ± 1.5 percent 

surfactant. In an exemplary embodiment of the invention, 1he surfaciaDt 

roller coating speed is IS ± 3 inches per minute. Preferably. the surfac1ant . 
20 is applied to the male side of the film. The above-mentioned parameters 

result in a surfactant soludon add-on of 0.2S mgfm2 ± 0.07. 

Referring to PIGS. 7A-7E, the columnar jets of water are 

discharged from one or more orifice sttips havin& a plurality of orifices. 

Preferably, the orifices are fanned by drilling a precursor metallic sttip to 

2S form cylindrical boles. However, it is anticipated that holes of various 

shapes may be used. 
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FIG. 7 A shows an orifice strip 80 for delivering columnar jers 

of water each having a relatively small cross-section to fonn micro-holes in 

the film. The orifices 82 in. the manifold have a diameter of S mils (.OOS 

inch), and are spaced .020 inch apart. This manifold strip Is available from 

5 the Nippon Nozzle Co •• of Kobe. Japan. 

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

warcr. each having a reladvely 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' lbat are spaced apan on opposite sides or a center tangent 

10 line. The orifices in each row have a diamercr of lS 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 or the orifices in the bottom row by 

.011 inch. The strip contains 90.9 orifices per inch. 

FIG. 7C shows an orifice S1rip having two rows 88, 90 of 

lS orifa.ces 88', 90• thit are spaced ipart on opposite sides of a center taDgeDl 

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.S orifices per inch. 

20 PIG. 7D shows an orifice strip having two rows 92, 94 of 

orifices 92 •, 94' that are spaced apart on opp0sile sides of a center tmgent 

line. The orifices in each row have a diameter of 2S mils (.02S inch), and 

are spaced .038 inch apan. 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 haying a relatively large cross-section for fonning large sized 
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boles in tum. The orifices each have a diameter of 0.025 inches. and are 

spaced 0.083 inches, center-to-cenrer. While rile orifice slrip shown in FIG. 

7E is suitable for forming film in accordance with the present invention. use 

of orifice saips s'lich as· shown iii PIG. 78-10 is presently preferred for use 

S in combination with one or more orifice strips having relatively small orifices 

for fonnation of micro-sized boles. 

10 

The small orifices (sec PIG. 7 A) preferably have a diameter 

under 10 mils. The larger orifices (see FIGS. 7B-7B) preferably have a 

diameter greater than 10 mils. 

An apparatus for mating apenured films of the present 

invention is described in detail in co-pending patent application Serial No. 

081417 ,404. The apparatus for malcing 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 die warer 

15 delivered to the small orifices is generally greater than SOO psig, preferably 

on the order of SQ0..1600 psig or higher. The pressure of water delivered to 

the large orifices is generally less than 500 psig, preferably OD die order Of 

125-200 psig. 

In a preferred emboclimeDCw die aperturing equipment consists 

20 of a honeycomb type support drum, a three dimensional fonning member, 

several water jet manifolds. and corresponding suction slots amnged 

interiorly of and sequemially along a seclion of the circumference of die 

drum. The fonning member is an engraved sleeve, as shown in FIGS. 8-10, 

which is mounted onto the honeycomb suppon drum. The suction slots are 

2S mounted within the drum and Ibey are lined up with the water jet manifolds 

located outside the dnsm. Each wateT jet manifold contains a metallic strip 

having a plurality of orifices. For a given manifold. the orifice ·size remains 
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constant throughout lhe strip. The disrance between the orifice strip and the 

surface of the engraved sleeve is preferably between O.SO to 1 inch. The 

manifolds are pressurized by pumping in heated water. The pressurized 

water exits lbrough the series of orifices in lhe orifiCe strip, dms creating 

S subslmtially columnar. wa• je1S. The energy of the columnar bot water jeas 

impinging on the film causes the film to contour toward die surface of lhe 

engraved sleeve thereby causing the film IO stretch and rupmre into a 

multiplicity of irregular size boles. The pressure and temperature of the 

water supplied to each manifold may be separately regulated. The process 

10 parameters are as follows: 

lS. 

20 

25 

Line Speed (yards/min): 50-200 

Water Temperature: 15.5° - 165° F. 

Maximum Number of Manifolds Used: 3 

Distance between Manifold Strip and Surface or Sleeve: o.so·-
1 • 

LoW Pressure Manifold: 

Number of Manifolds: 1 

Orifice Size Range (inch): 0.0145 to 0.030 

Pressure (psil): ISO :1: ~ 

Water Flow: 8.0 ± 2..0 gallons per minute per inch of orifice 

strip (lpm/ln) 

Suction Slot Vacuum (inch of H&): S.O ± 2.0 (-17 ± 10.2 

kPa) 

Hieb Pressure Manifold: 

Number of Manifolds: Maximum of 2 

Orifice Size Range (inch): O.OOS to 0.007 

Pressure· (psig): I.I.SO ± 350 
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Water Flow: 0.9 ± 0.22 gallons per minute per inch of orific:e 
slrip 

Suction Slot Vacuum (inch of Hg): 5 :t 3 (-17 :t 10.2 k:Pa) 

Manifold Usage ·Secmence: 
The pressurized water jet manifolds and their associated orifice 

strips can be manged in a variety of iequences relative to the direc~ of 
continuous nvel of the film on the drum. Any of the following five 
sequences may be used ro apenure the film: 

1. Low Pressure. High Pressure 
10 2. Low Pressure, High Pressure. High Pressure 

3. High Pressure, Low Pressure 

4. High Pressure. Low Pressure. High Pressure 
S. High Pressure. High Pressure, Low Pressure 
Referring to FIGS. 8-10, die forming member is a three 

15 dimensional surface having a plurality of radially extending support elemenls 
that rise from die base of the forming or backing member. These elements 
arc substantially similar to lhe corresponding elements disclosed in co­
pending patent application Serial No. 08/417,404. 

FIG. 8 is an exploded perspective view of starling film 100 
20 supported on backing member 102. The starting film may be either 

embossed or unembossed. Altematively, a portion 104 of starting film 100 
4;ompriscs embossments 106, and unembossed regions 108 as shown in the 

upper ponion of FIG. 8. 

Backing member 102 comprises a base ponion 110 having an 
25 upper surface llOa and a lower surface llOb. Backing member 102 further 

. comprises a plurality of apenures 112 running lhrough the thickness of base 

110 from upper surface 110a 10 lower surface l lOb. As wUl be seen 
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hereinafter. apertures 112 are provided IO allow for removal of water during 

the manufacmre of apertured film according to the invention. Backing 

member 102 also includes a plurality of ndially-exrending support elements 

114. These supPori elements comprise a base 116 coinciding with the plane 

S of upper surface llOa of portion 110 and a pair of.angled side walls 118, 120 

(best seen 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 nm 

either parallel 10, perpendicular to, or at any angle to the sides of the backing 

10 member. As shown in FIGS. 8 and 9,. these suppon elements 114. when 

viewed in plan, are generally sinusoidal-like or wavy in configuntion. It will 

be understood that the support elements may be provided in other 

configurations, e.g .• straight-line, zig-zag and lhe like. A detailed 

descripdon of the formina member is disclosed in ce>-pendiug patent 

15 application Serial No. 08/417,404. 

Referring to PIGS. 1 lA·D, rhe 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. llA. the staning film 

124 is initially laid OD die backi111 member. Referring to FIG. l lB. the film 

20 124 deforms in response to the application of columnar jell of water and is 

drawn (i.e., sttetched) downwardly and partially into the space between . 

support elements. Refening to FIG. llC. as the film 124 is drawn. it 

becomes dlinner. Referring to FIG. l lD. as the film is further drawn and 

becomes thinner. it begins to break apan and fonn boles 126. This process 

25 is further described in co-pending patent application Serial No. 08/417,404. 

wherein die formation of micro-~les surrounded by micro-strips of film 

material, or fibrils. is described. 



W097/09018 
PCT/US96/13796 • 

- 21-

Due ro the vertical elements on the forming member, the film 

of lhe present invention is expanded a.e.. is given significant dimensionality 

in the z-direction relative to lhe ori&iaal lbictness of the precursor 

unapenured film) immediately as it comes off rhe process. In some prior art 

S processes, expansion in the z-direclion must be accomplished in a separate 

embossing step (see for example. U.S. Parent No. 4,609,518). An expanded 

topsheet limits lbe comact between the wearer and the absorbent layer and 

thus enhances the feeling or dryness in products that incorporate iL 

In the films, absorbent products and methods disclosed herein, 

10 the holes in the film include both micro-holes and large sized holes, or may 

include large sized holes only. It is believed that the micro-boles are formed 

primarily from the drawing of film material in response to application of 

columnar jets of water coming from lbe smaller orifices of the orifice strip 

discussed above. It is believed tbat the Jarp sized holes, aJso formed from 

15 lhe drawina of film material, are formed primarily in respome to applica~ 

of the columnar jets of water coming from the larger orifices, rather rhan the 

smaller orifices, of dle orifice strip discusled above. 

The resulting apertured film bas a combination of large siml 

holes or apenures having average EHD's or ftom about 7 mils to about 30 

· 20 mils, 8.nd small sized apertures or holes, sometimes referred to as micro-sized 

holes, having avera1e EHD's of from about 1 mil to about 7 mils. Such 

apenured films have an open area jn lhe range of from about 3 ~ IO about 

13... It has been found that using orifice strips having orifices whose 

diameters range from about 10 co 2S mils results in the fonnation of 

25 apertures in the film having an average EHD of about 7 mils to about 17 

mils. The fibrils surroundina and defining the micro-holes and die large 

sized holes are described in detail in co-pending patent application Serial No. 
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08/417,404. The fibrils have lengths ranging from about O.OOS inch (0.013 
cm) to about O.OS inch (0.127 cm); widths ranging from about 0.001 inch 
(0.003 cm) to about 0.035 inch (0.089 cm); and thicknesses nnging from 
about 0.00025 inch (0.006 cm) to about 0.002 inch (O.OOS cm) • 

.5 Photographs in FIGS. 12-lSA. B show die combination or micro-boles and 

large sized holes of an apenured film made in accordance with the invention. 
Photographs in FIGS. 18C, D show large sized holes of an apertured film 

made in accordance with the invendon. 
The combination of large sized holes and micro-holes of lhe 

10 dimensions discussed above yield an improvement in the clean and dry 

properties of the film when used u a topsheet for a saniwy napkin. The 

resulting open area is in the range of 3 to 13". In the prior art film having 
micro-holes only (see co-pending application Serial No. 08/417.404). when S 
mil diameter columnar jets of water are used, the resuking apenu.red film has 

15 micro-holes with an average EHD of 3 mils, and bas. an open area of about 
3 % • The increased apenure size and open area in an apertured film having 
large sized holes in combination with micro-holes in accordance with lhe 
invention provides an improved level of aperture size and open area so as to 

sttikc an advantageous balance: large enough apenures to rapidly accept a 
20 flow o( menstrual fluid and to allow it to pass through to the napkin's 

absorbent core, but small enough to mast die stain on the absorbent pad to 

zive the consumer the perception of cleanliness. Thus. the absorbent 
products of the present invention made with the apertured films of lhe present 
invention have much improved clean and dry properties. 

25 In a preferred embodiment of the invention. the starting fdm is 
apertured by large diameter. low pressure columnar water jets and small 
diameter. high pressure columnar water jeu. This combination of jets at bodi 
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high and low pressure produces larpr apertures and greater open area than 

films made widl small diameter high pressure jets alone. Films made by this 

embodiment also appear softer to the user than films made only with large 

diameter. low pressure jets. 

S · FIG. 19-is a blOck diagram showing the several S&epl in the 

. process for producing the novel apertured films of the present invention. The 

fnt step in the process is to positiQn a piece of thin, stretchable film of 

thermoplastic polymer material on a backing or suppon member (Box 1). 

The suppon member with the sttetcbable film thereon is passed under high 

10 pressure fluid ejecting nozzles (Box 2). The prefemd fluid is water. The 

water is transported away from the suppon member. preferably usiD1 a 

vacuum (Box 3). The film is de-watered, suction being preferred for ~ 

purpose (Box 4). The de-watered apertured fl.Im is removed from the suppon 

member (Box 5). Residual water is removed from the apertured film, e.g •• 

IS by applying a stteam of air thereto (Box 6). Surfactant is next applied to dle 

apertured film (Box 7). The apCnured film is then rolled up to await use as 

is or as a sauctural component of another product such u a sanimry napkin, 

disposable diaper or wound dressing (Box 8). 

Referrina to FIGS. 20 and 21, there is shown a sanitary napkin 

20 130 comprising an absorbent core 132 of wood pulp fiben, a thin, fluid­

impermeable battier film 134 and a covering material 136 which may be any 

or the apenured films or the invention. Preferably' the covering ~ 

material has the structure shown and described herein. Barrier film 134, 

which may comprise, e.g., a thin film of polyelhylene, contacts die lower 

2S surface of absorbent core 132 and runs pan way up the longitudinal sides of 

the absorbent core. Covering material 136 has a lenglh somewhat longer 

than lhe length of rhe absorbent core and is wrapped around the absorbent 
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core and burier film u shown in PIG. 21. The longitudinal edges of the 

cover maierial are overlapped and sealed together on the lower surface of tlie 

napkin in the usual manner. In the embodiment illustrated, the cover 

material is sealed to itself at the ends 138, 140 of die sanitary napkin. AJ 

S illusua1cd in FIG. 21, sanitary napkin 130 bas a layer of adhesive 142 for 

adhering lhe napkin to the undergarment of lhe user. Adhesive 142 is 

prot.ected prior to use by a removable release sttip 144. 

10 

BXAMPLB 1 

In one embodiment of the apenured film in accordance with lhe 

invention, the starling material is an embossed film supplied by Exxon 

Chemical under the designation EMB-631, and having a lbickness of 0.95 

mils. This film is corona discharge created on irs male side. The film is 

placed on the forming member shown in PIGS. 8-10 which is mounted oa a 

15 support drum as described in co-pending applications Serial Nos. 08/417,404 

and 081417 ,408 to Turi et al. with the corona-treated male side of the film 

facing away from lhe forming member. Two manifolds for clirecling 

columnar 1;treams of water at the film were used. The first, or upstream, 

manifold bas 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 0.02S inches. The orifices are spaced a discance of 
• 

0.038 inches center-to-center to provide a total of S2.6 boles per inch. The 

second, or downsueam, manifold bu the orifice configuralion shown in FIG. , 
7 A 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 SO such orifices per inch. Water 

having a temperarure of 165°F is supplied at a pressure of 165 psig to the 
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first manifold, and at a pressure of 1400 psig to the second manifold. The 

film is passed under the manifolds at a speed of 435 feet per minute. The 

suction pressure inside the drum is minus SO iDches of water. The film is 

dewatered with the apparams shown in FIG. 4 and is dried with the apparams 

5 shown in FIG. S. Following ckying, the male side of the film is kiss-coated 

with a 48.8 ~ solution of Tween-20 in water to a solution add-on of 0.25 

mg/in1
• Subsequent rollin& of the film effects transfer of the surfacrant 

solution from the corona-trcaied male side to the female side. Aft&r the 

surfactant solution ultimately dries, the film has a bulk surf'acllnt ~41 

10 (including all surfaces of the film) of 0. 12 mg/in2• The resulting apertured 

film has an air permeability of approximately 325 cubic feet per mmute per 

square foot (cfm/ft2) at a pressure differential (4P) 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 diam!• 
IS diat is based on a measurement of the area of the apercure. The area is 

measured using the disclosed hardware and software for measuring Elm m 
co-pending patent application Serial No. 08/417 ,404. The formula for BCD 

is ECD = .J4A , where A is the measured area of an aperture~ There is an a -

20 

average of SOO apertures per square inch. ~ bulk thickness is 14.S mils. 

BXAMJ>LE2 
Anolher embodiment of the apenured film of die invention was 

made using the same sraning film and forming member as used in Example 

1. The line speed was SO ydslmin. Two manifolds for directing columnar 

25 stteams 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., Ehere are 

two offset rows 88, 90 of orifices 88', -90', each of the orifices having a 
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diameter of 0.020 inches. The orifices are spaced a disrance of 0.032 iDches 

center-lo-center co provide a total of 62.S holes per inch. The second, or 

downstream, manifold has the orifice configuration shown in FIG. 7A of die 

dnwinp, i.e., there is a single row of orifices each having a diameter of 

S O.OOS inches. These orifices are spaced 0.020 inches on a center-to-center 

basis .. There ~ a total of SO such orifices per inch. Water having 1 

temperanare of 160° F. is supplied at a pressure of 150 psig to the fint 

manifold, and at a pressure of 1500 psig to the second manifold. ne dmm 

bad a vacuum of 6 inches of Hg (-20.4 kPa). 

10 In the dewatering section, there were six dewatering knives. 

and a vacuum of 411 of Hg. The air temperature for the first set of air knives 

was 180° F. The air temperaaure for the second set of air knives was 120° 

F. There were two film clryin1 cylinders and each cylinder had five heated 

air knives. The hot air temperature for the knives was uo• F., and lhe 

15 vacuum was less than 111 of wacer. 

20 

2S 

Tbe apenmed film produced accordiq to Example 2 was 

analyzed by microscopy. Open area, hole size distribution and total features 

{number of boles) were measured by image analysis techniques, with the 

following results: 

OpeaAIU 
(man) 

6.19S 

* 

St. E.H.D.• ECD Apemn 
Dev. (melD) (lmlD) St. Dev. Comal 

.68 7.61 mils 10.IS mils 10.47 858/sq.ia. 
mils 

EHD is measured as discussed in co-pending patent 

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

by reference. 
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The characterisdcs of the orifice snips used in the experiments 

described below are shown in Table 1: 

Table I. Cbmcteristics of Orifice Strips 

Orifice Orifice Number Of Rows Jain-Row Spldq Number Of Oriftca 
Strip Size Of Ori&:ea Per 8aweea Orif1ces Per Slrip .. lllcb 
ID ("mcbes) Orifice S1rip (ceacer-co-aaser. ill.) Of Orifice Slrip 

a 0.005 I 0.020 .50 

b O.OlO 2 o.ou 133 

c 0.015 2 0.022 90.P 

d 0.020 2 0.032 62.S 

e o.o:zs 2 0.031 52.6 

f 0.02S 1 0.083 12 

ts Egperimentarion With Batch Formation Of Films 

Tbe batch fiJm apenurin1 apparatus used in the experiments 

repoited in Table 2 below was similar to that shown in FIG. 3 of die 

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 ·r in Table 1 was in mm mounted in the single water Jet manifold 

and used to make one or more apenured films u shown in Table 2. The 

staning film and forming member were the same as those used in Example 1. 

A piece of scaning ·film was mounted to lhe ourer surface of the 

fonning member by a series of pins projecling from the forming member. 

2S The honeycomb suppon 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 suppon drum. Heated, pressurized waler was supplied to the 

manifold. The honeycomb support drum motor was rotated to pass the 

scaning film once under lhe orifice strip. The resultant film was removed 
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&om the fonning member and air dried. Process conditions used to maJce 

fdms and the resultant film properties are shown in Table 2 below. 

. 

Orifice 
El.I ID 

1 b 

2 b 

3 b 

4 c 

5 c 

6 c 

7 c 

• cl 

9 d 

10 d 

11 d 

12 • 
13 • 
14 • 
14& f 

1'b f 

1.tc f 

• 

Table 2. Batch Film Aperturin1 Egperiments 

Maa 
EquivaJal 
Hydraulic 

W11tr Wiier Film ()pea Diaml• 
PnslUle Temp. v-· Speed Ala (EHD)" 

(pa) (.,.) (iLW•r) (ftlmia) (S>- (mils) 

350 l60 fO 150 3.6 10.7 

550 laJ '° 150 6.5 10.3 

1000 la> '° 150 8.S 7.7 

200 160 '° 150 2.9 U.7 

400 la> '° 150 8.7 16.3 

550 160 '° 150 11.7 14.3 - lfO tO ISO 11.S 1.1 

llO laJ '° ISO 1.5 11.-1 

2!0 HO '° ISO I.I 17.l 

"° 160 60 ISO , ... 14.7 

5SO 160 60 ISO 13.2 13.7 

150 llO •• 150 2.0 10.1 

240 lfiO 60 ISO 1.4 14.9 

375 MO eo ISO 12.1 17.2 

ISO lfO '° ISO 3.S 13.0(1) 

200 IGO 60 ISO S.71 12.l(l) 

2SO 160 60 150 ,,0 ll.5(1) 

vacuum value is inches or water below aunospheric 

pressure. 
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•• Open Area and EHD were measured according to the 

method disclosed in co-pending application Serial No. 

08/417,404, which is incorporated herein by reference. 

(1) = ECD 
The dala indicate the following trends: 

• Increasing lbe fluid pressure with an orifice strip of a 

given size increases open area. 

• Increasing die orifice diameter increase& open area ac a 

given fluid pressure. 
Due. to stretch of material lhat occurs during the process of 

forming apertures, 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 rhe 

0.025 ~ch di~r orifice strips spaced at 0.038 inch, O.OSO inch, 0.062 

inch and 0.075 inch of Table 8 were used, the open area decreased from 

15 13.l s to 12.0, 11.2. and 10.1 s respecdvely. 

Em;rjmemation Wjdt Comjnuous Fonnalion Of Film 
Additional embodiments of films according to the present 

invention were made using the starting film, formhlg member and general 

20 procedure of Example 1. The characteristics of die orifice strips used are 

described in Table 1 above. All of the nms were made using water at 

160° F, wilb the corona 1reated male side of the starting film facing away 

from die forming member. The number of orifice scrips used, and their 

characteristics and processing conditions are shown in the following cable: 

25 
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Table 3. Continuous film &>ertvrinl Bgperimenrs 

Oriftc:e Scrip 11 Orifice Strip n Orifice S1rip 13 

Lille 
Orifice PleuuR. Oriftce Pressure Orifice Pnmn Speed 

Expe~I. Strip ID (psi) Scrip ID (psi) SUiplD (psi) (fl/mill) 

15 d 150 120 

16 d 1.50 • 1000 120 

17 d 150 • 1000 a 1000 120 

18 • 1000 J20 

19 a 1000 a 1000 120 

20 a 875 a 875 a 875 120 

21 a 875 a 875 I 875 150 

22 a 1000 d 150 120 

23 a 1000 d 150 a 1000 120 

Following air drying. lhe films were kiss-coated with an 

aqueous solution of Tween 20 surfaccant at a concenU'alion of 48.8~ on the 

corona-treated male side to produce a bullc Surfactant add-on of0.12 mgfm2 

20 of film as descnl>ed hereinabove in connection with Enmple 1. 

The apenured films produced in these experimencs were 

evaluated for air permeability, aperture size, open area. Slrikethrough and 

bending lenglh (a measure of film stiftbess). Tests were ND according to the 

following melhods well known in the an. Air permeability was tested 

25 according lO ASTM D737. Film apenure size and open area were 

determined and used to calculate Equivalent Circular Diameter (BCD). 

Strikethrough is a measurement of the time required for S cc of a test fluid to 

be absorbed through the film supponed on ground tluff wood pulp. The rest 
fluid is a mixrure of7S% by weight of defibrinated bovine blood and 2SS by 
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weight of a lOS by weight aqueous solution polyvinylpyrroUdone (GAF 

Povidone K·90). Bending length in the machine direction (MD) and cross 

direction (CD) were measured according to AS1)f D1388. The properties of 

the film produced ~ continuoUs runs are shown in Tables 4-7 below. 

Air Pcrmeabilhy 
Experiment I CFMISQFT 0 0.5 in. H20 4P) 

15 139.33 

16 222.00 

17 246.67 

18 107.00 

19 143.67 

20 173.67 

21 170.67 

22 214.33 

23 212.67 

Tbe dala in Table 4 show lbat the combination of larp 

20 diameter and small diameter orifices (experiments 16,17. 22 and 23) 

produces a more permeable. open film cban films made with small diameter 

orifices alone (experiments 18-21). It is believed 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 

2S diameter orifices is the primary cause for th~ creation of the smaller micro­

holes. 
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Table S. Continuous Apertured Film Properties - Apenum Sim And Opep Ana 

Avaap 
EquivUll EC SUadard No.Of 
Cimdar Deviation ()pea.Alla Apcmua/lqlllR 

E:ll:peri.men1 , Dialmlcr (mils) (mils) (S) iradl 

1.5 16.46 10.12 4.5$ 197 

us 8.62 9.22 S.34 SI! 

11 7.41 1.47 5.34 715 

18 4.'5 2.'6 2.31 1125 

19 4.53 2.55 2.48 1283 

20 4.00 2.25 2.38 1635 

21 4.16 2.48 2.53 1519 

22 6.49 5.59 4.15 806 

23 6.18 ,,18 4.88 856 

The data in Table S show that the combination of large 

diameter and small diameter orifices (experimeDIS 16, 17, 22, and 23) 

produce a film with larger aperrure size and increased open area than films 

20 made with small diameter orifices alone (experiments 18-21). 

FIGS. 22, 23 and 24 are graphs lbat show the apenure sb:e 

disttibution of films produced in lhese experiments with a 5 mil diameler 

orifice saip (Experiment No. 20), a 20 mil diameter orifice saip (Experiment 

No. 15), and the combination of a 20 mil orifice strip followed by a S mil 

2S 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 individual orifice diameters. The film (Experiment No. 20) produced 

with only a S mil orifice suip has apenures most of which have a diameter 

30 under 10 mils (see FIG 22). The tilm (Experiment No. 15) produced by a 20 
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mil orifice strip only has a broader distribution of aperture diameters, with 

peak concentracions at approximately 9 mils and at approximately 23 mils 

(see FIG. 23). The film (Experiment No. 16) producecl by a combinatioD of 

a S mil orifice strip and a 10 mil orifice strip has a distribution of hole 

· S diameters that is primarily concentrated under 11 mils, and bas slight · 

concentration of holes wiih a diameter of around 23 mils (sec FIG. 24). 

· These three graphs indicate bt lhe S mil orifices create micro.holes 

primarily. that the 20 mil orifices create larger sized boles primarily. and that 

a combination of S mil orificea and 20 mil orifices creates a combination of 

10 micro-holes and large sized holes. Comparable data is shown in PIG. 2S 

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

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

made on a commercial prcduction line. 

15 Table 6. Congjggous &m»ml Film Pro,verties - Sttiketbrough Tjme 

Experiment I Strikethrough Tune (sec) 

15 16.3 

16 17.6 

17 13.5 

20 18 28.8 

19 25.6 

·20 20.2 

21 22.9 

22 15.8 

25 23 17.10 
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The data in Table 6 sbow that either large diamecer orifices 
alone, or the combination of large diamerer and small diameter orifices 

(experiments IS, 16, 17, 22 and 23) produce a film with faster saikethrougb 

times than films made with small diamerer orifices alone (experiments 18-
s 21). 

10 

IS 

20 

Table 7. Continuous Aperture4 Film Propertjea - Film Stiffbess 

Experiment I MD Bending l..englh (mm) CD Bending Lenglh (mm) 

15 22.8 6 

16 26.3 6.S 

17 22.3 6.S 
18 27 6.3 

19 26.8 5.5 
20 26 t.5 
21 2S.S 8.5 
22 23.S S.8 
23 27.30 8.0 

compmble 
commm:ial product 21.8 14.8 

The data indicate that the MD bending length of tbe films of 

experiments 15-23 is comparable to those of other commercial sanitary 

napkin plastic coven, and that the CD bending length of lhe mms is lower 
than comparable commercial films. Hence. stiffness and expected comfon of 

2S the films of the present. invention are expected to be comparable or superior 
to that of other commercial apertured films. 
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Results of additional experimentation are shown in FIG. 26. In 
these experiments. the spacing of the orifices was varied to determine the 
effect on film open area. Two water jet manifolds were usccl in these 
experiments. The first, or upstream. manifold bad one orifice strip with two 

s rows of orifices on ~pective sides or the longitudinal center line or the strip, 
the two rows of orifices being offset as.shown in FIGS. 7B-7D, i.e., the 
offset distance was one-half the intra-row, cent.er-to-center spacing of the 
orifices. All orifices bad a diameter of 0.02S inch. The cent.er-to-center 
spacing of the orifices for each experiment was varied u reported in Table 8. 

10 The second, or d0wnstream, manifold bad one orifice strip with 

a single row of orifices therein. The orifices each bad a diameter of O.OOS 
inch and were spaced 0.020 inch on a center-to-center basis. Wat.er was 
supplied to the first manifold at 150 psig. Water was supplied to the second 
manifold at 1000 psig. The film ttaveled at 150 ft/min. The drum vacuum 

15 was 60 inches water. The following Table 8 indicates the open area, number 

of apenures per in2, ECD and air permeability for the resulting apenured 

fllms. 

Table 8 

20 Equivatea& 
Cialar 

· Film Larae Orifice- Numbcraf Diamelcr, Air 
Number Spaciq. iDc;h ()penArea. s Apertura iada Pamealrilicy 

24 0.038 13.1 914 0.0099 505 

2S 25 0.050 . 12.0 1136 0.0085 476 

26 0.062 u.2 1151 0.0081 46S 

27 0.015 10.1 1299 0.0072 435 

• Two rows of 25 mil diameter orifices. 
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Air permeability WIS measured per ASTM D737; results are 

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

penneabilities of film apenurecl ac ISO psig and 150 ft/min. were 310 cfm/sf 

for the 25-mil diameter orifice saip (only) (0.038 inch spacing) control. 

S which decreased nearly linearly to 245 cfm/sf for die 0.075 inch spacing. 

When die 5-mil diameter strip was added, tbe air permeability increased to 

SOS cfm/sf for the control spacing. There was a nearly linear decrease with 

spacing to a value to 435 cfm/sf at 0.075 inches. At ISO ft/min., the 

combination of the large diameter. 2S mil diameter control strip witb the S-

10 mil strip provides about 195 cfrn/sf beyond the measured air permeability of 

die large bole suip alone. The above data indicates that as large orifice 

spacing increases. fewer large-sized boles 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 lhe present invendon were tested and compared. 

20 

2S 

The films were prepared on die continuous produCdon line under the 

following conditions shown in Table 9. 
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Tlble 9. Apertured PUm Preparation And Ptspnies 

film lllllle acmrdillg to Serll1No.08/411,404 Praent IDvlllliaa 

Precursor Film EuoaEMB-631 EunEMB-631 

s Panai'Dg Member Paaem sinusoidal (12 rails/ID.) simuoidal (11 nillJiD.) 

Number of Orificc.Sldps . 3 . 2 

Orifice Strip 11 Preaun 
(psil) 175 150 

Orifice Strip n Pnun 
10 (paia) 175 1000 

Orifice Slrip 13 Pnaln 
(psil) 875 

Orifice ID I/Ila dla 
Orifice si%.e (mils) ~1515 20/5 

15 Waccr Tempera&me 158• F. 160• f. 

Line Speed (ft./miD.) 150 150 

SurfamatTllllllllelll TWlea20 Tweea20 

Sanitary napkins ·comprising a cover. an absorbent core and a 

20 backsheet were prepared using the apertured films of Table 10 as coversux:t 
materials. Two different napkin designs were constructed and tested for 

strikethrough and rewet using synthetic menstrual fluid. Synthetic mensuual 

fluid was prepared dissolving O. lS 5 polyacrylamide in isotonic phosphate 

buffer. Approximately 0.31 Oermaben 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 TabJcs 11 and 12 

below. 
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Table 10. SqiQthrough And Rewet Qf Ng]cins Macte With Anrtvrecl Films 

Napkin Desip fl 

Film made according to Serial No. 08/417.404 Present Invention 

S cc strikethrough time (sec) 68 62 

Rewet (g) 0.04 0.02 

Table 11. Sttiketbrough And Rewet or Nglcins Macie With Apertured Fdms 

Napkin Desip n. 
Film made according to Serial No. 08/417,404 Present Invention 

S cc suilcelhrough time (sec) 39 39 

Rewet (g) 0.11 o.os 

The data in Table 10 am Table 11 show suitethrough time and 

IS rewet ab~orption. The strikethrough time refers to the time elapsed for 

absorption of S cc of symhetic menstrual tlukt, wilh 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 conract with a sanitarY napkin tbal 

bas absorbed S cc of fluid in the strikethrou&h test. with a lower amount of 

20 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 die 

improved films of the present invention have larger open area and larger 

25 average aperture size than the prior an films, the naplcins made with the 

films of the present invention have unexpectedly lower rewet values relative 

to prior an films. 
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Another test used to measure the rate of transport of menstrual 

fluid through die apenured film is the •Drop Test•. Comparative data for 

the films of the present invendon venus priOr art films ~ shown in Table 

12 below. 

Table 12. ·Drop Test Data For·Apenured Films On Napkin Desio fl 

Pilm Made According To Serial No. 08/417 .404 Present lnvenlion 

Absorption Time (sec) (0°) 27 8 

Absorption Time (sec) Drop rolled off 17 
(45 • transverse tJ1t) 

The data in Table 12 refers to the time required for absorption 

of a drop of synlhetic 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 

IS .angle of 45°. The data further illustrate the superior fluid transport 

properties. of films of the present invention relative to prior art films. 

Apertured plastic fllms made according to die present invention 

exhibit the following characteristics: aactile softness; textile-like look and 

feel; low film sdffness as described in Table 7; aperturing patterns. open 

20 areas. and pore sizes ranses as descn'bed in Table S and Figures 23-26; low 

basis weight (:S: 0.7 oz/yd~; and film/air/synthetic mensttual fluid contact 

angles on bodl sides or lhe film of :s; 70°. 

The apertured film of the present invention. with 

surfactant treatment, offers overall comparable fluid penetration rate (as 

2S measured by Sec synthetic mensuual fluid sttilcetbrough times - test method 

described in ce>-pending patent application Serial No. 08/417.404), which is 

improved over non-surfactant-treated films by approximately 34 % in either a 

pulp ~bsorben~ core construction or a peat moss based absorbent consttuction. 
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WHAT IS CLAIMED IS: 

l. A method for forming an apertured film from a 

sttetchable thermoplasdc polymeric material comprising: 

a) providing a starting film comprising said stretchable 
5 thermoplastic polymeric material having an upper surface and a lower 

surface; 

b) providing a backing member comprising loc•lized 
support regions for supporting said sranina 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; 

c) supporting said staning film on said backing member 
with ponions of the lower surface of said film being in contact with die 
suppon regions of said backing member and with the upper surface of said 

15 film facing away from said baclciq 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 diame1er grea1er 1ban rm 
inils and the fluid supplied thereto having a pressure less than SOO psig. to 

20 cause the fonnation of large sized holes in said starting film, the orifices of 

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

e) moving said film from said contact zone; and 

2S f) removing said now-apertured film from said backing 

member. 
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2. A melbod of fonning an apertured film from a 

stretchable thermoplastic polymeric material in accordance with claim 1 

wherein said first set of orifices have a diameter in the range of about 10 mil 

to about 30 mils. 

S 3. A method of forming an apenured film from a 

· stretchable therinoplastic polymeric material in accordance with claim 1 

wherein said second set of orifices have a diameter in the range of about 1 

mils to about 10 mils. 

4. A method of forming an apertured film from a 

10 stretchable thennoplastic polymeric material in accordance wilh claim 1 

wherein said first set of orifices have a diameter in the range of about 15 

mils to about 35 mils. 

S. A method of forming an apertured film from a 

stretchable thermoplastic polymeric material in accordance widl claim 1 

15 wherein said second set of orifices have a diameter in the range of about 3 

mils to about 7 mils. 

6. A method of forming an apenured film from a 

stretchable tbcrmoplastic polymeric material in accordance with claim 1 

wherein said fluid emiued from said first set of orifices bas a pressure in the 

20 range of about 100 psig to about 500 psig. 

7. A method of formiq an apenured falm from a 

stretchable thermoplastic polymeric material in accordance with claim 1 

wherein said fluid emitted from said second set of orifices bas a pressure in 

lbe range of about SOO psig to about 2000 psig. 

25 8. A metbod of forming an apertured film from a 

stretchable thennoplastic polymeric material in accordance widl claim 1 
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wherein said fluid emiued from said first set of orificea bas a pressure in the 

range of about 125 psig to about 200 psig. 

9. A method of forming an apertured film from a 

stretchable thermoplastic polymeric material in accordance with claim I 

S wherein said fluid emitted ~m said second set of orifices bu a pressure iD 

the range of about 800 psig·IO about.1500 psig. 

10. A method of forming an apertured film from a 

sttetcbable thermoplastic polymeric· material in accordance with claim 1 

including the funber step of providing a third set of o~ said third set of 

10 orifices having 

a diameter greater Chan or equal to about ten mils. the fluid supplied thereto 

having a pressure less than SOO 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 1be range of about 1 mils 

to about 10 mils. 

12. A melhod 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 wilh claim 10 

wherein said fluid supplied to said third set of orifices bas a pressure in the 

range of about SOO psig to about 3000 psig. 

25 14. A method of fonning an apertured film from a 

stretchable thennoplastic polymeric material in accordance with claim 10 
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wherein said fluid emitted from said third set of orifices has a pressure in the 

range of about 800 psig to about lSOO psig. 

lS. A method of forming an apertured film from a 

stretchable thermoplastic polyaieric material in iccordance with claim 1 

5 ·wherein said micro-~les bave an a~e EHD of about 1 mil to about 7 

mils. 

16. A method of forming an apertured film ftom a 

stretchable thermopludc polymeric material in accordance with claim 1 

wherein said micro-holes llave an average EHD of about 2 mils to about S 

10 mils. 

15 

20 

17. A method of forming an apertured film from a 

stretchable thermoplastic polymeric material in accordance with claim 1 

wherein said large sized boles have an average EHD of about 7 mils to about 

30 mils. 

18. A method of forming an apertured film from a 

stretchable thermoplaslic polymeric material in accordance with claim 1 

wherein lhe fluid from the first set of orifices is directed against the upper 

surface of sai~ starting film prior to directing the fluid from the second set of 

orifices. 

19. A method of fonning an apertured film from a 

stretchable tbennoplastic: polymeric material in accordance with claim I 

wherein said mic;:ro-holes are defined by fibrils. . 

20. A melhod of forming an apenured film from a 

stretchable lhennoplastic polymeric material in accordance with claim l 

2S wherein said large sized holes are defined by fibrils. 

21. An apertured film formed from a starting film of 

stretchable dlermoplastic polymeric material. and having a given thickness 
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dimension comprising: a plurality of apenures extending through lhe 

thickness dimension of said film, said plurality of apertures including first 

and second groups of apenures, and the apertures of said tint group having a 

size greater lhan die size of 1he apertures in said second group, the apertures 

5 of said first and· second groups being defined by fibrils formed from said · 

thermoplastic polymeric material. 

10 

22. An apertured film in accordance with claim 21 wherein 

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

o.os inch. 

23. An apertured film in accordance with claim 21 wherein 

said fibrils have an average width in 1he range of about 0.001 inch to about 

0.035 inch. 

24. An apenured film in accordance with claim 21 wherein 

said fibrils bave an average thickness in the range of about 0.00025 inch to 

15 about 0.002 inch. 

2S. An apenured fiJm in accordance with claim 21 wherein 

said first group of apertures comprise large sized boles having an average 

mm of about 7 mils to about 30 mils. 

26. An apertured film in accordance with claim 21 wherein 

20 said first group of apenures comprise large sized holes having an average 

EHD of about 7 mils to about 20 mils. 

25 

27. An apertured· film in accordance with ciaim 21 wherein 

said second group of apertures comprise micro-boles having an average EHD 

of about 1 mil to about 7 mils. 

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 S mils. 
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29. An apertured film in accordance wilh claim 21 wherein 

said starting film has a lhickness in the range of about 0.3 mils to about 3.0 

mils. 

30. An apenured film in accordance with claim 21 wherein 

S said overall thickness dimension of -.hl lhermoplastic polymeric ma1eria1 is 

in the range of about S mils to about 40 mils. 

31. An apertured film in accordance with claim 21 wherein 

$aid apertured film has an overall tickness dimension greater than die pven 
rhickness dimension of said starting fiJm. 

10 32. AD absorbent product comprising: an absorbent care 

having oppositely facing major surfaces, and an apenured 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 apenured film being formed from a starting film of sttetcbable 

IS thermoplastic polymeric material, and having a given thickness dimension. 

said apcnured_film having a plurality of apertures extending through the 

thickness dimension of said film, said plurality of apenma including fint 

and second groups of apenures, and the apertures of said first group having a 

size greater than tbe size of the apertures in said second group, the apenmes 

20 of said first and second groups being defined by fibrils formed from said 

thermoplastic polymeric material. 

2S 

33. An absorbent product in accordance with claim 32 

wherein said fibrils have a lenglh in the range of about O.OOS inch to about 

o.os inch. 

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. 
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3S. An absorbent product in accordance with claim 32 

wherein said fibrils have a thickness in the range or about 0.00025 inch ro 
0.002 inch. 

36. An absorbent product in accordance with claim 32 

wherein said -first group of apertures comprise large sized boles having ID 

average EHD of about ·7 Dills to about 30 mils. 

37. An absorbent product in accordance with claim 32 

wherein said first group of apenures comprise large sized holes having ID 

average EHD of about 7 mils to about 20 mils. 

10 38. An absorbent product in accordance with claim 32 

wherein said second group or apertures comprise micro-holes having an 

average EHD of about 1 mil to about 7 mils. 

39. An absorbent product in accordance with claim 32 

wherein said second group of apenures comprise micro-holes having an 

15 average mm of about 2 mils to abollt S mils. 

40. An absorbent product in accordance with claim 32 

wherein said apertUred film bas an overall thickness dimension areatcr dlan 

tbe given thickness dimension of said starling film. 

41. An absorbent product in accontance with claim 32,, 

20 wherein lhe apenured 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 thennoplastic polymeric material comprising: 

a) providing a starting film comprising said scretchable 

2S ~ennoplastic polymeric material and having an upper surface and a lower 

surface; 

.~· . . . 
.. . : . .. · ...... . 

. ~- . . . ·.'· .. . . 
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b) providing a backing member comprising loc:alimf 

suppon regions for supponing said starting film. recessed zones into which 

the fdm may be deformed by the applicadon thereto of"ftuid forces. and 

means for allowing said applied tluid to be transported away from said 

S backing member; 

c) · · supponiag Said starting film on said backing member 

with portions of the lower surface of siid 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; 

I 0 d) directin1 a fluid in the form of columnar streams from a 

first set of orifices against the upper surface of said starting tum in a zone or 
contact. said orifices having a diameter greater than or equal to ten mils aad 
the fluid supplied thereto causing the formation of large sized holes in said 

staning film; 

15 e) moving said film from said conlact zone; and 

f) removing said now-apenured film from said backing 

member. 

43. A method for forming an apertured film from a 

stretchable thermoplasdc polymeric material in accordance wilh 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 tbaD or 
equal to ten mils and the tluid emitted therefrom causing the fonnation of 
micro-holes in said starting film, said micro-holes being defined by fibrils of 

2S said thennoplasdc material. 

44. ~ method for forming an apenured film from a 

stretchable thermoplastic polymeric material in accordance with claim 42 

. . 
... 
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wherein said large sized holes have an average diameter in the range of about 

7 mils to about 20 mils. 

45. A merbocl for forming an apertmed ftlm from a 

stretchable thermoplastic polymeric material in accordance with claim 42 

5 wherein the pressure of said fluid supplied to said orifices is in the range of 

about 100 to about SOO psig. 

46. An apertured film formed from a s1lrling film of 

· stretchable thermoplastic polymeric material, and having a given thickness 

dimension comprising: a secdon of said sttetchable thermoplastic polymeric 

10 material having an overall thickness dimension greater 1ban the given 

thickness dimension of said starting film. a plurality of apertures extentHng 

through the cbickness dimension of said mm. said plurality of apenures 

mcluding large sized apenures, said large sized apenures being defined by 

fibrils formed from said 1hermoplastic polymeric material. 

15 47. An apenured film formed from a staning film of 
stretchable dlcrmoplastic polymeric material in accordance with claim 46 

wherein said plurality of apertures includes ~boles, said micro-holes 

being defined by fibrils formed from said thennoplasdc polymeric marerial. 

48. An apermred film formed from a stardng film of 

20 stretchable cbermoplastic polymeric material in accordanc:e with daim. 46 

wherein said large sized holes bave an average mm of about 7 mill to about 

20 mils. 

49. An apenured film formed from a starting film of 

stretchable dlennoplastic polymeric material in accordance with claim 46 

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

. lO about o.os inch, ·have an average widlh in 1he range of about 0.001 inch to 
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about 0.035 inch, and have an average thickness in the range of about 

0.0002S to about 0.002 inch~ 

SO. An absorbent product incorporadq the apertured film of 

claim 46. including an absorbent core having oppositely facing major 

surfaces, said apertured film covering at least one of said major surfaces. 

51. A melhod for forming an apertured film from a 

stretchable dlermoplastic polymeric material comprising: 

a) prc)viding ·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 

suppon regions for supporting said staring film, recessed zones into which 

the film may be defonned by the application thereto of fluid forces; 8¢ 

means for allowing said applied fluid to be transported away from said 

15 backing member; 

c) supporting said slal1ing film mi said backing member 

with ponions of me lower surface of said film being in contact with the 

suppon 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 stteams from at 

least two sets of orifices against the upper surface of said starting fiJm 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 SOO psig. to 

cause the fonnation of large sized holes in said stardng film, the orifices of 

25 the second set having a diameter less than or equal to ten mils and the fluid 

supplied lbereto having a pressure of at least SOO psig .• to ca~ the 

formation of micro-holes in said staning film; 
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e) moving said film from said comact zone; and 

f) removing said now-apertured film from said backing 

member. 

52. A method of forming an apertured film in accordance 

· 5 . With claim 51, including providing said embossed starting film with corona 

10 

IS 

20 

discharge creatmelit on one side thereof. 

53. A melbod of forming an apenured film in accordance 

with claim S 1 including applying a slirface active agent ro one side of said 

apenured film. 


