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(§7) Abstract

A method of forming apertures generally greater than about 0.05 square millimeters in a thin sheet material (14). The thin sheet
material includes a first side and a second side, at least one side of the thin sheet material is substantially coated with an adhesive (116). The
method comprises the steps of (a) placing the adhesive-coated thin sheet material on a patterned anvil (32) having a pattern of raised areas
wherein the height of the raised areas is equal to or less than the thickness of the thin sheet material and the adhesive; and (b) subjecting
the thin sheet material to a sufficient amount of sonic vibrations to aperture the thin sheet material and the adhesive: and whereby the thin

sheet material and the adhesive is apertured in a pattern generally the same as the pattern of raised areas on the patterned anvil (32).
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Method of Aperturing Thin Sheet Materials

Field of nvention
The invention relates to methods for aperturing thin sheet materials in a
generally uniform pattern.

Background of the Invention

Ultrasonics is basically the science of the effects of sound vibrations beyond
the limit of audible frequencies. The object of high power ultrasonic applications is to
bring about some permanent physical change in the material treated. This process requires
the flow of vibratory energy per unit of area or volume. Depending on the application, the
resulting power density may range from less than a watt to thousands of watts per square
centimeter. Although the original ultrasonic power devices operated at radio frequencies,
today most operate at 20-69 kHz.

Ultrasonics 1s used in a wide variety of applications. For example,
ultrasonics is used for (1) dust, smoke and mist precipitation; (2) preparation of colloidal
dispersions; (3) cleaning of metal parts and fabrics; (4) friction welding; (5) the formation
of catalysts; (6) the degassing and solidification of molten metals; (7) the extraction of
flavor oils in brewing; (8) electroplating; (9) drilling hard materials; (10) fluxless soldering
and (11) nondestructive testing such as in diagnostic medicine.

Ultrasonic vibratory forces have also been used in the areas of welding
textile sheet materials. U.S Patent No. 3,697,357 to Obeda discloses welding sheets made
entirely or partially of thermoplastic material or fiber. Obeda discloses sealing an area of
material by placing it between an anvil and an ultrasonic horn. U.S. Patent No. 3,939,033
to Grgach discloses an ultrasonic apparatus for the simultaneous sealing and cutting of
thermoplastic textile material. U.S. Patent No. 5,061,331 to Gute discloses another
ultrasonic cutting and edge sealing apparatus suitable for cutting and sealing semipermeable
and at least partially thermoplastic fabric.

Ultrasonic vibratory force has also been used to perforate or aperture sheet
materials. U.S. Patent No. 3,966,519 to Mitchell et al. discloses a method of aperturing
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nonwoven webs. Mitchell teaches that the amount of ultrasonic erierg).f‘ to whicha
nonwoven web 1s subjected can be controlled gy applying enough of a fluid to the area at
which the ultrasomc energy 1S apphed to the nonwoven web S0 ihat the fluid is present in
uncombined form. Mitchell teaches that the ﬁbers of the no;:lwo;n web rearrange to form
apertures in the web.

U.S. Patent No. 3,949,127 to Ostermeier discloses a method of aperturing
nonwoven webs by submitting the web the intermittent ultrasonic fusion and then
stretching the web to break the most intensely fused regioné causing perforations to form
in the web.

U.S. Patent No. 4,747,895 to Wallerstein et al. discloses a system and
method of ultrasonically perforating a continudusly moving strip of material in a matrix
pattern. The system comprises a knurled rotating drum having sharp, perforating
projections over which the strip to be perforated is caused to pass. A sonic horn positioned
over the strip forces the strip into perforating contact with the drum, rapidly.

WO 90/00110 (Rhone-Poulenc Films) discloses a process for
microperforating thermoplastic films in which said film is put into contact with perforatiﬁg
components and a tool vibrated by an ultrasonic generator. The process of the invention
makes it possible to modify the gas and water vapor permeability of the thermoplastic
films and their complexes mutually or with non-thermoplastic materials.

Ultrasonic force has also been used to aperture nonporous film material.
U.S. Patent Number 5,269,981 to Jameson, et al. discloses a method of microaperturing
thin sheet material which requires applying a liquid to the thin film before subjecting it to
ultrasonic vibrations. Jameson further discloses that inclusion of the liquid in the process
is essential. Without the liquid, Jameson teaches, that the process is not successful
because the thin film is melted without aperturing the film. Jameson teaches that it is
believed that the presence of the fluid during operation of the ultrasonic horn accomplishes
two separate and distinct functions. First, the presence of the fluid allows the fluid to act

as heat sink which allows the ultrasonic vibrations to be applied to the thin sheet material

without the thin sheet material being altered or destroyed by melting. Second, the

Substitute Page - 2 -
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presence of the fluid allows the fluid to act as a coupling agent in applying the vibrations
from the ultrasonic horn to the thin sheet material.

Aperturing thin éhéeté usfhg ﬁltrasoﬁicé ié deéiggg because it allows rapid
movement of the thin sheet through the process without creating waste. In the past,
methods used to aperture thin sheets have included punching the sheet material. Although
punching the aperture out of the sheet material created the desired perforated effect,

punching left behind residual waste in the form of cores. The cores often adhered to the

thin sheet material and produced an undesirable' etfect because they interfered with

manufacturing of the final product.
Another method of aperturing thin sheets included passing the thin sheet

material through a patterned heated roller. . This method ultimately melted the apertures

into the thin sheet material resulting in an adequately apertured material without additional

Substitute Page - 2a -
AMENDED SHEET
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waste adhering to the thin sheet. Even though it overcame
the problems caused by punching the thin sheet, the heated
roller method was a slow process. In the nip created
between the heated roller and the patterned anvil, the thin
sheet material was heated and the apertures were formed in
the thin sheet material. The thin sheet material was then
cooled to prevent the apertures from melting back together.

All of these heating, forming and cooling processes took

time and 1t was required that these processes take place in
the narrow area of the nip. Thus, the process proceeded

relatively slowly and this method was not a viable method of

aperturing thin sheets.

A method of aperturing thin sheet materials is
needed which is relatively rapid compared to the heated
roller method and 1s relatively waste-free as compared to
the punching method. A method of perforating webs which
utilizes ultrasonics overcomes the shortcomings of the
previous perforating methods. The present invention uses
ultrasonics to perforate webs and obviates the need to
stretch the web and also obviates the need to use liquid in

combination With the ultrasonic vibrations.

Summary of the Invention

In response to the foregoing problems and
difficulties encountered by those in the art, we have
developed, 1in one embodiment of the invention, a method for
forming apertures in a sheet material having a thickness of

about 8 (eight) mils (0.2 mm) or greater where the area of

each of the formed apertures is generally greater than

about 0.05 square millimeters. The method includes the

steps of: supplying a thin sheet material having a first

side and a second side wherein at least one side of the thin

sheet material is substantially coated with an adhesive, the

- 3 -
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aperturing method comprises the steps of: (a) placing the
adhesive-coated thin sheet material on a patterned anvil
having a pattern of raised areas wherein the height of the
ralsed areas 1s equal to or less than the thickness of the
thin sheet material and the adhesive; and (b) subjecting the
ﬁhin sheet material to a sufficient amount of sonic
vibrations having at least about 10,000 cycles per second to
aperture the thin sheet material and the adhesive, and
whereby the thin sheet material and the adhesive 1is
apertured 1n a pattern generally the same as the pattern of
ralsed areas on the patterned anvil and wherein the area of
each of the formed apertures 1s generally greater than

about 0.05 sguare millimeters.

In another embodiment the i1nvention includes a
method of aperturing a thin sheet material by providing a
thin sheet material having a first surface and a second
surface wherein at least one surface of the thin sheet
material 1s 1n planar juxtaposition with a liner and an
adhesive 1s optionally coated on the thin sheet material,
the thin sheet material and the liner and the optional
adhesive together comprising a composite sheet material, the
method of aperturing the thin sheet material and the
optional adhesive comprising the steps of: (a) placing the
composite sheet material on a patterned anvil having a
pattern of ralised areas where the height of the raised areas
1s equal to or less than’the thickness of the thin sheet
material and the optional adhesive; and (b) subjecting the
composite sheet material to sonic vibrations having
vibrations of at least about 10,000 cycles per second in the
area where the patterned anvil is located, and wherein the
area of each of the formed apertures is generally greater
than about 0.05 square millimeters. As a result of this

method the thin sheet material and the optional adhesive is

- 4 -
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apertured 1n a pattern generally the same as the pattern of
ralsed areas on the patterned anvil, but the liner is not

apertured.

In some embodiments 1t may be desirable to confine

the aperturing of the thin sheet material/adhesive composite

to a predesignated area or areas of the composlite. This

result may be obtained where only a portion of the thin

sheet 1s subjected to ultrasonic vibrations. Alternatively,
thlis result may be obtained where only a portion of the

patterned anvil 1s provided with raised areas.

More generally, the invention provides in a first
aspect a method of forming apertures in a thin sheet
material having a first surface and a second surface
comprising the steps of: (a) placing the sheet material on a

patterned anvil having a pattern of flat raised areas

wherein the height of the flat raised areas is less than or
equal to the thickness of the sheet material; and (b)
subjecting the sheet material to a sufficient amount of
sonic vibrations to aperture the sheet material; and whereby
CLhe sheet material 1s apertured in a pattern generally the

same as the pattern of flat raised areas on the patterned

anvil.

According to a second aspect the invention
provides a method of forming apertures in a thin sheet
material having a first surface and a second surface wherein
at least one surface of the thin sheet material is in planar
Juxtaposition with a liner and an adhesive is optionally
coated on the thin sheet material, the thin sheet material
and the optional adhesive and the liner together form a
composite sheet material, the method comprising the steps
of: (a) placing the composite sheet material on a patterned

anvil having a pattern of flat raised areas wherein the

_4a...
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height of the flat raised areas 1s less than or equal to the
thickness of the thin sheet material and the optional
adhesive; and (b) subjecting the composite sheet material to
a sufficient amount of sonic vibrations to aperture the thin
sheet material and the optional adhesive; and whereby the
thin sheet material and the optional adhesive is apertured
in a pattern generally the same as the pattern of flat
ralsed areas on the patterned anvil, but the liner is not

apertured.

Brief Description of the Drawings

FIGURE 1 is a schematic representation of an
apparatus which may be utilized to provide sonic vibrations

to aperture thin sheet materials.

FIGURE 2 1s a detailed view of the area where the
thin sheet material i1s subjected to sonic vibrations.

Figure 2 1is a partial view of the area designated by the

dotted circle 1n FIGURE 1.

FIGURE 3 provides a perspective view of a thin

sheet material between a patterned anvil and a sonic horn.
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FIGURE 4 is a schematic representation of the apparatus of Figure 1
including further detail of the sonic horn.

finition

As used herein the term "adhesive" refers to any pressure sensitive adhesive
suitable for spreading over large surface areas such as over continuous sheet materials.
Examples of adhesives include but are not limited to acrylates, polyacrylates, polyolefins
such as polyalpha olefins, natural and butyl rubbers, polyisoprenes, polyurethanes, block
copolymers such as styrene-olefin copolymers, polyethers, and polyesters with or without
tackifying ingredients as needed.

As used herein the term "aperture” refers to a generally linear hole or
passageway. Aperture is distinguished from and does not include holes or passageways
having the greatly tortuous path or passageways found in membranes. The term "aperture”
further refers to a hole which has an area of between about 0.05 to about 70 square
millimeters. The area of the aperture is measured at the widest point in the linear
passageway or hole.

As used herein the term “liner” refers to any material suitable for bonding to
the thin sheet material. The liner is generally between about 2 to about 10 mils (0.05 to
0.254 mm) thick and in a preferred embodiment of the present invention is comprised of
silicone-coated release paper as commercially available from Daubert of Dixon, IL.

As used herein the term "thin sheet material" refers to a sheet material
having an average thickness generally of greater than about eight (8) mils (0.2 mm).
Average thickness is determined by randomly selecting six (6) locations on a given sheet
material, measuring the thickness of the sheet material at each location to the nearest Q.1
mil (0.002 mm), and averaging the six values (sum of the six values divided by six). For
the purposes of this disclosure, one or more of the above-described sheet materials may be
used in combination to comprise a thin sheet material.

As used herein the term "sonic vibration" refers to vibrations having a
frequency of at least about 10,000 cycles per second. The term "sonic vibration" includes

frequencies commonly referred to in the art as "ultrasonic vibrations" which are known in
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the art as vibrations in the range from about 20,000 to about 400,000 cycles per second.
Since both sonic and ultrasonic vibrations are suitable for the method of the present
invention, the terms "sonic"” and "ultrasonic" are used interchangeably herein.
As used herein the terms "polymer" or " polymeric" refer to a
> macromolecule formed by the chemical union of five (5) or more identical combining units

called monomers.

As used herein the term "naturally occurring polymeric material" refers to a
polyrheric material which occurs naturally. The term is also meant to include materials,

such as cellophane, which can be regenerated from naturally occurring materials, such as,

10  1n the case of cellophane, cellulose. Examples of such naturally occurring polymeric

materials include, without limitation, (1) polysaccharides such as starch, cellulose, pectin,
seaweed gums (such as agar, etc.), vegetable gums (such as arabic, etc.); (2) polypeptides;
(3) hydrocarbons such as rubber and gutta percha (polyisoprene) and (4) regenerated
materials such as cellophane or chitosan.

15 As used herein the term "resilient material™ or "resilient wrap" refers to any
material which returns substantially to its original shape after being bent, stretched or

compressed. Resilient materials include but are not limited to silicone, polyurethane,
rolyolefin or foam tapes.

As used herein the term "thermoplastic material” refers to a high molecular
20 weight polymer that softens when exposed to heat and returns to its original condition when
cooled to room temperature. Natural substances which exhibit this behavior are crude
rubber and a number of waxes. Other exemplary thermoplastic materials include, without
limitation, polyvinyl chloride, polyesters, nylons, fluorocarbons, linear polyethylene such
as linear low density polyethylene, polyurethane prepolymer, polystyrene, polypropylene,

25  polyvinyl alcohol, caprolactams, and cellulosic and acrylic resins and copolymers and
blends thereof.

Detailed Description of the Invention
Turning now to the figures where like reference numerals represent like

30  structure and, in particular to FIGURE 1 which is a schematic representation of an
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apparatus which can carry out the method of the present invention, the apparatus is
generally represented by the reference numeral 10. In operation, a supply roll 12 of a thin
sheet material 14 to be apertured is provided. As previously stated, the term thin sheet
material refers to sheet materials which have an average thickness of about 8 mils (0.2 mm)
or greater. For example, the average thickness of the thin sheet material 14 may range
from about 5 to about 250 mils (0.13 to 6.4 mm). More particularly, the average thickness
of the thin sheet material 14 may range from about 8 mils to about 120 mils (0.02 to 3.05
mm). Even more specifically, the average thickness of the thin sheet material 14 may
range from about 10 mils to about 60 mils (0.254 to 1.5 mm).

The thin sheet material 14 may be formed from a thermoplastic film. The
thermoplastic film may be formed from a material selected from the group including one or
more polyolefins, polyurethanes, polyesters, A-B-A' block copolymers where A and A' are
each a thermoplastic polymer endblock which includes a styrenic moiety and where A may
be the same thermoplastic polymer endblock as A', and where B is an elastomeric polymer
midblock such as a conjugated diene or a lower alkene or ethylene vinyl acetate copolymer.

The polyolefin may be selected from the group including one or more of linear low density
polyethylene, polyethylene or polypropylene. The thermoplastic film may be a filled film
with the filled film being selected from the group including a polyethylene film filled with
starch, titanium dioxide, wax, carbon or calcium carbonate.

In other embodiments the thin sheet material may be a nonwoven web or a
foam. Nonwoven webs refer to webs which are formed by hydroentangled spun-bond
fibers or melt-blown fibers which may include staple fibers and binder fibers. Nonwoven
webs can be made by any conventioan! means known in the art including air layering and
carding and direct laid methods such as spin-bonding and melt-blowing. Examples of such
methods and nonwoven webs are described 1in U.S. Patent Number 3,121,021 and U.S.
Patent Number 3,575,782. An example of a nonwoven web includes but is not limited to
3M Brand Elastic Nonwoven Tape (9906T) as available from Minnesota Mining and
Manufacturing Company of St. Paul, MN. Foams such as polyvinylchloride, polyethylene

and polyurethane are suitable for using as thin sheet materials in the present invention. An
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carrageenan.

Other appropriate thin sheet materials will be apparent to those of skill in the
art after review of the present disclosure.

In a preferred embodiment, the thin sheet material 14 is coated substantially

10 on one surface with an adhesive 116 as shown best in Figure 2. The adhesive-coated side
of the thin sheet material 14 is preferably fed through the nip 18 created between the
ultrasonic horn 50 and the patterned anvil 32 so that the adhesive is placed toward the
ultrasonic horn 50. The adhesive 116 is preferably laminated to a release liner 30 in order

to reduce friction created between the adhesive 116 and the nip 18 as the thin sheet material
15 14 1s fed through the nip 18.

20 acrylate:acrylic acid terpolymers, as described in U.S. Patent No. 4,737,410. Other useful
adhesives are described in U.S. Patent Nos. 3,389,827, 4,112,213, 4,310,509, and

4,323,557. The useful adhesives can also contain tackifiers such as those described in the
art, e.g., U.S. Patent No. 4,737,410.

As previously stated, a liner 30 is adhered to the adhesive coating 116 of the
25  thin sheet material 14 in a preferred embodiment. Together, the thin sheet material 14, the

adhesive 116 and the liner are referred to as the composite sheet 36. The liner 30 is
preferably comprised of Kraft paper or silicone-coated release paper or some other material

which protects the adhesive 116 of the composite sheet 36. The liner 30 also limits the

stretch of the composite sheet 36. The present invention operates best when the thin sheet
30  material 14 is not stretched as it is fed through the nip 18. If a liner is not used when
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feeding the thin sheet material 14/adhesive 116 through the nip, a more elaborate
conveying or transport system may be needed to ensure that the thin sheet material 14 is not
substantially si:retched as the material 1s forced through the nip 18 and the sonic vibrations
impinge upon its surface. One skilled in the art will recognize that it is more difficult to
control aperture size 1f the material subjected to the aperturing process is stretched during
the aperturing. Additionally, even if the desired aperture size is obtained, it is difficult to
obtain consistent aperture size since aperture size will vary when the substrate is stretched.

In addition to the advantages of reducing stretch of the thin sheet material,
the liner 30 provides another advantage in that it helps to reduce wear to the horn 50 and
the patterned anvil 32. Since the height of the raised areas 34 or pins on the patterned anvil
32 1s such that the raised areas do not aperture the liner 30, the liner 30 always provides a
cushion between the patterned anvil 32 and the ultrasonic horn 50 thus limiting wear of the
anvil and the horn. The liner 30 further serves as a heat insulator and reduces the friction
between the horn 50 and the composite sheet material 36.

In yet another embodiment, the thin sheet material 14 may be laminated
directly to a liner 30 and used in the present invention.

In a preferred embodiment the composite sheet material 36 is fed to an area
38 (defined in FIGURE 1 by the dotted lined circle) where the composite sheet material 36
1S subjected to sonic vibrations. The composite sheet material 36 is fed off of the supply
roll 12 directly to a nip 18 formed by the sonic horn 50 and the patterned anvil 32. The
patterned anvil 32, i1n a preferred embodiment, is in the form of a roller which is driven by
a conventional power source, not shown. If the patterned anvil 32 is in roll form, it aids in
feeding the composite sheet material 36 through the nip 18. This movement helps to
reduce stretching of the thin sheet material if a liner is not used in combination with the
thin sheet material.

The assembly for subjecting the thin sheet material 14 to the sonic vibrations
is best shown in Figure 4 and is generally designated as 40. The assémbly 40 1ncludes a
power supply 42 which, through a power control 44, supplies power to a piezoelectric
transducer 46. As is well known in the art, the piezoelectric transducer 46 transforms

electrical energy into mechanical movement as a result of the transducer's vibrating in
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response to an input of electrical energy. The vibrations created by the piezoelectric

transducer 46 are transferred, in conventional manner, to a mechanical movement booster

> factor depending upon the configuration of the booster 48. In further conventional manner

the mechanical movement (vibrational energy) 1s transferred from the mechanical
movement booster 48 to a conventional bar edge ultrasonic horn 50. It should be realized

that other types of ultrasonic horns 50 could be utilized. For example, a rotary type
ultrasonic horn could be used. The ultrasonic horn 50 may be designed to effect yet

10  another boost or increase in the amplitude of the mechanical movement (vibrations) which
is applied to the thin sheet material 14.

The force applied to the thin sheet material by the ultrasonic horn and
patterned anvil prior to engagement of the ultrasonic vibrations is referred to as the
"applied force." The applied force is proportional to the pressure placed upon the thin

15  sheet material by the ultrasonic apparatus described above. For purposes of the present
invention the "applied force" placed upon the composite sheet material varies over a wide
range. Between about 25 p.s.i. up to about 60 p.s.i. (17,500 to 42,000 kg/m?) may be used
for a given air cylinder or actuator 52 and still result in acceptable apertures placed in the
thin sheet material. By the term "acceptable apertures” it 1s meant that the apertures are

20  substantially uniform in appearance and of the desired size.

FIGURE 3 is a schematic representation of the area 38 shown in FIGURE 1
where the sonic vibrations are applied to the composite sheet material 36 (shown in Figure
1). In a preferred embodiment, the tip 54 (not shown) of the ultrasonic horn 50 is placed

nearly tangential to the patterned anvil roller 32. When the ultrasonic vibrations impinge

25  upon the composite sheet material almost perpendicular to the sheet material, the most
uniform apertures result. Additionally, this arrangement 1s preferred because it allows the
fastest line speeds of the composite sheet material 36 while still obtaining acceptable
apertures.

While the mechanism of action may not be fully understood and the present

30 application should not be bound to any particular theory or mechanism of action, the

- 10 -
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following is believed to be the mechanism by which the current invention operates. The
apertures are formed by localized melting through the thin sheet material 14/adhesive 116
composite 1n the pattern of the raised areas or pins 34 of the patterned anvil 32. The thin
sheet material is not destroyed by the process but instead mamtams its integrity. Generally,
the number of apertures produced is equal to the number of raised areas 34 on the upper
surface of the patterned anvil.

The size of the apertures formed in the thin sheet material 14 and in the
adhesive 116 (if an adhesivé 1s added) 1s dependent upon a number of variable parameters.

Changing any one of the following parameters will alter the aperture size which is formed
in the thin sheet material 14. The parameters include (1) the construction of the thin sheet
material 14, (2) the surface area of the pin 34, (3) the amplitude of the ultrasonic or sonic
vibrations, (4) the frequency of the ultrasonic or sonic vibrations, (5) the thermal
conductivity of the horn 50 and the patterned anvil 32 and the thin sheet material 14, and
(6) the ine speed. The pin size, frequency of vibration, amplitude of vibration and the
thermal conductivity of the thin sheet material are all directly correlated to the aperture
size. That 1s, as any of these parameters is increased, the resulting aperture size increases.

In contrast, the line speed is inversely correlated to the resulting aperture size. That is, as
the line speed is increased, the aperture size resulting in the thin sheet material 14 will
decrease.

Surprisingly, the pin 34 height on the patterned anvil 32 is equal to or less
then the thickness of the material to be apertured. That is, the pin height is equal to or less
then the thickness of the thin sheet material 14. If the thin sheet material is coated with an
adhesive, the pin 34 height is equal to or less than the height of the thin sheet material 14
and the adhesive 116 combined. The difference in height of the raised areas 34 below the
height of the thin sheet material 14 or the thin sheet material 14/adhesive 116 composite
varies with the type of thin sheet material 14 to be apertured. A lower pin 34 height may
be used to aperture more conformable thin sheet material 14 than may be used for a less
conformable thin sheet material 14.

In a preferred embodiment the raised areas 34 on the patterned anvil 32 are
generally conical in shape and the resulting apertures in the thin sheet material 14 are
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therefore frusto-conical in shape. Alternatively the raised areas 34 may be rectangular or
pyramidal in shape. In such situations the shape of the aperture will conform generally to

the rectangular or pyramidal shape of the raised area 34 of the patterned anvil and the
aperture will be generally rectangular or frusto-pyramidal in shape.

Another feature of the present invention is the fact that the apertures can be
formed in a predesignated area or areas of the thin sheet material 14. This can be

would occur only in those areas. Alternatively, the entire thin sheet material could be
subjected to sonic vibrations with the pattern anvil having raised areas only at certain
locations and otherwise being flat. Accordingly, the thin sheet material 14 would be

apertured only in those areas which corresponded to areas on the patterned anvil having
raised areas.

Generally speaking, the area of each of the apertures 1s usually greater than
about 0.05 square millimeters. That is, the area of each of the apertures may range from at
least about 0.05 square millimeters to about 70 square millimeters. For example, the area
of each of the formed apertures may generally range from at least about 0.05 square

millimeters to about 30 square millimeters. More particularly, the area of each of the

formed apertures may generally range from at least about 0.05 square millimeters to about
0.5 square millimeters. Even more particularly, the area of each of the formed apertures

may generally range from at least about 0.05 square millimeters to about 0.3 square
millimeters.

A number of important observations about the process may now be made.

For example, the presence of fluid is not important to the present inventive process in order

to aperture the thin sheet material. Additionally, it is not necessary to apply tension to the

thin sheet material 14 in order to form the apertures in the thin sheet material 14. Any
tension which is placed upon the thin sheet material 14 during the method of the present

Invention is necessary only for good tracking and handling of the thin sheet material 14,
The pressure between the ultrasonic horn 50 and the patterned anvil 32 is supplied by the

combination of the applied force described above and the ultrasonic vibrations. One
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additional and surprising feature of the invention is that the method of the pfeéent invention
forms apertures in adhesive-coated thin sheet materials. Since it is believed that the apertures
are melted into the thin sheet material and mto the adheswe one would expect a viscous
material such as an adheswe to ﬂow back into the aperture thl;S ezg1nat1ng the aperture.
However, this does not occur and the invention is surprisingly suited for aperturing adhesive-
coated thin sheet materials.

Different constructions of the patterned anyil 32 are also anticipated for use
with the present invention. For example, the patterned anvil 32 could be a flat plate with
raised portions acting to direct the aperturing force of the sonic horn 50. Preferably the
patterned anvil 32 is a cylindrical roller having raised areas 32. If the patterned anvilis a
cylindrical roller with raised areas, it is desirable to wrap or coat the patterned anvil 32 with a
resilient material 62 (Figure 2). Examples of suitable resilient materials include silicone,
polyurethane, polyolefin or foam tape. The addition of the resilient material seems to allow a
greater variability of pin 34 height which results in acceptable aperftlre size and depth.
Additionally, if a liner 30 is used in the method of the present invention and a resilient
material is added to the patterned anvil 32, a greater range of pin 34 height is acceptable to %
obtain an apertured thin sheet material 14 and an unapertured liner 30.

The invention will now be discussed with regard to specific examples which
will aid those of skill in the art in a full and complete understanding thereof. The following
examples demonstrate different processing conditions and materials suitable for use in the

present invention. The following are only intended as exemplary and are not intended to limit

the invention.

Examples
Ultrasonic Welder

A 400 series Branson ultrasonic welding apparatus (available commercially
from Branson Ultrasonics Corp., Danbury, CT) shown schematically in Figure 4 using a 6.35
cm air cylinder comprising a 1.27 cm by 15.24 cm titanium horn with a 2 to 1 booster was

used to supply the sonic vibration in each of the examples below. The ultrasonic horn

Substitute Page - 13 - AMENDED SHEET
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was run so that it supplied vibrations at about 20,000 cycles per second in each of the

examples.

Example 1

This example demonstrates different line speeds and applied forces are
suitable for aperturing a polyurethane nonwoven web according to the present invention.

A 2.54 cm wide rotary anvil of about 7.62 cm diameter covered with 0.508
by 0.508 mm and 1.4 mm high square pins separated by 1.27 mm on center was used in
accordance with the ultrasonic welder described above to form a systématic pattern of
apertures in a thin sheet material provided from a supply roll. The pattern provides
apertures in the thin sheet material in rows 1.27 mm apart (center to center) in the machine

direction and rows 1.27 mm apart in the cross machine direction. The apertures are
staggered.

The composite sheet material for aperturing consisted of a liner of about
0.0762 mm kraft silicone-coated release paper 1-80BKG-157 and PE (Daubert Chemical
Co., Dixon, IL) over a coated layer of 6 grains (25 g/ m2) of acrylate adhesive (60% of
94:6 isooctyl acrylate:acrylic acid and 40% of Foral 85 tackifier (available from Hercules
Corp., Wilmington, DE)) on a layer of melt blown nonwoven web made from
commercially available polyurethane (Morthane PS440-200; Morton International, Inc.) of
basis weight 143.5 g/m°.

The composite sheet material was driven at various speeds through a nip
created by the ultrasonic welder and the patterned anvil to aperture the thin sheet materials.

The ultrasonic welder had a sonic amplitude of about 3 mil (0.0762 cm) with varying

amounts of force applied to the composite sheet material as shown in Table 1. The results

are shown in Table 1 below.

- 14 -
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Table 1

APERTURE |

i  COMPOSITE FORCE DESCRIPTION

SHEET APPLIE OF APERTURES SIZE
i MATERIAL/RUN D (dial PRODUCED (estimated In
' NUMBER pressure

in kg/m®)

4570

6.1

Thin sheet material
embossed, some
apertures formed

| 1. Polyurethane,
| Adhesive & Liner

2. Polyurethane, 12.2 7031
Adhesive & Liner

Thin sheet material
embossed, some
apertures formed

3. Polyurethane, 21.3 10547 | Thin sheet material
embossed, some

apertures formed

— —— e | — g oy — s . sl Wi . . -

Adhesive & Liner

4, Polyurethane, 30.5 Thin sheet material

Adhesive & Liner embossed, some
apertures formed

5. Polyurethane, 30.5 Apertures formed

Adhesive & Liner in thin sheet

with PET Carrier* material and

W egm e eek—————————— | R——  ———  ——— - ———— b — b — P — | — h—

adhesive

|
6. Polyurethane,
i Adhesive & Liner

7031 Thin sheet material
embossed, more
apertures formed

than inrun 1.

Thin sheet material |
embossed and ",
some apertures
formed, but fewer |
than in run 1. [

* a layer of polyethylene terephthalate, 0.036 mm was used as a carrier layer between the anvil and
the polyurethane layer

|
I
7. Polyurethane, 5625

Adhesive & Liner

EERCLEE

Example 2

This example illustrates that the method of the present invention works with

or without a resilient material placed on the patterned anvil.
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The composite sheet material for aperturing consisted of a liner of about
0.0762 mm kraft silicone-coated release paper 1-80BKG-157 and PE (Daubert Chemical
Co., Dixon, IL) over a coated layer of 6 grains (25 g/ m2) of acrylate adhesive (60% of
94:6 isooctyl acrylate:acrylic acid and 40% Foral &5 tackifier) on a layer of melt blown
S nonwoven web made from commercially available polyurethane (Morthane PS440-200;

Morton International, Inc.) of basis weight 143.5 g/m®. The thickness of the melt-blown
web and adhesive together was 0.343 mm.

A 9.52 cm wide rotary anvil of about 7.62 cm diameter covered with a

patterned anvil was used to form a systematic pattern of apertures in a thin sheet
material/adhesive provided from a supply roll.

15 The composite sheet material described above was driven at a speed of 30.5
m/min through the nip created by the ultrasonic welder and the patterned anvil. The
ultrasonic welder had a sonic amplitude of about 0.0762 mm and varying amounts of force

were applied to the composite sheet material as shown in Table 2. The apertures which
resulted are described in Table 2.
20
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Table 2

APPLIED | APERTURE | DESCRIPTION
FORCE SIZE OF
(dial (estimated in APERTURES
pressure PRODUCED
in kg/m?)

yes 26,015 0.28 thin sheet
material and
adhesive was
perforated, liner
unperforated
26,105 0.28 thin sheet
material and
adhesive
perforated and
liner partially
perforated
21,093 0.28 thin sheet
material and
adhesive
perforated and |
liner partially ;
perforated :
17,578 0.28 thin sheet ?
material and !
adhesive :
perforated; liner l
embossed l
i
|

14,062 0.28 30% of the thin
sheet material |
and adhesive was |
perforated; 70% |
of the thin sheet |
material was |
embossed; liner
embossed
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1. Polyurethane,
Adhesive & Liner

i
. |

1 2. Polyurethane,
l Adhesive & Liner

—— gl

3. Polyurethane,
Adhesive & Liner

i 4. Polyurethane,
Adhesive & Liner

-

5. Polyurethane,
Adhesive & Liner
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The thin sheet material of Example 2, under the conditions of run 4 is
preferred.

>  Example 3
This example demonstrates that thin sheet materials with different

constructions may be apertured according to the present invention. Additionally, the

example illustrates that different materials may be used as the resilient wrap for the
patterned anvil.

10 The composite sheet material of runs 1-5 and 8 consisted of a liner of about
0.0762 mm kraft silicone coated release paper 1-80BKG-157 and PE (Daubert Chemical
Co., Dixon, IL) over a layer of 6 grains (25 g/m®) of acrylate adhesive (60% of 94:6
1sooctyl acrylate:acrylic acid and 40% Foral 85 tackifier) on a layer of melt blown
nonwoven web (thin sheet material) made from commercially available polyurethane

15 (Morthane PS440-200; Morton International, Inc.) of basis weight 143.5 g/m*. The
thickness of the melt-blown thin sheet material and adhesive together was 0.343 mm.

The composite sheet material of run 7 consisted of a Microfoam® Tape with

liner available as medical tape 9997L from 3M Company of St. Paul, MN. The composite
sheet material of run 7 consisted of Volara® Foam tape with liner available from 3M

20 Company of St. Paul, MN. The Volara®) Foam backing was 0.89 mm thick and the liner
was 0.178 mm thick.

A 9.52 cm wide rotary anvil of about 7.62 cm diameter covered with 1.016

mm diameter and 0.381 mm high cylindrical pins separated by 4.61 mm on center was

covered with various resilient wraps described in Table 3. The effective pin height is

25  defined as the height of the pin on the rotary anvil less the thickness of the resilient wrap

and is given in Table 3 for each resilient wrap.

- 18 =~
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The composite sheet was driven at a line speed of 30.5 m/min through the
nip created by the ultrasonic welder and the patterned anvil. The ultrasonic welder had a

sonic amplitude of about 0.0762 mm and varying amounts of force were applied to the

composite sheet material as shown in Table 3 to provide apertures in the thin sheet

materials. The applied force was regulated by a dial regulator on the apparatus.

- 19 -
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It should be understood that the detailed description of the presently

preferred embodiments of the present invention is given only by way of illustration because
various changes and modifications well within the spirit and scope of the invention will

become apparent to those of skill in the art in view of this detailed description.
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CLATIMS:

1. A method of forming apertures in a thin sheet
material having a first surface and a second surface

comprising the steps of:

(a) placing the sheet material on a patterned

anvil having a pattern of flat raised areas wherein the

height of the flat raised areas 1is less than or equal to the

thickness of the sheet material; and

(b) subjecting the sheet material to a sufficient
amount of sonic vibrations to aperture the sheet material;

and

whereby the sheet material 1s apertured in a
pattern generally the same as the pattern of flat raised

areas on the patterned anvil.

2. The method of claim 1 wherein tension applied to
the thin sheet material is that sufficient for tracking and

handling of the sheet material.

3. A method of forming apertures in a thin sheet
material having a first surface and a second surface wherein
at least one surface of the thin sheet material is in planar
Jjuxtaposition with a liner and an adhesive is optionally
coated on the thin sheet material, the thin sheet material
and the optional adhesive and the liner together form a

composite sheet material, the method comprising the steps of:

(a) placing the composite sheet material on a
patterned anvil having a pattern of flat raised areas
wherein the height of the flat raised areas is less than or

equal to the thickness of the thin sheet material and the

optional adhesive; and
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(b) subjecting the composite sheet material to a
sufficient amount of sonic vibrations to aperture the thin

sheet material and the optional adhesive; and

whereby the thin sheet material and the optional
adhesive 18 apertured 1n a pattern generally the same as the
pattern of flat raised areas on the patterned anvil, but the

liner 1s not apertured.

4 . The method of claim 3 wherein the liner is

comprised of silicone coated release paper.

5. The method of claim 3 or 4 wherein the thin sheet

material comprises a nonwoven wep and a foam material.

6. The method of any one of claims 3 to 5 wherein the

thin sheet material comprises a film.

7 . The method of any one of claims 3 to 6 wherein the
adhesive 1s selected from the group consisting essentially

of acrylic adhesives.

8. The method of any one of claims 3 to 7 wherein the

patterned anvil 1s a cylindrical roller with raised areas.

0. The method of any one of claims 3 to 8 wherein the

thin sheet material is at least 8 mils (0.2 mm) thick.

10. The method of any one of claims 3 to 9 wherein the
adhegive is coated on at least one surface of the thin sheet
material, the thin sheet material and the adhesive and the
liner together form a composite sheet material and the
composlite sheet material is subjected to a sufficient amount
of ultrasonic vibrations in the absence of liquid to

aperture the thin sheet material and the adhesive but not

aperture the liner.
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11. The method of any one of claims 3 to 10 wherein
tension applied to the composite sheet material is only that

necessary for tracking and handling of the composite sheet

material.

12. The method of claim 1 or 2 wherein the patterned

anvil 1s a cylindrical roller with raised areas.

13. The method of any one of claims 1 to 12, wherein
the area of each of the formed apertures is generally

greater than about 0.05 mm®.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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