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RESPIRATOR HAVING ELASTIC STRAPS HAVING OPENWORK STRUCTURE

BACKGROUND
[001] Respirators are commonly worn over aperson's breathing passages for a least one of two
common purposes: (1) to prevent impurities or contaminants from entering the wearer's respiratory system;
and (2) to protect other persons or things from being exposed to pathogens and other contaminants exhaled by
thewearer. In the first situation, the respirator isworn in an environment where the air contains particles that
are harmful to the wearer, for example, in an auto body shop. In the second situation, the respirator isworn in
an environment where there is risk of contamination to other persons or things, for example, in an operating
room or clean room.
[002] Respirators are regularly provided with a harness that includes one or more straps. These
straps are commonly made of an elastomeric material such as abraided web or aKraton rubber. See, e.g.,
U.S. Patent No. 6,332,465 to Xue, W09831743 to Deeb et al., and W09732493 Al to Bryant e al.
These straps typically are solid in appearance - that is, you cannot see through the strap, partially or
totally. The solid nature of the known straps can add to overall product weight and increase heat retention
on awearer's neck. Additionally, conventional respirator straps are constructed such that the strap
exhibits one color throughout. Both major strap surfaces therefore have the same appearance. Assuch it
can be difficult to notice if the strap istwisted. The straps also are deprived of any opportunity to be
aesthetically colorful or artistic by exhibiting more than one color or by exhibiting agenerally plain solid
appearance.
[003] A variety of known respirators and their harnesses are shown in the following U.S. patents:
RE39,493 to Yuschak et al.; 4,790,306 to Braun; 7,131,442 to Kronzer et al.; 6,923,182 and 6,041,782 to
Angadjivand et a.; 4,807,619 to Dyrud et al.; 4,536,440 to Berg; 6,568,392 and 6,484,722 to Bostock et
al.; and 6,394,090 to Chen. See also U.S. Patent Application Nos. 2001/0067700 and 2010/0154805 to
Duffy et a.; U.S. Design Patent 659,821 to Spoo &t a.; U.S Patent 3,521,630 to Westberg et al.; and
Korean Patent No. 100467924.

SUMMARY
[004] In one aspect, the present disclosure provides arespirator that includes amask body and a harness
that includes one or more elastic straps that arejoined to the mask body on opposing sides of thereof. The
elastic strap(s) includes anetting that has an array of polymeric strands periodically joined together at
bond regions throughout the array but do not substantially cross over each other.
[005] In another aspect, the present disclosure provides arespirator that includes amask body and a
harness that includes one or more elastic straps that have an openwork construction.
[006] In one or more embodiments, the openwork construction may bein the form of anetting that
has an array of polymeric strands periodically joined together at bond regions throughout the array but do
not substantially cross over each other. Sincethe straps are openwork, the straps can have a'see-

through" appearance with open spaces or voids between the strands. The porous construction of the
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straps allows them to breathe, which allows heat to be more readily displaced, making the strap more

comfortable to the wearer. The straps also can be lighter in weight than conventional straps because they
are not solid throughout. In one or more embodiments, first and second arrays can bejuxtaposed upon
each other, with each array being provided with adifferent color. The different colors on each side of the
strap can enable the wearer to readily detect if the strap istwisted. The different colored arrays can also

allow for various aesthetic designs to be provided.

Glossary
[007] The terms set forth below will have the meanings as defined:
[008] "array" means an ordered arrangement;
[009] "bond regions' means areas and/or volumes of two or more strands where the two or more
strands are held together;
[010] "comprises' or "comprising" means its definition asis standard in patent terminology, being

an open-ended term that is generally synonymous with "includes’, "having", or "containing". Although
"comprises', "includes', "having", and "containing" and variations thereof are commonly-used, open-
ended terms, this disclosure also may be suitably described using narrower terms such as "consists
essentially of, which is semi open-ended term in that it excludes only those things or elements that would

have a deleterious effect on the performance of the inventive respirator in serving its intended function;

[011] "clean air" means avolume of atmospheric ambient air that has been filtered to remove
contaminants;

[012] "cross over" means to continue past the intersection;

[013] "crosswise dimension” isthe dimension that extends laterally across the respirator, from side-

to-side when the respirator is viewed from the front;
[014] "contaminants' means particles (including dusts, mists, and fumes) and/or other substances

that generally may not be considered to be particles (e.g., organic vapors, etc.) but which may be

suspended in air;

[015] "cup-shaped configuration," and variations thereof, mean any vessal-type shapethat is
capable of adequately covering the nose and mouth of aperson;

[016] "elastic" means being able to be stretched a least 100% and return essentially to the original
dimension without imparting damage to the strap;

[017] "do not substantially" in reference to crossing over means a least 50 % do not;

[018] "exterior gas space”" means the ambient atmospheric gas space into which exhaled gas enters

after passing through and beyond the mask body and/or exhalation valve;
[019] "filtering face-piece" means that the mask body itself is designed to filter air that passes
through it; there are no separately identifiable filter cartridges or insert-molded filter elements attached to

or molded into the mask body to achieve this purpose;



10

15

20

25

30

35

WO 2015/130591 PCT/US2015/017036
[020] "filter" or "filtration layer" means one or more layers of air-permeable material, which

layer(s) is adapted for the primary purpose of removing contaminants (such as particles) from an air
stream that passes through it;

[021] "filter media' means an air-permeable structure that is designed to remove contaminants from
air that passes through it;

[022] "filtering structure" means a generally air-permeable construction that filters air;

[023] "harness’ means a structure or combination of parts that assists in supporting amask body on

awearer's face;

[024] "interior gas space" means the space between amask body and a person's face;
[025] "joined to" means secured to directly or indirectly;
[026] "mask body" means a structure that is designed to fit over the nose and mouth of a person and

that helps define an interior gas space separated from an exterior gas space;

[027] "netting" means an openwork structure where the openings are in an ordered arrangement;
[028] "polymer" means amaterial that contains repeating chemical units, regularly or irregularly
arranged;

[029] "polymeric" and "plastic" each mean amaterial that mainly includes one or more polymers

and that may contain other ingredients aswell;
[030] "openwork" means having open spaces sized to be large enough for air to easily pass

therethrough and for a person to see therethrough with the naked eye (i.e., without the assistance of an

instrument);

[031] "opposing” means opposite;

[032] "plurality” means two or more;

[033] "respirator" means an air filtration device that isworn by aperson to provide the wearer with

clean air to breathe;

[034] "side" means an area on the mask body distanced from aplane that bisects the mask body
centrally and vertically when the mask body is oriented in an upright position and viewed from the front;
[035] "strand" means an elongated filamentary or threadlike type structure; and

[036] "strap" means agenerally flat elongated structure.

BRIEF DESCRIPTION OF THE DRA WINGS

[037] FIG. 1lisan exploded perspective view of an exemplary embodiment of a set of extrusion die
elements of the present disclosure, including aplurality of shims, a set of end blocks, bolts for assembling

the components, and inlet fittings for the materials to be extruded;

[038] FIG. 2isaplan view of one of the shims of FIG. 1;
[039] FIG. 3isaplan view of adifferent one of the shims of FIG. 1;
[040] FIG. 4 isaperspective view of an exemplary extrusion die described herein;
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[041] FIG. 5isafront view of aportion of adispensing surface of an exemplary extrusion die (and

used in Example 5);
[042] FIG. 6isan exploded perspective view of an alternate exemplary embodiment of an extrusion
die according to the present disclosure, where the plurality of shims, a set of end blocks, bolts for

assembling the components, and inlet fittings for the materials to be extruded are clamped into amanifold

body;

[043] FIG. 7isaplan view of one of the shims of FIG. 6, and relates to FIG. 6 in the same way
FIG. 2relatesto FIG. 1;

[044] FIG. 8isaplan view of adifferent one of the shims of FIG. 6, and relates to FIG. 6 in the
same way FIG. 3relatestoFIG. 1;

[045] FIG. 9is aperspective view of the embodiment of FIG. 6 as assembled;

[046] FIG. 10isaschematic perspective view of aportion of an exemplary extrusion die described

herein supplied with polymeric material and forming anet;

[047] FIG. 1lisafront view of aportion of the dispensing surface of an exemplary extrusion die
described herein (and used in Examples 1and 2);

[048] FIG. 12 isafront view of aportion of the dispensing surface of an exemplary extrusion die
described herein (and used in Example 4);

[049] FIG. 13isadigital optical image a 1ox of an exemplary netting described herein (see
Example 1);

[050] FIG. 14 isadigital optical image a 10x of an exemplary netting described herein (see
Example 2);

[051] FIG. 15isafront view of aportion of the dispensing surface of an exemplary extrusion die
described herein (and used in Example 3);

[052] FIG. 16isadigital optical image a 1ox of an exemplary netting described herein (see
Example 3);

[053] FIG. 17isadigital optical image a 1ox of an exemplary netting described herein (see
Example 4);

[054] FIG. 18isadigital optical image a 1ox of an exemplary netting described herein (see
Example 5);

[055] FIG. 19isadigital optical image a 10x of an exemplary netting described herein (see
Example 6);

[056] FIG. 20isadigital optical image a 1ox of an exemplary netting described herein (see
Example 7);

[057] FIG. 2lisadigital optical image a 1ox of an exemplary netting described herein (see
Example 8);

[058] FIG. 22isadigital optical image a 1ox of an exemplary netting described herein (see
Example 9);
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[059] FIG. 23isadigital optical image a 1ox of an exemplary netting described herein (see
Example 10);
[060] FIG. 24 isafront view of aportion of the dispensing surface of an exemplary extrusion die

described herein (and used in Example 11);

[061] FIG. 25isadigital optical image a 10x of an exemplary netting described herein (see
Example 11);

[062] FIG. 26isadigital optical image a 1ox of an exemplary netting described herein (see
Example 12);

[063] FIG. 27 isafront view of aportion of the dispensing surface of an exemplary extrusion die

described herein (and used in Example 13);

[064] FIG. 28isadigital optical image a 10x of an exemplary netting described herein (see
Example 13);
[065] FIG. 29isafront view of aportion of the dispensing surface of an exemplary extrusion die

described herein (and used in Example 14);

[066] FIG. 30isadigital optical image a 10x of an exemplary netting described herein (see
Example 14);

[067] FIG. 3lisadigital optical image a 1ox of an exemplary netting described herein (see
Example 15);

[068] FIG. 32isafront view of aportion of the dispensing surface of an exemplary extrusion die
described herein (and used in Example 16);

[069] FIG. 33isadigita photographic image a 10x of an exemplary netting described herein (see
Example 16);

[070] FIG. 34 isafront view of aportion of the dispensing surface of an exemplary extrusion die

described herein (and used in Example 17);

[071] FIG. 35isadigital optical image a 10x of an exemplary netting described herein (see
Example 17);

[072] FIG. 36isadigital optical image a 10x of an exemplary netting described herein (see
Example 18);

[073] FIG. 37 isafront view of aportion of the dispensing surface of an exemplary extrusion die
described herein (and used in Example 19);

[074] FIG. 38isadigital optical image of an exemplary ribbon region-netting-film-netting-ribbon
region article described herein (see Example 19);

[075] FIG. 39isadigital optical image a 10x of an exemplary netting described herein (see
Example 20);

[076] FIG. 40isadigita optical image a 10x of an exemplary netting described herein having
bond lines (see Example 21);
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[077] FIG. 4lisadigital optical image at 1ox of an exemplary netting described herein having
bond lines (see Example 22);

[078] FIG. 42isadigital optical image at 1ox of an exemplary netting described herein having
bond lines (see Example 23);

[079] FIG. 43isadigital optical image at 1ox of an exemplary netting described herein having
bond lines (see Example 24);

[080] FIG. 44 isaplan view of an exemplary shim for making netting described herein extruded
from a single cavity;

[081] FIG. 45isaplan view of an exemplary shim for making netting described herein in
conjunction with the shim of FIG. 44;

[082] FIG. 46isaplan view of an exemplary spacer shim for making netting described herein in
conjunction with the shims of FIG. 44 and FIG. 45;

[083] FIG. 47 isadetail perspective view of aplurality of shims formed from the shims of FIGS.
44-46;

[084] FIG. 48isadetail perspective view of the plurality of shims of FIG. 47, seen from the reverse
angle, with one of the shims removed for visual clarity;

[085] FIG. 49 isaperspective view of one embodiment of arespirator 5000 in accordance with the
present disclosure;

[086] FIG. 50isacross section of astrap 5008 taken along lines 50-50 of FIG. 49;

[087] FIG. 5lisacross section of afiltering structure 5024 that may beused in amask body 5002

of the present disclosure; and
[088] FIG. 52 isaphotograph of an elastic netting 5016 that has an array of polymeric strands 5033
adapted for use in arespirator of Examples.

DETAILED DESCRIPTION

[089] In the practice of the present disclosure, anew respirator isprovided that has elastic strapsin
aharness, which straps are unigue in design and performance. The respirator has amask body and one or
more elastic harness straps. The elastic straps can have an openwork construction and may bein the form
of anetting. The netting may include an array of polymeric strands periodically joined together a bond
regions throughout the array but do not substantially cross over each other. The use of openwork €elastic
straps can allow for alighter weight product, since the strap ishot solid throughout. The openwork
construction can also allow the strap to breathe in that air can easily pass through it. When the strap isin
contact with aperson's neck, amore comfortable contacting relationship may be achieved between the
wearer's neck and the strap. Also an aesthetic appearance not heretofore provided in the respirator art can
be exhibited by the openwork array of strands that include the strap. The use of dual layers of the netting
can further allow multiple colorsto be displayed on each side of the strap, allowing the user to easily

notice if the strap istwisted and to make the product more colorful.
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[090] Straps suitable for use in the present disclosure are described in PCT/US20 12/05 1660, filed

August 21, 2012, which claims priority to U.S. Provisional Application No. 61/526,001, filed August 22,
201 1. The straps described in this copending patent application have anetting including an array of
polymeric strands (in some embodiments. at least alternating first and second (optionally third, fourth, or
more) polymeric strands) periodically joined together at bond regions throughout the array, but do not
substantially cross over each other (i.e., at least 50 (at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 99, or even
100) percent by number), where the netting can have athickness up to about 1 millimeter (mm), more
typically up to about 0.5 mm. The open spaces in the openwork structure can be about 0.1 to 40 mmZ2in
size, more typically about 0.3 to 20 mm2in size. The strands can have a cross-sectional area of about
0.03 to 1mm2, more typically about 0.05 to 0.5 mm?2.

[091] For embodiments having first and second polymeric strands, the polymers of the first and
second polymeric strands may bethe same or different. See also Patent Applications Nos.

PCT/US20 12/050746 and PCT/US20 12/057900 for further description of netting, arrays, and strands that
may beused in elastic straps suitable for use in respirators of the present disclosure.

[092] There may be an array of aternating first and second polymeric strands, where the first and
second strands periodically join together a bond regions throughout the array, where the first strands
have average first yield strength, and where the second strands have an average second yield strength that
isdifferent (e.g., a least 10 percent different) than the first yield strength. In making anetting, there may
be an extrusion die including aplurality of shims positioned adjacent to one another, the shims together
defining acavity and adispensing surface, where the dispensing surface has an array of first dispensing
orifices aternating with an array of second dispensing orifices, where the plurality of shimsincludes a
plurality of arepeating sequence of shimsincluding a shim that provides afluid passageway between the
cavity and the first dispensing orifices and a shim that provides a fluid passageway between the cavity
and the second dispensing orifices, where the first array of fluid passageways has greater fluid restriction
than the second array of fluid passageways. Typically, the fluid passageway between cavity and
dispensing orifice isup to 5mm in length.

[093] In making anetting, there may be an extrusion die including aplurality of shims positioned
adjacent to one another, the shims together defining afirst cavity, asecond cavity, and a dispensing
surface, where the dispensing surface has an array of first dispensing orifices alternating with an array of
second dispensing orifices, where the plurality of shims includes aplurality of arepeating sequence of
shims including a shim that provides afluid passageway between the first cavity and one of the first
dispensing orifices and a shim that provides afluid passageway between the second cavity and one of
second the dispensing orifices Typically, the fluid passageway between acavity and a dispensing orifice
isupto 5mm in length. Typically, each of the dispensing orifices of the first and the second arrays has a
width, and each of the dispensing orifices of the first and the second arrays are separated by up to 2 times
the width of the respective dispensing orifice.
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[094] In making anetting, there may be an extrusion die including aplurality of shims positioned

adjacent to one ancther, the shims together defining a cavity and a dispensing surface, where the
dispensing surface has at least one net-forming zone and at least one ribbon-forming zone, where the net-
forming zone has an array of first dispensing orifices alternating with an array of second dispensing
orifices. In some embodiments, each of the dispensing orifices of the first and the second arrays has a
width, and each of the dispensing orifices of the first and the second arrays are separated by up to 2 times
the width of the respective dispensing orifice.
[095] In making anetting, there may be an extrusion die including aplurality of shims positioned
adjacent to one ancther, the shims together defining afirst cavity, asecond cavity, and a dispensing
surface, where the dispensing surface has at least one net-forming zone and & least one ribbon-forming
zone, where the net-forming zone has an array of first dispensing orifices alternating with an array of
second dispensing orifices. In some embodiments, each of the dispensing orifices of the first and the
second arrays has awidth, and each of the dispensing orifices of the first and the second arrays are
separated by up to 2 times the width of the respective dispensing orifice.
[096] The present disclosure describes amethod of making anetting and arrays of polymeric
strands described herein, the method including one of Method | or Method I1:

Method |

providing an extrusion die including aplurality of shims positioned adjacent to one another, the
shims together defining a cavity, the extrusion die having aplurality of first dispensing orificesin fluid
communication with the cavity and aplurality of second dispensing orificesin fluid communication with
the cavity, such that the first and second dispensing orifices are alternated; and

dispensing first polymeric strands from the first dispensing orifices at afirst strand speed while
simultaneously dispensing second polymeric strands from the second dispensing orifices at a second
strand speed, where the first strand speed is a least 2 (in some embodiments, in arange from 2to 6, or
even 2 to 4) times the second strand speed to provide the netting (i.e., the first and second dispensing
orificesin fluid communication with the (single) cavity such that in use the first and second strand speeds
are sufficiently different to produce net bonding); or

Method 11

providing an extrusion die including aplurality of shims positioned adjacent to one another, the
shims together defining afirst cavity and a second cavity, the extrusion die having aplurality of first
dispensing orifices in fluid communication with the first cavity and having aplurality of second
dispensing orifices connected to the second cavity, such that the first and second dispensing orifices are
alternated; and

dispensing first polymeric strands from the first dispensing orifices at afirst strand speed while
simultaneously dispensing second polymeric strands from the second dispensing orifices at a second
strand speed, where the first strand speed is a least 2 (in some embodiments, in arange from 2to 6, or

even 2 to 4) times the second strand speed to provide the netting. In some embodiments, the plurality of
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shims includes aplurality of arepeating sequence of shims that includes a shim that provides a

passageway between the first cavity and at least one of the first dispensing orifices and a shim that
provides apassageway between the second cavity and the a least one of the second dispensing orifices.
In some embodiments, the polymers of the first and second polymeric strands are the same, while in
others they are different.

[097] The plurality of shims includes aplurality of arepeating sequence of shims that includes a
shim that provides apassageway between acavity and the dispensing orifices, or the plurality of shims
includes aplurality of arepeating sequence of shims that includes a shim that provides apassageway
between the first cavity and at least one of the first dispensing orifices and a shim that provides a
passageway between the second cavity and the at least one of the second dispensing orifice. Typically,
not all of the shims of dies described herein have passageways; as some may be spacer shims that provide
no passageway between acavity and adispensing orifice. In some embodiments, there is arepeating
sequence that further includes e least one spacer shim. The number of shims providing a passageway
between the first cavity and afirst dispensing orifice may be equal or unequal to the number of shims
providing apassageway between the second cavity and a dispensing orifice.

[098] In some embodiments, the first dispensing orifices and the second dispensing orifices are
collinear. In some embodiments, the first dispensing orifices are collinear, and the second dispensing
orifices are collinear but offset from the first dispensing orifices.

[099] In some embodiments, extrusion dies described herein include apair of end blocks for
supporting the plurality of shims. In these embodiments it may be convenient for one or all of the shims
to each have one or more through-holes for the passage of connectors between the pair of end blocks.
Bolts disposed within such through-holes are one convenient approach for assembling the shims to the
end blocks, although the ordinary artisan may perceive other alternatives for assembling the extrusion die.
In some embodiments, the at least one end block has an inlet port for introduction of fluid material into
one or both of the cavities.

[0100] In some embodiments, the shims will be assembled according to aplan that provides a
repeating sequence of shims of diverse types. The repeating sequence can have two or more shims per
repeat. For afirst example, atwo-shim repeating sequence could include a shim that provides a conduit
between the first cavity and afirst dispensing orifice and a shim that provides a conduit between the
second cavity and adispensing orifice. For asecond example, afour-shim repeating sequence could
include a shim that provides a conduit between the first cavity and adispensing orifice, a spacer shim, a
shim that provides a conduit between the second cavity and a second dispensing orifice, and a spacer
shim.

[0101] Exemplary passageway cross-sectional shapes include square and rectangular shapes. The
shape of the passageways within, for example, arepeating sequence of shims, may be identical or
different. For example, in some embodiments, the shims that provide apassageway between the first

cavity and afirst dispensing orifice might have aflow restriction compared to the shims that provide a
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conduit between the second cavity and a second dispensing orifice. The width of the distal opening

within, for example, arepeating sequence of shims, may beidentical or different. For example, the
portion of the distal opening provided by the shims that provides a conduit between the first cavity and a
first dispensing orifice could be narrower than the portion of the distal opening provided by the shims that
provides a conduit between the second cavity and a second dispensing orifice.

[0102] The shape of adispensing orifice within, for example, arepeating sequence of shims, may be
identical or different. For example a4-shim repeating sequence could be employed having a shim that
provides a conduit between the first cavity and first dispensing orifice, a spacer shim, a shimthat provides
aconduit between the second cavity and a second dispensing orifice slot, and a spacer shim, where the
shims that provide a conduit between the second cavity and a second dispensing orifice have anarrowed
passage displaced from both edges of the distal opening.

[0103] In some embodiments, the assembled shims (conveniently bolted between the end blocks)
further include amanifold body for supporting the shims. The manifold body has a |least one (or more
(e.g., two or three, four, or more)) manifold therein, the manifold having an outlet. An expansion seal
(e.g., made of copper or alloys thereof) is disposed so asto seal the manifold body and the shims, such
that the expansion seal defines aportion of at least one of the cavities (in some embodiments, aportion of
both the first and second cavities), and such that the expansion seal allows aconduit between the
manifold and the cavity.

[0104] In some embodiments, with respect to extrusion dies described herein, each of the dispensing
orifices of the first and the second arrays have awidth, and each of the dispensing orifices of the first and
second arrays are separated by up to 2 times the width of the respective dispensing orifice.

[0105] Typicaly, the passageway between cavity and dispensing orifice isup to 5mm in length.
Typicaly, the first array of fluid passageways has greater fluid restriction than the second array of fluid
passageways.

[0106] In some embodiments, for extrusion dies described herein, each of the dispensing orifices of
the first and the second arrays has a cross sectional area, and each of the dispensing orifices of the first
arrays has an area different from that of the second array.

[0107] In some embodiments, acavity of an extrusion die described herein is supplied with afirst
polymer a afirst pressure so asto dispense afirst strand at afirst strand speed through afirst
passageway, and to dispense a second strand at a second strand speed through a second passageway,
where the first strand speed is a least 2 (in some embodiments, 2to 6, or even 2 to 4) times the second
strand speed, such that anetting including an array of alternating first and second polymeric strandsis
formed. In some embodiments, the first and second polymers are the same, while in others they are
different.

[0108] In some embodiments, the first cavity of an extrusion die described herein is supplied with a
first polymer at afirst pressure so asto dispense the first polymer fromthe first array at afirst strand

speed, the second cavity of an extrusion die described herein is supplied with a second polymer a a
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second pressure so as to dispense the second polymer from the second array at a second strand speed,

where the first strand speed is a least 2 (in some embodiments, 2t0 6, or even 2o 4) times the second
strand speed, such that anetting that includes an array of alternating first and second polymeric strands is
formed. In some embodiments, the first and second polymers are the same, while in others they are
different.

[0109] Typically, the spacing between orifices isup to 2 times the width of the orifice. The spacing
between orifices is greater than the resultant diameter of the strand after extrusion. This diameter is
commonly called die swell. This spacing between orifices is greater than the resultant diameter of the
strand after extrusion leads to the strands repeatedly colliding with each other to form the repeating bonds
of the netting. If the spacing between orifices istoo great the strands will not collide with each other and
will not form the netting.

[0110] The shims for dies described herein typically have thicknesses in the range from 50
micrometers to 125 micrometers, although thicknesses outside of this range may also be useful.

Typically, the fluid passageways have thicknesses in arange from 50 micrometers to 5 mm, and lengths
less than 5 mm (with generally apreference for smaller lengths for decreasingly smaller passageway
thicknesses), although thicknesses and lengths outside of these ranges may also beuseful. For large
diameter fluid passageways several smaller thickness shims may be stacked together, or single shims of
the desired passageway width may be used.

[0111] The shims are tightly compressed to prevent gaps between the shims and polymer leakage.
For example, 12 mm (0.5 inch) diameter bolts are typically used and tightened, at the extrusion
temperature, to their recommended torque rating. Also, the shims are aligned to provide uniform
extrusion out the extrusion orifice, as misalignment can lead to strands extruding at an angle out of the
die, which can inhibit desired bonding of the net. To aid in alignment, an alignment key can be cut into
the shims. Also, avibrating table can be useful to provide a smooth surface alignment of the extrusion
tip.

[0112] The size (same or different) of the strands can be adjusted, for example, by the composition
of the extruded polymers, velocity of the extruded strands, and/or the orifice design (e.g., cross sectional
area (e.g., height and/or width of the orifices)). For example, afirst polymer orificethat is 3 times greater
in area than the second polymer orifice can generate anet with equal strand sizes while meeting the
velocity difference between adjacent strands.

[0113] In general, it has been observed that the rate of strand bonding is proportional to the extrusion
speed of the faster strand. Further, it has been observed that this bonding rate can beincreased, for
example, by increasing the polymer flow rate for agiven orifice size, or by decreasing the orifice area for
agiven polymer flow rate. It has also been observed that the distance between bonds (i.e., strand pitch) is
inversely proportional tothe rate of strand bonding, and proportional tothe speed that the netting is drawn
away fromthe die. Thus, it isbelieved that the bond pitch and the net basis weight can be independently

controlled by design of the orifice cross sectional area, the takeaway speed, and the extrusion rate of the
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polymer. For example, relatively high basis weight nettings, with arelatively short bond pitch, can be

made by extruding a arelatively high polymer flow rate, with arelatively low netting takeaway speed,
using adie with arelatively small strand orifice area.

[0114] Typically, the polymeric strands are extruded in the direction of gravity. This enables
collinear strands to collide with each other before becoming out of alignment with each other. In some
embodiments, it is desirable to extrude the strands horizontally, especially when the extrusion orifices of
the first and second polymer are not collinear with each other.

[0115] In practicing the method, the first and second polymeric materials, which can be the same of
different, might be solidified simply by cooling. This can be conveniently accomplished passively by
ambient air, or actively by, for example, quenching the extruded first and second polymeric materials on a
chilled surface (e.g., achilled roll). In some embodiments, the first and/or second polymeric materials are
low molecular weight polymers that need to be cross-linked to be solidified, which can be done, for
example, by electromagnetic or particle radiation. In some embodiments, it is desirable to maximize the
time to quenching to increase the bond strength.

[0116] Optionally, it may be desirable to stretch the as-made netting. Stretching may orientate the
strands, and has been observed to increase the tensile strength properties of the netting. Stretching may
also reduce the overall strand size, which may be desirable for applications which benefit from a
relatively low basis weight. As an additional example, if the materials and the degree of stretch are
chosen correctly, the stretch can cause some of the strands to yield while others do not, tending to form
loft (e.g., the loft may be created because of the length difference between adjacent bonded net strands or
by curling of the bonds due to the yield properties of the strands forming the bond). Optionaly, both
strands may be stretched beyond their respective yields and upon recovery, the first strands recover more
than the second strands. The attribute can be useful for packaging applications where the material can be
shipped to package assembly in arelatively dense form, and then lofted, on location. The loftiness
attribute can also be useful asthe loop for hook and loop attachment systems, where the loft created with
strands enables hook attachment to the netting strands.

[0117] FIG. 1shows an exploded view of an exemplary embodiment of an extrusion die 30.
Extrusion die 30 includes aplurality of shims 40. In some embodiments of extrusion dies described
herein, there will be alarge number of very thin shims 40 (typically several thousand shims; in some
embodiments, at least 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, or even at least 10,000), of
diverse types (shims 40a, 40b, and 40c), compressed between two end blocks 44a and 44b. Conveniently,
fasteners (e.g., through bolts 46 threaded onto nuts 48) are used to assemble the components for extrusion
die 30 by passing through holes 47. Inlet fittings 50a and 50b are provided on end blocks 44a and 44b
respectively to introduce the materials to be extruded into extrusion die 30. In some embodiments, inlet
fittings 50a and 50b are connected to melt trains of conventional type. In some embodiments, cartridge
heaters 52 are inserted into receptacles 54 in extrusion die 30 to maintain the materials to be extruded a a

desirable temperature while in the die.
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[0118] FIG. 2 shows aplan view of shim 40a from FIG. 1. Shim 40a has first aperture 60a and

second aperture 60b. When extrusion die 30 is assembled, first apertures 60ain shims 40 together define
a least aportion of first cavity 62a. Similarly, second apertures 60b in shims 40 together define a least a
portion of second cavity 62b. Material to be extruded conveniently enters first cavity 62avia inlet port
50a, while material to be extruded conveniently enters second cavity 62b via inlet port 50b. Shim 40a has
aduct 64 ending in afirst dispensing orifice 66ain a dispensing surface 67. Shim 40a further has a
passageway 68a affording a conduit between first cavity 62a and duct 64. In carrying out the method of
the present disclosure, the dimensions of the duct 64, and especially the first dispensing orifice 66a at its
end, is constrained by the dimensions desired in the polymer strands extruded from them. Since the
strand speed of the strand emerging from the first dispensing orifice 66ais also of significance,
manipulation of the pressure in cavity 62a and the dimensions of passageway 68a are used to set the
desired strand speed. Inthe embodiment of FIG. 1, shim 40b is areflection of shim 40a, having a
passageway instead affording a conduit between second cavity 62b and second dispensing orifice 66b.
[0119] FIG. 3 shows aplan view of shim 40c from FIG. 1. Shim 40c has no passageway between
either of first or second cavities 62a and 62b, respectively, and no duct opening onto dispensing surface
67.

[0120] FIG. 4 shows aperspective partial cutaway detail view of plurality of shims 40 packed
closely together and ready to be assembled into die 30 of FIG. 1. Specifically, plurality of shims 40
conveniently form arepeating sequence of four shims. First in the sequence from left to right asthe view
isoriented is shim 40a. In this view, passageway 68a, which leads from cavity 62ato first dispensing
orifice 66ain dispensing surface 67, can be seen. Second in the sequence is spacer shim 40c. Third in
the sequence is shim 40b, which is simply shim 40a turned upside down so there is a passageway (not
seen in this FIG.) between cavity 62b and second dispensing orifices 66b in dispensing surface 67.
Fourth in the sequence is second spacer shim 40c. When complete die 30 is assembled with shims of this
type in this way, and two flowable polymer containing compositions are introduced under pressure to
cavities 62a and 62b, first and second polymeric strands respectively will emerge from first and second
dispensing orifices 66a and 66b, supplied by cavities 62a and 62b. If the first polymeric strands have a
first strand speed that isin arange from 2to 6 (or even 2 to 4) times the second strand speed of the
second polymeric strands, anet can be produced.

[0121] The dispensing orifices 66a and 66b are alternating and collinear. This second feature isnot
arequirement of the disclosure, and thisisillustrated in FIG. 5. Referring now to FIG. 5, afront close up
view of aportion of adispensing surface 567 of alternately assembled die 530 isillustrated. This
assembly also includes arepeating sequence of shims, each repeat having six shims. First inthe
sequence, from right to left, are two shims 540a, one shim 540c, two shims 540b, and one shim 540c.
Although not visualized in FIG. 5, shims 540a have passageways analogous to passageways 68a, leading
backwards and upwards as the drawing is oriented, together providing afluid conduit with first cavity

analogous to 62a. Next in the sequence is one spacer shim 540c, which in this arrangement still helps
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define the first dispensing orifice 566a on its left and the second dispensing orifice 566b on its right.

Next in the sequence are two shims 540b. Although not visualized in FIG. 5, shims 540b have
passageways anaogous to passageways 68b, leading backwards and downwards as the drawing is
oriented, together providing afluid conduit with second cavity analogous to second cavity 62b. Although
the first dispensing orifices 566a are collinear with each other, and the second dispensing orifices 566b
are collinear with each other, they are offset from the first dispensing orifices 566a.

[0122] FIG. 6 shows a perspective exploded view of an aternate embodiment of extrusion die 30'.
Extrusion die 30' includes plurality of shims 40'. In the depicted embodiment, there are alarge number
of very thin shims 40", of diverse types (shims 40a, 40b', and 40c"), compressed between two end blocks
448 and 44b'. Conveniently, through bolts 46 and nuts 48 are used to assemble the shims 40" to the end
blocks 44a and 44b'.

[0123] In this embodiment, the end blocks 44a and 44b' are fastened to manifold body 160, by bolts
202 pressing compression blocks 204 against the shims 40" and the end blocks 44a and 44b'. Inlet
fittings 50a and 50b' are also attached to manifold body 160. These are in a conduit with two interna
manifolds, of which only the exits 206a and 206b arevisible in FIG. 6. Molten polymeric material
separately entering body 160 via inlet fittings 50a and 50b' pass through the internal manifolds, out the
exits 206a and 206b, through passages 208a and 208b in alignment plate 210 and into openings 168a and
168b (seen in FIG. 7).

[0124] An expansion seal 164 is disposed between the shims 40' and the alignment plate 210.
Expansion seal 164, along with the shims 40" together define the volume of the first and the second
cavities (62a and 62b' in FIG. 7). The expansion seal withstands the high temperatures involved in
extruding molten polymer, and seals against the possibly slightly uneven rear surface of the assembled
shims 40'. Expansion seal 164 may made from copper, which has a higher thermal expansion constant
than the stainless steel conveniently used for both the shims 40' and the manifold body 160. Another
useful expansion seal 164 material includes a polytetrafluoroethylene (PTFE) gasket with silica filler
(available, for example, from Garlock Sealing Technologies, Palmyra, NY, under the trade designation
"GYLON 3500" and "GYLON 3545").

[0125] Cartridge heaters 52 may be inserted into body 160, conveniently into receptacles in the back
of manifold body 160 analogous to receptacles 54 in FIG. 1. It isan advantage of the embodiment of
FIG. 6that the cartridge heaters are inserted in the direction perpendicular to slot 66, in that it facilitates
heating the die differentially across its width. Manifold body 160 is conveniently gripped for mounting
by supports 212 and 214, and is conveniently attached to manifold body 160 by bolts 216.

[0126] FIG. 7 shows aplan view of shim 40a from FIG. 6. Shim 40a has first aperture 60a and
second aperture 60b'. When extrusion die 30" is assembled, first apertures 60a in shims 40" together
define a least aportion of first cavity 62a. Similarly, second apertures 60b' in shims 40' together define
a least aportion of second cavity 62b'. Base end 166 of shim 40a contacts expansion seal 164 when

extrusion die 30" isassembled. Material to be extruded conveniently enters first cavity 62a via apertures
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in expansion seal 164 and via shim opening 168a. Similarly, material to be extruded conveniently enters

first cavity 62a via apertures in expansion seal 164 and via shim opening 168a.

[0127] Shim 40a has duct 64 ending in dispensing orifice 66ain dispensing surface 67. Shim 40a
further has passageway 68a affording aconduit between first cavity 62a and duct 64. In the
embodiment of FIG. 6, shim 40c' is areflection of shim 40a, having apassageway instead affording a
conduit between second cavity 62b' and die duct 64. It might seem that strength members 170 would
block the adjacent cavities and passageways, but thisisanillusion - the flow has aroute in the
perpendicul ar-to-the-plane-of-the-drawing dimension when extrusion die 30" is completely assembled.
Similarly tothe embodiment of FIG. 1, shim 40b' isareflection of 40a, having apassageway instead
forming aconduit between second cavity 62b' and the dispensing orifice.

[0128] FIG. 8 shows aplan view of shim 40c' from FIG. 6isillustrated. Shim 40c' has no
passageway between either of first or second cavities 62a and 62b', respectively, and no duct opening
onto dispensing surface 67.

[0129] FIG. 9 shows a perspective view of the extrusion die 30' of FIG. 6, except for most of the
shims 40" which have been omitted to alow the visualization of internal parts. Although the embodiment
of FIG. 6 and FIG. 9 is more complicated than the embodiment of FIG. 1, it has several advantages. First,
it allows finer control over heating. Second, the use of manifold body 160 allows shims 40" to be center-
fed, increasing side-to-side uniformity in the extruded ribbon region. Third, the forwardly protruding
shims 40" allow dispensing surface 67 to fit into tighter locations on crowded production lines. The
shims are typically 0.05 mm (2 mils) to 0.25 mm (10 mils) thick, although other thicknesses, including,
for example, those from 0.025 mm (1 mil) to 2mm (40 mils) may also be useful. Each individual shimis
generally of uniform thickness, preferably with lessthan 0.005 mm (0.2 mil), more preferably, lessthan
0.0025 mm (0.1 mil) in variability.

[0130] The shims are typically metal, preferably stainless steel. To reduce size changes with heat
cycling, metal shims are preferably heat-treated.

[0131] The shims can be made by conventional techniques, including wire electrical discharge and
laser machining. Often, aplurality of shims are made at the same time by stacking aplurality of sheets
and then creating the desired openings simultaneously. Variability of the flow channels is preferably
within 0.025 mm (1 mil), more preferably, within 0.013 mm (0.5 mil).

[0132] FIG. 10 shows a schematic perspective view of aportion of extrusion die 1030, supplied with
polymeric material and forming anet. Polymer from first cavity 1062a emerges as first strands 1070a
from first dispensing orifices 1066a, and second strands 1070b are emerging from second dispensing
orifices 1066b. Passageways 1068a (hidden behind the nearest shim in this view) and 1068b, and the
pressures in cavities 1062a and 1062b are selected so that the strand speed of first strands 1070a are
between about 2 and 6 times greater than the strand speed of second strands 1070b.

[0133] FIG. 11shows afront view of aportion of dispensing surface 1167 of alternately assembled
die 1130. A repeated sequence of shims is present in which the dispensing orifices 1166a and 1166b are

-15-



10

15

20

25

30

35

WO 2015/130591 PCT/US2015/017036
aternating and collinear. Each repeat in this sequence includes arepeating sequence of sixteen shims.

First in the sequence are five shims 1140a, then three spacer shims 1140c, then five shims 1140b, then
three spacer shims 1140c.

[0134] FIG. 12 shows afront view of aportion of dispensing surface 1267 of alternately assembled
die 1230. A repeated sequence of shims is present in which the dispensing orifices 1266a and 1266b are
aternating and collinear. Each repeat in this sequence includes arepeating sequence of ten shims. First
in the sequence are three shims 1240a, then two spacer shims 1240c, then three shims 1240b, then two
spacer shims 1240c.

[0135] FIG. 15 shows afront view of aportion of dispensing surface 1567 of assembled die 1530. A
repeated sequence of shims is present in which dispensing orifices 1566a and 1566b are aternating and
collinear. Each repeat in this sequence includes arepeating sequence of twelve shims. First in the
sequence are four shims 1540a, then two spacer shims 1540c, then four shims 1540b, then two spacer
shims 1540c. In this embodiment, shims 1540b have an identification notch 1582, and shims 1540c have
an identification notch 1582' to help verify that the die 1530 has been assembled in the desired manner.
[0136] FIG. 24 shows afront view of aportion of dispensing surface 2467 of alternately assembled
die 2430. A repeated sequence of shims is present in which the dispensing orifices 2466a and 2466b are
aternating and collinear. Each repeat in this sequence includes arepeating sequence of eight shims. First
in the sequence are two shims 2440a, then two spacer shims 2440c, then two shims 2440b, then two
spacer shims 2440c.

[0137] FIG. 27 shows afront view of aportion of dispensing surface 2767 of aternately assembled
die 2730. A repeated sequence of shims is present in which the dispensing orifices 2766a and 2766b are
aternating and collinear. Each repeat in this sequence includes arepeating sequence of twenty-two
shims. First in the sequence are four shims 2740a, then six spacer shims 2740c, then eight shims 2740b,
then six spacer shims 2740c.

[0138] FIG. 29 shows afront view of aportion of dispensing surface 2967 of alternately assembled
die 2930. A repeated sequence of shims is present in which the dispensing orifices 2966a and 2966b are
aternating and collinear. Each repeat in this sequence includes arepeating sequence of twelve shims.
First in the sequence are two shims 2940a, then three spacer shims 2940c, then four shims 2940b, then
three spacer shims 2940c.

[0139] FIG. 32 shows afront view of aportion of dispensing surface 3267 of alternately assembled
die 3230 isillustrated. A repeated sequence of shimsis present in which the dispensing orifices 3266a
and 3266b are alternating and collinear. Each repeat in this sequence includes arepeating sequence of ten
shims. First in the sequence are two shims 3240a, then two spacer shims 3240c, then four shims 3240b,
then two spacer shims 3240c.

[0140Q] FIG. 34 shows afront view of aportion of dispensing surface 3467 of alternately assembled
die 3430 isillustrated. A repeated sequence of shimsis present in which the dispensing orifices 3466a
and 3466b are alternating and collinear. Each repeat in this sequence includes arepeating sequence of
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four shims. First in the sequence is one shim 3440a, then one spacer shim 3440c, then one shim 3440b,

then one spacer shim 3440c.

[0141] FIG. 37 shows afront view of aportion of dispensing surface 3767 of alternately assembled
die 3730 isillustrated. A repeated sequence of shimsis present in which the dispensing orifices 3766a
and 3766b are alternating and collinear. Each repeat in this sequence includes arepeating sequence of ten
shims. First in the sequence are two shims 3740a, then two spacer shims 3740c, then four shims 3740b,
then two spacer shims 3740c. Assembled die 3730 also includes in addition to the repeated sequences a
plurality of shims 3740ain zone 3741. This creates slot 3798.

[0142] While many convenient embodiments of dies described herein supply the first and second
strands from separate first and second cavities, other embodiments are also within the scope of the present
disclosure that provide a strand speed difference. For example FIG. 44 shows aplan view of shim 4440,
useful in connection with adie for forming netting with first and second strands made from the same
material and extruded from a single cavity. Shim 4440 has aperture 4460. When assembled with the
shims of FIGS. 45-46 in the way described below in FIGS. 47-48, aperture 4460 will define at least a
portion of cavity 4462. In use, passageway 4468 conducts polymer from cavity 4462 to first dispensing
orifice 4466 on dispensing surface 4467. Importantly, there isrestriction 4470 adjacent first dispensing
orifice 4466. Restriction 4470 increases the first strand speed of the first strand emerging from first
dispensing orifice 4466 during use.

[0143] FIG. 45 shows aplan view of shim 4540. Shim 4540 has an aperture 4560. When assembled
with the shims of FIGS. 44 and 46 in the way described below in FIGS. 47-48, aperture 4560 will define
a least aportion of cavity 4462. In use, passageway 4568 conducts polymer from cavity 4462 to second
dispensing orifice 4566 on dispensing surface 4567. There isrestriction 4570 set back from second
dispensing orifice 4566. Restriction 4570 decreases the second strand speed of the second strand
emerging from second dispensing orifice 4566 during use.

[0144] FIG. 46 shows aplan view of spacer shim 4640 useful in forming netting in conjunction with
the shims 4440 and 4540 of FIGS. 44 and 45. Shim 4640 has cut-out 4660. When assembled with the
shims of FIGS. 44-45 in the way described below in FIGS. 47-48, cut-out 4660 will define at least a
portion of cavity 4462. Cut-out 4660 has open end 4661 on the end opposite dispensing surface 4667.
Open end 466 1 allows the inflow of polymer into cavity 4462 when assembled with the other shims and
mounted in a die mount analogous to that shown in FIG. 6.

[0145] FIG. 47 shows a detail perspective view of aplurality of shims 4741 formed by, from left to
right, one spacer shim 4640, one shim 4540, one spacer shim 4640, and one shim 4440. In thisview it
can be appreciated how apertures 4460 and 4560, and cut-out 4660 (not labeled) together define aportion
of cavity 4462. It will be apparent tothe skilled artisan that for any particular extrusion pressure applied
to cavity 4462 during extrusion, the mass flow of the first strand emerging from first dispensing orifice

4466 will be approximately equal to the mass flow of the second strand emerging from second dispensing

-17 -



10

15

20

25

30

35

WO 2015/130591 PCT/US2015/017036
orifice 4566. However, the first strand speed of the first strand will be significantly faster than the second

strand speed of the second strand.

[0146] FIG. 48 shows a detail perspective view of the plurality of shims of FIG. 47, seen from the
reverse angle, with the nearest instance of shim 4640 removed for visual clarity. Inthisview of the
reduced plurality of shims 4741, restriction 4570 can be better appreciated.

[0147] FIG. 49 shows an example of arespirator 5000 of the present disclosure. The respirator 5000
includes amask body 5002 and a harness 5004. The harness 5004 includes first and second straps 5006
and 5008. The straps 5006 and 5008 engage the mask body 5002 on first and second sides 5010 and
5012, respectively, of the mask body 5002. The straps 5006, 5008 may engage the mask body directly by
being secured thereto through use of staples 5014 or other suitable mechanical fastener. Alternatively, the
straps 5006, 5008 can be physically or chemically secured to the mask body 5002 through use of bonds,
including welds or adhesive attachment. Ultrasonic welding may be used, for example, to secure the
straps to amask body. When the straps 5006, 5008 are welded to the mask body 5002, the netting 5016
in the straps 5006, 5008 melts to form solid non-porous plastic that mates with the polymeric materia that
includes the mask body. Typically the polymeric material in the strands of the netting meltsinto or
merges with the polymeric material in the fibers of the layer(s) that include the mask body. The mask
body 5002 also may have anose clip 5018 secured thereto, which allows the user to conform the mask
body 5002 in the nose region 5020. If desired an exhalation valve may be secured to the mask body to
assist in the rapid displacement or purging of exhaled air from the interior gas space. The exhalation
valve is commonly attached to the mask body at a central location 5022. When the respirator 5000 is a
filtering face-piece respirator likethe respirator illustrated in FIG. 49, the mask body 5002 may include a
filtering structure 5024 that includes one or more layers of filter media, shaping layers, and/or cover
webs. A respirator having this construction may be assembled as described in U.S. Patent No. 7,131,442
to Kronzer ¢ al.

[0148] FIG. 50 shows a cross section of the strap 5008. The strap 5008 can include first and second
layers 5026 and 5028 of netting material juxtapositioned in an adjoining fashion. The two layers 5026,
5028 may be, for example, joined together by bonding, such as autogenous bonding or fusion, asthe
layers are coextruded at the same time, one on top of the other. The layers can be combined together in
the die asamelt. The layers generally may have some natural affinity to each other, such that the
intermixing and bonding between materials at the interface during the melt state holds the layers together.
The two flow streams of the two layers may meet together inside the die and exit as atwo-layered
stranded product, or the layers may be each separately formed and placed in contact with each other while
the polymer streams are still molten. Thus, the first and second layers 5026 , 5028 of the netting can be
secured directly to each other. Alternatively, other layer(s) may be inserted between the two layers so
that they are disposed therebetween in the final product. The first netting layer 5026 can be provided
with afirst color that is different from the color of the second netting layer 5028. The use of different

colors can add an aesthetic effect to the strap and may also allow the user to more easily detect if the strap

- 18 -



10

15

20

25

30

35

WO 2015/130591 PCT/US2015/017036
isin atwisted condition. Asshown, the netting layers 5026, 5028 can be secured to one another such

that the array of polymeric strands in each of the layers corresponds to one another when viewed from a
plane projected onto amajor surface 5030, 5030" of the strap, that is, in the direction of arrows x or vy,
respectively. The strap 5008 is constructed to be sufficiently porous such that the strap is air permeable
from the first major surface 5030 to the second major surface 5030'. The strap 5008 has a series of open
spaces 503 1 between the strands 5033 through which air can pass. |f the layers 5026 and 5028 each are
colored differently, when viewing the strap 5008 in the direction of arrow x, afirst color may be seen, and
when viewing the strap in the direction of arrow y, a second color may be seen. Although two layers
5026 and 5028 are shown in this figure, there may be further layers such as 3, 4 or more layers
juxtapositioned with respect to each other. The strap may include first and second inner layers

[0149] FIG. 51 shows the filtering structure 5024 in cross-section. The filtering structure 5024 may
include one or more cover webs 5032 and 5034, a shaping layer 5035, and a filtration layer 5036. The
cover webs 5032 and 5034 may be located on the outer sides of the filtering structure 5024 to capture any
fibers that could come loose therefrom. Typically, the cover webs 5032 and 5034 are made from a
selection of fibers that provide acomfortable feel, particularly on the side 5038 of the filtering structure
5024 that makes contact with the wearer's face. The construction of various filter layers, shaping layers,
and cover webs that may be used in conjunction with afiltering structure used in arespirator of the

present disclosed are described below in more detail.

Respirator Filtering Structure

[0150] The filtering structure that isused in connection with respirators suitable for use in
connection with the present disclosure may take on avariety of different shapes and configurations. As
shown in FIG. 51, the filtering structure may have aplurality of layers, including afibrous filtration layer
and one or more fibrous cover webs. When the respirator isamolded mask, the mask body may also
include a shaping layer. See, e.g., U.S. Patent Nos. 6,923,182 to Angadjivand € al.; 7,131,442 to Kronzer
e al.; 6,923,182 and 6,041,782 to Angadjivand et a.; 4,807,619 to Dyrud et a.; and 4,536,440 to Berg.
The filtering structure removes contaminants from the ambient air and may also act as abarrier layer that
precludes liquid splashes from entering the mask interior. The outer cover web can act to stop or slow
any liquid splashes, and the inner filtering structure may then contain them if there is penetration past the
other layers. The filtering structure can be of aparticle capture or gas and vapor type filter. The filtering
structure may include multiple layers of similar or dissimilar filter media and one or more cover webs as
the application requires. If the respirator contains afluid impermeable mask body that has one or more
filter cartridges attached to it (see, e.g., U.S Patent Nos. 6,874,499 to Viner et a.; 6,277,178 and
D613,850 to Holmquist-Brown et a.; RE39,493 to Yuschak e al.; D652,507, D47 1,627, and D467,656 to
Mittelstadt et al.; and D518,571 to Martin), then the filtering structure may be disposed within the
filtering cartridge. Filtering structures located in filter cartridges do not need shaping layers to support

them.
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Filtration Layer

[0151] Filters that may be beneficially employed in arespirator of the disclosure are generally low in
pressure drop (for example, less than about 195 to 295 Pascals a aface velocity of 13.8 centimeters per
second) to minimize the breathing work of the mask wearer. Filtration layers additionally are flexible and
have sufficient shear strength so that they generally retain their structure under the expected use
conditions. Examples of particle capture filters include one or more webs of fine inorganic fibers (such as
fiberglass) or polymeric synthetic fibers. Synthetic fiber webs may include electret-charged polymeric
microfibers that are produced from processes such as meltblowing. Polyolefin microfibers formed from
polypropylene that has been electrically charged provide particular utility for particulate capture
applications.

[0152] The filtration layer istypically chosen to achieve a desired filtering effect. The filtration
layer generally will remove ahigh percentage of particles and/or or other contaminants from the gaseous
stream that passes through it. For fibrous filter layers, the fibers selected depend upon the kind of
substance to be filtered and, typically, are chosen so that they do not become bonded together during the
manufacturing operation. Asindicated, the filtration layer may come in avariety of shapes and forms and
typically has athickness of about 0.2 millimeters (mm) to 1centimeter (cm), more typically about 0.3 mm
to 0.5 cm, and it could be agenerally planar web or it could be corrugated to provide an expanded surface
area. See, e.g., U.S. Patent Nos. 5,804,295 and 5,656,368 to Braun et al. The filtration layer also may
include multiple filtration layersjoined together by an adhesive or any other means. Essentialy any
suitable material that is known (or later developed) for forming afiltering layer may be used asthe
filtering material. Webs of melt-blown fibers, such as those taught in Wente, Van A., Superfine
Thermoplastic Fibers, 48 Indus. Engn. Chem., 1342 et seq. (1956), especialy when in apersistent
electrically charged (electret) form are especialy useful (see, e.g., U.S. Patent No. 4,215,682 to Kubik et
al.). These melt-blown fibers may be microfibers that have an effective fiber diameter less than about 20
micrometers (unt) (referred to as BMF for "blown microfiber"), typically about 1to 12 um. Effective
fiber diameter may be determined according to Davies, C.N., The Separation G Airborne Dust Particles,
Institution Of Mechanical Engineers, London, Proceedings IB, 1952. Particularly preferred are BMF
webs that contain fibers formed from polypropylene, poly(4-methyl-I-pentene), and combinations
thereof. Electrically charged fibrillated-film fibers as taught in van Turnhout, U.S. Patent Re. 31,285,
also may be suitable, aswell asrosin-wool fibrous webs and webs of glass fibers or solution-blown, or
electrostatically sprayed fibers, especially in microfiber form. Electric charge can be imparted to the
fibers by contacting the fibers with water as disclosed in U.S. Patent Nos. 6,824,718 to Eitzman e a ;
6,783,574 to Angadjivand ¢ al.; 6,743,464 to Indey et a.; 6,454,986 and 6,406,657 to Eitzman et a.; and
6,375,886 and 5,496,507 to Angadjivand et al. Electric charge also may be imparted to the fibers by
corona charging as disclosed in U.S. Patent No. 4,588,537 to Klasse & al. or by tribocharging as disclosed
in U.S. Patent No. 4,798,850 to Brown. Also, additives can beincluded in the fibers to enhance the
filtration performance of webs produced through the hydro-charging process (see U.S. Patent No.
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5,908,598 to Rousseau ¢ a.). Fluorine atoms, in particular, can be disposed a the surface of the fibersin

the filter layer to improve filtration performance in an oily mist environment. See U.S. Patent Nos.
6,398,847 BI, 6,397,458 BI, and 6,409,806 Bl to Jones et al. Typical basis weights for electret BMF
filtration layers are about 10 to 100 grams per square meter (g/m?). When electrically charged according
to techniques described in, for example, the '507 Angadjivand et a. patent, and when including fluorine
atoms as mentioned in the Jones et al. patents, the basis weight may be about 20 to 40 g/m?2 and about 10
to 30 g/m?, respectively. Additionally, sorptive materials such as activated carbon may be disposed
between the fibers and/or various layers that include the filtering structure. Further, separate particulate
filtration layers may be used in conjunction with sorptive layers to provide filtration for both particulates
and vapors. The sorbent component may be used for removing hazardous or odorous gases from the
breathing air. Sorbents may include powders or granules that are bound in afilter layer by adhesives,
binders, or fibrous structures. See U.S. Patent Nos. 6,334,671 to Springett et a. and 3,971,373 to Braun.
A sorbent layer can be formed by coating a substrate, such as fibrous or reticulated foam, to form athin
coherent layer. Sorbent materials may include activated carbons that are chemically treated or not, porous
alumna-silica catalyst substrates, and alumna particles. An example of a sorptive filtration structure that

may be conformed into various configurations is described in U.S. Patent No. 6,391,429 to Senkus et al.

Cover Web(s)
[0153] The cover webs also may have filtering abilities, although typically not nearly as good asthe

filtering layer and/or may serveto make afiltering face-piece respirator more comfortable towear. The
cover webs may be made from nonwoven fibrous materials such as spun bonded fibers that contain, for
example, polyolefins, and polyesters. See, e.g., U.S. Patent Nos. 6,041,782 to Angadjivand et a ;
4,807,619 to Dyrud et d.; and 4,536,440 to Berg. When awearer inhales, air is drawn through the mask
body, and airborne particles become trapped in the interstices between the fibers, particularly the fibersin
the filter layer.

[0154] The inner cover web can be used to provide a smooth surface for contacting the wearer's face,
and the outer cover web, in addition to providing splash fluid protection, can be used for entrapping loose
fibersin the mask body and for aesthetic reasons. The cover web typically does not provide any
substantial filtering benefits to the filtering structure, although it can act as a pre-filter when disposed on
the exterior of (or upstream to) the filtration layer. To obtain a suitable degree of comfort, an inner cover
web preferably has acomparatively low basis weight and is formed from comparatively fine fibers. More
particularly, the cover web may be fashioned to have abasis weight of about 5 to 50g/m? (typically 10 to
30g/m?), and the fibers may be less than 3.5 denier (typically less than 2 denier, and more typically less
than 1denier but greater than 0.1 denier). Fibers used in the cover web often have an average fiber
diameter of about 5to 24 micrometers, typically of about 7to 18 micrometers, and more typically of
about 8to 12 micrometers. The cover web material may have a degree of elasticity (typically, but not
necessarily, 100 to 200% at break) and may beplastically deformable.
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[0155] Suitable materials for the cover web may be blown microfiber (BMF) materials, particularly

polyolefin BMF materials, for example polypropylene BMF materials (including polypropylene blends
and also blends of polypropylene and polyethylene). A suitable process for producing BMF materials for
acover web isdescribed in U.S. Patent No. 4,013,816 to Sabee & a. The web maybe formed by
collecting the fibers on a smooth surface, typically a smooth-surfaced drum or arotating collector. See
U.S. Patent No. 6,492,286 to Berrigan et a. Spun-bond fibers also may be used.

[0156] A typical cover web may be made from polypropylene or apolypropylene/polyolefin blend
that contains 50 weight percent or more polypropylene. These materials have been found to offer high
degrees of softness and comfort to the wearer and also, when the filter material is apolypropylene BMF
material, to remain secured to the filter material without requiring an adhesive between the layers.
Polyolefin materials that are suitable for use in a cover web may include, for example, asingle
polypropylene, blends of two polypropylenes, and blends of polypropylene and polyethylene, blends of
polypropylene and poly(4-methyl- 1-pentene), and/or blends of polypropylene and polybutylene. One
example of afiber for the cover web is apolypropylene BMF made from the polypropylene resin
"Escorene 3505G" from Exxon Corporation, providing abasis weight of about 25 g/m?2 and having a fiber
denier in the range 0.2 to 3.1 (with an average, measured over 100 fibers of about 0.8). Another suitable
fiber is a polypropylene/polyethylene BMF (produced from amixture comprising 85 percent of the resin
"Escorene 3505G" and 15 percent of the ethylene/alpha-olefin copolymer "Exact 4023" also from Exxon
Corporation) providing abasis weight of about 25 g/m?2 and having an average fiber denier of about 0.8.
Suitable spunbond materials are available, under the trade designations "Corosoft Plus 20", "Corosoft
Classic 20" and "Corovin PP-S-14", from Corovin GmbH of Peine, Germany, and a carded
polypropylenelviscose material available, under the trade designation "370/15", from JW. Suominen OY
of Nakila, Finland. Cover webs typically have very few fibers protruding from the web surface after
processing and therefore have a smooth outer surface. Examples of cover webs that may beused in a
respirator of the present disclosure are described, e.g., in U.S. Patent No. 6,041,782 to Angadjivand; U.S.
Patent 6,123,077 to Bostock et a.; and WO 96/28216A to Bostock € al.

Shaping Layer

[0157] The shaping layer(s) may beformed from at least one layer of fibrous material that can be
molded to the desired shape with the use of heat and that retains its shape when cooled. Shape retention
istypically achieved by causing the fibers to bond to each other a points of contact between them, for
example, by fusion or welding. Any suitable material known for making a shape-retaining layer of a
direct-molded respiratory mask may be used to form the mask shell, including, for example, amixture of
synthetic staple fiber, preferably crimped, and bicomponent staple fiber. Bicomponent fiber is afiber that
includes two or more distinct regions of fibrous material, typically distinct regions of polymeric materials.
Typical bicomponent fibers include abinder component and a structural component. The binder
component allows the fibers of the shape-retaining shell to be bonded together at fiber intersection points

when heated and cooled. During heating, the binder component flows into contact with adjacent fibers.
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The shape-retaining layer can be prepared from fiber mixtures that include staple fiber and bicomponent

fiber in aweight-percent ratios that may range, for example, from 0/100 to 75/25. Preferably, the material
includes at least 50 weight-percent bicomponent fiber to create agreater number of intersection bonding
points, which, in turn, increase the resilience and shape retention of the shell.

[0158] Suitable bicomponent fibers that may be used in the shaping layer include, for example, side-
by-side configurations, concentric sheath-core configurations, and elliptical sheath-core configurations.
One suitable bicomponent fiber isthe polyester bicomponent fiber available, under the trade designation
"KOSA T254" (12 denier, length 38 mm), from Kosa of Charlotte, N.C., U.S.A., which may beused in
combination with apolyester staple fiber, for example, that available from Kosa under the trade
designation "T259" (3 denier, length 38 mm) and possibly also apolyethylene terephthalate (PET) fiber,
for example, that available from Kosa under the trade designation "T295" (15 denier, length 32 mm).
Alternatively, the bicomponent fiber may include a generally concentric sheath-core configuration having
acore of crystalline PET surrounded by a sheath of apolymer formed from isophthalate and terephthalate
ester monomers. The latter polymer is heat softenable at atemperature lower than the core material.
Polyester has advantages in that it can contribute to mask resiliency and can absorb less moisture than
other fibers.

[0159] Alternatively, the shaping layer can be prepared without bicomponent fibers. For example,
fibers of aheat-flowable polyester can be included together with staple, preferably crimped, fibersin a
shaping layer so that, upon heating of the web material, the binder fibers can melt and flow to a fiber
intersection point where it forms amass, that upon cooling of the binder material, creates abond e the
intersection point. Staple fibers (for the shaping component) that are pre-treated with Ammonium
Polyphosphate type intumescent FR agents may be used in connection with the present disclosure in
addition to or in lieu of a spray-application of the agent. Having the staple fibers contain, or, otherwise
being treated with, the agent and then formed into a shell (using binder fibers to hold it together) would
be another pathway to employ the agents for our purpose.

[0160] When afibrousweb is used as the material for the shape-retaining shell, the web can be
conveniently prepared on a "Rando Webber" air-laying machine (available from Rando Machine
Corporation, Macedon, N.Y.) or acarding machine. Theweb can be formed from bicomponent fibers or
other fibers in conventional staple lengths suitable for such equipment. To obtain a shape-retaining layer
that has the required resiliency and shape-retention, the layer preferably has abasis weight of at least
about 100 g/m?, although lower basis weights are possible. Higher basis weights, for example,
approximately 150 or more than 200 g/m2, may provide greater resistance to deformation and greater
resiliency and may be more suitable if the mask body isused to support an exhalation valve. Together
with these minimum basis weights, the shaping layer typicaly has amaximum density of about 0.2 g/cm?
over the central area of the mask. Typically, the shaping layer would have athickness of about 0.3 to 2.0,
more typically about 0.4 to 0.8 millimeters. Examples of shaping layers suitable for use in the present
disclosure are described in the following patents. U.S. Patent Nos. 5,307,796 to Kronzer et al.; 4,807,619
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to Dyrud et a.; and 4,536,440 to Berg. Staple fibers (for the shaping component) that are pre-treated with

Ammonium Polyphosphate type intumescent FR agents may be used in connection with the present
disclosure in addition to or in lieu of a spray-application of the agent. Having the staple fibers contain, or,
otherwise being treated with, the agent and then formed into a shell (using binder fibersto hold it
together) would be another pathway to employ the agents for our purpose.

Respirator Componentry

[0161] The strap(s) that are used in the respirator harness preferably can be expanded to greater than
twice its total length and can bereturned to its relaxed state many times throughout the useful life of the
respirator. The strap aso could possibly beincreased tothree or four times its relaxed state length and
can bereturned toits original condition without any damage thereto when the tensile forces are removed.
The elastic limit thus is preferably not less than two, three, or four times the relaxed-state length of the
strap(s). Typicaly, the strap(s) are about 20 to 30 cm long, 3to 20 mm wide, and about 0.3 to 1mm
thick. The strap(s) may extend from the first side of the respirator to the second side as a continuous strap
or the strap may have aplurality of parts, which can bejoined together by further fasteners or buckles.
For example, the strap may have first and second parts that arejoined together by afastener that can be
quickly uncoupled by the wearer when removing the mask body from the face. Alternatively, the strap
may form aloop that is placed around the wearer's ears. See, e.g., U.S. Patent No. 6,394,090 to Chen « al.
Examples of fastening or clasping mechanism that may be used tojoint one or more parts of the strap
together is shown, for example, in the following U.S. Patent Nos. 6,062,221 to Brostrom et a.; 5,237,986
to Seppala; and EP1,495,785A1 to Chen. The harness also may include areusable carriage, one or more
buckles, and/or acrown member to support the respirator on aperson's head. See, e.g., U.S. Patent Nos.
6,732,733 and 6,457,473 to Brostrom &t al.; and 6,591,837 and 6,715,490 to Byram. Although afiltering
face-piece respirator has been illustrated in showing the present disclosure, the respirator may include a
compilable rubber-type mask that has one or more filter cartridges attached to it. See, e.g., U.S. Patent
Nos. RE 39,493 to Yuschak et a.; 7,650,884 to Flannigan et a. Or it could be afull face respirator. See,
e.g., U.S. Patent No. 8,067,1 10 to Rakow et a.; 7,594,510 to Betz et al.; and D421,] 18 and D378,610 to
Reischel e al.

[0162] Asindicated, an exhalation valve may be attached to the mask body to facilitate purging
exhaled air from the interior gas space. The use of an exhalation valve may improve wearer comfort by
rapidly removing the warm moist exhaled air from the mask interior. See, e.g., U.S. Patent Nos.
7,188,622, 7,028,689, and 7,013,895 to Martin et al.; 7,428,903, 7,311,104, 7,1 17,868, 6,854,463,
6,843,248, and 5,325,892 to Japuntich et al.; 7,302,951 and 6,883,518 to Mittelstadt et a.; and RE37,974
to Bowers. Essentialy any exhalation valve that provides a suitable pressure drop and that can be
properly secured to the mask body may be used in connection with the present disclosure to rapidly
deliver exhaled air from the interior gas space to the exterior gas space.

[0163] A nose clip that is used with filtering face-piece respirators of the present disclosure may be

essentially any additional part that assists in improving the fit over the wearer's nose. Because the
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wearer's face exhibits amajor change in contour in the nose region, anose clip may be used to better

assist in achieving the appropriate fit in this location. The nose clip may include, for example, apliable
dead soft band of metal such as aluminum, which can be shaped to hold the mask in adesired fitting
relationship over the nose of the wearer and where the nose meets the cheek. The nose clip may be linear
in shape when viewed from aplane projected onto the mask body when in its folded or partially folded
condition. Alternatively, the nose clip can be a M-shaped nose clip, an example of which is shown in
U.S. Patent Nos. 5,558,089 and Des. 412,573 to Castiglione. Other nose clips are described in U.S.
Patent Application No. 12/238,737 (filed September 26, 2008); and U.S. Patent Publication Nos. 2007-
0044803A1 (filed August 25, 2005) and 2007-0068529A 1 (filed September 27, 2005). Asindicated
above, the inventive dispenser can assist in placing apliable nose clip in a curved shape ready for
placement on the wearer's nose. The nose clip isin asubstantially linear configuration while in the
container. The constriction window is adapted to enable the outermost respirator to have the nose clip
change from the substantially linear configuration to a curved configuration when pulled through the
constriction window. The imparted curved configuration of the nose clip is concave relative to the mask
body interior. Preferably, the curvature imparted by the dispenser onto the nose clip generally matches

the curvature of aperson's nose.

Strap Materials
[0164] All polymer strands in the openwork structure may include a single polymeric material and/or

aplurality of polymeric materials, including blends of polymers. Thus, adjoining strands may include the
same or different polymeric materials. Polymers used to make netting and arrays of polymeric strands
described herein are selected to be compatible with each other such that the first and second strands bond
together asthe bond regions. In methods described herein for making the nettings and arrays of
polymeric strands, the bonding occurs in arelatively short period of time (typically less than 1second).
The bond regions, aswell asthe strands typically cool through air and natural convection and/or
radiation. In selecting polymers for the strands, in some embodiments, it may be desirable to select
polymers of bonding strands that have dipole interactions (or H-bonds) or covalent bonds. Bonding
between strands has been observed to be improved by increasing the time that the strands are molten to
enable more interaction between polymers. Bonding of polymers has generally been observed to be
improved by reducing the molecular weight of at least one polymer and or introducing an additional co-
monomer to improve polymer interaction and/or reduce the rate or amount of crystallization. In some
embodiments, the bond strength is greater than the strength of the strands forming the bond. In some
embodiments, it may be desirable for the bonds to break and thus the bonds will be weaker than the
strands.

[0165] Suitable polymeric materials for extrusion from dies described herein, methods described
herein, and for composite layers described herein include thermoplastic resins comprising polyolefins
(e.g., polypropylene and polyethylene), polyvinyl chloride, polystyrene, nylons, polyesters (e.g.,
polyethylene terephthalate) and copolymers and blends thereof. Suitable polymeric materials for
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extrusion from dies described herein, methods described herein, and for composite layers described herein

also include elastomeric materials (e.g., ABA block copolymers, polyurethanes, polyolefin elastomers,
polyurethane elastomers, metallocene polyolefin elastomers, polyamide elastomers, ethylene vinyl acetate
elastomers, and polyester elastomers). Exemplary adhesives for extrusion from dies described herein,
methods described herein, and for composite layers described herein include acrylate copolymer pressure
sensitive adhesives, rubber based adhesives (e.g., those based on natural rubber, polyisobutylene,
polybutadiene, butyl rubbers, styrene block copolymer rubbers such as styrene-butadiene-styrene block
copolymers (SBS) and styrene-ethylene-butadiene-styrene (SEBS), etc.), adhesives based on silicone
polyureas or silicone polyoxamides, polyurethane type adhesives, and poly(vinyl ethyl ether), and
copolymers or blends of these. Other desirable materials include, for example, styrene-acrylonitrile,
cellulose acetate butyrate, cellulose acetate propionate, cellulose triacetate, polyether sulfone, polymethyl
methacrylate, polyurethane, polyester, polycarbonate, polyvinyl chloride, polystyrene, polyethylene
naphthalate, copolymers or blends based on naphthalene dicarboxylic acids, polyolefins, polyimides,
mixtures and/or combinations thereof. Exemplary release materials for extrusion from dies described
herein, methods described herein, and for composite layers described herein include silicone-grafted
polyolefins such asthose described in U.S. Patent Nos. 6,465,107 (Kelly) and 3,471,588 (Kanner et al.),
silicone block copolymers such as those described in PCT Publication No. W096039349, published
December 12, 1996, low density polyolefin materials such asthose described in U.S. Patent Nos.
6,228,449, 6,348,249, and 5,948,517 to Meyer. In some embodiments using first and second polymeric
materials to make nettings and arrays of polymeric strands described herein, each have a different
modulus (i.e., one relatively higher to the other).

[0166] In some embodiments using first and second polymeric materials to make nettings and arrays
of polymeric strands described herein, each have a different yield strength.

[0167] In some embodiments, polymeric materials used to make nettings and arrays described herein
may include acolorant (e.g., pigment and/or dye) for functional (e.g., optical effects) and/or aesthetic
purposes (e.g., each has different color/shade). Suitable colorants are those known in the art for use in
various polymeric materials. Exemplary colors imparted by the colorant include white, black, red, pink,
orange, yellow, green, aqua, purple, and blue. In some embodiments, it is desirable to have acertain
degree of opacity for one or more of the polymeric materials. The amount of colorant(s) tobe used in
specific embodiments can bereadily determined by those skilled in the (e.g., to achieve desired color,
tone, opacity, transmissivity, etc.). If desired, the polymeric materials may be formulated to have the
same or different colors.

[0168] In some embodiments, nettings and arrays of polymeric strands described herein have abasis
weight in arange from 5 g/m2to 400 g/m?2 (in some embodiments, 10 g/m2to 300 g/m?), for example,
nettings as-made from dies described herein.

[0169] In some embodiments, nettings and arrays of polymeric strands described herein have a

strand pitch in arange from 0.5 mm to 20 mm (in some embodiments, in arange from 0.5 mm to 10 mm).
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[0170] Optionally, nettings and arrays of polymeric strands described herein are attached to a

backing. The backings may be, for example, one of afilm, net, or non-woven in elastic form or
periodically cut to allow for expansion when atensile forceis applied. The nonwoven may be, for
example, a spun bond web constructed like one of the cover webs described below. In some
embodiments, nettings and arrays of polymeric strands described herein have amachine direction and a
cross-machine direction, where the netting or arrays of polymeric strands is e astic in machine direction,
and inelastic in the cross-machine direction. Elastic means that the material will substantially resume its
original shape after being stretched (i.e., will sustain only asmall permanent set following deformation
and relaxation which set is less than 20 percent (in some embodiments, less than 10 percent) of the
origina length a moderate elongation (i.e., about 400-500%; in some embodiments, up to 300% to
1200%, or even up to 600 to 800%) elongation at room temperature). The elastic material can be both
pure elastomers and blends with an eiastomeric phase or content that wiil still exhibit substantial
elastomeric properties at room temperature.

[0171] In some embodiments, arrays described herein of alternating first and second polymeric
strands exhibit at least one of diamond-shaped or hexagonal-shaped openings. Long bond lengths,
relative to the pitch of the bond in the machine direction, tend to create diamond shaped nets, whereas
short bond lengths tend to create hexagon shaped nets.

[0172] In some embodiments, the bond regions have an average largest dimension perpendicular to
the strand thickness, where the polymeric strands have an average width, and where the average largest
dimension of the bond regions is a least 2 (in some embodiments, at least 2.5, 3, 3.5, or even at least 4)
times greater than the average width of the polymeric strands.

[0173] In some embodiments, a strap described herein includes bond lines as shown, for example, in
FIGS. 41 and 42, where netting 4100 and 4200, respectively, have bond lines 4101, 4201.

[0174] The present disclosure also provides a strap that includes two nettings described herein with a
ribbon region disposed there between. Typically, the netting and ribbon region are integral. The present
disclosure also provides an article comprising netting described herein disposed between two ribbon
regions. Typically, the netting and ribbon regions are integral. In some embodiments, the ribbon region
has amajor surface with engagement posts thereon. An example, without engagements posts, is shown in
FIG. 38, where netting 3800 includes netting 3871a and 3871b, each having first strands 3870a and
second strands 3870b. Film regions 3899a, 3899b, and 3899c are attached to netting 3871a and 3871b.
[0175] The present disclosure also provides a strap that includes more than one layer of openwork
structures. The layers may include strands made from different polymers and that have different
elagticities. Theinner layers may be highly elastic and tacky, while the outer layers may be less tacky to
provide better comfort to the user. Layersthat are not tacky are not sticky to touch.

[0176] In some embodiments, the elastic nettings described herein can flex in the machine direction,

cross direction, or both directions. Elastic netting can also provide abreathable, soft, and flexible strap.
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The elastic strap can be made as elastic in afirst lengthwise direction and inelastic in a second direction

normal thereto through use of an elastic and an inelastic strand.

Exemplary Embodiments

[0177] 1A. A netting including an array of polymeric strands periodically joined together at bond
regions throughout the array but do not substantially cross over each other (i.e., a least 50 (at least 55, 60,
65, 70, 75, 80, 85, 90, 95, 99, or even 100) percent by number), where the netting has athickness up to
about 5 mm.

[0178] 2A. The netting of Embodiment 1A having abasis weight in arange from 5 g/m2to 400
g/m?2 (in some embodiments, 10 g/m2to 200 g/m?).

[0179] 3A. The netting of Embodiment 1A having abasis weight in arange from 0.5 g/m2to 40
g/m2 (in some embodiments, 1g/m2to 20 g/m?).

[0180] 4A. The netting of any preceding Embodiment having a strand pitch (i.e., center point to
center point of adjacent bonds in the machine direction) in arange from 0.5 mm to 20 mm (in some
embodiments, in arange from 0.5 mm to 10 mm).

[0181] 5A. The netting of any preceding Embodiment that is elastic.

[0182] BA. The netting of any of Embodiments 1A to 4A having amachine direction and a cross-
machine direction, where the netting is elastic in machine direction, and inelastic in the cross-machine
direction.

[0183] TA. The netting of any of Embodiments 1A to 4A having amachine direction and a cross-
machine direction, where the netting isinelastic in the machine direction, and elastic in the cross-machine
direction.

[0184] 8A. The netting of any preceding Embodiment, where at least some of the polymeric
stands include a least one of adye or pigment therein.

[0185] 9A. The netting of any preceding Embodiment, where the array of polymeric strands
exhibits a least one of diamond-shaped or hexagonal-shaped openings.

[0186] 10A. The netting of any preceding Embodiment, where at least some of the polymeric
strands include afirst polymer that is athermoplastic (e.g., adhesives, nylons, polyesters, polyolefins,
polyurethanes, elastomers (e.g., styrenic block copolymers), and blends thereof).

[0187] 11A. The netting of Embodiment 10A, where the first polymer is an adhesive material.
[0188] 12A. The netting of any preceding Embodiment, where the plurality of strands include
aternating first and second polymeric strands, where the second polymeric strands include a second
polymer.

[0189] 13A. The netting of Embodiment 12A, where the first polymeric strands include the first
polymer, and where the second polymeric strands include a second polymer that is athermoplastic (e.g.,
adhesives, nylons, polyesters, polyolefins, polyurethanes, elastomers (e.g., styrenic block copolymers),

and blends thereof).
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[0190] 14A. The netting of either of Embodiments 12A or 13A, where the first strands have an

average width in arange from 10 micrometers to 500 micrometers (in arange from 10 micrometers to 400
micrometers, or even 10 micrometers to 250 micrometers).

[0191] 15A. The netting of any of Embodiments 12A to 14A, where the second strands have an
average width in arange from 10 micrometers to 500 micrometers (in arange from 10 micrometers to 400

micrometers, or even 10 micrometers to 250 micrometers).

[0192] 16A. The netting of any of Embodiments 12A to 15A further including third strands
disposed between a least some of the alternating first and second strands.

[0193] 17A. The netting of any preceding Embodiment where the netting is stretched.

[0194] 18A. The netting of any preceding Embodiment, where the bond regions have an average

largest dimension perpendicular to the strand thickness, where the polymeric strands have an average
width, and where the average largest dimension of the bond regions is a least 2 (in some embodiments, at
least 2.5, 3, 3.5, or even a least 4) times greater than the average width of the polymeric strands.
[0195] 19A. An article including abacking having the netting of any preceding Embodiment on a
major surface thereof.
[0196] 20A. The article of Embodiment 19A, where the backing is one of afilm, net, or non-
woven.
[0197] 21A. The article of Embodiment 20A that includes bond lines.
[0198] 22A. An article including the netting of any of Embodiment 1A to 18A disposed between
two non-woven layers.
[0199] 23A. Anarticle including two nettings of any of Embodiments 1A to 20A with aribbon
region disposed there between.
[0200] 24A.  The article of Embodiment 23A, where the netting and ribbon region are integral.
[0201] 25A. The article of either Embodiment 23A or 24A, where the ribbon region has amajor
surface with engagement posts thereon.
[0202] 26A. An article including the netting of any of Embodiments 1A to 18A disposed between
two ribbon regions.
[0203] 27A. The article of Embodiment 26A, where the netting is integral with each of the ribbon
regions.
[0204] 28A. The article of either Embodiment 26A or 27A, where the ribbon has amajor surface
with engagement posts thereon.
[0205] 29A. An attachment system including the netting of any of Embodiments 1A to 18A and
an array of engagement posts (e.g., hooks) for engaging with the netting.
[0206] 30A. An absorbent article including the attachment system of Embodiment 29A.
[0207] 31A. A method of making the netting of any of Embodiments 1A to 18A, the method
including one of Method | or Method I1:

Method |
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providing an extrusion die including aplurality of shims positioned adjacent to one another,

the shims together defining a cavity, the extrusion die having aplurality of first dispensing orifices in
fluid communication with the cavity and aplurality of second dispensing orifices in fluid communication
with the cavity, such that the first and second dispensing orifices are alternated; and

dispensing first polymeric strands from the first dispensing orifices a afirst strand speed
while simultaneously dispensing second polymeric strands from the second dispensing orifices at a
second strand speed, where the first strand speed is a least 2 (in some embodiments, in arange from 2to
6, or even 2to 4) times the second strand speed to provide the netting (i.e., the first and second dispensing
orifices in fluid communication with the (single) cavity such that in use the first and second strand speeds
are sufficiently different to produce net bonding); or

Method I1

providing an extrusion die including aplurality of shims positioned adjacent to one another,
the shims together defining afirst cavity and a second cavity, the extrusion die having aplurality of first
dispensing orifices in fluid communication with the first cavity and having aplurality of second
dispensing orifices connected to the second cavity, such that the first and second dispensing orifices are
alternated; and

dispensing first polymeric strands from the first dispensing orifices a afirst strand speed
while simultaneously dispensing second polymeric strands from the second dispensing orifices at a
second strand speed, where the first strand speed is a least 2 (in some embodiments, in arange from 2to
6, or even 2to 4) times the second strand speed to provide the netting.
[0208] 32A. The method of Embodiment 30A, where the plurality of shims of either method
includes aplurality of arepeating sequence of shims that includes a shim that provides a passageway
between the first cavity and at least one of the first dispensing orifices and a shim that provides a
passageway between the second cavity and the a least one of the second dispensing orifices.
[0209] 33A. The method of either Embodiments 31A or 32A, where the repeating sequence of
either method further includes a least one spacer shim.
[0210] 34A. The method of any of Embodiments 31A to 33A of either method including at least
1000 of the shims.
[0211] 35A. The method of any of Embodiments 31A to 34A, where the first dispensing orifices
and the second dispensing orifices of either method are collinear.
[0212] 36A. The method of any of Embodiments 31A to 35A, where for either method, the first
dispensing orifices are collinear, and the second dispensing orifices are collinear but offset from the first
dispensing orifices.
[0213] IB. An extrusion die including one of:

()

aplurality of shims positioned adjacent to one another, the shims together defining a cavity

and adispensing surface, where the dispensing surface has an array of first dispensing orifices alternating
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with an array of second dispensing orifices, where the plurality of shims includes aplurality of a

repeating sequence of shims including a shim that provides afluid passageway between the cavity and the
first dispensing orifices and a shim that provides a fluid passageway between the cavity and the second
dispensing orifices where the first array of fluid passageways has greater fluid restriction than the second
array of fluid passageways, or

(m

aplurality of shims positioned adjacent to one another, the shims together defining afirst
cavity, a second cavity, and a dispensing surface, where the dispensing surface has an array of first
dispensing orifices alternating with an array of second dispensing orifices, where the plurality of shims
includes aplurality of arepeating sequence of shims including a shim that provides afluid passageway
between the first cavity and one of the first dispensing orifices and a shim that provides afluid
passageway between the second cavity and one of second the dispensing orifices.
[0214] 2B. The extrusion die of Embodiment IB, where for either | or |1, the repeating sequence
further includes at least one spacer shim.
[0215] 3B. The extrusion die of either Embodiment 1B or 2B including at least 1000 of the
shims for either | or Il.
[0216] 4B. The extrusion die of any of Embodiments |B to 3B, where for either | or |1, the first
dispensing orifices and the second dispensing orifices are collinear.
[0217] 5B. The extrusion die of any of Embodiments |B to 4B, where for either | or |1, the first
dispensing orifices are collinear, and the second dispensing orifices are collinear but offset from the first
dispensing orifices.
[0218] 6B. The extrusion die of any of Embodiments |B to 5B for either | or Il, further including
amanifold body for supporting the shims, the manifold body having at least one manifold therein, the
manifold having an outlet; and further including an expansion seal disposed so asto sea the manifold
body and the shims, where the expansion seal defines aportion of at least one of the cavities, and where
the expansion seal allows a conduit between the manifold and the cavity.
[0219] 7B. The extrusion die of any of Embodiment 6B, where for either | or |1, the expansion
seal defines aportion of both the first and the second cavities.
[0220] 8B. The extrusion die of any of Embodiment 7B, where the expansion seal is made of
copper.
[0221] 9B. The extrusion die of any of Embodiments IB to 8B, further including apair of end
blocks for supporting the plurality of shims for either | or Il,.
[0222] 10B. The extrusion die of any of Embodiment 9B, where for either | or I, each of the
shims has a least one through-hole for the passage of connectors between the pair of end blocks.
[0223] 1IB.  The extrusion die of any of Embodiments |IB to 10B, where for either | or 1I, each of

the dispensing orifices of the first and the second arrays have awidth, and where each of the dispensing

231 -



10

15

20

25

30

35

WO 2015/130591 PCT/US2015/017036
orifices of the first and the second arrays are separated by up to 2 times the width of the respective

dispensing orifice.
[0224] 12B. The extrusion die of any of Embodiments |IB to 1IB, for either | or Il, where the first
cavity issupplied with afirst polymer a afirst pressure so asto dispense the first polymer from the first
array at afirst strand speed, where the second cavity is supplied with a second polymer at a second
pressure so asto dispense the second polymer from the second array at a second strand speed, and where
the first strand speed isbetween about 2 to 6 times the second strand speed, such that anetting including
an array of alternating first and second polymeric strands is formed.
[0225] 13B. The extrusion die of any of Embodiments |B to 12B, where for either | or Il, the
fluid passageway isupto5 mm in length.
[0226] 1C. An extrusion die including one of:

0

aplurality of shims positioned adjacent to one another, the shims together defining a cavity
and adispensing surface, where the dispensing surface has e least one net-forming zone and a least one
film-forming zone, where the net-forming zone has an array of first dispensing orifices alternating with an
array of second dispensing orifices; or

()

aplurality of shims positioned adjacent to one another, the shims together defining afirst
cavity, a second cavity, and a dispensing surface, where the dispensing surface has a least one net-
forming zone and & least one film-forming zone, where the net-forming zone has an array of first
dispensing orifices aternating with an array of second dispensing orifices.
[0227] 2C. The extrusion die of Embodiment 1C, where for either | or |l the repeating sequence
further includes at least one spacer shim.
[0228] 3C. The extrusion die of either Embodiment 1C or 2C including at least 1000 of the
shims for either | or Il.
[0229] 4C. The extrusion die of any of Embodiments 1C to 3C, where for either | or Il the first
dispensing orifices and the second dispensing orifices are collinear.
[0230] 5C. The extrusion die of any of Embodiments 1C to 3C, where for either | or |1, the first
dispensing orifices are collinear, and the second dispensing orifices are collinear but offset from the first
dispensing orifices.
[0231] 6C. The extrusion die of any of Embodiments 1C to 5C for either | or Il further including
amanifold body for supporting the shims, the manifold body having at least one manifold therein, the
manifold having an outlet; and further including an expansion seal disposed so asto sea the manifold
body and the shims, where the expansion seal defines aportion of at least one of the cavities, and where
the expansion seal allows a conduit between the manifold and the cavity.
[0232] 7C. The extrusion die of any of Embodiment 6C, where for either | or || the expansion

seal defines aportion of both the first and the second cavities.
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[0233] 8C. The extrusion die of any of Embodiment 7C, where the expansion sea is made of
copper.
[0234] oC. The extrusion die of any of Embodiments 1C to 8C, further including apair of end

blocks for supporting the plurality of shims for either | or II.

[0235] IOC. The extrusion die of any of Embodiment 9C, where for either | or |l each of the
shims has at least one through-hole for the passage of connectors between the pair of end blocks.

[0236] IIC. The extrusion die of any of Embodiments 1C to 10C, for either | or 1I, where the first
cavity is supplied with afirst polymer a afirst pressure so asto dispense the first polymer from the first
array at afirst strand speed, where the second cavity is supplied with a second polymer at a second
pressure so asto dispense the second polymer from the second array a a second strand speed, and where
the first strand speed isbetween about 2 to 6 times the second strand speed, such that anetting including
an array of alternating first and second polymeric strands isformed in the net-forming zone, and such that
afilm attached to the netting is formed in the film-forming zone.

[0237] ID. An attachment system including anetting and an array of engagement posts (e.g.,
hooks) for engaging with the netting, the netting including an array of polymeric strands periodically
joined together a bond regions throughout the array, where the netting has athickness up to about 5 mm.

[0238] 2D. The attachment system of Embodiment |1D, where the engagement posts are attached
to abacking.

[0239] 3D. The attachment system of Embodiment 2D, where the backing is one of afilm, net, or
non-woven.

[0240Q] 4D. The attachment system of any of Embodiments 1D to 3D having abasis weight in a
range from 0.5 g/m2to 40 g/m2 (in some embodiments, 1g/m2to 20 g/m?).

[0241] 5D. The attachment system of any of Embodiments |D to 4D having astrand pitch in a
range from 0.5 mm to 20 mm (in some embodiments, in arange from 0.5 mmto 10 mm).

[0242] 6D. The attachment system of any of Embodiments 1D to 5D that is elastic.

[0243] 7D. The attachment system of any of Embodiments 1D to 6D, where the netting has a
machine direction and a cross-machine direction, where the netting is elastic in machine direction, and
inelastic in the cross-machine direction.

[0244] 8D. The attachment system of any of Embodiments 1D to 6D, where the netting has a
machine direction and a cross-machine direction, where the netting isinelastic in the machine direction
and elastic in the cross-machine direction.

[0245] aD. The attachment system of any of Embodiments 1D to 8D, where at least some of the
polymeric strands include at least one of a dye or pigment therein.

[0246] 10D. The attachment system of any of Embodiments 1D to 9D, where the array of
polymeric strands exhibits at least one of diamond-shaped or hexagonal-shaped openings.
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[0247] 1ID.  The attachment system of any of Embodiments 1D to 10D, where a least some of the

polymeric strands include afirst polymer that is athermoplastic (e.g., adhesives, nylons, polyesters,
polyolefins, polyurethanes, elastomers (e.g., styrenic block copolymers), and blends thereof).

[0248] 12D. The netting of any of Embodiments ID to 11D, where the plurality of strands include
aternating first and second polymeric strands, where the second polymeric strands include a second
polymer.

[0249] 13D. The attachment system of Embodiment 12D, where the first polymeric strands
include the first polymer, and where the second polymeric strands include a second polymer that isa
thermoplastic (e.g., adhesives, nylons, polyesters, polyolefins, polyurethanes, elastomers (e.g., styrenic
block copolymers), and blends thereof).

[0250] 14D. The attachment system of either Embodiments 12D or 13D, where the first strands
have an average width in arange from 10 micrometers to 500 micrometers (in arange from 10
micrometers to 400 micrometers, or even 10 micrometers to 250 micrometers).

[0251] 15D. The attachment system of any of Embodiments 12D to 14D, where the second
strands have an average width in arange from 10 micrometers to 500 micrometers (in arange from 10
micrometers to 400 micrometers, or even 10 micrometers to 250 micrometers).

[0252] 16D. The attachment system of any of Embodiments 12D to 15D, where the first strands,
second strands, and bond regions each have thicknesses that are substantially the same.

[0253] 17D. The attachment system of any of Embodiments |1D to 16D, where the bond regions
have an average largest dimension perpendicular to the strand thickness, where the polymeric strands
have an average width, and where the average largest dimension of the bond regions is at least 2 (in some
embodiments, at least 2.5, 3, 3.5, or even at least 4) times greater than the average width of the polymeric
strands.

[0254] 18D. The attachment system of any of Embodiments 12D to 17D, where the array of the
netting further includes third strands disposed between at least some of the aternating first and second
strands.

[0255] 19D. The attachment system of any of Embodiments 12D to 18D, where there is aribbon
region adjacent and connected to one side of the netting.

[0256] 20D. The attachment system of Embodiment 19D, where the netting and ribbon region are
integral.

[0257] 21D.  The attachment system of either Embodiment 19D or 20D, where the ribbon region is
inelastic.

[0258] 22D. The article of any of Embodiments 19D to 21D, where the ribbon region has amajor
surface with the engagement posts thereon.

[0259] 23D. An absorbent article including the attachment system of any of Embodiments 1D to
22D.
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[0260] IE. An attachment system including an array of engagement posts (e.g., hooks) engaged

with anetting, the netting including an array of polymeric strands periodically joined together at bond
regions throughout the array, where the netting has athickness up to about 5 mm.

[0261] 2E. The attachment system of Embodiment |E, where the engagement posts are attached
to abacking.

[0262] 3E. The attachment system of Embodiment 2E, where the backing is one of afilm, net, or
non-woven.

[0263] 4E. The attachment system of Embodiment | E to 3E having abasis weight in arange
from 0.5 g/m2to 40 g/m2 (in some embodiments, 1g/m2to 20 g/m?).

[0264] 5E. The attachment system of any of Embodiments | E to 4E having a strand pitch in a
range from 0.5 mm to 20 mm (in some embodiments, in arange from 0.5 mmto 10 mm).

[0265] 6E. The attachment system of any of Embodiments |E to 5E that is elastic.

[0266] 7E. The attachment system of any of Embodiments |E to 6E, where the netting has a
machine direction and a cross-machine direction, where the netting is elastic in the machine direction and
inelastic in the cross-machine direction.

[0267] 8E. The attachment system of any of Embodiments |E to 6E, where the netting has a
machine direction and a cross-machine direction, where the netting isinelastic in the machine direction
and elastic in the cross-machine direction.

[0268] 9E. The attachment system of any of Embodiments |E to 8E, where a least some of the
of polymeric strands include at least one of a dye or pigment therein.

[0269] 10E. The attachment system of any of Embodiments | E to 9E, where the array polymeric
strands exhibits at least one of diamond-shaped or hexagonal-shaped openings.

[0270] 1IE.  The attachment system of any of Embodiments |Eto 10E, where at least some of the
polymeric strands include apolymer that is athermoplastic (e.g., adhesives, nylons, polyesters,
polyolefins, polyurethanes, elastomers (e.g., styrenic block copolymers), and blends thereof).

[0271] 12E.  The netting of any of Embodiments |E to 11E, where the plurality of strands include
aternating first and second polymeric strands, where the second polymeric strands include a second
polymer.

[0272] 13E.  The attachment system of Embodiment 12E, where the first polymeric strands
include the first polymer, and where the second polymeric strands include a second polymer that isa
thermoplastic (e.g., adhesives, nylons, polyesters, polyolefins, polyurethanes, elastomers (e.g., styrenic
block copolymers), and blends thereof).

[0273] 14E.  The attachment system of either Embodiments 12E or 13E, where the first strands
have an average width in arange from 10 micrometers to 500 micrometers (in arange from 10

micrometers to 400 micrometers, or even 10 micrometers to 250 micrometers).
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[0274] 15E. The attachment system of any of Embodiments 12E to 14E, where the second strands

have an average width in arange from 10 micrometers to 500 micrometers (in arange from 10
micrometers to 400 micrometers, or even 10 micrometers to 250 micrometers).

[0275] 16E. The attachment system of any of Embodiments |E to 15E, where the bond regions
have an average largest dimension perpendicular to the strand thickness, where the polymeric strands
have an average width, and where the average largest dimension of the bond regions is at least 2 (in some
embodiments, a least 2.5, 3, 3.5, or even at least 4) times greater than the average width of the polymeric
strands.

[0276] 17E.  The attachment system of any of Embodiments |Eto 16E, where there is aribbon

region adjacent and connected to one side of the netting.

[0277] 18E. The attachment system of Embodiment 17E, where the netting and ribbon region are
integral.
[0278] 19E. The attachment system of either Embodiment 17E or 18E, where the ribbon region is
inelastic.

[0279] 20E. The attachment system of any of Embodiments 17E to 19E, where the ribbon region
has amagjor surface with the engagement posts thereon.

[0280] 21E.  An absorbent article including the attachment system of any of Embodiments IE to
20E.

[0281] IF. An array of aternating first and second polymeric strands, where the first and second
strands periodically join together a bond regions throughout the array, where the first strands have an
average first yield strength, and where the second strands have an average second yield strength that is
different (e.g., a least 10 percent different) than the first yield strength.

[0282] 2F. The array of alternating first and second polymeric strands of Embodiment |IF, where
the array has athickness up about 5 mm.

[0283] 3F. The array of either Embodiment |F or 2F having a strand pitch in arange from 0.5
mm to 20 mm (in some embodiments, in arange from 0.5 mm to 10 mm).

[0284] 4F, The array of any of Embodiments |F to 3F, where at least one of the first or second
polymeric materials each include a least one of a dye or pigment therein.

[0285] 5F. The array of any of Embodiments |F to 4F having a least one of diamond-shaped or
hexagonal-shaped openings.

[0286] 6F. The array of any of Embodiments | F to 5F, where the first polymer is athermoplastic
(e.g., adhesives, nylons, polyesters, polyolefins, polyurethanes, elastomers (e.g., styrenic block
copolymers), and blends thereof).

[0287] TF. The array of any of Embodiments | F to 6F, where the first polymer is an adhesive
material.
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[0288] 8F. The array of any of Embodiments | F to 7F, where the second polymer isa

thermoplastic (e.g., adhesives, nylons, polyesters, polyolefins, polyurethanes, elastomers (e.g., styrenic
block copolymers), and blends thereof).

[0289] oF. The array of any of Embodiments | F to 8F, where the first strands have an average
width in arange from 10 micrometers to 500 micrometers (in arange from 10 micrometers to 400
micrometers, or even 10 micrometers to 250 micrometers).

[0290] 10F. The array of any of Embodiments | F to 9F, where the second strands have an
average width in arange from 10 micrometers to 500 micrometers (in arange from 10 micrometers to 400
micrometers, or even 10 micrometers to 250 micrometers).

[0291] 1IF.  The array of any of Embodiments | F to 10F, where the first strands, second strands,
and bond regions each have thicknesses that are substantially the same.

[0292] 12F. The array of any of Embodiments | F to 1IF, where the bond regions have an average
largest dimension perpendicular to the strand thickness, and where the average largest dimension of the
bond regions is e least 2 (in some embodiments, at least 2.5, 3, 3.5, or even a least 4) times greater than
the average width of a least one of the first strands or the second strands.

[0293] 13F.  An article including abacking having the array of any of Embodiments | Fto 12F on
amajor surface thereof.

[0294] 14F.  The article of Embodiment 13F, where the backing is one of afilm, net, or non-
woven.

[0295] 15F.  Anarticle including two arrays of any of Embodiments | Fto 14F with aribbon

region disposed there between.

[0296] 16F.  The article of Embodiment 15F, where the array and ribbon region are integral.
[0297] 17F.  The article of either Embodiment 14F or 15F, where the ribbon region has amajor
surface with the engagement posts thereon.

[0298] 18F.  An article including the array of any of Embodiments | Fto 17F disposed between
two ribbon regions.

[0299] 19F. The article of Embodiment 18F, where the array isintegral with each of the ribbon
regions.

[0300] 20F. The article of either Embodiment 16F or 17F, where the film has amajor surface with
the engagement posts thereon.
[0301] 21F. A wound dressing including the array of alternating first and second polymeric
strands of any of Embodiments | F to 20F.
[0302] 22F. A method of making the array of alternating first and second polymeric strands of
any of Embodiments | Fto 2IF, the method including:

providing an extrusion die including aplurality of shims positioned adjacent to one another,
the shims together defining afirst cavity and a second cavity, the extrusion die having aplurality of first

dispensing orifices in fluid communication with the first cavity and having aplurality of second
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dispensing orifices connected to the second cavity, such that the first and second dispensing orifices are

alternated; and

dispensing first polymeric strands from the first dispensing orifices at afirst strand speed
while ssimultaneously dispensing second polymeric strands from the second dispensing orifices at a
second strand speed, where the first strand speed is a least 2 (in some embodiments, in arange from 2to
6 or even 2 to 4) times the second strand speed to provide the array of alternating first and second
polymeric strands.
[0303] 23F.  The method according to Embodiment 22F, where the plurality of shimsincludes a
plurality of arepeating sequence of shims that includes a shim that provides a passageway between the
first cavity and a least one of the first dispensing orifices and a shim that provides a passageway between
the second cavity and the at least one of the second dispensing orifices.
[0304] 24F.  The method according to either of Embodiments 20F or 21F, where the repeating
sequence further includes a least one spacer shim.
[0305] 25F.  The method according to any of Embodiments 20F to 24F including &t least 1000 of
the shims.
[0306] 26F.  The method according to any of Embodiments 20F to 25F, where the first dispensing
orifices and the second dispensing orifices are collinear.
[0307] 27F.  The method according to any of Embodiments 20F to 26F, where the first dispensing
orifices are collinear and the second dispensing orifices are collinear but offset from the first dispensing
orifices.
[0308] Advantages and embodiments of this disclosure are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, aswell as other
conditions and details, should not be construed to unduly limit this disclosure. All parts and percentages

are by weight unless otherwise indicated.

STRAP PREPARATION EXAMPLES

Test Methods

Shear-Engaged Pedl Test
[0309] A 25.4 mm wide by 12.7 mm length hook sample (obtained under the trade designation

"KN2854" from 3M Company, St. Paul, MN) was affixed to a25.4 mm strip of printer paper with
adhesive tape (obtained under the trade designation "TRM-300 Double Coated Tape" from 3M
Company). The 12.7 mm edge of the hook was in the machine direction. The loop was cut into 25.4 mm
wide strips along the machine direction of the sample. The hook and loop were mated aligning the
machine directions and rolled down with a2.05 kg rubber coated roller, one cycle forward and back. The
construction was loaded in shear with a 500 gram dead weight for 10 seconds.

[0310] The peel was measured in atensile tester, (obtained under the trade designation "INSTRON
5500R Series* from Instron Engineering Corp., Canton, MA). The instrument was calibrated to an
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accuracy of 1percent of the full scale, and the scale range used for the test was within 10-90 percent of

full range. The initial jaw separation was 76.2 mm. The sample was peeled to failure a a constant rate of
300 mm/min. A minimum of 5 tests were performed and averaged for each hook and loop combination.

[0311] The maximum peel force and average peel force, both in N/25.4 mm, are reported.

[0312] The Dynamic Shear Test was used to measure the amount of force required to shear the
sample of mechanical fastener hook materia] from a sample of loop fastener material. A 2.5 cm by 7.5 cm
loop sample was cut with the short dimension being the machine direction of the hook. This loop sample
was then reinforced with filament tape (obtained under the trade designation "#898 filament tape" from
3M Company). A 1.25 cm by 2.5 cm hook sample ("KN2854") was aso prepared. The long dimension
isthe machine direction of the hook. This sample was laminated to the end of atab of filament tape 2.5
cm wide by 7.5 cm long. The filament tape was doubled over on itself on the end without hook: to cover
the adhesive. The hook was then placed centrally on the loop with long tab directions parallel to each
other such that the loop tab extended past on the first end and the hook tab extended past on the second
end. The hook was rolled down by hand with a5 kg steel rall, 5 replicates up and back. The assembled
tabs were placed into the jaws of atensile tester (obtained under the trade designation "INSTRON 5500R
Series' from Instron Engineering Corp.). The hook tab was placed in the top jaw, and the loop tab was
placed in the bottom jaw. The sample was sheared to failure in a {80 degree angle a a crosshead speed of
30.5 cm per minute. The maximum load was recorded in grams. The force required to shear the
mechanical fastener strip from the loop material was reported in grams/2.54 cm-width. A minimum of 5

tests were run and averaged for each hook and loop combination.

Example 1
[0313] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 2 mil (0.051 mm). Five identical shims were stacked together to create an orifice width of 10 mils
(0.254 mm) tothe first cavity. Five identical shims were stacked together to create an orifice width of 10
mils (0.254 mm) to the second cavity. Three identical shims were stacked together to create an effective
shim width of 6 mils (0.152 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 10 mils (0.254 mm). The height of the second set of extrusion orifices was cut to 10 mils
(0.254 mm). The extrusion orifices were aligned in acollinear, alternating arrangement with a dispensing
surface generally as shown in FIG 11. Thetotal width of the shim setup was 5 cm.

[0314] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets (obtained under the trade designation "EXXONMOBIL 3155 PP" from
ExxonMobil, Irving, TX).
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[0315] The extruder feeding the second cavity was loaded with twelve melt flow index

polypropylene pellets (obtained under the trade designation "EXXONMOBL 1024 PP' from

ExxonMobil). Other process conditions are listed below:

Orifice width 0.254 mm
Orifice height 0.254 mm
Ratio of orifice height to width 1:1

Ratio of first and second orifice area 1:1

Land spacing between orifices 0.152 mm
Flow rate of first polymer 1.7 kg/hr
Flow rate of second polymer 0.47 kg/hr
Flow rate ratio first to second polymer 3.6:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min.

[0316] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.275 mm
Netting basis weight 155 g/m?
Bond length in the machine direction 1.9 mm
Net bonding distance in the machine direction (pitch) 2.08 mm
First polymer strand width 0.260 mm
Second polymer strand width 0.120 mm.

5 [0317]
sectional arearatio of 3.6:1. A digital optical image at |0x of the netting is shown in FIG. 13, with first

The resulting netting had strand cross-sections of equal width and thickness with across

strands 1370a and second strands 1370b.

Example 2
[0318] Example 2 was made with the same die setup and materials as Example 1 except with the
10 following conditions listed below:
Orifice width 0.254 mm
Orifice height 0.254 mm
Ratio of orifice height to width 1:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.152 mm
Flow rate of first polymer 1.7 kg/hr
Flow rate of second polymer 0.65 kg/hr
Flow rate ratio first to second polymer 2.5:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min,
[0319] Using an optical microscope, the netting dimensions were measured and are shown below:
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Netting thickness 0.35 mm
Netting basis weight 170 g/m?
Bond length in the machine direction 2.2mm
Net bonding distance in the machine direction (pitch) 3.6 mm
First polymer strand width 0.235 mm
Second polymer strand width 0.15 mm.
[0320] The resulting netting had first to second strand cross-sections with across sectional arearatio

of2.5:1. A digital optical image a& 1ox of the netting is shown in FIG. 14, with first strands 1470a and
second strands 1470b.

Example 3
[0321] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 4 mils (0. 102 mm). Four identical shims were stacked together to create an orifice width of 16 mils
(0.406 mm) tothe first cavity. Four identical shims were stacked together to create an orifice width of 16
mils (0.406 mm) to the second cavity. Two spacer shims provided the spacer between orifices. The
shims were formed from stainless steel, with perforations cut by wire electron discharge machining. The
height of the first extrusion orifice was cut to 30 mils (0.762 mm). The height of the second set of
extrusion orifices was cut to 10 mils (0.254 mm). The extrusion orifices were aligned in acollinear
arrangement as shown in FIG. 15. The total width of the shim setup was 7.5 cm.

[0322] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0323] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 3155 PP"). Other process conditions are listed below:

Orifice width for the first cavity 0.406 mm
Orifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.406 mm
Orifice height of the second cavity 0.254 mm
Ratio of orifice height to width for the oscillating strand 0.625:1
Ratio of first and second orifice area 3:1
Land spacing between orifices 0.203 mm
Flow rate of first polymer 1.36 kg/hr
Flow rate of second polymer 1.32 kg/hr
Flow rate ratio first to second polymer 1:1
Extrusion temperature 227°C
Quench roll temperature 55°C
Quench takeaway speed 6 m/min,
[0324] Using an optical microscope, the netting dimensions were measured and are shown below:

-41 -



10

15

20

WO 2015/130591 PCT/US2015/017036

Netting thickness 0.28 mm
Netting basis weight 96 g/m?2
Bond length in the machine direction 2.8 mm
Net bonding distance in the machine direction (pitch) 7.7 mm
First polymer strand width 0.30 mm
Second polymer strand width 0.26 mm.
[0325] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 1:1. A digital optical image at 1ox of the netting is shown in FIG. 16, with first strands 1670a and
second strands 1670b.

Example 4
[0326] A co-extrusion die as generaly depicted in FIG. 1was prepared. The thickness of each shim

was 2 mil (0.051 mm). Three identical shims were stacked together to create an orifice width of 6 mils
(0. 152 mm) tothe first cavity. Three identical shims were stacked together to create an orifice width of 6
mils (0. 152 mm) to the second cavity. Two identical shims were stacked together to create an effective
shim width of 4 mils (0.102 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 10 mils (0.254 mm). The height of the second set of extrusion orifices was cut to 10 mils
(0.254 mm). The extrusion orifices were aligned in a collinear, alternating arrangement as shown in FIG.
12. The total width of the shim setup was 5 cm.

[0327] The inlet fittings on the two end blocks were each connected to aconventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0328] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 1024 PP"). Other process conditions are listed below:

Orifice width 0.152 mm
Orifice height 0.254 mm
Ratio of orifice height to width 1.67:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.102 mm
Flow rate of first polymer 0.5 kg/hr
Flow rate of second polymer 0.18 kg/hr
Flow rate ratio first to second polymer 2.8:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min.
[0329] Using an optical microscope, the netting dimensions were measured and are shown below.
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Netting thickness 0.16 mm
Netting basis weight 50 g/m?2
Bond length in the machine direction 1.6 mm
Net bonding distance in the machine direction (pitch) 4.6 mm
First polymer strand width 0.1 10 mm
Second polymer strand width 0.05 mm.
[0330] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of2.8:1. A digital optical image a 1ox of the netting is shown in FIG. 17, with first strands 1770a and
second strands 1770b.

[0331] The die swell of the polymer strands was also measured asthe polymer exited the die:

First polymer die swell width 0.25mm
Second polymer die swell width 0.125.

Example 5
[0332] A co-extrusion die as generaly depicted in FIG. 1was prepared. The thickness of each shim

was 2 mil (0.051 mm). Two identical shimswere stacked together to create an orifice width of 4 mils

(0. 102 mm) tothe first cavity. Two identical shims were stacked together to create an orifice width of 4
mils (0. 102 mm) to the second cavity. One shim formed the spacer between orifices. The shimswere
formed from stainless steel, with perforations cut by wire electron discharge machining. The height of the
first extrusion orifice was cut to 10 mils (0.254 mm). The height of the second set of extrusion orifices
was cut to 10 mils (0.254 mm). The extrusion orifices with connection to the first cavity were aligned in
acollinear arrangement. The extrusion orifices with connection to the second cavity were aigned in a
collinear arrangement. The alignment of the first and second set of orifices was offset by 100%, as shown
in FIG. 5. Thetotal width of the shim setup was 5 cm.

[0333] The inlet fittings on the two end blocks were each connected to aconventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0334] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 1024 PP"). Other process conditions are listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1

Land spacing between orifices 0.05 mm
Flow rate of first polymer 1.12 kg/hr
Flow rate of second polymer 0.25 kg/hr
Flow rate ratio first to second polymer 4.5:1
Extrusion temperature 205°C
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Quench roll temperature

50°C

Quench takeaway speed

4.5 m/min.

Using an optical microscope, the netting dimensions were measured and are shown below.

Netting thickness 0.35 mm
Netting basis weight 130 g/m?
Bond length in the machine direction 0.4 mm
Net bonding distance in the machine direction (pitch) 0.83 mm
First polymer strand width 0.160 mm
Second polymer strand width 0.075 mm.

The resulting netting had first to second strand cross-sectio

ns with across sectional arearatio

of 45:1. A digital optical image a& 1ox of the netting is shown in FIG. 18, with first strands 1870a and
second strands 1870b.

5 Example 6

[0337]

Example 6 was made with the same die setup and materials as Example 5 except with the

following conditions listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1

Land spacing between orifices 0.05 mm
Flow rate of first polymer 1.12 kg/hr
Flow rate of second polymer 0.25 kg/hr
Flow rate ratio first to second polymer 4.5:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min.

[0338] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.225 mm
Netting basis weight 65 g/m*
Bond length in the machine direction 0.6 mm
Net bonding distance in the machine direction (pitch) 1.5 mm
First polymer strand width 0.110 mm
Second polymer strand width 0.070 mm.
[0339] The resulting netting had first to second strand cross-sections with across sectional arearatio
10 of 45:1. A digita optical image a 1ox of the netting is shown in FIG. 19, with First strands 1970a and

second strands 1970b.
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Example 7
[0340] Example 7 was made with the same die setup and materials as Example 5 except with the

following conditions listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.05 mm
Flow rate of first polymer 2.1 kg/hr
Flow rate of second polymer 0.5 kg/hr
Flow rate ratio first to second polymer 4.1:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 4.5 m/min.
[0341] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.50 mm
Netting basis weight 245 g/m®
Bond length in the machine direction 0.26 mm
Net bonding distance in the machine direction (pitch) 0.55 mm
First polymer strand width 0.150 mm
Second polymer strand width 0.080 mm.
5 [0342] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 4.1:1. A digital optical image a& 1ox of the netting is shown in FIG. 20, with first strands 2070a and
second strands 2070b.

Example 8
[0343] Example 8 was made with the same die setup and materials as Example 5 except with the
10 following conditions listed bel ow:
Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.05 mm
Flow rate of first polymer 2.1 kg/hr
Flow rate of second polymer 0.5 kg/hr
Flow rate ratio first to second polymer 4.1:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9.0 m/min.
[0344] Using an optical microscope, the netting dimensions were measured and are shown below:
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Netting thickness 0.325 mm

Netting basis weight 125 g/m?

Bond length in the machine direction 0.35 mm

Net bonding distance in the machine direction (pitch) 1.0 mm

First polymer strand width 0.150 mm

Second polymer strand width 0.070 mm

[0345] The resulting netting had first to second strand cross-sections with across sectional arearatio

of 4.1:1. A digital optical image a 10x of the netting is shown in FIG. 2 1with first strands 2170a and

second strands 2170b.

[0346] Examples 4-7 demonstrate that the strand net bonding rate increases asthe strand polymer

throughput rate isincreased. The net bonding pitch increases as the drawing rate from the die increases

for a given polymer throughput rate.

Example 9

[0347] Example 9 was made with the same die setup and materials as Example 5 except with the

following conditions listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.05 mm
Flow rate of first polymer 2.0 kg/hr
Flow rate of second polymer 1.0 kg/hr
Flow rate ratio first to second polymer 2.0:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min.
[0348] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.325 mm
Netting basis weight 140 g/m*
Bond length in the machine direction 0.35 mm
Net bonding distance in the machine direction (pitch) 0.9 mm
First polymer strand width 0.170 mm
Second polymer strand width 0.110 mm.
[0349] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 2.0: 1. A digital optical image a& 1ox of the netting is shown in FIG. 22, with first strands 2270a and

second strands 2270b.

Example 10

[0350] Example 10 was made with the same die setup as Example 5.
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[0351] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with twenty-two melt flow index
copolymer polypropylene pellets ("VISTAMAX 1120").

[0352] The extruder feeding the second cavity was loaded with twenty-two melt flow index
copolymer polypropylene pellets ("VISTAMAX 1120"). Other process conditions are listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.05 mm
Flow rate of first polymer 2.0 kg/hr
Flow rate of second polymer 1.18 kg/hr
Flow rate ratio first to second polymer 1.7:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 6.1 m/min,
[0353] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.425 mm
Netting basis weight 225 g/m”
Bond length in the machine direction 0.35 mm
Net bonding distance in the machine direction (pitch) 0.82 mm
First polymer strand width 0.085 mm
Second polymer strand width 0.050 mm.
[0354] The resulting netting had first to second strand cross-sections with across sectional arearatio

of 17: 1. A digital optical image a& 1ox of the netting is shown in FIG. 23, with first strands 2370a and
second strands 2370b.

Example 11
[0355] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 2 mil (0.051 mm). Two identical shims were stacked together to create an orifice width of 4 mils

(0. 102 mm) tothe first cavity. Two identical shims were stacked together to create an orifice width of 4
mils (0. 102 mm) to the second cavity. Two identical shims were stacked together to create an effective
shimwidth of 4 mils (0.102 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 10 mils (0.254 mm). The height of the second set of extrusion orifices was cut to 10 mils
(0.254 mm). The extrusion orifices were aligned in acollinear, alternating arrangement as shown in FIG.

24. Thetota width of the shim setup was 5 cm.
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[0356] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0357] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 1024 PP"). Other process conditions are listed below:

Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height to width 2.5:1
Ratio of first and second orifice area 1:1
Land spacing between orifices 0.102 mm
Flow rate of first polymer 1.2 kg/hr
Flow rate of second polymer 0.21 kg/hr
Flow rate ratio first to second polymer 5.7:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9 m/min.
[0358] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.175 mm
Netting basis weight 70 g/m?
Bond length in the machine direction 0.55 mm
Net bonding distance in the machine direction (pitch) 1.4 mm
First polymer strand width 0.125 mm
Second polymer strand width 0.065 mm.
[0359] The resulting netting had first to second strand cross-sections with across sectional arearatio

of 5.7: 1. A digital optical image a 1ox of the netting is shown in FIG. 25, with first strands 2570a and
second strands 2570b.

Example 12
[0360] Example 12 was made with the same die setup as Example 11.

[0361] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with one hundred melt flow index
polypropylene pellets (obtained under the trade designation "TOTAL 3860" from Total Petrochemicals,
Houston, TX).

[0362] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 1024 PP"). Other process conditions are listed below:
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Orifice width 0.102 mm
Orifice height 0.254 mm
Ratio of orifice height towidth 251
Ratio of first and second orifice area 11
Land spacing between orifices 0.102 mm
Flow rate of first polymer 1.0 kg/hr
Flow rate of second polymer 0.3 kg/hr
Flow rate ratio first to second polymer | 3.0:1
Extrusion temperature 205°C
Quench roll temperature 50°C
Quench takeaway speed 9m/min.
[0363] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.150 mm
Netting basis weight 65 g/m*
Bond length in the machine direction 0.9 mm
Net bonding distance in the machine direction (pitch) 2.3 mm
First polymer strand width 0.140 mm
Second polymer strand width 0.07 mm,
[0364] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 3:1. A digital optical image at 1ox of the netting is shown in FIG. 26, with first strands 2670a and
second strands 2670b.

Example 13
[0365] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 4 mils (0. 102 mm). Eight identical shims were stacked together to create an orifice width of 32 mils
(0.813 mm) tothe first cavity. Four identical shims were stacked together to create an orifice width of 16
mils (0.406 mm) to the second cavity. Six identical shims were stacked together to create an effective
shim width of 24 mils (0.610 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 30 mils (0.762 mm). The height of the second set of extrusion orifices was cut to 30 mils
(0.762 mm). The extrusion orifices were aligned in acollinear, alternating arrangement as shown in FIG.
27. Thetotal width of the shim setup was 5 cm.

[0366] The inlet fittings on the two end blocks were each connected to aconventiona single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0367] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 3155 PP"). Other process conditions are listed below:
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Orifice width for the first cavity 0.813 mm
Orifice height for the first cavity 0.762 mm
Orifice width of the second cavity: 0.406 mm
Orifice height of the second cavity: 0.762 mm
Ratio of orifice height to width for oscillating strand 1.88:1
Ratio of first and second orifice area 2:1
Land spacing between orifices 0.610 mm
Flow rate of first polymer 1.5 kg/hr
Flow rate of second polymer 1.73 kg/hr
Flow rate ratio first to second polymer 0.9:1
Extrusion temperature 205°C
Quench roll temperature 18°C
Quench takeaway speed 9m/min.
[0368] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.56 mm
Netting basis weight 230 g/m”
Bond length in the machine direction 2.1 mm
Net bonding distance in the machine direction (pitch) | 16 mm
First polymer strand width 0.30 mm
Second polymer strand width 0.40 mm.
[0369] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 0.9: 1. A digital optical image a 10x of the netting is shown in FIG. 28, with first strands 2870a and
second strands 2870b.

Example 14
[0370] A co-extrusion die as generaly depicted in FIG. 1was prepared. The thickness of each shim

was 4 mils (0. 102 mm). Four identical shims were stacked together to create an orifice width of 16 mils
(0.406 mm) tothe first cavity. Two identical shims were stacked together to create an orifice width of 8
mils (0.203 mm) to the second cavity. Three identical shims were stacked together to create an effective
shim width of 12 mils (0.305 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 30 mils (0.762 mm). The height of the second set of extrusion orifices was cut to 30 mils
(0.762 mm). The extrusion orifices were aligned in acollinear, alternating arrangement as shown in FIG.
29. The total width of the shim setup was 15 cm.

[0371] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thermoplastic polyurethane
pellets (obtained under the trade designation "IROGRAN 440" from Huntsman, Auburn Hills, MI).
[0372] The extruder feeding the second cavity was loaded with thermoplastic polyurethane pellets
("IROGRAN 440"). Other process conditions are listed below:

-50 -



10

WO 2015/130591 PCT/US2015/017036

Orifice width for the first cavity 0.406 mm
Cirifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.203 mm
Cirifice height of the second cavity 0.762 mm
Ratio of orifice height to width for oscillating strand 3.75:1
Ratio of first and second orifice area 21
Land spacing between orifices 0.305 mm
Flow rate of first polymer 2.1 kg/hr
Flow rate of second polymer 3.2 kg/hr
Flow rate ratio first to second polymer 0.64:1
Extrusion temperature 218°C
Quench roll temperature 13°C
Quench takeaway speed 4.4 m/min.

[0373] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.375 mm
Netting basis weight 325 g/m?
Bond length in the machine direction 1.5 mm
Net bonding distance in the machine direction (pitch) 5.4 mm
First polymer strand width 0.20 mm
Second polymer strand width 0.25 mm.

[0374] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 0.64: 1. A digital optical image a 1ox of the netting is shown in FIG. 30, with first strands 3070a and

second strands 3070b.

Example 15

[0375] Example 15 was made with the same die as Example 14. The inlet fittings on the two end

blocks were each connected to aconventional single-screw extruder. A chill roll was positioned adjacent
tothe distal opening of the co-extrusion die to receive the extruded material. The extruder feeding the
first cavity was loaded with styrene ethylene/butylene block copolymer pellets (obtained under the trade
designation "KRATON 1657" from Kraton Polymers, Houston, TX).

[0376] The extruder feeding the second cavity was loaded with styrene ethylene/butylene block
copolymer pellets ("KRATON 1657"). Other process conditions are listed below:

Orifice width for the first cavity 0.406 mm
Orifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.203 mm
Orifice height of the second cavity 0.762 mm
Ratio of orifice height to width for oscillating strand 3.75:1
Ratio of first and second orifice area 2:1

Land spacing between orifices 0.305 mm
Flow rate of first polymer 1.6 kg/hr
Flow rate of second polymer 1.6 kg/hr

=51 -



10

15

20

25

WO 2015/130591 PCT/US2015/017036

Flow rate ratio first to second polymer 11
Extrusion temperature 238°C
Quench roll temperature 18°C
Quench takeaway speed 1.5 m/min.
[0377] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.625 mm
Netting basis weight 270 g/m*
Bond length in the machine direction 0.6 mm
Net bonding distance in the machine direction (pitch) | 2.1 mm
First polymer strand width 0.25 mm
Second polymer strand width 0.25 mm,
[0378] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 1:1. A digital optical image at 1ox of the netting is shown in FIG. 31, with first strands 3170a and
second strands 3170b.

Example 16
[0379] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 4 mils (0. 102 mm). Four identical shims were stacked together to create an orifice width of 16 mils
(0.406 mm) tothe first cavity. Two identical shims were stacked together to create an orifice width of 8
mils (0.203 mm) to the second cavity. Two identical shims were stacked together to create an effective
shim width of 8 mils (0.203 mm) for the spacer between orifices. The shims were formed from stainless
steel, with perforations cut by wire electron discharge machining. The height of the first extrusion orifice
was cut to 30 mils (0.762 mm). The height of the second set of extrusion orifices was cut to 30 mils
(0.762 mm). The extrusion orifices were aligned in acollinear, alternating arrangement as shown in FIG.
32. Thetotal width of the shim setup was 15 cm.

[0380] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with styrene isoprene styrene block
copolymer pellets (obtained under the trade designation "VECTOR 4114" from Dexco Polymers LP,
Houston, TX), dry blended at 50% with C-5 hydrocarbon tackifier flakes ("WINGTAC PLUS'), and then
dry blended with 1% antioxidant powder (obtained under the trade designation "IRGANOX 1010" from
BASF, Luwigshafen, Germany).

[0381] The extruder feeding the second cavity was loaded with styrene-isoprene-styrene block
copolymer pellets ("VECTOR 4114"), dry blended at 50% with C-5 hydrocarbon tackifier flakes
("WINGTAC PLUS"), and then dry blended with 1% antioxidant powder ("IRGANOX 1010"). Other

process conditions are listed below:
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Orifice width for the first cavity 0.406 mm
COrifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.203 mm
Orifice height of the second cavity 0.762 mm
Ratio of orifice height to width for oscillating strand 3.75:1
Ratio of first and second orifice area 2:1
Land spacing between orifices 0.203 mm
Flow rate of first polymer 0.55 kg/hr
Flow rate of second polymer 1.43 kg/hr
Flow rate ratio first to second polymer 0.38:1.
Extrusion temperature 150°C
Quench roll temperature 15°C
Quench takeaway speed 9 m/min.
[0382] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.10 mm
Netting basis weight 30 g/m?
Bond length in the machine direction 2.3 mm
Net bonding distance in the machine direction (pitch) 9mm
First polymer strand width 0.01 mm
Second polymer strand width 0.015 mm
[0383] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of0.38:1. A digital optical image at 1ox of the netting is shown in FIG. 33, with first strands 3370a and
second strands 3370b.

Example 17
[0384] A co-extrusion die as generally depicted in FIG. 1was prepared. The thickness of each shim

was 4 mils (102 mm). The shims were formed from stainless steel, with perforations cut by wire electron
discharge machining. The height of the first extrusion orifice was cut to 15 mils (0.381 mm). The height
of the second set of extrusion orifices was cut to 5 mils (0.127 mm). The extrusion orifices were aligned
in acollinear, aternating arrangement as shown in FIG. 34. The total width of the shim setup was 15 cm.
[0385] The inlet fittings on the two end blocks were each connected to a conventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with thirty-five melt flow index
polypropylene pellets ("EXXONMOBIL 3155 PP").

[0386] The extruder feeding the second cavity was loaded with twelve melt flow index
polypropylene pellets ("EXXONMOBL 1024 PP"), dry blended at 50% with a polypropylene copolymer
resin (obtained under the trade designation "VISTAMAX 6202" from ExxonMobil). Other process

conditions are listed below:
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Orifice width for the first cavity 0.102 mm
Orifice height for the first cavity 0.381 mm
Orifice width of the second cavity 0.102 mm
Orifice height of the second cavity 0.127 mm
Ratio of orifice height to width for oscillating strand 1.25:1
Ratio of first and second orifice area 31
Land spacing between orifices 0.102 mm
Flow rate of first polymer 0.64 kg/hr
Flow rate of second polymer 0.59 kg/hr.
Flow rate ratio first to second polymer 111
Extrusion temperature 232°C
Quench roll temperature 38°C
Quench takeaway speed 15.3 m/min.

[0387] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.025 mm
Netting basis weight 8 g/m*
Bond length in the machine direction 1.3 mm
Net bonding distance in the machine direction (pitch) 8 mm
First polymer strand width 0.02 mm
Second polymer strand width 0.02 mm,
[0388] The resulting netting had first to second strand cross-sections with across sectional arearatio

of 1.1:1. A digital optical image a 10x of the netting is shown in FIG. 35, with first strands 3570a and
second strands 3570b.

Example 18
[0389] Example 18 was made with the same die setup as Example 16. The inlet fittings on the two

end blocks were each connected to a conventional single-screw extruder. A chill roll was positioned
adjacent to the distal opening of the co-extrusion die to receive the extruded material. The extruder
feeding the first cavity was loaded with propylene ethylene copolymer pellets (obtained under the trade
designation "VERSIFY 4200" from Dow Chemical, Midland, MI), dry blended with 75% polypropylene
impact copolymer pellets (obtained under the trade designation "DOW C700-35N" from Dow Chemical).
[0390] The extruder feeding the second cavity was loaded with propylene ethylene copolymer pellets
("VERSIFY 4200"). Other process conditions are listed below:

Orifice width for the first cavity 0.406 mm
Orifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.203 mm
Orifice height of the second cavity 0.762 mm

Ratio of orifice height to width for oscillating strand 3.75:1

Ratio of first and second orifice area 2:1
Land spacing between orifices 0.203 mm
Flow rate of first polymer 0.95 kg/hr
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Flow rate of second polymer 1.9 kg/hr
Flow rate ratio first to second polymer 0.5:1
Extrusion temperature 225°C
Quench roll temperature 95°C
Quench takeaway speed 2.1m/min.
[0391] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.50 mm
Netting basis weight 150 g/m?
Bond length in the machine direction 1.2 mm
Net bonding distance in the machine direction (pitch) | 3 mm
First polymer strand width 0.25 mm
Second polymer strand width 0.35 mm.
[0392] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of0.5:I. A digital optical image a 1ox of the netting is shown in FIG. 36, with first strands 3670a and
second strands 3670b.

Example 19
[0393] A co-extrusion die as generaly depicted in FIG. 1was prepared. In this example there are 3

zones of acontinuous orifice that extrudes afilm, and 2 zones of strand orifices to produce net. The
sequence of zones is one film zone, one net zone, one film zone, one net zone, and then one film zone.
Each zone was about 2 cm wide. The total width of the shim setup was 9.5 cm. The extrusion orifices
were aligned in acollinear arrangement as shown in FIG 37.

[0394] For the net zones, the following sequence was stacked together for anet extrusion width of
20 mm. The thickness of each shim was 4 mils (0.102 mm). Four identical shimswere stacked together
to create an orifice width of 16 mils (0.406 mm) to the first cavity. Two identical shims were stacked
together to create an orifice width of 8 mils (0.203 mm) to the second cavity. Two identical shims were
stacked together to create an effective shim width of 8 mils (0.203 mm) for the spacer between orifices.
The shims were formed from stainless steel, with perforations cut by wire electron discharge machining.
The height of the first extrusion orifice was cut to 30 mils (0.762 mm). The height of the second set of
extrusion orifices was cut to 30 mils (0.762 mm). The extrusion orifices were aligned in acollinear,
aternating arrangement.

[0395] For the film zones, 190 identical shims were stacked together to create an effective orifice
width of 760 mils (19 mm). The shim passageway of these shims was connected to the first cavity.
[0396] The inlet fittings on the two end blocks were each connected to aconventional single-screw
extruder. A chill roll was positioned adjacent to the distal opening of the co-extrusion dieto receive the
extruded material. The extruder feeding the first cavity was loaded with polypropylene copolymer pellets
("VISTAMAX 6202").
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[0397] The extruder feeding the second cavity was loaded with polypropylene copolymer pellets

("VISTAMAX 6202"). Other process conditions are listed below:
[0398] For the net zones:

Orifice width for the first cavity 0.406 mm
Orifice height for the first cavity 0.762 mm
Orifice width of the second cavity 0.203 mm
Orifice height of the second cavity 0.762 mm
Ratio of orifice height to width for oscillating strand | 3.75:1
Ratio of first and second orifice area 2:1

Land spacing between orifices 0.203 mm.

[0399] For the film zones:

Orifice height connected to the first cavity | 0.762 mm
Flow rate of first polymer 1.4 kg/hr
Flow rate of second polymer 0.6 kg/hr
Extrusion temperature 218°C
Quench roll temperature 15°C
Quench takeaway speed 1.5 m/min.
5 [0400] Using an optical microscope, the netting dimensions were measured and are shown below:
Netting thickness 0.50 mm
Netting basis weight 220 g/m”
Bond length in the machine direction 0.9 mm
Net bonding distance in the machine direction (pitch) 2.6 mm
First polymer strand width 0.17 mm
Second polymer strand width 0.21 mm,
[0401] The resulting netting had first to second strand cross-sections with a cross sectional arearatio

of 0.9:1. A digital optical image of netting 3800 is shown in FIG. 38, with first strands 3870a, second
strands 3870b, film regions 3899a, 3899b, and 3899c attached to netting 3871a and 3871b.

Example 20
10 [0402] Example 20 was made with the same die and materials as Example 17. Other process

conditions are listed below:

Flow rate of first polymer 1.2 kg/hr
Flow rate of second polymer 1.1 kg/hr
Flow rate ratio first to second polymer | 1.1:1
Extrusion temperature 232°C
Quench roll temperature 15°C
Quench takeaway speed 18 m/min.
[0403] Using an optical microscope, the netting dimensions were measured and are shown below:
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Netting thickness 0.06 mm
Netting basis weight 14 g/m?
Bond length in the machine direction 1.5 mm
Net bonding distance in the machine direction (pitch) 5mm
First polymer strand width 0.03 mm
Second polymer strand width 0.03 mm.

[0404] The net material was then stretched using a seven roll fiber stretching process. The process

rolls were 19 cm diameter. The roll temperatures and speed were run as follows:

Roll 1 80°C 4 m/min
Roll 2 80°C 4 m/min
Roll 3 80°C 4 m/min
Roll 4 20°C 18 m/min
Roll 5 20°C 18 m/min
Roll 6 20°C 18 m/min
Roll 7 80°C 18 m/min.

[0405] The net was collected without tension after roll 7 by allowing the web to drop into abox.
This allows the net torelax and form aweb that has abulk thickness greater than the initial material.

Initial net thickness 0.50 mm
Final net thickness 5 mm
First strand width after stretching 0.015 mm
Second strand width after stretching | 0.015 mm.

5 [0406] A digital optical image of the netting is shown in FIG. 39, with first strands 3970a and second
strands 3970b.

Example 21
[0407] A layered net sample was prepared as loop for ahook and loop attachment article. A hook

engaging net was prepared and intermittently bonded to abase net layer as follows.
10 [0408] The engagement net layer was prepared with the same die setup and materials as Example 17.

Other process conditions are listed below:

Flow rate of first polymer 2.7 kg/hr
Flow rate of second polymer 2.7 kg/hr
Flow rate ratio first to second polymer 1:1
Extrusion temperature 232°C
Quench roll temperature 20°C
Quench takeaway speed 10 m/min.

[0409] The netting was stretched in line 6:1. It was then allowed to relax and curl into abulk
thickness greater than aflat laid example. The stretched, relaxed netting had abasis weight of4 g/m2.
[0410] The loop article base net layer was prepared with the same die as Example 17. The inlet

15 fittings on the two end blocks were each connected to aconventional single-screw extruder. A chill roll
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was positioned adjacent to the distal opening of the co-extrusion dieto receive the extruded material. The

extruder feeding the first and second cavity was loaded with thirty- five melt flow index polypropylene
pellets ("EXXONMOBIL 3155 PP"). Other process conditions are listed below:

Flow rate of first polymer 2.7 kg/hr
Flow rate of second polymer 2.7 kg/hr
Flow rate ratio first to second polymer 1:1
Extrusion temperature 232°C
Quench roll temperature 20°C
Quench takeaway speed 15 m/min.
Netting basis weight 16 g/m*
[0411] Three layers of engagement net were bonded to one layer of base net with ultrasonic welding.

Bonding was performed on a sonic bonder (obtained under the trade designation” OMHZ BRANSON
2000AED" from Branson Ultrasonics Corporation, Danbury, CT) with a 19 mm x 165 mm flat horn. The
anvil was agrooved plate which had abond pitch of 3.6 mm and abond width of 1mm. The bonding
times were between 0.5 and 0.75 second with a 0.5 second hold time after the bond. The bonding energy
was adjusted to provide a secure bond without excessive melting of the strand. Bond forces were about
240 kg. A digital optical image a 10x of the netting 4000 having bond lines 4001 is shown in FIG. 40.
[0412] Peel force to hook was measured with the Shear-Engaged Peel Test. Ten replicates were
performed. The average peel force was calculated a 82 grams.

[0413] Dynamic shear was measured with the 180 Degree Dynamic Shear Test. Ten replicates were

performed. The average shear value of the ten replicates was 1993 grams.

Example 22
[0414] A layered net sample was prepared as loop for ahook and loop attachment article similar to

Example 21. Inthis example, three layers of the hook engaging net was intermittently bonded to abase
net layer of 30 g/m2 polypropylene spunbond nonwoven. A digital optical image at 10x of the netting
4100 having bond lines 4101 is shown in FIG. 41

[0415] Peel force to hook was measured with the Shear-Engaged Peel Test. Ten replicates were
performed. The average peel force was calculated a 100 grams.

[0416] Dynamic shear was measured with the Dynamic Shear Test. Ten replicates were performed.

The average shear value of the ten replicates was 2326 grams.

Example 23
[0417] A layered net sample was prepared as loop for a hook and loop attachment article. A hook

engaging net was prepared and intermittently bonded to abase net layer as follows.
[0418] The engagement net layer was prepared with the same die setup as Example 17. The inlet
fittings on the two end blocks were each connected to aconventional single-screw extruder. A chill roll

was positioned adjacent to the distal opening of the co-extrusion dieto receive the extruded material. The
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extruder feeding the first and second cavity was loaded with thirty-five melt flow index polypropylene

pellets ("EXXONMOBIL 3155 PP). Other process conditions are listed below:

Flow rate of first polymer 2.7 kg/hr
Flow rate of second polymer 2.7 kg/hr
Flow rate ratio first to second polymer 1:1
Extrusion temperature 232°C
Quench roll temperature 20°C
Quench takeaway speed 40 m/min
Netting basis weight 5.5 g/m?,

[0419] The loop article base net layer was prepared the same asthe base net layer of Example 21.
[0420] Three layers of engagement net were bonded to one layer of base net with ultrasonic welding.
Bonding was performed on asonic bonder ("20MHZ BRANSON 2000AED") with a 19 mm x 165 mm
flat horn. The anvil was agrooved plate which had abond pitch of 3.6 mm and abond width of 1 mm.
This example is an arcuate fiber construction whereby the fibers are pressed into the grooves between the
bonding ribs using an array of wires. This forms fiber loops in the final loop construction. The bonding
times were between 0.5 and 0.75 second with a 0.5 second hold time after the bond. Bond forces were
approximately 240 kg. A digital optical image at 10x of the netting 4200 having bond lines 4201 is
shown in FIG. 42.

[0421] Peel force to hook was measured with the Shear-Engaged Peel Test. Ten replicates were
performed. The average peel force was calculated a 294 grams.

[0422] Dynamic shear was measured with the Dynamic Shear Test. Ten replicates were performed.
The average shear value of the ten replicates was 3950 grams.

Example 24
[0423] A layered net sample was prepared as loop for ahook and loop attachment article similar to

Example 23. In this example, four layers of the hook engaging net was intermittently bonded to abase
net layer of beta nucleated polypropylene film. A digital optical image at 10x of the netting 4300 having
bond lines 4301is shown in FIG. 43.

[0424] Peel force to hook was measured with the Shear-Engaged Peel Test. Ten replicates were
performed. The average peel force was calculated a 318 grams.

[0425] Dynamic shear was measured with the Dynamic Shear Test. Ten replicates were performed.
The average shear value of the ten replicates was 4209 grams.

RESPIRATOREXAMPLE

Mechanical Testing
Mechanical testing on headbands was performed using amodel 4302 tensile testing unit, from

Instron Inc., Norwood, MA, that was fitted with a 1kilonewton (kN) load cell. Tensile and hysteresis
tests were performed on single headband strands that were equilibrated to aroom temperature of about 21
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degrees centigrade. Tensile testing was conducted using a gauge length of 101 millimeters (mm) and a

crosshead speed of 8.5 mm/second. Tensile values were reported asthe Maximum Load in Newtons (N)
and Maximum Percent Elongation to the point of failure. Hysteresis testing was conducted using the
same gauge length as the tensile test except the test specimen was cycled through three elongations. The
first hysteresis cycle extended the headband to 300% el ongation of the starting gauge length and returned
tothe starting length, using a crosshead speed of 8.5 mm/second. The two subsequent extensions cycles
were performed to 50% elongation at a crosshead speed of 4.2 mm/second. Hysteresis values, recorded at

the 50% elongation point of the third extension, were reported as the Peak Force in Newtons.

Example 25 and Comparative Example 25C

Head band straps were prepared from an elastomeric stranded mesh. The dual-stranded mesh was
made as described in U.S. Patent Application Ser. No. 61/779,997 filed March 13, 2013, entitled
NETTINGS, DIES, AND METHODS OF MAKING THE SAME. The dual-strand mesh was formed of
units of side-by-side strands of generally triangular-shaped waves having an amplitude of 0.25 millimeter
(mm) and periodicity of 3 mm; the dual strand units being fused together e the peaks of the strand waves.
The mesh was an assembly of the strand units that were also joined at triangular peaks as depicted in FIG.
52 as elastic netting 5016. A first strand 503 1 of the unit was generally rectangular in cross section,
having a diameter of 0.35 mm, and was composed of styrene-ethylene-butylene block copolymer
elastomer ("Kraton G" from Kraton Polymers, Houston, TX) blended with 2% red color concentrate,
("RED POLYPROPYLENE PIGMENT" from Clariant, Minneapolis, MN). A second strand 5033 of the
two-strand unity was 0.40 mm in diameter with around cross section and comprised of styrene-ethylene-
butylene block copolymer elastomer ("Kraton G" from Kraton Polymers, Houston, TX) blended with 2%
white color concentrate, ("WHITE POLY PROPYLENE PIGMENT" from Clariant, Minneapolis, MN).
The nominal thickness of the resulting netting was 0.7 mm, and it had abasis weight of 270 grams per
square meter (g/m?).

Head band straps were cut from the dual-stranded netting along the strand length. The upper
strap was 360 mm long and 8 mm wide, while the lower strap was 305 mm long and had the same width.
Mechanical properties of an individual strap were determined as described in the Mechanical Testing
procedure and are given in Table 1, along with values of a Comparative head band strap removed from a

commercially available respirator type 8210, 3M Company, St. Paul MN:

Table 1
Max 3rd Cycle
Max Load Elongation Peak Force
Newton (N) % N
Comparative 25C 67 750 2
Example 25 68 498 1.8
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Two of the dual-stranded straps as described were ultrasonically welded to the mask body of a

commercialy available respirator type 8210, 3M Company, St. Paul MN, similar to the respirator
illustrated in FIGs. 49 and 51 (with the exception of not having the inner cover web 5032). Welding was
done with aflat-faced horn against aflat anvil using amodel 2000 welder from Branson Inc., Danbury,
CT. The welder was operated a 3500 watts and 20 kilohertz for a dwell time of 0.15 seconds and an
actuation force of approximately 250 N. Masks made using the dual-stranded headbands of the present
disclosure were compared to the 3M commercially available respirator 8210™ of Example 25C. The data
set forth in Table 1 shows that straps of the present disclosure exhibited very good tensile strength and
elongation suitable for use in arespirator.

[0426] This disclosure may take on various maodifications and alterations without departing from its
spirit and scope. Accordingly, this disclosure isnot limited to the above-described but isto be controlled
by the limitations set forth in the following claims and any equivalents thereof.

[0427] This disclosure also may be suitably practiced in the absence of any element not specifically
disclosed herein.

[0428] All patents and patent applications cited above, including those in the Background section,
are incorporated by reference into this document in total. To the extent there is aconflict or discrepancy
between the disclosure in such incorporated document and the above specification, the above

specification will control.
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What is claimed is:

1 A respirator that comprises:

amask body; and

aharness that comprises one or more elastic straps that arejoined to the mask body on opposing
sides of thereof, the strap(s) comprising anetting that has an array of polymeric strands periodically

joined together at bond regions throughout the array but do not substantially cross over each other.

2. The respirator of claim 1, wherein the strap(s) has athickness up to 1 millimeter.

3. The respirator of claim 1, wherein e least one of the one or more strap(s) comprises first and

second layers of the netting, the first and second layers of the netting being secured to each other.

4, The respirator of claim 3, wherein e least one of the one or more strap(s) comprises first and

second layers of the netting, the first and second layers of the netting being secured directly to each other.

5. The respirator of claim 4, wherein the first netting layer has afirst color that is different from a

color of the second netting layer.

6. The respirator of claim 5, wherein the first and second netting layers are secured to one another
such that the array of polymeric strands in each of the layers correspond to one another when viewed

from aplane projected onto amajor surface of the strap(s).

7. The respirator of claim 1, wherein the array of polymeric strands has open spaces that allow a

person to see through the array.

8. The respirator of claim 7, wherein the open spaces are air permeable.
9. The respirator of claim 8, wherein the open spaces are about 0.1to 40 mmZ2in size.
10. The respirator of claim 9, wherein the strands have a cross-sectional area of about 0.03 to 1 mm?2.

11 The respirator of claim 10, wherein one or more of the strands comprise ablock copolymer.

12. The respirator of claim 11, wherein the block copolymer is a styrene-ethylene-butylene block

copolymer.

13. Therespirator of claim 12 being afiltering face-piece respirator.

-62 -



10

15

20

25

WO 2015/130591 PCT/US2015/017036

14. The respirator of claim 13, wherein the harness comprises first and second straps that are each

ultrasonically welded to first and second sides of the mask body.

15. A respirator that comprises:
amask body; and

aharness that comprises one or more elastic straps that have an openwork construction.

16. The respirator of claim 15, wherein the openwork structure is anetting.
17. Therespirator of claim 16, wherein the netting comprises a series of strands that do not cross over
each other.

18. Therespirator of claim 16 being afiltering face-piece respirator.

19. The respirator of claim 18, wherein the harness comprises first and second straps that are each
welded to first and second sides of the mask body.

20. Therespirator of claim 19, wherein the first and second straps each comprise first and second
layers of the netting, the first and second layers of the netting being secured directly to each other, and
wherein the first netting layer has afirst color that is different from the color of the second netting layer,
and wherein the first and second netting layers are secured to one another such that the array of polymeric
strands in each of the layers correspond to one another when viewed from a plane projected onto amajor

surface of the strap(s).
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