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LIQUID IMPERMEABLE,  BREATHABLE BARRIER LAYER *159159* FIELD OF THE
INVENTION The present invention relates to paper webs, and more
particularly to multiple ply paper webs having a breathable, liquid
impermeable barrier layer. BACKGROUND OF THE INVENTION Cellulosic fibrous
structures, such as paper webs, are well known in the art. Such paper webs
can be used for facial tissues, toilet tissue, paper towels, and napkins,
each of which is in widespread use today. If these products are to perform
their intended tasks and find wide acceptance, the fibrous structure should
exhibit suitable properties in terms of absorbency, bulk, strength, and
softness. Additionally, there is a desire to make such paper webs having
increased ability to stop certain fluids from passing through the web
during use. For example, for facial tissues, it is desirable to stop the
passage of bodily fluids during sneezing, coughing, nose blowing, and the
like. These bodily fluids pose a heath risk due to the presence of
bacteria, germs, or other pathogens. Once pathogens carried by mucous,
saliva, or other droplets of bodily fluids pass through a facial tissue,
they can remain on the hands of the user, thereby providing a means for
transmission of germs, and possibly disease. The transfer of pathogens from
person to person is known to frequently occur from hand to hand contact.
Furthermore, it appears that the only defense against many viral diseases,
including the common cold, is the prevention of their spread. Airborne
pathogens are not the only mode of disease transmission. Bloodborne
pathogens are those organisms that can cause disease in humans and which
are transmitted by human blood or other human body fluids. Other human body
fluids include serum, vaginal secretions, and other body fluids
contaminated with blood. Often it is desirable to use a paper web to absorb
or wipe blood from the body. In these situations it is desirable to have a
paper web with absorbent properties, but with a barrier    WO 00/05065 2
PCT/IB99/01291 layer to prevent rapid absorption through the paper web of
blood or other human body fluids. To prevent the spread of germs, bacteria,
and other pathogens, attempts have been made to provide barrier layers in
tissue products. For example, one or more plies of tissue may be treated
with a substance designed to entrap and contain droplets of fluids.
However, such substances may not form a complete barrier to the passage of
fluids, particularly small droplets which can readily "strikethrough"
tissue paper, or Liquid that can be rapidly absorbed through. Therefore,
treated tissues may not be capable of preventing the contamination of the
hands of the user. 



Other attempts at providing an effective barrier layer include the
inclusion in the one or more plies of a waterproof pliable plastic material
between the layers of the facial tissue. For example, U.S. Patent. No.
5,196,244 to Beck teaches a very thin, pliable material (e.g.,
polyethylene) incorporated between the layers of a tissue and held in place
by embossing. However, plastic films can decrease the flexibility, or hand,
of the material, as well as increase the noise of the tissue in use.
Additionally, for safety reasons (e.g., to prevent accidental suffocation)
it is important that the tissue remain air or vapor permeable to a certain
extent. U.S. Patent No. 4,885,202, to Lloyd et al., teaches the use of
meltblown fibers intimately overall thermally bonded between two outer
tissue plies for wet strength. However, the required thermal bonding can
add stiffness to the multiple ply tissue, as well as increasing web
stiffness and possibly increasing manufacturing costs. Accordingly, it
would be desirable to provide a flexible, breathable paper Web which is
liquid impermeable. Additionally, it would be desirable to provide a
cellulosic paper web which exhibits barrier properties to the passage of
airborne pathogens in the form of liquid droplets, and is economically
produced. Further, it would be desirable to provide a flexible, breathable,
cellulosic paper web which exhibits barrier properties to the passage of
airborne or bloodborne pathogens.   WO 00I05065 3 SUMMARY OF THE INVENTION
PCT/IB99/01291 Disclosed is a multiple ply paper web comprising at least
one outer cellulosic ply, preferably two outer celluIosic plies, passively
bonded to at least one inner ply. The inner ply can be comprised of
meltblown fibers formed into a liquid-impermeable, breathable nonwoven web.
The tissue plies can be creped tissue paper having a basis weight of from
about 10 g/m2 to about 100 g/mz, preferably from about 15 g/m2 to about 25
g/m2. In a preferred embodiment, the meltblown fibers of the inner ply
comprise polypropylene fibers having an average diameter of less than about
10 microns, and more preferably less than about 2.5 microns. The nonwoven
web can have a basis weight from about 1 g/m~ to about 15 g/mz, preferably
from about 1 g/mz to about I O glmz, and more preferably from about 1 g/m2
to about 8 g/mz. In a preferred embodiment the inner ply has a Moisture
Vapor Transmission Rate of at lease about 4000, and can hold a hydrostatic
head of at least about 20 mm HZO. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is a cross-sectional view of a paper web having a liquid impermeable, 



breathable barrier layer according to the present invention. FIG. 2 is a
schematic representation of an apparatus for making a liquid impermeable,
breathable paper web having a barrier layer according to the present
invention. FIG. 3 is a plan view of an alternative embodiment of a paper
web of the present invention, showing adhesive bonding along at least two
edges. FIG. 4 is a graphical representation of the vapor transmission
properties of a paper web of the present invention. FIG. 5 is a graphical
representation of the liquid impermeability properties of a paper web of
the present invention. DETAILED DESCRIPTION OF THE INVENTION   W(7 00I05065
4 PCT/IB99/01291 With reference to FIG. 1, the present invention comprises
a multiple-ply paper web 10, which, in a preferred embodiment is a facial
tissue. Paper web 10 comprises at least one liquid impermeable, breathable
barrier layer 20, disposed between and contiguous with at least two
cellulosic paper webs 30. While a three layer embodiment is illustrated,
such an embodiment is considered preferred, but not limiting. In practice,
it may be desirable to have a two-layer embodiment, with one barrier layer
and one cellulosic paper web. Of course, paper webs 10 having more than
three component layers are also contemplated and considered to be within
the scope of the present invention. Paper web 10 may be prepared as a
single sheet for use as a facial tissue, napkin, paper towel, or bath
tissue, depending on the type of paper used for the cellulosic paper webs.
A plurality of paper webs 10 may also be provided on a roll, the roll
having perforations to define individual web sections, each section being
removable for use, such as is commonly used for bash tissue (e.g., toilet
paper). If prepared as bath tissue, roll dispensing is the preferred method
of use, and paper such as the commercially successful CHA12MIN brand tissue
paper can be used as the cellulosic paper layer. However, in a preferred
embodiment, a plurality of paper webs 10 can be cut, folded, and optionally
interleaved into a stack of facial tissues suitable for dispensing from a
container, such as a box or tub. In this embodiment, paper such as the
commercially successful PUFFS brand facial tissue can be used as the
cellulosic paper layer. CHARMIN AND PUFFS are both marketed by the instant
assignee, The Procter & Gamble Co. of Cincinnati, OH. As used herein, the
term ``paper web" or "cellulosic paper web" refers to the web of the
present invention, which comprises at least one component layer that is not
paper and at least one component layer that is cellulosic paper. For
example, the web of the present invention can comprise a meltblown nonwoven
barrier layer between cellulosic paper layers, or vice versa As used
herein, the term "ply" means individual web components disposed in a
substantially contiguous, face to face relationship, forming a multiple ply
web of the present invention. It is also contemplated that a single web
component can effectively form two "plies", for example) by being folded on
itself. Therefore, a cellulosic layer folded on itself, with a nonwoven
layer inserted between the two folded portions would   WO 00/05065 5 



PCT/IB99/01291 effectively form a three ply web of the present invention.
Likewise, a component ply folded upon itself without any additional plies
inserted between the folded portions would effectively form a two ply web.
As used herein, the term "liquid" refers primarily to body fluids, such as
water, mucous, saliva, blood and other body fluids, but may also include
other liquids. "Liquid" refers to liquid fluids, as opposed to gaseous or
vapor fluids. Certain body fluids, such as mucous, may have very high
viscosities, but are still considered liquids for the purposes of the
present invention. As used herein, "liquid-impermeable" with reference to
the barrier layer means that liquid impinging upon the barrier layer does
not readily penetrate from one side to the other. For example, in a paper
web of the present invention, liquid brought into contact with one side of
the paper would not be able to rapidly pass through to the other side due
to the presence of the liquid impermeable barrier layer. Therefore,
airborne droplets would be prevented from passing through the paper web,
and liquid absorbed on one side of the paper web is prevented from passing
through to the other side during use. Liquid impermeability can be
determined by measuring hydrostatic head, as set forth in the Analytical
Methods section below. For a web of the present invention a barrier layer
able to withstand a hydrostatic head of at least about 20 mm HzO, and
preferably at least about 60 mm HzO, and is considered to be liquid
impermeable. As used herein, "breathable" with reference to the barrier
layer means that air, vapor, or other gases may pass through the barrier
layer relatively unimpeded. Breathability) also referred to as vapor
permeability herein, can be determined by measuring the Moisture Vapor
Transmission Rate (MVTR) as measured by the method set forth in the
Analytical Methods section below. For a web of the present invention, a
barrier layer having an MVTR of greater than about 4000 gH20/24hrs/m'' is
considered to be breathable, i.e., air permeable. As used herein, "barrier
layer" means a component ply of a paper web of the present invention which
is liquid impermeable and breathable. In a preferred embodiment, a barrier
layer is placed between two tissue paper layers to form a soft, flexible
tissue, capable of preventing the passage of liquids, e.g., airborne or
bloodborne   WO 00/05065 6 pathogens, yet remaining air and vapor
permeable. PCT/1B99/01291 As used herein, by "passive bonding" is meant
bonding of component plies in the absence of the application of adhesive,
thermal or ultrasonic means, embossing, or other active bonding means. For
example, passive bonding can refer to the bonding that occurs when two
plies of material are brought into contact with one another, such that the
materials tend to "stick" to one another. Passive bonding is generally very
light, and represents the natural affinity of materials to remain in
contact once placed in contact with one another. For example, passive
bonding may be due to static electric charges, cohesive forces, or simple
mechanical bonding, such as may be analogous to "hook and loop" fasteners.
As used herein, by "active bonding" is meant bonding of component plies in
known methods, such as by the application of adhesive, thermal or
ultrasonic means, embossing, 



needling or other bonding means. Cellulosic Paner Webs Cellulosic paper
webs 30 may be creped paper webs consisting essentially of cellulosic
papermaking fibers and have a basis weight of about 10 to l00 grams per
square meter (gsm or g/m2) per ply, preferably 13 to 40 g/mz per ply, and
more preferably 15 to 25 g/m' per ply. In a preferred embodiment,
cellulosic paper webs 30 are creped tissue webs suitable for use as facial
tissue or premium facial tissue. Cellulosic paper webs 30 may be dried with
a press felt, similar to how the commercially successful PUFFS brand of
facial tissues marketed by The Procter & Gamble Co is dried. It is
currently preferred to use identical paper webs 30, that is, substantially
identical in basis weight, thickness, composition and other properties.
However, it is contemplated that certain benefits may be realized by using
paper webs having differing properties. For example, the component paper
webs 30 may differ in basis weight, thickness, composition, or other
properties, providing one side of the paper web with a relatively smooth
surface, and one side having a relatively rough surface. Cellulosic paper
webs 30 of the present invention may be made by conventional processes
known in the art for producing tissue paper useful for facial tissues,
toilet   WO 00/05065 7  PCT/IB99/01291 tissue, paper towels, or napkins.
However, cellulosic paper webs 30 of the present invention are preferably
made by through air drying processes, and more preferably by use of a
patterned resinous papermaking belt. A preferred patterned resinous
papermaking belt comprises two primary components: a framework and a
reinforcing structure. The framework preferably comprises a cured polymeric
photosensitive resin. One surface of the patterned resinous papermaking
belt comprises the cured polymeric photosensitive resin and contacts one
surface, for example, first surface 31, of the cellulosic paper webs 30
carried thereon. During papermaking, this surface of the patterned resinous
papermaking belt may imprint a pattern onto the first surface 31 of
cellulosic paper webs 30 corresponding to the pattern of the framework. A
patterned resinous papermaking belt suitable for a preferred embodiment of
the present invention may be made according to any of commonly assigned
U.S. Patents: 4,5l4,345, issued April 30, 1985 to Johnson et al.;
4,528,239, issued July 9, 1985 to Trokhan; 5,098,S22, issued March 24,
1992; 5,260,171, issued Nov. 9, 1993 to Smurkoski et al.; S,275,700, issued
Jan. 4, 1994 to Trokhan; 5,328,565, issued July 12, 1994 to Rasch et al.;
5,334,289, issued Aug. 2, l994 to Trokhan et al.; 5,43l,786, issued July
11, 1995 to Rasch et al.; 5,496,624, issued March 5, 1996 to Stelljes, Jr.
et al.; 5,500,277, issued March 19, 1996 to Trokhan et al.; 5.514,523,
issued May 7, 1996 to Trokhan et al.; 5,554,467, issued Sept. 10; 1996, to
Trokhan et al.; 5,566,724, issued Oct. 22, 1996 to Trokhan et al.;
5,624,790, issued April 29, 1997 to Trokhan et al.; and 5,628,876, issued
May 13, l997 to Ayers et ai., the disclosures of which are incorporated
herein by reference. The cellulosic paper webs 30 of the present invention
can have two primary regions. The first region comprises an imprinted
region which is imprinted against the framework of a patterned resinous
papermaking belt. The imprinted region preferably comprises an essentially
continuous network. The continuous network of the first region of the
cellulosic paper webs 30 is made on the essentially continuous framework of
the patterned resinous papermaking belt and will generally correspond
thereto in geometry and be disposed very closely thereto in position during
papermaking. The second region of the cellulosic paper webs 30 can comprise
a plurality of   W O 00l05065 



8 PCT/IB99/01291 domes dispersed throughout the imprinted network region.
The domes generally correspond in geometry, and during papermaking in
position, to the deflection conduits in the patterned resinous papermaking
belt. The domes protrude outwardly from the essentially continuous network
region of the paper, by conforming to the deflection conduits during the
papermaking process. By conforming to the deflection conduits 16 during the
papermaking process, the fibers in the domes are deflected in the
Z-direction between the paper facing surface of the framework and the paper
facing surface of the reinforcing structure. Preferably the domes are
discrete. The cellulosic paper webs 30 according to the present invention
may be made according to any of commonly assigned U.S. Patents: 4,529,480,
issued July 16, 198S to Trokhan; 4,637,859, issued Jan. 20, 1987 to
Trokhan; 5,364,504, issued Nov. 15, 1994 to Smurkoski et al.; and
5,529,664, issued June 25, 1996 to Trokhan et al. The cellulosic paper webs
may have certain lotions or emollients added, for example according to any
of commonly assigned U.S. Patents: 4,48l,243, issued November 6, 1984 to
Allen; and 4,513,05l issued April 23, 1985 to Lavash. The disclosures of
all the above-mentioned patents are hereby incorporated herein by
reference. If desired, the ccllulosic paper webs 30 may be dried and wade
on a through-air drying belt not having a patterned framework. Such
cellulosic paper webs 30 may have discrete, high density regions and an
essentially continuous low density network. During or after drying, the
cellulosic paper webs 30 may be subjected to a differential vacuum to
increase its caliper and desensify selected regions. Such paper, and the
associated belt, may be made according to the following patents: 3,301,746,
issued Jan. 31, 1967 to Sanford et al.; 3,905,863, issued Sept. 16, 1975 to
Ayers; 3,974,025, issued Aug. 10, 1976 to Ayers; 4,191,609, issued March 4,
1980 to Trokhan; 4,239,065, issued Dec. 16, 1980 to Trokhan; 5,366,785
issued Nov. 22, 1994 to Sawdai; and 5,520,778, issued May 28, 1996 to
Sawdai, the disclosures of which are incorporated herein by reference. The
reinforcing structure may be a felt, also referred to as a press felt as is
used in conventional papermaking without through-air drying. The framework
of a patterned resinous papermaking belt may be applied to the felt
reinforcing structure as taught by commonly assigned U.S. Patents
5,5S6,509, issued Sept. 17, 1996 to Trokhan et al.; 5,580,423, issued Dec.
3, 1996 to Ampulski et al.; 5,609,725, issued Mar. 11, 1997 to   WO
00I05065 9 PCT/IB99/01291 Phan; 5,629,052 issued May 13, 1997 to Trokhan et
al.; 5,637,194, issued June 10, f997 to Ampulski et al. and 5,674,663,
issued Oct. 7, 1997 to MeFarland et al., the disclosures of which are
incorporated herein by reference. The cellulosic paper webs 30 of the
present invention may also be foreshortened, as known in the art.
Foreshortening can be accomplished by creping the cellulosic paper webs 30
from a rigid surface, and preferably from a cylinder. A Yankee drying drum
is commonly used for this purpose. Creping is accomplished with a doctor
blade as is well known in the art. Creping may be accomplished according to
commonly assigned U.S. Patent 4,919,756, issued April 24, 1992 to Sawdai,
the disclosure of which is incorporated herein by reference. Alternatively
or additionally, foreshortening may be accomplished via wet
microcontraction as taught in commonly assigned U.S. Patent 4,440,597,
issued April 3, 1984 to Wells et al., the disclosure of which is
incorporated herein by reference. Barrier Layer Liquid impermeable,
breathable barrier layer 20 can comprise meltblown fibers formed into a
nonwoven web. Preferably the web is formed such that it can be stored as
roll stock for use in the process of making a paper web having a barrier
layer, as described below with reference to FIG. 2. By forming into roll
stock, the barrier layer 20 can be produced at optimum rates, and stored
for future incorporation as one of the component plies in a paper web 10 of
the present invention. This is currently considered the most economical
manner in which to incorporate a barrier layer into a multiple ply paper
product. However, it is also contemplated that barrier layer 20 can be
produced as a web and incorporated directly into a paper web 10, without
the barrier layer or the paper web first being rolled into rollstock. For
example, meltblown fibers as the barrier layer 20 could be added at the dry
end of the papermaking process. Barrier layer 20 can be formed from any
composition, and is preferably a thermoplastic material capable of
extrusion into microfibers. Examples include polyolefins such as
polypropylene and polyethylene, polyesters such as polyethylene
terephthalate, polyamides such as nylon, as well as copolymers and blends
of these and other thermoplastic polymers. Preferred among these are
polyolefins, and most preferred 



WO 00105065 10 PCTlIB99/01291 are polypropylenes due to their ease of
processing into microfibers by meltblbwn extrusion processes. Barrier layer
20 can be a very low basis weight polypropylene meltblown nonwoven. For
example, barrier layer 20 can have a basis weight from about 1 to about 8
g/mz. The meltblown fibers preferably have average diameters less than
about 10 microns, and more preferably less than about 6 microns. In a
preferred embodiment, the meltblown fibers have average diameters of less
than about 2.5, and more preferably less than about 2 microns. Meltblowing
fibers for barrier layer 20 can be canted out by methods known in the art.
For example, meltblowing generally comprises extruding a thermoplastic
through a die tip in the presence of a stream of air which breaks up the
extrudate into individual fibers. In the case of barrier layer 20
manufacture, the fibers are then collected on a moving belt and solidified
to form a nonwoven fibrous structure. A preferred method of meltblowing is
described in U.S. pat. No. 3,978,185 to Buntin et al, issued August 31, I
976, the disclosure of which is hereby incorporate herein by reference.
Barner layer 20 can be formed into a web and wound on a supply roll 220 for
subsequent processing as roll stock. Barrier layer 20 can be processed into
paper web 10 by a combining apparatus 200, as shown in FIG. 2. In the
configuration shown, cellulosic webs 30 can be drawn off rolls 230. Barrier
layer 20 and cellulosic web plies 30 can be combined into web 10 of the
present invention by drawing through combining rollers 250, which bring the
component plies into intimate contact, and may compress the component plies
to achieve passive bonding of the component plies. Therefore, in one
embodiment, no adhesive is used to bond the plies together; the plies are
held together passively, i.e., by passive bonding, as described below.
Paper web 10 can be manufactured by combining the multiple plies into a
multiple ply paper web by other methods known in the art, including by the
use of various active bonding techniques, including adhesive bonding,
thermal bonding, ultrasonic bonding, and mechanical bonding by embossing.
However, it has been unexpectedly found that it is not necessary to
actively bond the plies into a multiple ply web. Instead, bonding can occur
passively, upon combining the component plies into a multiple ply paper web
of   W O 00/05065 11 PCT/1B99/01291 the present invention. For example,
with reference to FIG. 2, sufficient bonding'occurs at combining rollers
250 to hold the component plies in intimate contact for further processing
and use. For example, paper web 10 may be cut, folded, and used as a
tissue, without unintentional debonding of the component plies. This
surprising result provides for a multiple ply paper web 10 without the
additional cost of bonding, such as by thermal bonding, adhesive bonding,
ultrasonic bonding, or bonding by embossing. As well, passive bonding
avoids the use of adhesives between the plies which can add significant
stiffness to the multiple ply web. Stiffness is undesirable in such webs,
particularly for webs for use as facial or bath tissues. Passive bonding
provides relatively little bond strength between the plies, which is
sufficient to hold the plies together for normal use. For example, when
used as a folded and stacked tissue, the paper web 10 of the present
invention exhibits sufficient ply-toply bonding to prevent unintentional
debonding of the plies. Without being bound by theory, it is believed that
the passive bonding of the webs may be due to static electric charges
present in the materials, and may be somewhat variable due to other
factors, for example, relative moisture levels in the web components. Also,
the light passive bonding may be due to mechanical bonding of the exposed
fibers of barrier layer 20 to contacting fibers of cellulosic webs 30. The
mechanical bonding may be analogous to "hook and loop" fasteners, wherein
bonding is facilitated by the engagement of male and female members of the
constituent components. 



The beneficial results of having a breathable barrier layer incorporated
into a multiple ply paper web include preventing the spread of
disease-carrying germs that could pass through the tissue onto the hands of
the user. For example, a single sneeze may produce from a few hundred
thousand to a few million droplets of fluid, which are potential sources of
viruses, bacteria, or other pathogens. Furthermore, it appears that the
only defense against the common cold is the prevention of its spread. A
liquid impermeable (i.e., impermeable to droplets of fluid) layer serves as
an effective barrier to transmission of fluid droplets when used as a
component in a tissue, thereby reducing or eliminating the chance for
disease-carrying germs to pass through. Aside from simply preventing the
spread of airborne fluid droplets, the paper web of the present invention
is likewise useful for keeping the hands of the user dry dunng   WO
00/05065 12 PCTlIB99/01291 acts related to sneezing and nose blowing and
the like. For example, post sneeze or'nose blowing wiping and cleaning can
often leave the fingers or hands of the user wet. The barrier layer of the
present invention can prevent this undesirable wetness. Further, the hands
and fingers of adults cleaning the nose or mouth of children can be kept
dry due to the Liquid impermeability of the barrier layer. Further benefits
of a breathable barrier layer in a tissue product include the safety of a
breathable, i.e., air permeable, product being used near the mouth or nose.
It is generally undesirable to have an air-impermeable component for use
near the nose or mouth, due to the possibility of suffocation. This problem
is particularly relevant to the use of air-impermeable facial tissue
products by children. If an air-impermeable tissue is used improperly, or
if it is ingested and becomes lodged in the user's air passages, it can
cause suffocation. The benefits of the present invention are not limited to
facial tissue embodiments. Far example, bath tissue, commonly termed toilet
paper, may also benef t from being liquid impermeable. Having a soft,
flexible, liquid impermeable bath tissue can eliminate the unpleasant
experience of wet fingers or hands during or after use. Furthermore, paper
webs of the present invention may be useful as components of bandages,
catamenials, diapers, sanitary napkins, and the like. In a preferred
embodiment, the plies of the multiple ply paper web 30 of the present
invention are passively bonded by the method disclosed above with reference
to the apparatus shown in FIG. 2. However, if desired, it is contemplated
that a certain amount of adhesive or other active bonding means could be
added to provide additional adhesion to portions of the component plies.
For example, needling, embossing, or other thermal or mechanical bonding
means could be used to actively bond the paper web 30 near some or all of
the edges of paper web 30, thereby providing increased resistance to
undesired delamination of the component plies. As shown in FIG. 3, a paper
web 10 of the present invention may be comprised of two outer paper plies
30, and a nonwoven web inner ply of meltblown fibers 20 as disclosed above,
wherein the nonwoven web has a smaller width dimension Wl than the width
dimension W2 of the outer tissue plies. By placing a nonwoven having a
smaller   WO 0U/05065 13 PCT/IB99/01291 width dimension W1 between the two
outer plies, the two outer tissue plies may be joined at the edges at a
bonding region 25, such as by a strip of adhesive. Joining, or bonding, may
be accomplished by a continuous strip of adhesive, a discontinuous strip,
such as spots of adhesive, or per the teachings of commonly assigned U.S.
Patent No. 5,143,776, issued to Givens, the disclosure of which is
incorporated herein by reference. In one embodiment, adhesive can be
applied along opposing longitudinal edges in the machine direction by a
print applicator 260, as shown in FIG. 2. Print applicator 260 may be a
rolling applicator, such as a gravure roller, or it may be a spray
applicator, or other adhesive applicator known in the art. 



Joining may also be by ultrasonic bonding, autogeneous bonding, or other
bonding methods known in the art. For example, if the edges of the inner
ply or plies are coextensive with the edges of the outer plies, adhesive
bonding may not provide active bonding, depending on the adhesive used, and
the surface energy characteristics of the nonwoven inner ply. In this case,
mechanical bonding may be more desirable, for example by mechanical bonding
at a mechanical bonding station after formation of the multiple ply web.
FIG. 2 shows a mechanical bonding station 270, which may be embossing
rollers, ultrasonic bonding means, needling means, or other non-adhesive
bonding methods. While FIG. 3 illustrates a nonwoven ply having a smaller
width dimension than the outer plies, it is understood that other
dimensional configurations are possible, with the only limitation being
that the outer plies be joined at certain portions, preferably one or more
of the perimeter edges. For processing economies, it is contemplated that
the preferred configuration is as illustrated, i.e., making the width
dimension (corresponding to ~ the cross machine dimension) smaller. In this
manner, active bonding (such as adhesive, mechanical, autogeneous, etc.)
can be done continuously in the length dimension (corresponding to the
machine direction) during continuous web processing. It has been found that
the basis weight of barrier layer 20 impacts breathability and barrier
properties of the paper web 10. Breathability is measured according to the
test method for determining Moisture Vapor Transmission Rates (MVTR) as
shown in the Analytical Methods section below. Barrier properties are
determined by measurement of hydrostatic head of water, as shown in the
Rising Water Column test method, also set   W O 00I05065 14 forth in the
Analytical Methods section below. PCT/IB99/01291 FIG. 4 shows a graphical
representation of MVTR vs. basis weight of the meltblown barrier layex 20
for paper webs 10 having differing barrier layer 20 fiber diameters. As
shown, for a barrier layer having average fiber diameters of 10 microns,
the MVTR (gH20/24hrs/m2) ranges from about 6400 at a basis weight of about
4 gsm to about 4600 at 1 S gsm. It appears that, for average fiber
diameters of 10 microns, as the basis weight increases MVTR generally
decreases. However, for fiber diameters of about 2 microns, the MVTR was
more consistent, ranging from about 5200 to about 4500, and actually showed
an increase from 8 gsm to 15 gsm. It is believed that MVTR values above
about 4000 are sufficient for safely incorporating barrier layer 20 into a
paper web 10 suitable for use as a facial tissue. FIG. 5 shows a graphical
representation of hydrostatic head vs. basis weight of the meltblown
barrier layer 20 for paper webs 10 having different barrier layer 20 fibers
diameters. As shown in FIG. 5, it appears that the lower the average fiber
diameter, for a given basis weight, the greater the hydrostatic head
necessary to cause liquid transmission through the barrier layer 20. For
example, at a basis weight of 4 gsm, a barrier layer having average fiber
diameters of 10 microns, holds about 0 mm Hz0 of hydrostatic head. However,
for the same basis weight, a barrier layer having average fiber diameters
of about 2 microns will hold about 125 mm of H20 of hydrostatic head. This
relative differential holds for other basis weights, for example, up to
about 15 gsm, in which the 10 micron and 2 micron diameter embodiments hold
about 140 mm H~0 and l60 mm HZO, respectively. EXAMPLE By way of example,
five samples of facial tissue were made, each as a three ply laminate, as
shown in FIG. 1. A meltblown center ply barrier layer was placed between
two plies of wet-laid cellulosic tissue paper. Each sample was produced on
simple unwind/combine/rewind equipment, as shown in FIG. 2, with no active
bonding taking place. Each sample was identical, except for differing basis
weights of the meltblown ply. The three samples were produced with
meltblown barrier layers having basis   WO 00/05065 15 



weights of 4, 6, 8, 10, and I 5 gsm, respectively. PCTlIB99/01291 The
cellulosic tissue paper webs were produced in a through air drying process,
generally according to the teachings of the aforementioned U.S. Pat. No.
4,637,859. The paper webs had a basis weight of 12.7 1b/3000 sqft (about 21
gsm) per ply, and were comprised of about 40% Northern Softwood Kraft, and
about 60% Eucalyptus fibers. Additives injected into the pulp slurry in the
wet end include Kymene 557A at a ratio of about 10 lbs of Kymene solids per
ton of dry paper, and carboxy methyl cellulose (CMC), available under the
trade name 7MT, injected at a ratio of about 2 lbs of solids per ton of dry
paper. Both Kymene and CMC are available from Hercules, Inc. of Wilmington
DE. The meltblown ply was produced as a nonwoven web utilizing a 1-meter
wide J&M Laboratories, Inc. polymer meltblown die. The die had 30 holes per
linear inch with an orifice diameter of 0.16 inch, and a 10:1 length to
diameter ratio. An Exxon, Inc. 3546G 1200MFR polypropylene resin was
extruded to an average fiber diameter of about 2 to 2.5 microns. During
extrusion of the polypropylene, the fibers were attenuated by impinging air
streams. The attenuated fibers were laid down on a vacuum assisted forming
wire where they formed the completed nonwoven web. The nonwoven web was
then wound as roll stock for subsequent processing into a web of the
present invention. The two cellulosic webs were then processed as described
above, with reference io FIG. 2, as outer plies separated by the meltblown
ply. No adhesive bonding, thermal bonding, or embossing bonding was used.
The plies of the finished web were passively bonded by bringing together in
intimate contact by pressure rollers. The amount of passive bonding is
described below. Table 1 below shows the hydrostatic head and MVTR levels
for the five samples. As disclosed above, the combination of high levels of
liquid impermeability together with high levels of air or vapor
permeability is an unexpected benefit of the present invention. Table l :
Hydrostatic Head and MVTR for Meltblown Ply of Examples Basis Weight
Hydrostatic Head MVTR (glmZ) (mm H~0) (gH20/24hrs/m2)   WO 00/05065 ~s
PCT/1B99/01291 4125S2006137500081124600101604700151585000 The bonding of
the webs, termed "passive bonding" produced a weak, yet sufficient, bond
between the component plies. The level of bonding appears to be independent
of the basis weight of the meltblown nonwoven. By "sufficient" bonding it
is meant that the plies bonded together with enough bond strength to
prevent undesired delamination when the web is cut, folded, stacked, and
used by the consumer. Analytical Methods 



Moisture Vapor Transmission Rate (MVTR) MVTR was determined by a method
that is based in part on ASTM E96, which is hereby incorporated by
reference, and is reported in gH20/24hrs/m2. This method is referred to as
the "desiccant method" for measuring moisture vapor transmission rate as
set forth below. Briefly summarizing this method, a defined amount of
desiccant (CaCl2) is put into a flanged "cup" like container. The sample
material is placed on the top of the container and held securely by a
retaining ring and gasket. The assembly is then weighed and recorded as the
initial weight. The assembly is placed in a constant temperature (40C +/- 3
C) and humidity (75% RH +/- 3%) chamber for five (5) hours. The assembly is
then removed from the chamber, sealed with plastic wrap to prevent further
moisture intake, and allowed to equilibrate for at least 30 minutes at the
temperature of the room (c.g., 20 +/- 2C) where the balance is located. The
amount of moisture absorbed by the CaClzis determined gravimetrically and
used to   W O 00I05065 17 PCT/IB99/01291 estimate the moisture vapor
transmission rate (MVTR) of the sample by weighing the assembly deducting
the initial weight from the final assembly weight. The moisture vapor
transmission rate (MVTR) is calculated and expressed in gHZ0l24hrs/m2 using
the formula below. Samples are assayed in triplicate. The reported MVTR is
the average of the triplicate analyses, rounded to the nearest 100. The
significance of differences in MVTR values found for different samples can
be estimated based on the standard deviation of the triplicate assays for
each sample. Suitable Analytical Balances for performing the gravimetric
measurements include a Mettler AE240 or equivalent (300 g capacity) or a
Sartorius 2254S0002 or equivalent ( 1000 g capacity). A suitable sample
holding assembly comprises a round cup and retaining ring machined from
Delrin (such as that available from McMasterCarr Catalog #8572K34) with a
gasket made of GC Septum Material (Alltech catalog #6528). The circular
open area of the mouth of the cup was 0.0007069 square meters. The
desiccant comprises CaCl2 156 for U-tubes, available from Wako Pure
Chemical Industries, Ltd., Richmond, VA. Product # 030-00525. The plastic
wrap comprises Saran Wrap, available from Dow Chemical Company, or
equivalent. A suitable environmental chamber is available from Electro-Tech
Systems, Ine, ETS, model 506A or equivalent. The temperature controller is
ETS model 513A or equivalent, the humidity controller is ETS model 514 or
equivalent, the heating unit is a Marley Electric Heating Model 2512WC (400
watts) or equivalent, the huraidifier is ETS model 5612H or equivalent. The
CaCl2 can be used directly from a sealed bottle as long as the size of the
lumps is such that they do not pass through a No. 10 sieve. Usually the top
two-thirds of the bottle does not have to be sieved. However, the bottom
third contains fines that should be removed by sieving. The CaCl2 can be
used from a closed container without drying. It can be dried at 200C for 4
hours if required. Representative samples should be obtained from the
materials to be tested. Ideally, these samples should be taken from
different areas of the material so as to represent any variations present.
Three samples of each material are needed for this 



analysis.   WO 00/05065 18 PCT/IB99/01291 Samples should be cut into
rectangular pieces approximately 1.5" x 2.5". If the samples are not
uniform, clearly mark the area for which breathability is to be evaluated.
If the samples are not bi-directional, clearly mark the side that is to be
exposed to high humidity. For samples used in diapers and catamenials, this
is usually the side that contacts the absorbent component of the article or
the wearer in the case of garments. To begin a test session, (1) weigh
approximately 15 grams of CaClz and place in the MVTR cup. Gently tap the
cup about 10 times, or as needed, on the bench top to distribute and
lightly pack the CaClz. The CaCl2 should be level and about I cm below the
top of the cup. Adjust the amount of CaCl2 until the 1 cm distance is
achieved. Then (2) place the sample, with the high humidity side up (if
required), over the opening in the top of the cup. Make sure that the
sample overlaps the opening so that a good seal will be obtained. Next, (3)
place the gasket material and the retaining ring on the top of the cup,
making sure that the sample has not moved. Securely fasten the retaining
ring and seal the sample to the top of the cup, being careful not to
distort the cup. Then (4) weigh the MVTR cup assembled in step 3. Record
this weight as the initial weight. This process should be conducted in a
relatively short time, e.g., <2 minutes per cup. After weighing the
assembly, (5) place the sample in the CT/CH chamber for 5.0 hours (to the
nearest minute). When the time has elapsed, (6) remove the sample from the
CT/CH chamber, tightly cover it with plastic wrap secured by a rubber band.
Record the time of sample removal to within the nearest minute. Allow
samples to equilibrate for at least 30 minutes at the temperature of the
room where the balance is located. After equilibration, (7) remove the
plastic wrap and rubber band and weigh the cup. Record this weight as the
final weight. The MVTR is then calculated in units of gHZO/24hrs/m~ using
the formula: MVTR = (final weight - initial weight) x 24.0 0.0007069 x 5.0
(time in chamber) where: 24.0 is used to convert the data to the 24 hour
basis; 0.0007069 is the open area of the mouth of the cup in square meters;
and 5.0 is the duration of the test in hours   WO 00/D5065 19
PCT/IB99/01291 Calculate the average MVTR for each set of triplicate. Round
the average MVTR fox each sample set to the nearest 100. Report this value
as the MVTR for the sample of material. Hydrostatic Head Hydrostatic head
is measured using a rising water column tester. A rising water column
tester is a device constructed in such a way that distilled water rises at
254 +/- 5 mm per minute up a 38.1 mm inside diameter column, thus gradually
increasing the pressure being applied to a defined suspended sample
portion. The test is continued until a maximum water level is reached or
until water penetrates through the sample. 



The test is conducted in a conditioned room with the temperature at 73F ~
2.0 F (22.8 f 0.63 C) and a relative humidity of SO ~ 2%. The sample is
clamped to the bottom of the column fixture, utilizing an appropriate
gasket material (o-ring style) to prevent side leakage during testing. The
area of water that contacts the sample is equal to the cross sectional area
of the water column. The column is graduated in mm. Water is pumped into
the bottom of the water column at the specified rate. Using a mirror, the
bottom of the sample is observed as distilled water is being pumped into
the column. When a drop of water falls from the sample, the level on the
graduated column is recorded to the nearest mm. If a water droplet never
falls, the maximum reading is recorded. If water immediately penetrates the
sample and provided no resistance whatsoever, a zero reading is recorded.
WO 00I05065 20 WHAT IS CLAIMED IS: PCT/1B99J01291 1. A multiple ply paper
web comprising at least one outer cellulosic ply passively bonded in a face
to face relationship to at least one inner ply, said inner ply comprising a
liquid-impermeable, breathable web. 2. The paper web of Claim 1, wherein
said cellulosic ply comprises creped paper having a basis weight of from
about 10 g/m2 to about 100 g/mZ. 3. The paper web of Claim 1, wherein said
cellulosic ply comprises creped paper having a basis weight of from about
15 g/m2 to about 25 g/mz. 4. The paper web of Claim 1, wherein said inner
ply comprises meltblown fibers formed into a nonwoven web. 5. The paper web
of Claim 4, wherein said meltblown fibers are formed from the group
consisting of: polyolefins such as polypropylene and polyethylene,
polyesters such as polyethylene terephthalate, polyamides such as nylon, as
well as copolymers and blends of these and other thermoplastic polymers. 6.
The paper web of Claim 5, wherein said inner ply has a basis weight from
about 1 g/m2 to about 15 g/m2. 7. The paper web of Claim 5, wherein said
inner ply has a basis weight from about 1 g/m2 to about 8 g/mz. 8. The
paper web of Claim 5, wherein said meltblown fibers have an average
diameter of less than or equal to about 10 microns. 9. The paper web of
Claim 5, wherein said meltblown fibers have an average diameter of less
than or equal to about 2.5 microns. 



10. The paper web of Claim l, wherein said inner ply has a Moisture Vapor
Transmission Rate of at least about 4000 gH20/24hrs/mZ. 11. The paper web
of Claim 1, wherein said inner ply has a Moisture Vapor Transmission Rate
of at least about 5000 gH20/24hrs/mZ. 12. The paper web of Claim 1, wherein
said inner ply can hold a hydrostatic head of at least about 20 mm HBO.   W
O 00105065 21 PCT/IB99101291 13. The paper web of Claim 1, wherein said
inner ply can hold a hydrostatic head of at least about 40 mm HZO. 14. A
multiple ply paper web comprising at least one inner ply having opposing
edges defining a first width, said inner ply disposed between and
contiguous with at least two outer cellulosic plies in a face to face
relationship, each said outer cellulosic ply having corresponding edges
defining a second width, said inner ply comprising a liquid-impermeable,
breathable web, and wherein said paper web is actively bonded near said
corresponding edges. 15. The paper web of Claim 14, wherein said second
width is greater than said first width, such that said active bonding is
between said outer cellulosic plies. 16. The paper web of Claim 14, wherein
bonding is by embossing, needling, or other mechanical bonding method. 17.
The paper web of Claim 14, wherein each said cellulosic ply comprises
creped paper having a basis weight of from about 15 g/m2 to about 25 g/mZ.
18. The paper web of Claim 14, wherein each said inner ply comprises
meltblown fibers formed into a nonwoven web. 19. The paper web of Claim 16,
wherein said inner ply comprises meltblown fibers having an average
diameter of less than or equal to about 10 microns, and wherein said inner
ply has a basis weight from about 1 g/m'to about 15 g/mZ and a Moisture
Vapor Transmission Rate of at least about 4000 gHzO/24hrs/m~. 20. A
multiple ply paper web comprising at least one outer cellulosic ply
passively bonded in a face to face relationship to at least one inner ply,
said inner ply comprising a meltblown nonwoven web having a basis weight of
less than or equal to about 8 gsm. 



.Ah e.Ah3 .A{ .A&h .A{.AY .A.A2 .A.A,.A.A.Ah .A .A{ .A.AU.AU9.Ar.A

.AD^g~/^#
HD}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]cTa]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]caU]ca]c:a]caU]ca]caU]ca!S
y`_-$b'Ktos|wrlga\V]U]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!s9N!"#n$z$|$$$5%[%%%&&,''(
}**,,-|wrmhc^Ylga\V]U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca ---#.2..0D111111
233R4V4N5Q56^66666677u8999{upje`ZUlga\V]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]c
a]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]c^a]ca]ca]ca]ca]caU]ca]ca]ca]ca
9q9:a:===>y??@e@r@t@@C%C(CWCEE+F.FFFHDIJJJJKiKK~ytojd_ZU]ca]ca]caU]ca]ca]ca
]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca!KKKKNNNNPPxP{PPLQOQQQQURRSSSTTbTwTTTgUUV-V{vqkfa\Wjd_ZU]]ca]ca]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]c
a]ca]c^a]ca]caU]ca]ca -VVSWVW~XXXXXXY
Y#Y<YAYYYYYYYYYYY'Z,Z^[\\\]c]|wqlgb]Xkfa\Wjd_ZU]]]ca]ca]ca]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]c
a]cac]e]p]s]]Z^]^^^f``6a9acccEdf=gggggIiiokkHmmAoDooosozupkf`[Ujd_ZUU]ca]ca
U]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca
]caU]ca]caU]ca]ca]caU]ca
soopmppppppq%q(q7qGqJqqqcshssstJvOvvoyyyyyy{({{vpkf`[Vjd_ZUU]ca]caU]ca]ca]c
aU]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]caU
]ca]ca]ca]ca]ca
({+{Z{i{{{{{{{||O~R~c~f~~~T:Izupkfa[Vjd_ZUU]caU]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca
9T
o64LA~ytoje`[UU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]caU]ca
]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:#O7Y0{upkf`[UU]ca]caU]ca]ca]ca
]ca]c^a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]ca!is*|#(x81^36zupkfa\WU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!4M`C7G36zupk
fa\WU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caDg~bC y10%:&'()-! @f10%66&'()- @f10%&'()-#
-10%:&'()-
L10%:&'()-&YF10%:&'()-~/dE,'10%:&'()-10%:&'()-z10%:&'()-&910%:&'()-,10%:&'(
)-z10%:&'()-^dE:/ 10: 10:s910%:&'()-90m10%:&'()-.z10%:&'()- %m10%:&'()-y
10%:&'()- z10%:&'()-# xY:/ 10:s3
10%5&'()-yyz10%5&'()-10%5&'()-S"3-10%5&'()-t10%5&'()-F310%5&'()- 10: HDdE:/
10:ss'10%5&'()-s@&Y10%5&'()-s$Y10%5&'()-f@#f10%5&'()-sLm10%5&'()-yg10%5&'()
-S dE:/ 10:sf@2S10%5&'()-s90910%5&'()-s.F10%5&'()-f9-f10%5&'()-sF+3
10%5&'()-f)f10%5&'()- vwxybC 10:#-10%5&'()-s
10%5&'()-ys10%5&'()-FF10%5&'()- 



105 105 105s310%5&'()-`_^?bC
10:Y10%5&'()-l!sm10%55&'()-g`10%5&'()-yf10%5&'()-` 10%5&'()-!`
10%55&'()-g-$baBbC
10:sl+10%5&'()-y)g10%5&'()-s'10%5&'()-!s$m10%55&'()-Ss#y10%5&'()-fs!z10%5&'
()-b'KqrstdYNC 10: 105 105 105L`610%5&'()-sf2`10%5&'()-y0g10%5&'()-s.3
10%5&'()-f`-z10%5&'()-t9dEYNC 10: yg10%"&'()-10%"&'()-
10%"&'()-#-10%"&'()-y10%"&'()-&3310%"&'()-N!"#k$l$m$n$z$uj_@ 10:310%H&'()-
10" 10" 10"s@2F10%"&'()-yf0f10%"&'()-!s(10%""&'()-
m10%"&'()-yz$|$$$5%[%%dEj_@ 10:y10%H&'()-m
10%H&'()-10%H&'()-s10%H&'()-#10%H&'()-ft10%H&'()-%%&&,''(dEj_@
10:m10%H&'()-m10%H&'()-y10%H&'()- f10%H&'()-10%H&'()-zsy
10%H&'()-(}**,,----dYNC 10: 10H 10H 



10H2m10%H&'()-y31z10%H&'()-'m10%H&'()-y&z10%H&'()-m10%H&'()-y---#.2..0dEYNC
10:
Lf10%'o&'()-Sy10%'o&'()-"10%'o&'()-L10%'o&'()-fs10%'o&'()-G10%'o&'()-0D1111
23dEYNC 10: LY"Z10%'o&'()-S
f10%'o&'()-L10%'o&'()-L10%'o&'()-LZ10%'o&'()-Sf10%'o&'()-36^6666666bC
10:y-10%'o&'()- G10%'o&'()- 10'o 10'o
10'oL6G10%'o&'()-S5@10%'o&'()-L&Z10%'o&'()-  66u89q9:a:aBbC
10:&10%'o&'()-`10%'o&'()-y` 10%'o&'()-!` 10%'o'o&'()-fL10%'o&'()-
",10%'o&'()-a:=>y??@b@c@d@dE:/ 10'o
10'o510%'o&'()-s310%'o&'()-sS2F10%'o&'()-`@,l10%'o&'()-y*10%'o&'()-`l10%'o&
'()-d@e@r@t@@CWCExY:/
10'o`Y10%H&'()-Sf10%H&'()-`l10%H&'()-"10%H&'()-Ss10%H&'()-310%H&'()-
10'oEEHDIJJJJJxmbC 10'o F10%:&'()- 10H 10H
10H`,2310%H&'()-gS0@10%H&'()-`"F10%H&'()- S!S10%H&'()-JJJKiKKKdEmbC
10'o10%:&'()-&310%:&'()-&s10%:&'()-&10%:&'()-"10%:&'()-ft10%:&'()-KNNPQURRa
?mbC
10'o!9/m10%::&'()-f9,,Z10%:&'()-g&'m10%:&'()-!&10%::&'()-z&10%:&'()-&10%:&'
()-RSSSSSSTTbC 10'o!"-10%\&'()-f10%\&'()- G10%\&'()- 10: 10: 



10:95Z10%:&'()-92Z10%:&'()-yTbTwTgUUV-VaBbC
10'o!L10%\&'()-Lym10%\&'()-Lm10%\&'()-!Lf10%\\&'()-Ls
10%\&'()-L10%\&'()--VV~X^[\\\]}^?bC 10'oL
4G10%\&'()-L2G10%\&'()-!L.G10%\\&'()-!LZ10%\\&'()-
L10%\&'()-fSf10%\&'()-]`]a]b]c]p]s]]f`bC 10'o  10%M&'()-
"@10%M&'()-10%M&'()-FF10%M&'()- 10\ 10\ 10\L5m10%\&'()-f``cEdf=ggggdE:/ 10M
10M3 6Y10%M&'()-&y5f10%M&'()-  (l10%M&'()-L'y10%M&'()-
l10%M&'()-Fy10%M&'()-gggggIiiokxY:/
10Msm10%'o&'()-@yg10%'o&'()-m10%'o&'()-"10%'o&'()-y10%'o&'()- 310%'o&'()-
10MokkHmmopmpdE:/ 10Mss2310%'o&'()-f 1f10%'o&'()-s&F10%'o&'()-
f$S10%'o&'()-sm10%'o&'()-f10%'o&'()-mppqqqq%q(q7qbC
10M"10%:&'()-S10%:&'()-F10%:&'()- 10'o 10'o
10'os5F10%'o&'()-s34310%'o&'()-7qtvoyy{{{{}^SH= 10M 10: 



10: 10:,2m10%:&'()-0g10%:&'()-!&$m10%::&'()-z!10%::&'()-s10%:&'()-
{({+{Z{i{{|dESH= 10M
10:LS10%'o&'()-Sy10%'o&'()-"@10%'o&'()-`Y10%'o&'()-S10%'o&'()-G10%'o&'()-|~
~dESH= 10M
10:`'F10%'o&'()-L"Z10%'o&'()-L10%'o&'()-fLm10%'o&'()-Slf10%'o&'()-`10%'o&'(
)-zTxmbC 10M 10G10%t&'()- 10'o 10'o 10'oL/Z10%'o&'()-
@l.f10%'o&'()-y,F10%'o&'()-`(910%'o&'()-:I^?mbC 10M
s$f10%t&'()-!l10%tt&'()-!10%tt&'()-  "-10%t&'()-10%t&'()-LS10%t&'()-9TdEmbC
10M /Y10%t&'()-.Y10%t&'()-y,10%t&'()-*10%t&'()-'10%t&'()-z% 10%tr&'()- orS4
10@10%W&'()-F10%W&'()- 10 10 10!310%&'()-!310%DD&'()-
110%t&'()-eK,410%W&'()-V10%W&'()-V'A 



j110%W&'()-V10%W&'()-V10%W&'()-V"10%W&'()-kM3410%W&'()-V'A
j10%W&'()-V10%W&'()-V10%W&'()-V'A j10%W&'()-VkL.4'A
jV10%W&'()-V10%W&'()-V10%W&'()-V'A jV10%W&'()-V10%W&'()-V64bA.4'A j
L3:10%&'()- LZ10%&'()- L3Z10%&'()- `F10%&'()- S f10%&'()-10%W&'()-VL|[:.4'A
j L +G10%&'()- L(G10%&'()-g L&10%&'()- @$S10%&'()- LY"10%&'()-
10%&'()-A|obU4 F10%>>&'()-101010 LF4410%&'()-f L2G10%&'()- L31G10%&'()-
L/G10%&'()-|[:bU4  S10%>>&'()-  10%>>&'()-f L10%>>&'()- 10%>>&'()-
"-10%>>&'()- ,10%>>&'()-:#|[:bU4  090G10%>>&'()-l (10%>>&'()- y m10%>>&'()-
m10%>>&'()- S10%>>&'()- 910%>>&'()-OvU4 ,10%&'()- G10%&'()-10>>10>>10>>
510%>>&'()- 3Z10%>>&'()- 2Z10%>>&'()-7|[:vU4  9 10%&'()- S10%&'()-y
L10%&'()- 9m10%&'()-z `10%&'()- "@10%&'()-Y0|[NA410hh10hh10hh A
`,210%hh&'()-` ,210%?&'()-` 59,/M10%\D\&'()- 9+10%&'()-
Y"Z10%&'()-gis|[:NA410 3 910%&'()- 3  10%&'()- F 10%&'()-f "10%&'()-
S10%&'()- G10%&'()-*|#|[:NA410 9 g10%&'()- F m10%&'()- F SZ10%&'()-
9g10%&'()- F Lm10%&'()-z 9z10%&'()-#vU4 "-10%&'()- 910%&'()- sS10%&'()-
410%&'()-101010 F F"Z10%&'()- (x8|[:vU4  9Z10%&'()-  9LZ10%&'()-g
9Z10%&'()-g ,10%&'()- ,Sg10%&'()- LG10%&'()-1^3|[:vU4   9,# 10%&'()-T  9
10%&'()-f ,-10%&'()- ,T10%&'()-f 93G10%&'()- ,@m 10%&'()-326|[:vU4  L4
10%&'()-  $L1 10%&'()-g  . 9*310%&'()-  



9*310%&'()- ,(T10%&'()- 9&G10%&'()-vU4 L10%&'()- "@10%&'()- @10%&'()-
G10%&'()-101010 ,610%&'()-4M|[:vU4  ``l10%&'()- @l10%&'()- Lm10%&'()-
@10%&'()- LS10%&'()- @`S10%&'()-`C|[:vU4  @9$y10%&'()- `"Y10%&'()- @
10%&'()- `FY10%&'()-   `Y10%&'()-f @3 10%&'()-C7G||[:vU4  @9$y10%&'()-
`"Y10%&'()- @-y10%&'()- @@,f10%&'()- @*y10%&'()- L,)m10%&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Fontxsm!*3d=GPbZdnxGs-9K-Vc]so({Grstuvwxyz{|}~~
btz$%(-036a:d@EJKRT-V]f`gokmp7q{|#3CG6Times New RomanArialCourier New"h
Root EntryWordDocument:}   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


