
;mnopqre3e-*d6T0 4 J U N 200B '  MULTI-LAYERED WATER-DECOMPOSABLE FIBROUS
SHEET BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The present
invention relates to a water-decomposable fibrous sheet having high
strength and capable of being readily decomposed and dispersed in water
flow. More precisely, it relates to such a water-decomposable fibrous sheet
having a mufti-layered structure. DESCRIPTION OF THE RELATED ART To wipe
the skin of human bodies including the private parts thereof, or to clean
toilets and thereabouts, used are disposable cleaning sheets made of paper
or non-woven fabric. For these cleaning sheets, water-decomposable cleaning
sheets that could be directly disposed of in toilets after use have been
developed, as being convenient for such purposes. The degree of their
decomposability in water must be high in some degree. This is because, if
poorly water-decomposable cleaning sheets are disposed of in toilets after
use, they will take a lot of time until they are decomposed and dispersed
in septic tanks, or will clog the drainpipes around toilets, etc. For
wiping off wet dirt and for easy and effective use, many cleaning sheets
for wiper applications are packaged while being wetted with a liquid
detergent chemical or the like, and    0 ~r J U N 2003 2 are put on the
market. Therefore, such water-decomposable cleaning sheets must have high
strength in wet to such a degree that they are well fit for wiping with
them wetted with such a liquid chemical or the like, but must well
decompose in water after they are disposed of in toilets. For example,
Japanese Patent Publication No.24636/1995 



discloses a water-decomposable cleaning article that comprises a
water-soluble binder having a carboxyl group, a metal ion and an organic
solvent . However, the metal ion and the organic solvent irritate the skin.
Japanese Patent Laid-Open No. 292924/1991 discloses a water-decomposable
cleaning article of polyvinyl alcoholcontaining fibers with an aqueous
solution of boric acid infiltrated thereinto; and Japanese Patent Laid-Open
No. 198778/1994 discloses a water-decomposable napkin of polyvinyl
alcohol-containing non-woven fabric with a borate ion and a bicarbonate ion
introduced thereinto. However, polyvinyl alcohol is not resistant to heat,
and therefore the wet strength of the water-decomposable cleaning article
and the water-decomposable napkin is lowered at 40C or higher. Recently,
various water-decomposable absorbent articles including sanitary napkins,
panty liners, disposable diapers and others have been investigated in the
art . In view of their safety, however, the water-decomposable fibrous
sheets mentioned above could not be used as the top sheets for   ~ 4 J U N
2003 3 those absorbent articles that shall be kept in direct contact with
the skin for a long period of time, as they contain a binder and an
electrolyte. On the other hand, Japanese Patent Laid-Open No. 228214/1997
discloses a water-degradable non-woven fabric having a wet strength of from
100 to 800 gf/25 mm (from 0.98 to 7.84 N/25 mm) as measured according to
JIS P-8135, which is produced by mixing fibers having a length of from 4 to
20 mm with pulp followed by entangling them through treatment with
high-pressure water jets. Since the constituent fibers are entangled
therein, the non-woven fabric disclosed has a bulky f eel . However, in
producing the non-woven fabric , long f fibers are entangled through
high-pressure water jet treatment, whereby the non-woven fabric produced
could have such a relatively high wet strength. Therefore, according to the
technique disclosed, it is difficult to realize well-balanced bulkiness,
strength and water-degradability for the non-woven fabric produced, and the
non-woven fabric produced is unsuitable to disposal in flush toilets, etc.
SUMMARY OF THE INVENTION An object of the invention is to provide a
waterdecomposable fibrous sheet which is well decomposed in water and has
good strength enough for practical use even though no binder is added
thereto.   ~~ . ,~IJN 2003 4 According to one aspect of the invention, a
multilayered water-decomposable fibrous sheet with a plurality of layers
each having a different fibrous constitution being integrated, may
comprise: a top layer on a top surface including fibrillated rayon 



of at least 3 % by mass of a11 fibers constituting the top layer, the
fibrillated rayon having a degree of beating of at most 700 cc and having
primary fibers of a predetermined fiber length and microfibers extending
from the primary fibers, the microfibers being entangled with and/or
hydrogen-bonded to at least either of other microfibers and other fibers,
and a back layer on a back surface including fibers containing no
fibrillated rayon, the fibers entangled with and/or hydrogen-bonded to each
other, or the back layer including the fibrillated rayon in an amount
smaller than that in the top layer, the microfibers of the fibrillated
rayon being entangled with and/or hydrogen-bonded to at least either of
other microfibers and other fibers. According to another aspect of the
invention, a multi-layered water-decomposable fibrous sheet with a
plurality of layers each having a different fibrous constitution being
integrated, may comprise: a top layer on a top surface and a back layer on
a back surface each including fibrillated rayon of at least 3 ~ by mass of
a11 fibers constituting each layer, the fibrillated   .~~r JUN 5 rayon
having a degree of beating of at most 700 cc and having primary fibers of a
predetermined fiber length and microfibers extending from the primary
fibers, the microfibers being entangled with and/or hydrogen-bonded to at
least either of other microfibers and other fibers, and an interlayer
disposed between the top layer and the back layer including fibers
containing no fibrillated rayon, the f fibers being entangled with and/or
hydrogen-bonded to each other, or the interlayer including fibrillated
rayon in an amount smaller than that in the top and back layers, the
microfibers of the fibrillated rayon being entangled with and/or
hydrogen-bonded to at least either of other microfibers and other fibers.
In this case, the fibrillated rayon content of the fibers constituting the
top layer may be nearly the same as that of the fibers constituting the
back layer. Naturally in dry and even in wet with water, the
water-decomposable f fibrous sheet of the invention a11 the time keeps high
strength. When it is immersed in a large amount of water after used and
disposed of in toilets and others, it is readily decomposed. In the fibrous
sheet of the invention, the microfibers of fibrillated rayon are entangled
with and are further hydrogen-bonded to other fibers and other microfibers
therein, thereby exhibiting their ability to bond fibers constituting the
sheet and to enhance the strength of   0 4 J U N 2003 6 the sheet. When the
fibrous sheet receives a large amount of water applied thereto, the
entangled microfibers therein are loosened or the hydrogen bonds between
the bonded microfibers therein axe broken, whereby the fibrous sheet is
readily decomposed in water. The fibrous sheet of the invention has a
multi-layered structure. In this, only the top layer may contain
fibrillated rayon or the top layer may contain a larger amount of
fibrillated rayon than the interlayer . The f fibrous sheet of this
embodiment is good, as having well-balanced decomposability in water and
strength. In addition, fibrillated rayon is concentrated in the top surface
of the fibrous sheet, and the microfibers extending from the fibrillated
rayon therein are essentially contacted with the other layers of the sheet.
As a whole thereof, therefore, the fibrous sheet can attenuate direct
frictional force applied thereto. Accordingly, the surface of the
water-decomposable fibrous sheet of the invention is highly resistant to
friction. Fibrillated rayon is more expensive than ordinary rayon, and
production of the fibrillated rayon takes a lot of time. Without requiring
too much fibrillated rayon as a whole, the fibrous sheet of the invention
can ensure good decomposability in water and high strength, so that
production costs thereof can be low. 



The water-decomposable fibrous sheet of the invention   -~ J U N 2003 7 can
be composed of materials not harmful to human bodies. In the fibrous sheet
of the invention, preferably, the surface of the top layer is pressed under
heat so that the microfibers of the fibrillated rayon in the surface
pressed under heat are hydrogen-bonded to at least either of other
microfibers and other fibers. Also preferably, at least either of surfaces
of the top and back layers is pressed under heat so that the microfibers of
the fibrillated rayon in the surface pressed under heat are hydrogen-bonded
to at least either of other microfibers and other fibers. Preferably, in
the fibrillated rayon for use herein, the primary fibers has a length of
1.8 mm to 10 mm at the peak of its self-weighted, average fiber length
distribution profile curve, and microfibers having a length of at most 1 mm
account for from 0.1 to 65 $ by mass of the self-weight of the fibrillated
rayon. The fibrous sheet of the invention may be a non-woven fabric having
been subjected to water-jetting treatment. Alternatively, it may be
produced in a paper-making process. Preferably, the degree of fineness of
the fibrillated rayon falls between 1.1 and 1.9 dtex. Also preferably, the
weight (this may be referred to as "Metsuke") of the fibers constituting
the fibrous sheet falls between 20 and 100 g/m2. Still preferably, the
decomposability in water of the   Q 4 J U N 2003 8 fibrous sheet, measured
according to JIS P-4501, is at most 200 seconds. Still preferably, the wet
strength of the fibrous sheet is at least 1.1 N/25 mm. Also preferably, the
dry strength of the fibrous sheet is at least 3.4 N/25 mm. 



BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a graph showing the
self-weighted, average fiber length distribution profile of the fiber
length of non-beaten rayon; Fig. 2 is a graph showing the self-weighted,
average fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 5 mm was beaten; Fig. 3 is
a graph showing the self-weighted, average fiber length distribution
profile of the fiber length of rayon having been free-beaten; Fig. 4 is a
graph showing the self-weighted, average fiber length distribution profile
of the fiber length of beaten rayon, for which rayon having a fiber length
of 3 mm was beaten in wet; Fig. 5 is a graph showing the self-weighted,
average fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 4 mm was beaten in wet;   d
~+ J U N 2003 9 Fig. 6 is a graph showing the self-weighted, average 



fiber length distribution profile of the fiber length of beaten rayon, for
which rayon having a fiber length of 6 mm was beaten in wet; Fig. 7 is a
graph showing the self-weighted, average fiber length distribution profile
of the fiber length of beaten rayon, for which rayon having a fiber length
of 7 mm was beaten in wet; Fig. 8 is a partly-enlarged cross-sectional view
showing the water-decomposable fibrous sheet of a first aspect of the
invention; Fig. 9 is a schematic view showing one embodiment of the method
and apparatus for producing the water-decomposable fibrous sheet of the
invention; Fig. 10 is a schematic view showing another embodiment of the
method and apparatus for producing the water decomposable fibrous sheet of
the invention; and Fig. 11 is a partly-enlarged cross-sectional view
showing the water-decomposable fibrous sheet of a second aspect of the
invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS The fibrillated rayon
for use in the invention is meant to indicate fibers of regenerated
cellulose rayon having finely-fibrillated surfaces, or that is, those with 



0 4 ~ U N 2Q03' 10 submicron-sized microfibers having peeled and extending
from the surfaces of the primary fibers (of the fibrillated rayon) . The
surface of ordinary regenerated cellulose is smooth, while that of the
fibrillated rayon is fibrillated; and the two have different structures.
The fibrillated fibers of that type can be produced, for example, by
mechanically processing rayon while it has absorbed water and is still
wetted. Concretely, they may be produced, for example, according to a
method of strongly stirring rayon in water in a mixer, or a method of
beating rayon in a pulper, a refiner, a beater or the Like (this is a
wet-beating method). More precisely, the fibrillated rayon includes fibers
as produced by processing wet-spun rayon such as polynosic or the like with
an acid followed by mechanically fibrillating it, fibers as produced by
mechanically fibrillating solvent-spun rayon, etc. Apart from those, the
fibrillated rayon can also be produced from ordinary, wetspun regenerated
cellulose. To specifically define the fibrillated rayon capable of being
preferably used in the invention, some methods may be employed. One is to
analyze the self-weighted, average fiber length distribution (the mass
distribution) of the primary fibers and the microfibers constituting the
fibrillated rayon. The self-weighted, average fiber length may be referred
to as the weighted average length by weight.   0 4 J U N 2003 11 The
microfibers are shorter than the primary fibers. Therefore, analyzing the
distribution of the fiber length in fibrillated rayon clarifies the
self-weighted, average fiber length distribution of the primary fibers and
the microfibers constituting the fibrillated rayon. Another method of
specifically defining the intended fibrillated rayon is based on the degree
of beating rayon into fibrillated rayon (CSF; Canadian Standard Freeness).
First described is the self-weighted, average fiber length distribution of
the primary fibers and the microfibers constituting the fibrillated rayon.
For this, referred to is one example of beating rayon of which the original
fiber length is 5 mm, into fibrillated rayon. The self-weighted, average
fiber length distribution profile of non-beaten, nonfibrillated rayon (CSF
= 740 cc, fiber length 5 mm, 1.7 dtex), for which n - 3, is shown in Fig.
1. As in Fig. 1, the self-weighted, average fiber length distribution in
nonbeaten rayon is almost concentrated in the fiber length range of 5 mm  1
mm or so. Non-beaten rayon samples a11 having a concentration of 0.75 % by
mass were prepared and beaten in wet to different degrees in a mixer. The
self-weighted, average fiber length distribution of the thus-beaten,
fibrillated rayon was analyzed in relation to the different fiber lengths .
The resulting data are plotted to give a graph of Fig. 2.   0 4 J U N 2003
12 As seen in Fig. 2, the self-weighted, average fiber length distribution
profile of the fibrillated rayon gave two apparent peaks. Regarding its
details, the area except that 



for fiber lengths of shorter than 1 mm is principally for the primary
fibers of the fibrillated rayon, and the remaining area for fiber lengths
of shorter than 1 mm includes long extending microfibers and chopped rayon
fibers a11 resulting from too much promoted fibrillation. The fiber length
of the primary fibers of the beaten, fibrillated rayon may be shorter in
some degree than that of the fibers of the original, non-beaten rayon, or
may be seemingly longer in some degree owing to the microfibers that extend
from the primary fibers at their ends. Accordingly, in the beaten,
fibrillated rayon, the f fiber length of the primary fibers corresponding
to the peak of the self-weighted, average fiber length distribution profile
and around it falls within a range of the nominal fiber length of the
non-beaten rayon  0.5 mm or so, more precisely, within a range of from -0.3
mm to +0. 1 mm or so relative to the nominal fiber length of the non-beaten
rayon. To that effect, the fibrillated rayon for use in the invention is
identified as one having the fiber length peak for the primary fibers of
the fibrillated rayon itself and the fiber length peak for the fibrillated
microfibers. The fibrillated rayon is prepared by beating rayon in wet, as
in the above. If, being different from this, rayon is beaten in  



0 4 J U N 20b3 13 an ordinary free-beating manner to promote its beating (
so that the beaten rayon shall have a reduced numerical value indicating
its degree of beating), it will be entirely pulverized into small
particles, as in Fig. 3. In that condition, most of the small particles
would lose the original fiber length. The free-beaten rayon is not within
the scope of the fibrillated rayon for use in the invention. Regarding the
ratio of the microfibers to the fibrillated rayon preferred for use in the
invention, it is desirable that the microfibers extending from the primary
fibers of the fibrillated rayon and having a length of at most 1 mm account
for from 0.1 to 65 % by mass, more preferably from 3 to 65 % by mass of the
self-weight of the fibrillated rayon. Also preferably, the fiber length of
the primary fibers that give the peak in the self-weighted, average fiber
length distribution profile of the fibrillated rayon falls between 1 .8 mm
and 10.0 mm. The fibrillated rayon having the preferred morphology may be
obtained by beating rayon, of which the original fiber length falls between
2.0 mm and 10.5 mm, to a degree of at most 700 cc. The self-weighted,
average fiber length distribution of the fibrillated rayon depends on both
the original fiber length of the non-beaten rayon and on the degree of
beating the non-beaten rayon. For other preferred examples of the
fibrillated rayon for use in the invention, rayon having a   0 4 J U N 20Q3
14 different fiber length of 3 mm, 4 mm, 6 mm or 7 mm was beaten in wet in
a mixer, with varying the degree of beating it, and the self-weighted,
average fiber length distribution of the beaten rayon relative to the
varying fiber length of the beaten rayon was analyzed. The data were
plotted to give the graphs of Fig. 4 to Fig. 7. Of the beaten rayon samples
whose data are plotted as in the graphs of Fig. 2 and Figs. 4 to 7, the
mass distribution of the microfibers having a length of at most 1 mm and
the mass distribution of the primary fibers whose length is near to the
original fiber length of the non-beaten rayon (but having varied within a
range of from -0.6 mm to +0.2 mm or +0.4 mm) are given in Table 1 below.
The samples having a degree of beating of 740 cc or 732 cc are non-beaten
samples .   0 4 J U N 2003 15 Table 1 



Degree of Beating (cc)not longer than 1.0 mm (~ by mass)2 . 4 to 3 . 4 mm (
~ by mass)3 mm7453.3660.334642.6172.843374.4067.892034.4965.35966.3158.86
Degree of Beating (cc)not longer than 1.0 mm (~ by mass)3 . 4 to 4 . 4 mm (
~ by mass)4
mm7453.7845.666151.8555.194453.7058.023537.0259.5822711.4747.2314713.2841.5
1 Degree of Beating ( cc )not longer than 1 . 0 mm ( ~ by mass )4 . 4 to 5
. 4 mm ( ~ by mass )5
mm7400.6976.566004.0663.8040022.4947.2S20035.9532.7710041.7622.72 Degree of
Beating (cc)not longer than 1.0 mm (~ by mass)5 . 4 to 6 . 4 mm ( ~ by
mass)6 mm7404.1928.6450018.4547.7841022.9046.9820447.7421.8510245.8118.12
Degree of Beating ( cc )not longer than 1. 0 mm ( ~ by mass )6 . 4 to 7 . 2
mm ( ~ by mass )7
mm7322.8334.2960728.9843.0746949.0624.9634863.2910.7216461.536.199555.584.3
9   U 4 J U N 2003 



16 Other preferred examples of the fibrillated rayon for use in the
invention are shown in Table 2, Table 3 and Table 4. The data in these
Tables indicate the proportion of the microfibers not longer than 1.0 mm in
each fibrillated rayon sample having been prepared by beating rayon to
different degrees of beating. For the samples in Table 2, rayon of
originally 5 mm in length and 1.7 dtex in fineness was beaten to different
degrees in a mixer; for those in Table 3, rayon of originally 3 mm in
length and 1.4 dtex in fineness, or rayon of originally 3 mm in length and
1.7 dtex in fineness was beaten to different degrees in a pulper or a
refiner; and for those in Table 4, rayon of originally 5 mm in length and
1.4 dtex in fineness, or rayon of originally 5 mm in length and 1.7 dtex in
fineness was beaten to different degrees in a pulper or a reffiner. Table 2
5 mmDegree of Beating (cc)not longer thanl.Omm(~ by mass)1.7
dtex7400.6952012.7737723.2018539.3767I 35.47 -   0 4 J U N 2003 17 



Table 3 Degree of Beating (cc)not longer than 1.0 mm (~ by mass)Degree of
Beating (cc)not longer than 1.0 mm (~ by mass)3 mm6440.573 mm6530.161.4
dtex6260.461.7
dtex5840.235950.404720.435630.783720.594800.713330.634070.692911.133520.872
591.253401.052121.542971.321761.922411.391633.612111.77 Table 4 Degree of
Beating (cc)not longer than 1.0 mm (~ by mass)Degree of Beating (cc)not
longer than 1.0 mm (~ by mass)5 mm6761.085 mm6950.471.4 dtex6461.061.7
dtex6251.496312.085217.175548.4822920.964337.3920017.1433911.1819820.042422
1.5719818.1018320.4319817.5916126.5519516.9213524.3219515.0819015.1418819.5
418717.4118613.94 As in the above-mentioned Tables, in the fibrillated
rayon samples from non-beaten rayon having a fiber length of 3 mm (in
these, the mass distribution peak for the primary 



fibers appears within a fiber length range of 3  0 . 5 mm) , the
microfibers having a length of at most 1 mm account for from 0.1 to 10 $ by
mass of the self-weight of the fibrillated rayon. However, in the samples
having been beaten in a pulper or a   0 4 ,! U N 20Q$ 18 refiner, the
uppermost limit of the microfibers is 5 ~ by mass or so; and in those
having been beaten in a pulper or a refiner to a degree of beating of at
most 600 cc, the lowermost limit thereof is 0.2 ~ by mass. In the
fibrillated rayon samples from non-beaten rayon having a fiber length of 4
mm ( in these, the mass distribution peak for the primary fibers appears
within a fiber length range of 4  0.5 mm), the microfibers having a length
of at most 1 mm account for from 1 to 14 ~ by mass of the self-weight of
the fibrillated rayon. However, in the samples having been beaten in a
pulper or a refiner, the microfibers account for from 0.3 to 10 ~ by mass
or so; and in those having been beaten in a pulper or a refiner to a degree
of beating of at most 600 cc, the lowermost limit of the microfibers is 0.5
~ by mass. In the fibrillated rayon samples from non-beaten rayon having a
fiber length of 5 mm ( in these, the mass distribution peak for the primary
fibers appears within a fiber length range of 5  0.5 mm), the microfibers
having a length of at most 1 mm account for from 0.3 to 45 ~ by mass of the
self-weight of the fibrillated rayon. However, in the samples having been
beaten in a pulper or a refiner, the uppermost limit of the microfibers is
30 ~ by mass or so; and in those having been beaten in a pulper or a
refiner to a degree of beating of at most 600 cc, the lowermost limit
thereof is 5 ~ by mass. In the fibrillated rayon samples from non-beaten
rayon   0 4 J U N 2003 



19 having a fiber length of 6 mm ( in these, the mass distribution peak for
the primary fibers appears within a fiber length range of 6  0.5 mm), the
microfibers having a length of at most 1 mm account for from 5 to 50 ~ by
mass of the self-weight of the fibrillated rayon. However, in the samples
having been beaten in a pulper or a refiner, the microfibers account for
from 0.5 to 30 ~ by mass or so; and in those having been beaten in a pulper
or a refiner to a degree of beating of at most 600 cc, the lowermost limit
of the microfibers is 5 ~ by mass. In the fibrillated rayon samples from
non-beaten rayon having a fiber length of 7 mm ( in these, the mass
distribution peak for the primary f fibers appears within a f fiber length
range of 7  0.5 mm), the microfibers having a length of at most 1 mm
account for from 10 to 65 ~ by mass of the self-weight of the fibrillated
rayon. However, in the samples having been beaten in a pulper or a ref
finer, the microf fibers account for from 3 to 50 ~ by mass or so; and in
those having been beaten in a pulper or a refiner to a degree of beating of
at most 600 cc, the lowermost limit of the microfibers is 8 ~ by mass. The
above are summarized as follows: In case where rayon having an original
fiber length of from 3 mm to smaller than 5 mm is beaten ( in this case,
the mass distribution peak for the primary fibers of the resulting, beaten
rayon appears within a fiber length range of from 2.5 mm to smaller than
4.5 mm) and where the degree of beating is smaller than 400 cc,   -~ s a N
2o03 20 the microfibers having a length of at most 1 mm account for from
0.5 to 15 % by mass of the self-weight (that is, the total mass) of the
fibrillated rayon. However, in case where the rayon is beaten in a pulper
or a refiner, the uppermost limit of the microfibers is 8 % by mass or so.
On the other hand, in case where the rayon is beaten to a degree of from
400 cc to 700 cc, the microfibers having a length of at most 1 mm account
for from 0. 1 to 5 % by mass of the self-weight of the fibrillated rayon.
However, in case where the rayon is beaten in a pulper or a refiner, the
uppermost limit of the microfibers is 3 % by mass or so. Still on the other
hand, in case where the rayon is beaten in a pulper or refiner to a degree
of from 400 cc to 600 cc, the lowermost limit of the microfibers is 0.2 %
by mass. In case where rayon having an original fiber length of from 5 mm
to 7 mm is beaten ( in this case, the mass distribution peak for the
primary fibers of the resulting, beaten rayon appears within a fiber length
range of from 4.5 mm to 7.5 mm) and where the degree of beating is smaller
than 400 cc, the microfibers having a length of at most 1 mm account for
from 8 to 65 % by mass of the self-weight of the fibrillated rayon.
However, in case where the rayon is beaten in a pulper or a refiner, the
uppermost limit of the microfibers is 30 % by mass or so and the lowermost
limit thereof can be 5 % by mass . On the other hand, in case where the
rayon is beaten to a degree   U 4 J U N 2003 21 of from 400 cc to 700 cc,
the microfibers having a length of at most 1 mm account for from 0.3 to 50
~ by mass of the self-weight of the fibrillated rayon. However, in case
where the rayon is beaten in a pulper or a refiner, the uppermost limit of
the microfibers is 20 % by mass or so. Still on the other hand, in case
where the rayon is beaten in a pulper or refiner to a degree of from 400 cc
to 600 cc, the lowermost limit of the microf fibers is 2 ~ by mass. The
degree of beating of the fibrillated rayon preferred for use in the
invention is described. The degree of beating to give fibrillated rayon can
be controlled by varying the beating time and by selecting the beating
means . Where beating rayon is promoted (to give a beaten, fibrillated
rayon that shall have a lowered numerical value indicating its degree of
beating), the ratio of short fibers (including microfibers) in mass
distribution of the resulting fibrillated rayon will increase. In the
invention, the fibrillated rayon preferably has a degree of beating of at
most 700 cc. Fibrillated rayon having a degree of beating of larger than
700 cc contains a small amount of microfibers formed therein and therefore
could 



not have a strength necessary for the water-decomposable fibrous sheet of
the invention. More preferably, the fibrillated rayon for use herein has a
degree of beating of at most 600 cc in order that it can contain a suitable
amount of microfibers formed therein. The fibrillated rayon of that   0 4 J
U N 2003 22 type is preferred, since the microfibers constituting it s
ignif icantly enhance the strength of the f fibrous sheet that comprises
it. Even more preferably, the degree of beating is at most 400 cc. Even
when fibrillated rayon having a degree of beating of at most 200 cc, or
even at most 100 cc ( for example, 50 cc or 0 cc) is used for sheet
production, the waterdecomposable fibrous sheet produced and comprising it
could have well-balanced wet strength and decomposability in water. The
fineness of the fibrillated rayon in terms of denier is preferably from 1
to 7 d ( denier ) , that is , from 1.1 to 7 . 7 dtex or so. If its fineness
is smaller than the lowermost limit of the defined range, the primary
fibers of the fibrillated rayon will be too much entangled, and the
decomposability in water of the fibrous sheet comprising it will be poor.
On the other hand, if its fineness is larger than the uppermost limit of
the defined range, the formation of the fibrous sheet will be not good and,
in addition, the productivity thereof will be low. More preferably, the
fineness falls between 1.1 and 1.9 dtex. The fibrous sheet of the invention
contains other fibers in addition to the fibrillated rayon mentioned above.
Preferably, the other fibers to be in the fibrous sheet have a length of at
most 10 mm. Also preferably, they are well dispersible in water, or that
is, water-dispersible fibers are preferred for them. The dispersibility in
water referred to   0 4 J U N 2003 23 herein has the same meaning as the
decomposability in water, and is meant to indicate that the fibers are
dispersed well in water to thereby decompose the sheet comprising them,
when kept in contact with a large amount of water. More preferably, the
other fibers are biodegradable fibers. The biodegradable fibers naturally
decompose by themselves when disposed of in the natural world. The fiber
length of the other fibers for use herein is meant to indicate the mean f
fiber length thereof . Further preferably, the other fibers having a fiber
length of at most 10 mm have a length ( in terms of the mean f fiber length
) of at least 1 mm. The other fibers for use in the invention may be those
of at least one sort selected from the group consisting of natural fibers
and chemical fibers. The natural fibers include those from wood pulp such
as soft wood pulp, hard wood pulp, etc.; and also those from Manila hemp,
linter pulp, etc. These natural fibers are biodegradable. Of those,
preferred are bleached soft-wood kraft pulp, and bleached hard-wood kraft
pulp, as having high dispersibility in water. Also usable herein are
chemical fibers such as regenerated fibers of rayon, etc.; synthetic fibers
of polypropylene, polyvinyl alcohol, polyester, polyacrylonitrile, etc.;
biodegradable synthetic fibers; synthetic pulp of polyethylene, etc. Of
those, preferred is rayon, as being biodegradable. Further usable are still
other biodegradable fibers of polylactic acid,   U 4 J U N 2003 24
polycaprolactone, aliphatic polyesters such as polybutylene succinate,
polyvinyl alcohol, collagen, etc. Needless-tosay, any fibers other than
those mentioned above are usable herein so far as they are dispersible in
water. For the soft wood pulp, its degree of beating preferably 



falls between 500 and ?50 cc or so. If its degree of beating is smaller
than the lowermost limit of the defined range, the non-woven fabric
comprising the pulp will have a paper-like morphology, and will have a
rough feel. If, however, its degree of beating is larger than the uppermost
limit of the defined range, the sheet comprising the pulp could not have
the necessary strength. The fibrous sheet of the invention is formed from
the fibers mentioned above. Fig. 8 is a partly-enlarged cross-sectional
view showing the water-decomposable fibrous sheet of a first aspect of the
invention. As in Fig. 8, a water-decomposable fibrous sheet lA of the
invention has a two-layered structure, which is composed of a top layer la
containing fibrillated rayon and a back layer lb formed from other fibers
not containing fibrillated rayon. The top layer la is formed from
fibrillated rayon and other f fibers , of which the f ibrillated rayon
content is at least 3 ~ by mass. Preferably, the fibrillated rayon content
of the top layer la is at least 5 ~ by mass . It should be noted that the
top layer la may be entirely formed from fibrillated rayon.   U ~ J U N
20p3 25 In practical use of the fibrous sheet lA, it is applied to an
object in such a manner that the surface of the top layer la is kept in
contact with the object ( for example, the top layer la is for wiping the
object for wiper applications, or it is contacted with the skin for
absorbent applications). The top layer la contains fibrillated rayon of
which the microfibers are entangled with other fibers, so that its strength
is high. In addition, the microfibers exist in the surface of the top layer
la, and are principally contacted with the surface of the object to be
wiped with the sheet. Therefore, a surface Sa of the top layer la is
resistant to friction. Accordingly, the fibrous sheet is free from the
disadvantage of breakage or deformation in its practical use. On the other
hand, the back layer 1b does not contain fibrillated rayon, and is formed
from other fibers such as those mentioned above. Since the top layer la
ensures high strength of the fibrous sheet lA, the back layer 1b is not
always required to have so high strength. Being so constituted, the fibrous
sheet 1A realizes high strength of the top layer 1a and good
decomposability in water of the back layer lb. If desired, however, the
back layer lb may contain a smaller amount of fibrillated rayon than in the
top layer la. Preferably, the weight (Metsuke) of the fibrous web for the
water-decomposable fibrous sheet lA falls between 20 and 100 g/m2, in order
that the fibrous sheet can bear wiping in   0 4 J U N 20D3 26 wet and is
favorable to the top sheet for absorbent articles . If its weight is
smaller than the lowermost limit of the defined range, the sheet could not
have the necessary wet strength. If, however, its weight is larger than the
uppermost limit of the defined range, the sheet will be not flexible. In
particular, for application to the skin of human bodies, the weight of the
sheet is more preferably from 30 to 70 g/m2, in view of the wet strength
and the soft feel of the sheet. Accordingly, the weight of each of the top
layer la and the back layer lb preferably falls between 10 and 50 g/m2,
more preferably between 15 and 35 g/m2. A method for producing the
water-decomposable fibrous sheet lA of Fig. 8 is described. The fibrous
sheet lA is in the form of a fibrous web to be obtained, for example, by
sheeting the fibers mentioned above in a paper-making process or the like,
or in the form of a non-woven fabric to be obtained by processing the
fibrous web through water-jetting treatment. 



For surely increasing its wet strength, the fibrous sheet of the invention
is preferably in the form of a nonwoven fabric that may be produced by
forming a two-layered fibrous web, for example, in a wet process, followed
by processing the fibrous web through water-jetting treatment. It should be
noted that a two-layered fibrous web formed in a dry process may be
processed through water-jetting treatment. For water-jetting treatment,
employed is an ordinary   ~ ~k J U N 2003 27 high-pressure water-jetting
device. Through water-jetting treatment, the microfibers extending from the
fibrillated rayon that constitutes the fibrous web are entangled with at
least either of other microfibers and other fibers, whereby the
fiber-to-fiber bonding force of the entangled fibers in the top layer is
increased, and, in addition, the dry strength thereof is increased owing to
the hydrogen-bonding force of the microfibers. Even when the hydrogen bonds
are broken in wet, the entangled fibers could still ensure high wet
strength. Through water-jetting treatment, the microfibers extending from
fibrillated rayon fibers are entangled with other fibers or microfibers.
Accordingly, the fiber-tangling structure of the non-woven fabric having
been processed through waterjetting treatment differs from that of an
ordinary non-woven spun lace fabric in which the constituent fibers are
entangled together by themselves. Fig. 9 is an overall schematic view
showing one embodiment of the method and apparatus for producing the
water-decomposable fibrous sheet (wet-process non-woven fabric) of the
invention through water-jetting treatment. The apparatus for producing a
non-woven fabric in a wet process of Fig. 9 comprises a non-woven
fabric-forming unit I, a felt conveyor unit II, a transfer unit III
combined with a latter-stage felt conveyor unit in which the non-woven
fabric formed is transferred onto a drying drum, a drier unit IV, and   0 4
J U N 2003 28 a winder unit V. The non-woven fabric-forming unit I is
equipped with a wire conveyor 'belt 2 , which is clockwise rotated at a
predetermined speed while being held by a plurality of rolls 4a, 4b, 4c,
etc. The wire conveyor belt 2 faces stock feeders 3A and 3B above its
up-rising area 2a between the roll 4a and the roll 4b, and faces a
dewatering tank ( not shown ) below the up-rising area 2a. Into the stock
feeder 3A, fibers for forming one layer (back layer or top layer) and water
are supplied through a supply port 3r. The fibers fed from the stock feeder
3A onto the wire conveyor belt 2 is attracted to the wire conveyor belt 2
by the air suction force of the dewatering tank below the up-rising area
2a. The stock feeder 3A is adjacent to a heel slice 3a that faces the wire
conveyor belt 2 via a gap therebetween, and the gap between the wire
conveyor belt 2 and the heel slice 3a serves to form a fibrous web (back
layer or top layer) having a predetermined thickness on the wire conveyor
belt 2. Into the stock feeder 3B, fibers for forming another layer ( top
layer or back layer ) and water are supplied through a supply port (not
shown) . The fibers fed from the stock feeder 3B onto the fibrous web is
attracted to the fabric web by the air suction force of the dewatering tank
below the up-rising area 2a. The stock feeder 3B is adjacent to a heel
slice 3b that faces the fibrous web on the wire convey belt 2 via a gap   0
4 J U N 2003 29 



therebetween, and the gap between the fibrous web and the heel slice 3b
serves to form another fibrous web (top layer or back layer) having a
predetermined thickness on the previouslyformed fibrous web. In case where
a fibrous sheet of which the top layer la contains a large amount of
fibrillated rayon is produced according to the method as above, a web not
containing fibrillated rayon for the back layer lb is first formed from the
stock from the stock feeder 3A, and thereafter another web that contains
fibrillated rayon is formed on the previously-formed web from the stock
from the stock feeder 3B. In that manner, the fibrillated rayon in the
upper web hardly passes away through the underlying web and through the
wire conveyor belt 2, and its retentiveness in the layered web is high. On
the other hand, in case where fibrillated rayonfree fibers are fed from the
stock feeder 3A to form a lower web and thereafter fibrillated
rayon-containing fibers are fed from the stock feeder 3B over the lower web
to form an upper web thereover, a small amount of the fibrillated rayon in
the upper web will move into the lower web through air suction and through
water-jetting treatment in the subsequent step. In the two-layered fabric
thus produced, the lower web shall contain a smaller amount of fibrillated
rayon than in the upper web. To form the back layer lb, fibers containing a
smaller   a 4 J U N 2003 30 amount of fibrillated rayon can be fed from the
stock feeder 3A than from the stock feeder 3B. The stock feeder member may
have a three-stage configuration, with which a three-layered or more multi
layered fibrous sheet can be produced. Between the rolls 4b and 4c, a
single-stage or multi-stage water-jetting nozzle 5 is disposed above the
wire conveyor belt 2, and it faces a dewatering tank 6 disposed below the
wire conveyor belt 2. To the fibrous web having passed through the gap at
the heel slice 3b and formed on the wire conveyor belt 2, water jets are
applied through the waterjetting nozzle 5. As a result of the water-jetting
treatment, the fibers of the fibrous webs, especially the microfibers
extending from the fibrillated rayon fibers in the webs are entangled, and
the intended f fibrous sheet 1A ( non-woven fabric ) is produced. The wire
conveyor belt 2 is contacted with a felt conveyor belt 7 in the felt
conveyor unit ( felt part ) II . The felt conveyor belt 7 is made of a
needled blanket, and its texture roughness differs from that of the wire
conveyor belt 2. Therefore, the fibrous sheet lA (non-woven spun lace
fabric ) formed on the wire conveyor belt 2 is transferred onto the felt
conveyor belt 7. In the felt conveyor unit II, a roll 8a is an air suction
transfer means, or that is, a suction pick-up roll, via which, therefore,
the fibrous sheet lA is   0 4 ,! ~ N 2003 



31 readily transferred from the wire conveyor belt 2 onto the felt conveyor
belt 7. In the felt conveyer unit II, the felt conveyor belt 7 is rotated
counterclockwise while being held by the rolls 8a and 8b and by other rolls
9a, 9b, 9c, 9d, 9e, 9f, etc. In the latter-stage felt conveyor unit,
disposed is a second felt conveyor belt 11. Like the felt conveyor belt 7,
the second felt conveyor belt 11 is made of a needled blanket, and this is
held by a plurality of rolls 12a, 12b, 12c and 12d. Around a pressure roll
20 in the unit, the second felt conveyor belt 11 meets a drier drum 13 ,
and the f fibrous sheet lA on the second felt conveyor belt 11 is
transferred onto the drier drum 13. In the drier unit IV, the fibrous sheet
lA is thus wound around the drier drum 13, and dried thereon. After having
been thus dried, the fibrous sheet lA is wound up by a winder roll 14 into
a roll 15. Through the process, producing the fibrous sheet lA as a roll is
finished. To further enhance its surface friction resistance, the fibrous
sheet of the invention is preferably further processed for skin formation,
for which the sheet is heated under pressure while its surface is still
wet. Through skin formation treatment, the amount of the hydrogen-bonded
microfibers in the sheet could be increased. In the method mentioned above,
the surface of the drier drum 13 is smooth and is heated. In the transfer
unit III, the fibrous sheet lA is pressed between   0 4 JUN 20Q3 32 the
pressure roll 20 and the drier drum 13. In this step, the top layer la is
so positioned that it faces the drier drum 13. The fibrous sheet 1A
contains water having been applied thereto through water-jetting treatment,
and it is heated under pressure against the smooth surface of the drier
drum 13 whereby the fibers constituting it are more highly bonded to each
other via hydrogen bonding. In particular, the hydrogen bonding of the
microf fibers that extend from the f ibrillated rayon in the surface of the
fibrous sheet lA is much enhanced. As a result, the top layer la of the
fibrous sheet lA is smooth-faced and its surface strength is increased.
Accordingly, in its practical use, the fibrous sheet lA is hardly broken
even when its surface is rubbed against objects. Through skinformation
treatment, the amount of the hydrogen-bonded microfibers in the fibrous
sheet is much increased. As a result of skin formation treatment,
therefore, the strength of the fibrous sheet is much increased not only in
dry but also even in wet with a small amount of water. Fiber-to-fiber bonds
in the fibrous sheet increase through skin formation treatment, but they
are readily loosened in a large amount of water, for example, when the
fibrous sheet is disposed of in flush toilets, etc. Skin formation
treatment increases the surface friction resistance of the fibrous sheet
and even the strength of the sheet itself, but does not almost detract from
the decomposability of the sheet in water. For   0 ~r J U N 2QQ~ 33 skin
formation treatment, for example, embossing rolls or pressure plates may be
used in place of the drier drum 13 and the pressure roll 20. The fibrous
sheet of the invention does not always 



require water-jetting treatment. The hydrogen bonds of the OH groups
existing in the surfaces of fibrillated rayon fibers increase the strength
of the water-decomposable fibrous sheet not processed with water jets,
especially the dry strength thereof. With the increase in the degree of
fibrillation of rayon fibers in the sheet, or that is, with the increase in
the amount of microfibers therein, the surface area of the fibers
constituting the sheet increases and the fiber-to-fiber bonding strength of
hydrogen bonds in the sheet is thereby enhanced. In the sheet produced in a
paper-making process, the hydrogen-bonding force of the microfibers is
comparable to or larger than that of pulp, and the sheet strength is high.
Depending on the hydrogen-bonding force of the microfibers constituting the
sheet, the decomposability in water of the sheet could be well balanced
with the mechanical strength thereof. The dry strength of the sheet
produced in a paper-making process is especially high. Even in the fibrous
sheet produced in a paper-making process, the microfibers can be partly
entangled, so that the wet strength of the sheet can be high. For example,
in the non-woven fabric-forming unit I in   ~0 4 J U N 200 34 the method
mentioned above, the non-woven fabric may be formed with no water-jetting
treatment applied thereto. Additionally, a two-layered fibrous sheet lA may
be formed in a paper-making unit as in Fig. 10. The paper-making unit
comprises a first stock tank 31 and a second stock tank 32, in which, for
example, a first stock 33 for forming a back layer is put into the first
stock tank 31 and a second stock 34 for forming a top layer is put into the
second stock tank 32. One paper-making cylinder 35 is set in the first
stock tank 31, and another paper-making cylinder 36 is set in the second
stock tank 32. A wire belt 37 above the paper-making cylinders is rotated
counterclockwise; and the paper-making cylinders 35 and 36 are clockwise
rotated. In the first stock tank 31, the first stock 33 is scooped up by
the paper-making cylinder 35 and transferred onto the wire belt 37 to form
thereon a first fibrous web (back layer lb); and in the second stock tank
32, the second stock 34 is scooped up by the paper-making cylinder 36 and
transferred onto the first fibrous web to form thereon a second fibrous web
(top layer la). In that manner, a two-layered fibrous sheet is produced.
The fibrous sheet thus produced in the paper-making process as above can be
also processed for skin formation. Briefly, after having been produced
still in wet, or after having been once dried and again wetted with water,
the fibrous sheet is pressed under heat. As a result, the fibers,   0 4 J U
N 2003 35 especially the microfibers existing in the surface of the
thus-pressed sheet are hydrogen-bonded to a higher degree, whereby the
surface strength of the sheet is increased. Fig. 11 is a partly-enlarged
cross-sectional view showing the water-decomposable f fibrous sheet of a
second aspect of the invention. As shown in Fig. 11, the fibrous sheet 1B
is composed of a top layer lc, a back layer le, and an interlayer ld
sandwiched between the top layer lc and the back layer le. The top layer lc
and the back layer le are the same as the top layer la of the two-layered
fibrous sheet lA mentioned above, and these are made from fibrillated rayon
fibers and other fibers. The fibrillated rayon content of each of these
layers lc and le is at least 3 ~ by mass, preferably at least 5 ~ by mass.
If desired, the top layer lc and the back layer le are entirely made from
fibrillated rayon fibers only. On the other hand, the interlayer ld does
not contain fibrillated rayon, and is made from other fibers only. Since it
is sandwiched between the top layer lc and the back layer le both having
high strength, its wet strength may be extremely low. For example, it may
be like toilet paper, formed from soft wood pulp only. However, the
interlayer ld may contain a smaller amount of fibrillated rayon than in the
top layer lc and the back layer le. In the fibrous sheet 1B, the top layer
lc and the back layer le contain fibrillated rayon, so that the strength of



0 4 J U N 2003 36 the both surfaces of the fibrous sheet 1B is high.
Accordingly, both surfaces Sc and Se of the top layer lc and the back layer
le of the fibrous sheet 1B could be applied to objects in practical use.
For wiper applications, the fibrous sheet of this type is convenient, since
users are not required to pay any attention to the surfaces of the sheet.
While used, the sheet exhibits high strength owing to the properties of the
top layer lc and the back layer le; and after it has been used and
contacted with a large amount of water in flush toilets, the entangled
microfibers in the top layer 1c and the back layer le are, needless to say,
readily loosened, and, in addition, since the interlayer ld is more readily
decomposed in water than the top layer lc and the back layer le, the
decomposability of the fibrous sheet is high as a whole. Preferably, both
surfaces or at least one surface of the top layer lc and the back layer le
of the three-layered fibrous sheet of Fig. 11 are/is processed for skin
formation. The water-decomposable fibrous sheet of the invention may have a
four-layered or more multi-layered structure. To produce the
water-decomposable fibrous sheet of the invention, the individual layers
may be separately formed and laminated by bonding them. For bonding the
layers, a water-soluble or water-swellable adhesive may be used. As the
case may be, the constituent layers may be pressed under heat while they
are wet, whereby the fibers in the thus-laminated layers may be   0 4 J U N
2003 37 bonded together through hydrogen bonding. Preferably, the strength
at break in wet of the water-decomposable fibrous sheet of the invention
that contains water is at least 1.1 N/25 mm in terms of the root mean
square of the strength in the machine direction (MD) of the non-woven
fabric for the sheet and that in the cross direction (CD) thereof. The
strength at break in wet (this is herein referred to as wet strength) is
meant to indicate the tensile strength at break (N) of the fibrous sheet in
wet. To obtain its wet strength in terms of the tensile strength at break,
a piece of the fibrous sheet having a width of 25 mm and a length of 150 mm
is immersed in water to thereby infiltrate water of 2.5 times the mass of
the sheet into the sheet piece, and the thus-wetted sheet piece is pulled
until it is broken, by the use of a Tensilon tester, for which the chuck
distance is 100 mm and the stress rate is 100 mm/min. 



However, the data thus measured according to the method are merely the
criterion for the strength of the fibrous sheet, and the fibrous sheet of
the invention will have a strength that is substantially the same as the
wet strength thereof measured in the manner as above. More preferably, the
wet strength of the fibrous sheet is at least 1.3 N/25 mm. On the other
hand, it is also desirable that the fibrous sheet has high strength enough
for its use even in dry. Therefore, the dry strength of the fibrous sheet
is preferably   0 4 J U N 2003 38 at least 3.4 N/25 mm in terms of the root
mean square of the strength at break in the machine direction (MD ) of the
non-woven fabric for the sheet and that in the cross direction (CD)
thereof. Also preferably, the water-decomposable fibrous sheet of the
invention has a degree of decomposition in water of at most 300 seconds,
more preferably at most 200 seconds, even more preferably at most 120
seconds. The degree of decomposition in water is measured according to the
test method of ,TIS P-4501 that indicates the degree of easy degradation of
toilet paper in water. The outline of the paper degradation test method is
described. A piece of the water-decomposable fibrous sheet of the invention
having a length of 10 cm and a width of 10 cm is put into a 300-ml beaker
filled with 300 ml of ion-exchanged water, and stirred therein with a
rotor. The revolution speed of the rotor is 600 rpm. The condition of the
test piece being dispersed in water is macroscopically observed at
predetermined time intervals, and the time until the test piece is finely
dispersed is measured. However, the data thus measured according to the
method are merely the criterion for the decomposability in water of the
fibrous sheet, and the fibrous sheet of the invention will have a degree of
decomposition in water that is substantially the same as the data measured
in the manner as above. Regarding the dry surface friction resistance of
the   0 4 J U N 20D`3 39 fibrillated rayon-containing top layer of the
waterdecomposable fibrous sheet of the invention, it is desirable that the
top layer in dry is resistant to at least three rubbing cycles in the
rubbing test of JIS P-8136 for paper boards. Briefly, in the test method of
,TIS P-8136, a test piece ( fibrous sheet) is fitted onto a slide stand (B)
, and a rubbing member (A) with a piece of artificial leather attached
thereto is rubbed against the test piece. The number of rubbing cycles is
counted before fibers are peeled off to form roundish fibrous fluffs on the
surface of the test piece. More preferably, the top layer of the fibrous
sheet of the invention is resistant to at least ten rubbing cycles in the
test. For the wet surface friction resistance of the fibrillated
rayon-containing top layer of the fibrous sheet, it is also desirable that
the top layer in wet is resistant to at least three rubbing cycles in the
rubbing test. For wiper sheets and absorbent articles, the fibrous sheet
must be resistant to surface friction even in wet in some degree. The
fibrous sheet in wet contains water of at least 2.5 times the self-weight
of the dry sheet. In the water-decomposable fibrous sheet of the invention,
the microfibers extending from the surfaces of the fibrillated rayon fibers
constituting the sheet are entangled and the fibers are therefore bonded
together to a suitable degree. Accordingly, even in wet, the sheet is still
resistant to surface friction. More preferably,  



0 4 ~ a N 2003 40 the top layer of the fibrous sheet of the invention is,
even in wet, still resistant to at least ten rubbing cycles in the test. To
make the water-decomposable fibrous sheet of the invention have a degree of
decomposition in water, a degree of mechanical strength and a degree of
surface friction resistance that fall within the preferred ranges noted
above, the type of the fibers constituting the sheet, the proportion of the
fibers, the weight of the sheet, and the conditions for water-jetting
treatment for the sheet may be varied. For example, where fibrillated rayon
having a long fiber length is used, or where f ibrillated rayon not beaten
so much ( that is, having an increased numerical value indicating its
degree of beating) is used, the weight of the fibrous sheet is reduced, or
the processing energy for water-jetting treatment is reduced, whereby the
fibrous sheet could have an increased degree of decomposition in water and
an increased wet strength. Even though not containing a binder, the water
decomposable f fibrous sheet of the invention could have a high degree of
decomposition in water and a high wet strength. However, in order to
further increase the wet strength of the fibrous sheet, a water-soluble or
water-swellable binder capable of binding fibers together may be added to
the sheet. Having met a large amount of water, the binder shall dissolve or
swell therein and therefore lose its fiber-binding ability.   0 4 J U N 200
41 The binder usable herein includes, for example, carboxymethyl cellulose;
alkyl celluloses such as methyl cellulose, ethyl cellulose, benzyl
cellulose, etc.; polyvinyl alcohol; modif ied polyvinyl alcohols having a
predetermined amount of a sulfonic acid group or a carboxyl group, etc. The
amount of the binder to be added to the fibrous sheet may be smaller than
usually. For example, only about 2 g of the binder, relative to 100 g of
the fibers constituting the fibrous sheet, may be added to the sheet
whereby the wet strength of the sheet could be increased to a satisfactory
degree. Accordingly, adding such a small amount of a binder to the fibrous
sheet does not so much interfere with the safety of the sheet. To add a
water-soluble binder to the non-woven fabric for the fibrous sheet,
employable is a coating method of applying the binder to the non-woven
fabric through a silk screen. On the other hand, a water-swellable binder
may be added to the fibrous web for the sheet while the fibrous web is
prepared in a paper-making process. The binder may be incorporated into a11
layers constituting the fibrous sheet. If not, it is desirable that the
binder is incorporated into the layers not containing fibrillated rayon.
This is because the microfibers in the fibrillated rayon-containing layers
enhance the mechanical strength of the layers. Where a binder such as that
mentioned above is added   0 4 J U N 2003 



42 to the fibrous sheet of the invention, an electrolyte such as a
water-soluble inorganic or organic salt may be added thereto along with the
binder, whereby the wet strength of the sheet could be increased much more.
The inorganic salt includes, for example, sodium sulfate, potassium
sulfate, zinc sulfate, zinc nitrate, potassium alum, sodium chloride,
aluminium sulfate, magnesium sulfate, potassium chloride, sodium carbonate,
sodium hydrogencarbonate, ammonium carbonate, etc.; and the organic salt
includes, for example, sodium pyrrolidone-carboxylate, sodium citrate,
potassium citrate, sodium tartrate, potassium tartrate, sodium lactate,
sodium succinate, potassium pantothenate, calcium lactate, sodium
laurylsulfate, etc. Where an alkyl cellulose is used as the binder, it is
preferably combined with a monovalent salt. Where a modified or
non-modified polyvinyl alcohol is used as the binder, it is preferably
combined with a monovalent salt. In addition, where an alkyl cellulose is
used as the binder, any of the following compounds may be added to the
water-decomposable fibrous sheet so as to further increase the strength of
the sheet. The additional compounds include, for example, copolymers of a
polymerizable acid anhydride monomer with other comonomers, such as
(meth)acrylic acid-malefic acid resins, (meth)acrylic acid-fumaric acid
resins, etc. Preferably, the copolymers are saponif ied with sodium
hydroxide or the like into water-soluble copolymers partially   0 ~r J iJ
h! Z~3 43 having a sodium carboxylate moiety. Adding an amino acid
derivative such as trimethylglycine or the like to the sheet is also
desirable, as also enhancing the strength of the sheet. The
water-decomposable fibrous sheet of the invention may optionally contain
any other substances, without interfering with the advantagesof the
invention. For example, it may contain any of surfactants,microbicides,
preservatives, deodorants, moisturizers, alcohols such as ethanol,
polyalcohols such as glycerin, etc. As having good decomposability in water
and high wet strength, the water-decomposable fibrous sheet of the
invention is usable as wet tissue for application to the skin of human
bodies including the private parts thereof, or as cleaning sheets for
toilets and thereabouts. To enhance its wiping and cleaning capabilities
for those applications, the sheet may previously contain water, surfactant,
alcohol, glycerin and the like. Where the water-decomposable fibrous sheet
of the invention is, while being previously wetted with liquid detergent
and the like, packaged for public sale, it shall be airtightly packaged and
put on the market so that it is not spontaneously dried. On the other hand,
the waterdecomposable fibrous sheet may be marketed in dry. The users who
have bought the dry water-decomposable fibrous sheet may wet it with water
or liquid chemicals before use. Since the water-decomposable fibrous sheet
of the   D 4 J U N 2003 44 invention has high dry strength, and since it
does not always require adding binders and electrolytes thereto, being
different from conventional water-decomposable fibroussheets, it is highly
safe for its application to the skin. Accordingly, the fibrous sheet of the
invention is usable as the sheet component of various water-decomposable
absorbent articles including, for example, sanitary napkins, panty liners,
sanitary tampons, disposable diapers, etc. For example, when the fibrous
sheet is perforated, it may be used as the top sheet for water-decomposable
absorbent articles. Even though having absorbed body discharge fluid, the
fibrous sheet could still maintain a predetermined level of wet strength,
and is therefore deformed little during use. When the fibrous sheet is
combined with any other fibers, it is usable as an absorbent layer, a
cushion layer, a back sheet, etc. EXAMPLES The invention is described in
more detail with reference to the following Examples, which, however, are
not intended to restrict the scope of the invention. Example A: Rayon
fibers ( from Acordis Japan ) were f ibrillated in a mixer to prepare
various types of fibrillated rayon having different degrees of beating as
in Table 5. From the fibrillated rayon, ordinary non-fibrillated rayon (1.7
dtex ( 1. 5 d ) , f fiber length 5 mm) , and bleached soft-wood kraft pulp 



~ ~ J U N 2UQ~ 4.5 (NBKP ) (Canadian Standard Freeness, CSF = 600 cc ) ,
formed were two-layered fibrous webs. The blend ratio of the fibers in the
top layer and the back layer of each web is indicated in Table 5. The back
layer contained the fibrillated rayon. The fiber length of the fibrillated
rayon shown in the Table 5 is that of the non-beaten rayon. Without being
dried but still on the plastic wire, the resulting fibrous web was put on a
running conveyor. While being moved at the speed indicated in Table 5, the
fibrous web was subjected to water-jetting treatment, whereby the fibers
constituting it were entangled. The high-pressure waterjetting device used
for the treatment was equipped with 2000 nozzles/meter each having an
orifice diameter of 95 microns, at intervals of 0.5 mm between the adjacent
nozzles, and the pressure of jetting water streams applied to the web was
294 N/cm2. In that condition, jetting water was applied to the top surface
of the web so that it passed through its back surface. The running speed of
the web was 30 m/min. The water-jetting treatment was repeated once again
under the same condition. This is the second-stage water-jetting treatment.
Next, the web was dried with a Yankee drier to obtain a water-decomposable
fibrous sheet. This was then immersed in 250 g, relative to 100 g of the
mass of the non-woven fabric, of ion-exchanged water. The thus-obtained
water-decomposable fibrous sheet was tested in dry and in wet for
decomposability in water,   0 4 J U N 2003 46 strength and friction
fastness. The test for decomposability in water was based on the test of
JIS P-4501 indicating the degree ef degradability of toilet paper.
Precisely, a piece of the water-decomposable fibrous sheet having a length
of 10 cm and a width of 10 cm was put into a 300-ml beaker filled with 300
ml of ion-exchanged water, and stirred therein with a rotor. The revolution
speed of the rotor was 600 rpm. The condition of the test piece being
dispersed in water was macroscopically observed at predetermined time
intervals, and the time until the test piece was dispersed was measured (
see the following Table - the data are expressed in seconds). The wet
strength was measured according to the test method stipulated in JIS
P-8135. Briefly, a piece of the water-decomposable fibrous sheet having a
width of 25 mm and a length of 150 mm was tested both in the machine
direction (MD) and in the cross direction (CD), by the use of a Tensilon
tester, for which the chuck distance was 100 mm and the stress rate was 100
mm/min. The strength at break (N) of the test piece thus measured indicates
the wet strength thereof (see the following Table - the data are expressed
in N/25 mm). To determine its surface friction resistance, the fibrous
sheet was tested for friction fastness according to the abrasion resistance
test method for paper boards stipulated in JIS P-8136. Briefly, a rubbing
member A with a piece of   0 4 J U N 2003 



47 artificial leather attached thereto was rubbed against the fibrillated
rayon-containing top layer of the fibrous sheet to be tested, under a load
of 500 g (4.9 N). Fibrous sheets of Comparative Example were produced in
the same manner as in Example, for which the blend ratio of the fibers is
indicated in Table 5. The fibrous sheets of Comparative Example are a11
single-layered ones. The weight of the fibrous sheets of Example and
Comparative Example is a11 50 g/m2. The data obtained are given in Table 5.
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,5iO 'JrSdNZWP4t~A3A U$ UA3   U 4 J U N 2D03 49 In Table 5, Comparative
Example 1 and A-1 are compared. It is understood that A-1 has increased
decomposability in water, not so much lowering its strength. In addition,
A-1 has increased friction resistance, since the fibrillated rayon is
concentrated in its top layer. The data support the well-balanced
decomposability in water and strength of the two-layered fibrous sheets.
Moreover, it is understood that the strength of A-1 is comparable to that
of Comparative Example 2, though the overall fibrillated rayon content of
A-1 is smaller than that of Comparative Example 2, concretely the former is
half the latter. This means that the overall fibrillated rayon content of
the two-layered fibrous sheet can be reduced and the production costs
thereof can be reduced. The same shall apply also to A-2. Example B: In
Example B, the sample A-1 produced in the previous Example A was processed
for skin formation, and tested for the properties. To process it for skin
formation, the fibrous sheet A-1 was pressed between a rotary drier and a
roll, at a temperature of 130C and under a pressure of 0.02 N. The data
obtained are given in Table 6.   0 4 ,1 L1 N 2003 50 Table 6 



B-1top layerback layerNBKP (600 cc)60 ~60 ~Fibrillated Rayon (1.7 dtex x5
mm)10 ~-Rayon (1.7 dtex x 5 mm)30 ~40 ~Fibrillated Rayon Content of Fibrous
Sheet5 $Dry Strength (N/25 mm)21.1Wet Strength (N/25 mm)3.8Dry Friction
Fastness (number cycles)of rubbing18Wet Friction Fastness (number cycles)of
rubbing12Dry Decomposability in water(sec)118Wet Decomposability in
water(sec)134  Comparing A-1 in Table 5 and B-1 in Table 6, it is
understood that the latter having been processed for skin formation has
increased surface strength (friction fastness) and its decomposability in
water is lowered little. In addition, it is also understood that B-1 has
increased dry strength and wet strength. As is understood from the test
data as above, the top layer of the multi-layered water-decomposable
fibrous sheet of the invention has high strength, taking advantage of the
tangling and/or hydrogen-bonding force of the microfibers that extend from
the fibrillated rayon therein. Accordingly, the fibrous sheet has good
decomposability in water and high strength, and its top surface is
resistant to friction. When the fibrous sheet is used for wiping objects,
the microfibers of the fibrillated rayon in its top surface are directly
contacted with the objects, and the friction to the  



0 4 J U N 2003 51 fibrous sheet is reduced, and therefore the fibrous sheet
enjoys good durability for wiping applications. In addition, when the
fibrous sheet is used for the top sheet of absorbent articles, it is not
deformed during use and gives a comfortable feel to users. Even though
containing a relatively small amount of fibrillated rayon, the fibrous
sheet still has high strength, and therefore its production costs can be
reduced. Here, 'comprises/comprising' when used in this specification is
taken to specify the presence of stated features, integers, steps or
components but does not preclude the presence or addition of one or more
other features, integers, steps, components or groups thereof. While the
invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that
various changes and . modifications can be made therein without departing
from the spirit and scope thereof.   0 4 J U N 200 52 What is claimed is:
1. A multi-layered water-decomposable fibrous sheet with a plurality of
layers each having a different fibrous constitution integrated therein, the
fibrous sheet having a total sheet weight between 20 and l00 g/m2,
comprising: a top layer on a top surf ace including fibrillated rayon and
other fibers having a length of between I and 10 mm, the content of the
fibrillated rayon being at least 3% by weight of all fibers constituting
the top layer, the fibrillated rayon having a degree of beating of at most
700 cc, having a degree of fineness in a range of 1 to 7 denier, and having
primary fibers of a predetermined fiber length and microfibers extending
from the primary fibers, the primary fiber hav ing a length of between 1.8
mm and lOmm at the peak of its self weighted average fiber distribution,
the microfibers having a length of at most 1 mm and being present in an
amount of between 0.1 and 65% of the weight of the fibrillated rayon, the
microfibers being at least one of entangled with and hydrogen-bonded to at
least one of other microfibers and other fibers, and 



a back layer on a back surface including fibers having a length of between
1 and 10 mm but containing no fibrillated rayon, the fibers being at least
one of entangled with and hydrogen-bonded to each other, or the back layer
including the fibrillated rayon in an amount smaller than that in the top
layer, the microfibers of the fibrillated rayon being at least one of
entangled with and hydrogen-bonded to at least one of the other microfibers
and the other fibers. 2. The water-decomposable fibrous sheet as claimed in
claim 1, wherein the surface of the top layer is pressed under heat so that
the microfibers of the fibrillated rayon in the surface pressed under heat
are hydrogen-bonded to at least one of the other microfibers and the other
fibers. 3. The water-decomposable fibrous sheet as claimed in claim 1,
wherein the fibrous sheet is a non-woven fabric after being subjected to
water jetting treatment. 4. The water-decomposable fibrous sheet as claimed
in claim 1, wherein the fibrous sheet is produced in a paper-making
process.   a 4 ~ U N 200 53 5. The water-decomposable fibrous sheet as
claimed in claim 1, wherein the fibrillated rayon has degree of fineness of
between 1.1 and 1.9 dtex. 6. The water-decomposable fibrous sheet as
claimed in claim 1, wherein the sheet has a decomposability in water of at
most 200 seconds. 7. The water-decomposable fibrous sheet as claimed in
claim 1, wherein the sheet has a wet strength of at least 1.1 N/25mm. 8.
The water-decomposable fibrous sheet as claimed in claim 1, wherein the
sheet has a dry strength of at least 3.4 N/25 mm. 9. A mufti-layered
water-decomposable fibrous sheet with a plurality of layers each having a
different fibrous constitution integrated therein, the fibrous sheet having
a total sheet weight between 20 and 100 g/m2, comprising: a top layer on a
top surface and a back layer on a back surface each including fibrillated
rayon and other fibers having a length of between 1 and 10 mm, the content
of the fibrillated rayon being at least 3% by weight of all fibers
constituting each layer, the fibrillated rayon having a degree of beating
of at most 700 cc, having a degree of fineness in a range of 1 to 7 denier,
and having primary fibers of a predetermined fiber length and microfibers
extending from the primary fibers, the primary fiber having a length of
between 1.8 mm and 10 mm at the peak of its self weighted average fiber
distribution, the microfibers having a length of at most 1 mm and being
present in an amount of between 0.1 and 65% of the weight of the
fibrillated rayon, the microfibers being at least of entangled with and
hydrogen-bonded to at least one of other microfibers and other fibers, and
an interlayer disposed between the top layer and the back layer including
fibers having a length of between 1 and 10 mm but containing no fibrillated
rayon, the fibers being at least one of entangled with and hydrogen bonded
to each other, or the interlayer including fibrillated rayon in an amount
smaller than that in the top and back layers, the microfibers of the
fibrillated rayon being at least one of entangled with and hydrogen-bonded
to at least one of the other microfibers and the other fibers.   0 4 J U N
200 54 10. The mufti-layered water-decomposable fibrous sheet as claimed in



claim 9, wherein the fibrillated rayon content of the fibers constituting
the top layer is almost identical to the fibers constituting the back
layer. 11. The water-decomposable fibrous sheet as claimed in claim 9,
wherein at least one of surfaces of the top and back layers is pressed
while subjected to heat so that the microfibers of the fibrillated rayon in
the surface pressed while subjected to heat are hydrogen-bonded to at least
one of the other microfibers and the other fibers. 12. The
water-decomposable fibrous sheet as claimed in claim 9, wherein the fibrous
sheet is a non-woven fabric after being subjected to water jetting
treatment. 13. The water-decomposable fibrous sheet as claimed in claim 9,
wherein the fibrous sheet is produced in a paper making process. 14. The
water-decomposable fibrous sheet as claimed in claim 9, wherein the
fibrillated rayon has a degree of fineness of between 1.1 and 1.9 dtex. 15.
The water-decomposable fibrous sheet as claimed in claim 9, wherein the
sheet has a decomposability in water of at most 200 seconds. 16. The
water-decomposable fibrous sheet as claimed in claim 9, wherein the sheet
has a wet strength of at least 1.1 N/25 mm. 17. The water-decomposable
fibrous sheet as claimed in claim 9, wherein the sheet has a dry strength
of at least 3.4 N/25 mm. .AN.A,.A?.AF.A;,.AA.Ah.A.A{.A.A.ASh.A.A{ .An.AM
7.Ay.A.A.A.AA.A.A.A.A.Ay.A.AA.A.A.A3.A..A.A.A.AA.A.A[.A.AU.A9.A.A.A.A.Ah.A.
&.AlL.AA .Ay.A.A.A.An2A]tz2jxIJS) _
}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]cRa]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]caU]caU]ca]cRa]caU]ca!.j  



6g9i~9:K|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!KL6;
?AC?@[de"#89{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca! GGH3 4
!!'"("i"j"E#N#S#U#$|wrmhb]X]c]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!$
$$$$$%%%%|%}%%%%\&]&&&~''(((((((((4)M)))}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!)))-*?*t****+i++++7,?,t,,,,---F----.C.....
/B/|wrmhc^Y]c]]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]ca]ca]ca]ca!B////0=0o0000"1[111111222233444455C
5D5555|wrmhc^Y]c]]ca]ca]ca]ca]ca]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!56 66666%74777=;
;;*<+<<<<<0=l===)>1>2>e>>>"?Y???@}xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!@N@@@
A0AKALAeAAABBBBBTBBBBBDDXDYDgDGSGaGbGH
HCHMH|wrmhc^Y]c]]ca]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]ca]ca]ca!MHRHUHH
IMIIJ~KKKKKKLLMLMMMMNN]OgOlOmOoOOOOOPZPP~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]caU
]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU
]ca!PQHQQQRBRRRRRRRRLSPSYShSkSsStSTTTVVVVWBWWWX5X|wrmhc^Y]]c]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!5X6XAXEXJXNXQXTX+YbYYYZ[Z[[\F\]$^3^6^ab6d?dAdDdGd<eoguggjzupkfa\
W]]]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]caU]ca]ca]ca!j)j,jijk5lnooppqruuucxy{{{||R~~JOSUY^af}xrmg
b]X]]]]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!-<?~(\rzPtP{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]c
a]caU]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!
Mo-cBOR0@C}zupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca!Rv+a^fmpL[^+hF|wrmhc^Y]]]]
ca]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]ca]ca]ca!\!?928l`nq{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!~U
<zupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
U]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<}@~4.25BDF}xrmhb]Wkfa\W]]U]ca]caU]c
a]ca]caU]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca opz|
"37FGYZbc|vqkf`[Umhb]Wkfa\WU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]c
a]caU]ca]caU]ca]caV]ca]caU]ca]caV]ca]caU]ca]caU]ca]caU]ca]cacMNz
Bab}wrlga\Vmhb]Wkfa\WUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU
]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caV]ca]caU]ca]ca LNUVfglm5x  "-cO z
$@P}xsnhc^Ykfa\WUU]]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca 1l5t!X
\H|wrmhc^YUU]]ca]ca]ca]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]ca!N&)"c"%''''8(}(()*q***>+++,[,,,-}xs|
wrmhc^YUU]]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caA]tzfH)` 10%g&'()-l
Y10%g&'()-S`10%g&'()-sL910%g&'()- @10%g&'()-Y
slL!10%&'()-`@&10%g&'()-z2jdE)` 10%g&'()8!10%g&'()-6!10%g&'()-
410%g&'()-!10%g&'()-l l-10%g&'()-y10%g&'()-xbC` 10%g&'`
10%z&'()-@!10%z&'()-`10%z&'()-0'10%z&'()-Y 10g 



10g 10g"<10%g&'()-S) _ dEbC` 10%g&'!10%z&'()-  10%z&'()-y!10%z&'()-
`10%z&'()-l910%z&'()-f 10%z&'()-.j    dYNC` 10%g&' 10z 10z 10z2!10%z&'()-
0-10%z&'()-. 10%z&'()-,!10%z&'()-* 10%z&'()-   6gaBYNC` 10%g&'0
10%@&'()-l!10%@&'()-! @ 10%&'()-@ 10%@&'()-`10%@&'()-s'10%@&'()-uS1! @
10%&'()-&!@ 10%@@&'()-&`10%@&'()-'F10%@&'()- 10@@ 10@@
10@@!2!10%@@&'()-9i3456}[M?1 10@@ 



10@@ 10@@!  &!10%@@&'()-! &!10%@@&'()-
&!10%@&'()-!!10%&&&'()-!10%@&'()-6?A[ GdEM?1 10@@ 10 "10%T&'()-y 10%T&'()-
s10%T&'()-, 10%T&'()-'`10%T&'()-`&-10%T&'()-GxmbC 10@@ 1`'10%@&'()- 10T 10T
10T*!10%T&'()- (-10%T&'()-&10%T&'()-$
10%T&'()-#B#C#D#E#S#}oaS1!09'10%uu&'()-Y 10++ 10++ 10++! S&!10%++&'()-m1!
S&!10%@@&'()-m1S&!10%@&'()-m1`10%@&'()-S#U##%%&~'}^<aS1!09'!!10%-u-u&'()-'!
10%-u&'()-'!@ 10%uu&'()-L @ 10%-u&'()-L!7@
10%&'()-Ls10%-u&'()-~''i(((((((}oP1`10%-u&'()-'10%-u&'()- 10uu 10uu
10uu!!10%uu&'()-'!!10%-u-u&'()-'!!10%-u-u&'()-'(((4)M)))dEoP1`10%Z
10%-u&'()- -10%-u&'()-fZ 10%-u&'()- `10%-u&'()-Y 



10%-u&'()-@ 10%-u&'()-)))-*?*t**dEoP1`10%  10%-u&'()-
-10%-u&'()-s10%-u&'()- 10%-u&'()- -10%-u&'()-10%-u&'()-***+i++++dEoP1`10%,
10%-u&'()- *-10%-u&'()-(Z 10%-u&'()-& 10%-u&'()- $10%-u&'()-"
10%-u&'()-+7,?,t,,,,,,dE:/ 10-u 10-u810%-u&'()-6 10%-u&'()-4 10%-u&'()-
2-10%-u&'()-010%-u&'()-. 10%-u&'()-,,--F----xY:/ 10-uy10%-u&'()-s
10%-u&'()-l  10%-u&'()- S10%-u&'()-10%-u&'()-'10%-u&'()- 10-u-.C.....dE:/
10-u 10%-u&'()- -10%-u&'()-10%-u&'()- 10%-u&'()- 10%-u&'()- -10%-u&'()-.
/B////0dE:/ 10-u& 10%-u&'()- $10%-u&'()-"@10%-u&'()-  10%-u&'()-
-10%-u&'()-s10%-u&'()-0=0o0000"1dE:/ 10-u
4-10%-u&'()-&210%-u&'()-.s10%-u&'()-, 10%-u&'()-
*-10%-u&'()-(10%-u&'()-"1[11111112_@ 



10-uS 10%T&'()--!6y10%uu&'()- &10%T&'()- 10-u 10-u 10-u8
10%-u&'()-6!10%-u&'()-2255"7#7$7%747}rg\= 10-u&10%@&'()- 10T 10T 10T.
10%T&'()-! 10%,,&'()-  10%T&'()- ! S 10%''&'()--47778=;<<<<<uj_@
10-u9'10%&'()- 10@ 10@
10@,!10%@&'()-!S!10%@@&'()-@#S!10%@&'()-@#s10%@&'()-<<<0=l===dEj_@ 10-u
10%&'()- 10%&'()- 10%&'()-  10%&'()- f-10%&'()-10%&'()-=)>e>>>"?Y?dEj_@
10-u 10%&'()-&!10%&'()- 10%&'()- 10%&'()- 10%&'()- 10%&'()-Y???@N@@@dBj_@
10-u!S(%10%aa&'()-& 10%&'()-$ 10%&'()-" 10%&'()- !10%&'()- 10%&'()-@
A0AeAAABdEj_@ 10-u! 4 10%&'()-2!10%&'()-0!10%&'()- .-10%&'()-,10%&'()-*
10%&'()-BTBBBBBBB9D_@ 10-uy!10%-u&'()-:!s10%))&'()- `'10%-u&'()- 



10 10 108!10%&'()- 6 10%&'()-9DgDGSG@HAHBHCHRH}rg\= 10-u`'10%O&'()- 10-u
10-u 10-u2!10%-u&'()-!!10%uu&'()-!10%-u&'()-!y!10%uu&'()-:RHUHH IMIIJdEg\=
10-u!10%O&'()- 10%O&'()- 10%O&'()- 10%O&'()-y 10%O&'()-s10%&'()-
J{K|K}K~KKKKKbH 10-un!10%&'()-|L10%&'()-10%&'()-'10%&'()- 10O 10O
10O!10%O&'()- KKKKKKKeFbH
10-un!10%&'()-|n!10%&'()-|n!10%&'()-|n!10%&'()-|1n!10%&'()-|n!10%&'()-|KKKK
LLLeAbH 10-u#3tE!n!10%&'()-|n!10%&'()-|n!10%&'()-|1n!10%&'()-|#3tE!LL
LLLLLLdJ+Hn!10%&'()-|n!10%&'()-|#3tE!n!10%&'()-|n!10%&'()-|n!10%&'()-|n!10%
&'()-|L#L)L*L+L/L4LeF+Hn!10%&'(n!10%&'()-|n!10%&'()-|n!10%&'()-|#3tE!n!10%&
'()-|n!10%&'()-|4L:L;
L<L?LDLJLeF+Hn!10%&'(n!10%&'()-|n!10%&'()-|n!10%&'()-|n!10%&'()-|#3tE!n!10%
&'()-|JLKLLLML_LdLtLLkL-Hxx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-Kxx
!10%&'()-Kn!10%&'()-|#3tE!LLLLLLLeF-Hxx!10%&'xx!10%&'()-Kxx!10%&'()-Kxx!10%
&'()-K#3tE!Kxx!10%&'()-Kxx!10%&'()-KLLLLLLLeF-Hxx!10%&'xx!10%&'()-Kxx!10%&'
()-Kxx!10%&'()-Kxx!10%&'()-K#3tE!xx!10%&'()-KLLLLLLLeA-Hxx!10%#3tE!xx!10%&'
()-Kxx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-K#3tE!LLLLLLLLdJ+Hxx!10%&'()-Kxx!10%
&'()-K#3tE!xx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-KLLMMMMMeF+Hxx!10
%&'(xx!10%&'()-Kxx!10%&'()-Kxx!10%&'()-K#3tE!xx!10%&'()-Kxx!10%&'()-KMMMMM'
M.M>MkL-H|!10%&'()-[|!10%&'()-[|!10%&'()-[|!10%&'()-[xx!10%&'()-K#3tE!xx!10
%&'()-K>MUMnMuMvM{MMeF-H|!10%&'|!10%&'()-[|!10%&'()-[#3tI![|!10%&'()-[|!10%
&'()-[|!10%&'()-[MMMMMMMeF-H|!10%&'|!10%&'()-[|!10%&'()-[|!10%&'()-[#3tI!|!
10%&'()-[|!10%&'()-[MMMMMMMeF-H|!10%&'|!10%&'()-[|!10%&'()-[|!10%&'()-[|!10
%&'()-[#3tI!|!10%&'()-[MMMMMMMeA-H|!10%#3tI!|!10%&'()-[|!10%&'()-[|!10%&'()
-[|!10%&'()-[#3tI!MMMMMMMMdK1H+$!10%&'()-Q|!10%&'()-[#3tI!|!10%&'()-[|!10%&
'()-[|!10%&'()-[|!10%&'()-[MMMMN'N-NeF1H+$!10%&'+$!10%&'()-Q+$!10%&'()-Q+$!
10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q-N.N3N7N<NBNCNeA1H+$!10%#3tJ!+
$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q#3tJ!CNDNHNNNTNUNVNZNdJ+H+$!
10%&'()-Q+$!10%&'()-Q#3tJ!+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-QZ
N`NfNgNhNlNrNeF+H+$!10%&'(+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()-Q#3tJ!+$!10%&'
()-Q+$!10%&'()-QrNxNyNzN~NNNeF+H+$!10%&'(+$!10%&'()-Q+$!10%&'()-Q+$!10%&'()
-Q+$!10%&'()-Q#3tJ!+$!10%&'()-QNNNNNNNNkL-H,!10%&'()-<,!10%&'()-<,!10%&'()-
<,!10%&'()-<,!10%&'()-<+$!10%&'()-Q#3tJ!NNNNNNNeF-H,!10%&',!10%&'()-<,!10%&
'()-<,!10%&'()-<#3tN!<,!10%&'()-<,!10%&'()-<NOOOO
OOeF-H,!10%&',!10%&'()-<,!10%&'()-<,!10%&'()-<,!10%&'()-<#3tN!,!10%&'()-<OO
OOO%O&OeA-H,!10%#3tN!,!10%&'()-<,!10%&'()-<,!10%&'()-<,!10%&'()-<#3tN!&O'O+
O1O7O8O9O=OdJ+H,!10%&'()-<,!10%&'()-<#3tN!,!10%&'()-<,!10%&'()-<,!10%&'()-<
,!10%&'()-<=OCOHOIOJOMOSOeF+H,!10%&'(,!10%&'()-<,!10%&'()-<,!10%&'()-<#3tN!
,!10%&'()-<,!10%&'()-<SOXOYOZO[O\O]OlOoOb@,!10%!3 10%|U|U&'()-  nF(
10%%&'()-  10 10 10,!10%&'()-<#3tN!,!10%&'()-<oOOOPZPPQ|[:b@,!1 n 10%%&'()-
n 10%%&'()- n 10%%&'()- n 10%%&'()- n 



10%%&'()- n f10%%&'()-QHQQQRBRR|[:b@,!1 n  10%%&'()- n 10%%&'()- n
10%%&'()- n 10%%&'()- n 10%%&'()- n 10%%&'()-RRRRRRRaAb@,!1
n3(!10%%&'()-[3(!10%%&'()-[3(!10%%&'()-[ ns&10%%&'()-3 n$Z10%%&'()- n"
10%%&'()-RSSSSS!SeEb@,!1
n3(!10%%&'()-[3(!10%%&'()-[3(!10%%&'()-['Dz!3(!10%%&'()-[3(!10%%&'()-[!S"S#
S'S-S.S/S3ShL,@3(!10%%&'()-[3(!10%%&'()-['Dz!3(!10%%&'()-[3(!10%%&'()-[3(!1
0%%&'()-['Dz!3S9S:S;
S?SESFSGSeG+@3(!10%%&'()-['Dz!3(!10%%&'()-[3(!10%%&'()-[3(!10%%&'()-['Dz!3(
!10%%&'()-[GSJSTSUSVSWSXSYShSyl_>3(!10%%
0'10%\&&'()-l10%10%10%3(!10%%&'()-['Dz!-3(!10%%&'()-[3(!10%%&'()-[hSkSsStS~
SSSbBl_>3(!10%% !10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()- sf10%\&&'()-
10%\&&'()-SSSSSSScCl_>3(!10%%
!10%\&&'()-!10%\&&'()-!10%\&&'()-)!10%\&&'()-!10%\&&'()-!10%\&&'()-SSSSSSSO
3l_>3(!10%\&&'()-/K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-SSSSTTT_/
l_>/K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-TTTT"T&T+TdD
l_>/K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-+
T,T-T1T6T7T;
TtX8l_>/K!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-/K,u!;
T@TATBTFTKTLTsS7l_>/K!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&&'()-/K,u!!10%\
&&'()-LTPTUTVTWT[T`TsS3l_>/!10%\&&'()-!10%\&&'()-!10%\&&'()-/K,u!!10%\&&'()
-!10%\&&'()-`TaTeTjTkTlTpTtX8l_>/!10%\&&'()-!10%\&&'()-/K,u!!10%\&&'()-!10%
\&&'()-!10%\&&'()-pTuTvTzTTTTS7l_>/!10%\&&'()-/K,u!!10%\&&'()-!10%\&&'()-!1
0%\&&'()-!10%\&&'()-TTTTTTTc3l_>//K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%
\&&'()-!10%\&&'()-TTTTTTThHl_>//K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-!10%\&
&'()-!10%\&&'()-!10%\&&'()-TTTTTTTtX8l_>//!10%\&&'()-!10%\&&'()-!10%\&&'()-
!10%\&&'()-!10%\&&'()-/K,u!TTTTTTTsS7l_>//!10%\&&'()-!10%\&&'()-!10%\&&'()-
!10%\&&'()-/K,u!!10%\&&'()-TTTTTTTsS3l_>/!10%\&&'()-!10%\&&'()-!10%\&&'()-/
K,u!!10%\&&'()-!10%\&&'()-TTTTTTT|a@l_>/ s
10%%&'()-1!10%\&&'()-!/K,u!!10%\&&'()-!10%\&&'()-!10%\&&'()-TTTTUUUdDl_>/
k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->U&U
'U1U9U>UIUcCl_>/
k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->IUU
UaUbUgUkUpUsS3l_>/k!10%%&'()->k!10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->k!10
%%&'()->pUuUyU~UUUUoS3l_>/k!10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'
()->k!10%%&'()->UUUUUUUO3l_>/k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->k!10%
%&'()->k!10%%&'()->UUUUUUUc3l_>//K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->k!
10%%&'()->k!10%%&'()->UUUUUUUhHl_>//K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()-
>k!10%%&'()->k!10%%&'()->k!10%%&'()->UUUUUUUtX8l_>//k!10%%&'()->k!10%%&'()-
>k!10%%&'()->k!10%%&'()->k!10%%&'()->/K1z!UUUUUUUsS7l_>//k!10%%&'()->k!10%%
&'()->k!10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->UUUUUVVsS3l_>/k!10%%&'()->k!
10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->VVVVVVVtX8l_>/k!10%%&'()
->k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->VVV#V)V*V+VS7l_>/k!1
0%%&'()->/K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->+V/V5V6V:V@VA
Vc3l_>//K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->AVB
VFVLVMVQVWVhHl_>//K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%%&'()->k!10%
%&'()->k!10%%&'()->WVXVYVZV[V\V`V|`@l_>//K1zk!10%%&'()->k!10%%&'()->k!10%%&
'()->k!10%%&'()->k!10%%&'()->/K1z!`VfVgVhViVjVkVw[?l_>//K1k!10%%&'()->k!10%
%&'()->(k!10%%&'()->(k!10%%&'()->(/K1z!k!10%%&'()->kVoVuVvVwVxVyVsW;
l_>//Kk!10%%&'()->k!10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->yVzV
~VVVVVtX<l_>//Kk!10%%&'()->k!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->k!10%%&
'()->VVVVVVVX=l_>//Kk!10%%&'()->/K1z!k!10%%&'()->k!10%%&'()->k!10%%&'()->k!
10%%&'()->VVWBWWWX|[:l_>// 96 10%%&'()-  34!10%%&'()- @2 10%%&'()- &0
10%%&'()-  3. 10%%&'()-(  ,,@10%%&'()-X>X?X@XAXQXTX+YbYuT3/  10%)&'()-
10%)&'()- !Y'10%3y3y&'()-  0'10%)&'()-10%10%10%( @8
10%%&'()-bYYYZ[Z[[|[:uT3/   $10%)&'()-  10%)&'()-  $10%)&'()-  10%)&'()-
10%)&'()-(  10%)&'()-[\F\]!^"^#^$^3^|obU4/  `(10%%&'()-Y10)10)10)
9-10%)&'()- +!10%)&'()- ( 10%)&'()-( & 10%)&'()-3^6^a`abb3d4d|[:-410%
0!10%%&'()- c !!10%%&'()- !!10%%&'()- y!10%%&'()-S y!10%%&'()-S(
19s10%^^&'()- 4d5d6dDdGd<eogugbA410%  #10%%&'()- !10%%&'()- y 10%%&'()-
10%%&'()- F`'10%%&'()-10%10%uggjjjj)j,jijvU410 y 10%%&'()-  10%%&'()-
`L'10%%&'()-10%10%10% &!10%%&'()-   $10%%&'()-ijk5lnooooo|[NA41010%10%10% 8
10%%&'()- 0 10%%&'()- !10%%&'()-  ,10%%&'()-   10%%&'()-  oppqrktuu|[:-410%
&!10%%&'()-& &!10%%&'()-& y!10%%&'()- y!10%%&'()- ^10%&'()-
0'10%%&'()-luuuuucxy{{bA41010% $!10%%&'()-&  f!10%%&'()-& f!10%%&'()-& y10%
&'()- 



0'10%%&'()-Y10%10%{{{{{||R~bA41010% !10%%&'()- l f!10%%&'()-& f!10%%&'()-&
y10%h&'()-  0'10%%&'()-310%10%R~~JLMNO^|obU410 &10%%&'()-10%10%10%
2!10%%&'()- v  "!10%%&'()- "!10%%&'()- c !10%%&'()-^afx*+,-|[NA41010%10%10%
$!10%%&'()- $!10%%&'()- l  y!10%%&'()-: y!10%%&'()-:
10%%&'()--<?~|[:NA41010  10%'&'()-  10%'&'()- yl 3"10%'&'()- f 10%'&'()-
10%'&'()- (10%'&'()-(\|[NA41010'10'10'  8-10%'&'()- ,!10%'&'()-  *10%'&'()-
( 10%'&'()-   10%'&'()-|[NA41010%10%10% *!10%%&'()-   y!10%%&'()-M!
y!10%%&'()-M!  10%%&'()- '10%%&'()- |[:NA41010 !10%%&'()- !10%%&'()- Y  f
10%s%s&'()-& f 10%%&'()-& 10%&'()-  &'10%%&'()-opqrPvU410  10%)&'()- S
10%)&'()- s 10%)&'()- `'10%)&'()-10%10%10% .!10%%&'()-tP|[NA41010)10)10)
8@10%)&'()- *!10%)&'()-  (3%10%)&'()- !10%)&'()-  10%)&'()- Mo|[:NA41010 y
10%~)&'()-  -10%~)&'()- l `10%~)&'()- S 10%~)&'()-  10%~)&'()-
'10%~)&'()--c}~|[NA41010~)10~)10~) *!10%~)&'()- I($10%I~)I&'()- !10%~)&'()-



-10%~)&'()- :10%~)&'()-[{Z9NA41010  10%%&'()-  10%%&'()- l  f 10%%&'()-@ f
10%%&'()-@!10%&'()-3 '310%%&'()- [?@ABORvU410 y!10%we'w&'()-( 410%&'()- (
0&'-10%we'w&'()-F(10%10%10% ,!10%%&'()-   c
10%}%}&'()--./0@CvU310!f-10%ff&'()-  0'10%~,&'()-F(10we'w10we'w10we'w
.!10%we'w&'()- c !10%Je'J&'()- !10%we'w&'()-C}|[:vU310!f  ( %10% ~, &'()-
10%~,&'()-  10%~,&'()- 10%~,&'()-   10%~,&'()- y 10%~,&'()-R|obU410!
0'10%%&'()-F10~,10~,10~,  9@10%~,&'()- . 10%~,&'()- , 10%~,&'()- *
10%~,&'()-v|obU410! '10%%&'()-10%10%10% 3 10%%&'()-  &!10%%&'()-T)
&!10%%&'()-T) &10%&'()- X+a|[:bU410!  ( 10%%&'()- l !10%%&'()- !10%%&'()- Y
y 10%s%s&'()-  y 10%%&'()-  10%%&'()-[\]^mpivU410! f!10%%&'()-S#
f!10%%&'()-S# 10%%&'()- `'10%%&'()-10%10%10% ( 10%%&'()-iIJKL[^vU410!
f10%%&'()- 10%&'()-  0'10%%&'()-Y10%10%10% ,!10%%&'()-   v
f!10%%&'()-S#+h|[:vU410!   10%%&'()-  10%%&'()-  10%%&'()- y 10%%&'()-
s#10%"&'()-  l 10%%&'()-F\|[:vU410!   



410%%&'()- (!10%%&'()-  & 10%%&'()- $ 10%%&'()- " 10%%&'()- !10%%&'()-
!vU410!  10%%&'()-'  10% &'()-  3(10%%&'()-10%10%10% 8!10%%&'()-  6
10%%&'()-vU410! x910%)#&'()-  '10%%&'()-10%10%10% v &!10%%&'()-9'
&!10%%&'()-9' K   10%e%e&'()-'?9|[:-410%x 2!10%%&'()-   .!10%%&'()-
"!10%%&'()-    -10%%&'()- !10%%&'()-3 y 10%%&'()-28a@410%x  10%%&'()-
10%%&'()- y 10%%&'()-3!F 10%+H+H&'()-  `9'10%%&'()-10%10%8l]^_`n|obU410
`'10%WE&W&'()-10%10% 10% ,!10%%&'()-    *10%%&'()- M!10%%&'()-3
10%%&'()-nq~zY8bU410  .!10%WE&W&'()-  ^ " 10%%E&%&'()-  " 10%WE&W&'()- -
0`s!10%WE&W&'()-s- f 10%WE&W&'()--!910%))&'()- 



vU410  (-10%%&'()- y!10%%&'()-G 6&F10%P#P&'()-  '10%%&'()-10 E& 10 E& &10
E&  Y .!10% E& &'()- vU410  f%10%z)z&'()-1 f%10%)&'()-1  10%JJ&'()-
(10%)&'()-10%10%&10% *!10%%&'()-&OvT310 !10%%&'()-1!f10%{{&'()-
0'10%%&'()-F10o)o10o)o10o)o f%10%o)o&'()-1 f%10%)&'()-1{Z9,310%
2!10%%&'()-  l (!10%%&'()-!(!10%B B &'()- (!10%%&'()- 9'10%%&'()-
!10%%&'()-UbA41010~& '!10%~&&'()--#  @10%~&&'()- y!10%~&&'()-- 10%~&&'()-
'10%~&&'()-10%10%<}bA41010~&  10%%&'()-    -10%%&'()- y@10%%&'()-
i&10%p2p&'()-  &'10%%&'()-310~&10~&}@{||[:-410%  9 10%%&'()-  6 10%%&'()-
4 10%%&'()-  2,10%%&'()- "!10%%&'()-   10%%&'()-|}~4bA410%   10%%&'()-
10%%&'()- y 10%%&'()- ` 10%  &'()-  s'10%%&'()-10%10%fvU410 10%$%$&'()- `l
10%$%$&'()- `'10%$%$&'()-10n10n10n T   10%n&'()-  10%%&'()-pT8410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5%410%$%$&'()-E5410%$%$&'()-E5T410
%$%$&'()-E5410%$%$&'()-E5tpT8410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5pT8pT8410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b  tX<410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5pT8tX<410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b  410%$%$&'()-E5tX<410
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5tT4tX<410410%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5_?<410410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54?<410Sz|b  



410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pP4410410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5gK+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5gK+4410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5
pP0K+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
"%'()*+gK/4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5410%$%$&'()-E5+,-.25tT4gK/4410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5Sz|b  410%$%$&'()-E55789:;
<=oS74410%$%$&'()-E5E410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5=>?@AB<oS74Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5BDGHIJKLkO34410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5LMNOPQtkO34410%$%$&'()-E5410%$%$&'()-E54410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5QRTVWXlP4kO34410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
XYZ[\]^_tX<44410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5_`abhktT4tX<4410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5klopqrstpT84410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tuvwxytX<pT84410%$%$&'()-E
5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5yz{|}~tX<4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'
()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5X<tX<4410%$%$&
'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5cG+4410%$%$&'()-E50410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5<cG+4
410%$%Sz|b
%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5hL04410%$%$&'()-E5
|410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5&410%$%$&'()-E5410%$%$&'()-E5410
%$%$&'()-E5thL04410%$%$&'()-E5|410%$%$&'()-E54410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5lL0hL04410%$%$&'()-E5|410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
hL04410%$%$&'()-E5|410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5pT8hL044410%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5tT44410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5T4tT44410%$%$&'()-E5
Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pP04410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5+pP04S
z|b  410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5hH04Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5oO04Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5E410%$%$&'()-E5410%$%$&'()-E5(410
%$%$&'()-E5
pT8O04Sz410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
tX<4Sz410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5
tT4tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b  410%$%$&'()-E5
"$%&'()kO34S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5)*+,-.tX<kO34S4410%$%$&'()-E5410%$%$&'()
-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5.1356789gK/4S410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E59:;
<=>X<gK/4S410%410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5>?@ABCDEtX<4S410%410%$%$&'()-E541
0%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5EFGHIJ<tX<4S410%Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5JLMNOPQRoS74S4410%$
%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&
'()-E5(410%$%$&'()-E5RSTUVWtoS74S4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5WXZ[\]pT8oS74S4410
%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
]^_`abcdtX<4S4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5defgjltT4tX<4S410%$%$&'()-E5410%$%$&'(
)-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5loqstuvwgK/4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5wxyztT4gK/4S410%$%$&'()-E
5410%$%$&'()-E5Sz|b  



410%$%$&'()-E5410%$%$&'()-E5cC/4S41410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E54C/4SSz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pP44S410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5gG44S410%$%$410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5(410%$%$&'()-E5gK44S410%$%$410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pP0K44S410%$%$&'()-E541
0%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
gK/4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5tX<gK/4S410%410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5Sz|b
410%$%$&'()-E5tX<4S410%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'(
)-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tT4tX<4S410%$%$&'()-E5410%$%$
&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5X<tX<4S410%$%$&'()-
E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5oS74S410%$%$&'()-E5(410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5<o
S74SSz|b  410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
lP44S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5&410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5
tlP44S410%$%$&'()-E5410%$%$&'()-E54410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5tX<lP44S4410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5Sz|b
tX<4S4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5
$&tT4tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5&(*+,-./kO34S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5/01236tX8kO34S410%$%$&'()
-E5410%$%$&'()-E5Sz|b  410%$%$&'()-E5410%$%$&'()-E568;
<=>?@kO34S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'
()-E5410%$%$&'()-E5410%$%$&'()-E5@ABCDE<kO34S4Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5EFHIJKNOpP44S410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5OPRSUXhpP44S410%$%$&'()-E5410%$%$410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5XY[\]^tX<pP44S4410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
^_`bdfgihL,4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5ijklpqtT8hL,4S4410%$%$&'()-E5410%$%$&'(
)-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5qrstuxy{pT44S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5{|~hL,4S410%$%$&'()-E5410
%$%$&'()-E5&410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5kO3hL,4S410%$%$&'()-E5410%$%$&'()-E5Sz|b
(410%$%$&'()-E5410%$%$&'()-E5cG+4410%$%$&'()-E5&410%$%$&'()-E5&410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54cG+44Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pT844S410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5tpT844S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E541
0%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pP0pT84410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5Sz|b
oS74410%$%$&'()-E5410%$%$&'()-E5E410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5tX8oS74410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5Sz|b
410%$%$&'()-E5kO34410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<kO344410%$%$&'()-E5410%$%$&'()-
E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5tX<44410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5X<tX<44410%$%$&'()-
E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5oS74410%$%$&'()-E5(410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5<oS
74Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5oS74410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5(410
%$%$&'()-E5toS74410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410
%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<oS74410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5Sz|b   



tX<4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5
pP0tX<4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b  410%$%$&'()-E5
"%&_C<4410%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5&'*-.5P4C<4410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E558:<=ACcC<4410%410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5CDHKMOQdD
<4410%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5QSUY[__D<4410%410%$%$&'410%$%$&'()-E5410%$%$&'()-E5410%$%$&'
()-E5410%$%$&'()-E5410%$%$&'()-E5_`acefpP4D<4410%$%$&'()-E5410%$%$&'()-E541
0%$%$&'()-E5410%$%$&'()-E5Sz|b
fhiklmnokO34410%$%$&'()-E55410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5opqrsttX<kO344410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5tuvwxyz{tX<44410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5{|}~tT8tX<4410%$%$&'()-E5
410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5tX<4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5X<tX<4410%$%$&'()-E5
Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5oS74410%$%$&'()-E5(410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5<oS
74Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tT84410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5ttT84410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<tT84410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5Sz|b
lL04410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5tX<lL04410410%$%$&'()-E5410%$%$&'()-E5410%$%$&'(
)-E5Sz|b
410%$%$&'()-E5pP04410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<pP044410%$%$&'()-E5410%$%$&'()-
E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5pT44410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5S7pT44410%$%$&'()-E5
ESz|b
410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5pT84410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E53pT8
4Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<4S410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5ttX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<tX<4S410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5Sz|b
tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5tX<tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5Sz|b
410%$%$&'()-E5tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
!tX<tX<4S410%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5!"#$%&'(tX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5()*+,-X<tX<
4S410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5-./01345pT84S410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5579;>?+pT84Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5?@ABEFHIpP44S410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5IJLNPRdpP44S410%$%$&'()-E5410%$410%$%$&'()-E5410%$%$&'()-E
5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5RSTUVWtX<pP44S4410%$%$&'()-E5410
%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
WXYZ[\]^tX<4S4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5^_`abctX<tX<4S4410%$%$&'()-E5410%$%$&'
()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5cefhijnrkK+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5rstuvwtX<kK+4410%410%$%$&'
()-E5410%$%$&'()-E5Sz|b  



410%$%$&'()-E5410%$%$&'()-E5wxyz|}~pT44410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5X<pT44410%$%$
&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5pT84410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54pT84S
z|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<4S410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5ttX<4S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<tX<4S410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5Sz|b
pP04410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5410%$%$&'()-E5oS7pP04410%$%$&'()-E5410%$%$&'()-E5E410%$%$&'()-
E5Sz|b
(410%$%$&'()-E5hH04410%$%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5410%$%$&'()-E5cG04410%$410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5oS7G04410%$%$&'()-E5410
%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5cC04410410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5K/C04410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<4410%410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5<t
X<4410%Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5tT844410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5ptT844410%$%$&'()-E5410%$%$&'(410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5410%$%$&'()-E5410%$%$&'()-E5tX<tT844410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5Sz|b
lL04410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5&410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5tX<lL04410410%$%$&'()-E5410%$%$&'()-E5410%$%$&'
()-E5Sz|b
410%$%$&'()-E5!"$gK+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-
E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5$%'()*pT8gK+44410%$%$&'()-E5410
%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5*+,-/124lP04410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5458;
=>0lP04Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5>?@ABDEGpT44S410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5GIKMNOgpT44S410%$%$&'()-E5410%$%$410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5OPQRSTtX<pT44S410%$%$&'()-E541
0%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5Sz|b
TUWXYZ[\pT84S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5\]^_`atX<pT84S410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5acdfghijkO34S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5jklmnotX<kO34S4410%$%$&'(
)-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5oqrtu{~gG34S4410410%$%$&'()-E5410%$%$&'()-E5410
%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5(410%$%$&'()-E5~+G34Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5lL,4S410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$
%$&'()-E5_lL,4S410%$%$&'()-E5410%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5tX<lL,4S410410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5%410%$%$&'()-E5Sz|b
oS74S410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'()-E5(410%$%$&'(
)-E5410%$%$&'()-E5410%$%$&'()-E5tX8oS74S410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5Sz|b
410%$%$&'()-E5cC74S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5K/C74S410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5dD74S410%$%$&410%$%$&'()-E5410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5_D74S410%$%
$&410%$%$&'410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&
'()-E5tT4D74S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5%410%$%$&'()-E5Sz|b
_?74S410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5kO3?74S410%$%$&'()-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5!"%*.cC74S410%$410%$%$&'()-E5410%$%$&'()-E5410%
$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5.4:=?@+C74Sz|b  



410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5@ABCGJLOlL,4S410%$%
$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5ORW^ac_lL,4S410%$%$&'()-E5410%410%$%$&'()-E5410%$%$&'()-E5
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5cdefhltT4lL,4S410%$%$&'()-E5410%$
%$&'()-E5410%$%$&'()-E5%410%$%$&'()-E5Sz|b
lnpqrvyzgG+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5z{|}~tX8gG+4410%410%$%$&'()-E5410%$%$&'(
)-E5410%$%$&'()-E5Sz|b
410%$%$&'()-E5_?+4410%410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()
-E5410%$%$&'()-E5410%$%$&'()-E5K/?+4410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5dD+4410%$%$&410%$%$&'()-E5410%$%$
&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5_D+4410%$%$&
410%$%$&'410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'(
)-E5tT4D+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5%410%$%$&'()-E5Sz|b
_?+4410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E5410%$%$&'()-E54
10%$%$&'()-E5kPC6)10$%$10$%$10$%$%410%$%$&'()-E5Sz|b
410%$%$&'()-E5410%$%$&'()-E55x  |[:)10$%$1 l  10%`%%`&'()- l 10%`%%`&'()-b
l  10%`%%`&'()- l 310%`"`&'()- y10%&'()- lL'10%`%%`&'()-"-cO w x
|[:-110`%%` l &310%`%%`&'()- l3 + 10%`%%`&'()-b l)10%`%%`&'()-
l3&'y10%`%%`&'()- l  %s10%`%%`&'()- l3,#310%`%%`&'()-x y z      



gK110`%%` l &31010%%&'()-  10%%&'()-  l`S10%%&'()-  ls10%%&'()-
l`'10%%&'()-l10`%%`10`%%`       gGK110`%%` l &310%%&'()- 10%%&'()-
10%%&'()- (#3#\-10%%&'()- 10%%&'()-        



{_CK110`%%` l10%%&'()- 10%%&'()- &#3#\(10%%&'()- 10%%&'()- 10%%&'()-
_?K110`%%` 10%%&'()- 10%%&'()- 10%%&'()- #3#\10%%&'()- 10%%&'()-
cCK110`%%` 10%%&'()- 10%%&'()- 10%%&'()- 



10%%&'()- #3#\10%%&'()-  KLPQRhDK110`%%` #3#\10%%&'()- 10%%&'()- 10%%&'()-
10%%&'()- #3#\RijopqcCK110`%%` 10%%&'()- #3#\10%%&'()- 10%%&'()- 10%%&'()-
10%%&'()- dDK110`%%` 10%%&'()- 10%%&'()- #3#\10%%&'()- 10%%&'()- 10%%&'()-
_?K110`%%` 10%%&'()- 10%%&'()- #3#\10%%&'()- (10%%&'()- 10%%&'()-
_?K110`%%` 10%%&'()- 10%%&'()- 



#3#\10%%&'()- (10%%&'()- 10%%&'()- "#$AGK_?K110`%%` 10%%&'()- 10%%&'()-
10%%&'()- #3#\10%%&'()- 10%%&'()- KLMNPeDK110`%%`    10%%&'()-
-10%%&'()-10%%&'()- 10%%&'()- #3#\10%%&'()- 1l|[:K110`%%`  3( 10%%&'()-
@&@10%%&'()-  9$y10%%&'()- 3" 10%%&'()-- ,  10%%&'()- &
10%%&'()-5t!X|[:K110`%%`  F4@10%%&'()-  @210%%&'()-  90!10%%&'()-  3.
10%%&'()--  ,, 10%%&'()- 9*!10%%&'()-X vU410 f!10%)&'()-F 10%)&'()-
0'10%)&'()-l10%10%10%-  S8!10%%&'()-  `6!10%%&'()- \|[:vU410  !10%)&'()-
10%)&'()- 10%)&'()-  10%)&'()--  10%)&'()- l  10%)&'()-H|[NA41010)10)10) *
10%)&'()- ( %10%)&'()- & 10%)&'()-- $!10%)&'()-  "@10%)&'()-|]<NA41010
"10%%&'()-i m"10%&'()-`  m"10%%&'()-` 10%%&'()-- S10%%&'()-
`'10%%&'()-N|[NA41010%10%10%- $#10%%&'()- $#10%%&'()- $#10% %&'()--
$#10%L%&'()- "10%%&'()-&)B  ;!|[:NA41010 L#10%%&'()-g- L#10%%&'()-g
L#10%%&'()-g L#10%%&'()-g- 10%%&'()- '10%%&'()-;!"c"%%''''|[NA41010%10%10%-
1!10%%&'()- ` 



"10%%&'()-s ` "10%%&'()-s- L#10%$&'()-g L#10%%%&'()-g''''8(}((|[:NA41010
10%%&'()-- ,10%%&'()-  !10%%&'()-  9 10%%&'()- - 10%%&'()-
(10%%&'()-F()*q***>+|[:NA41010 ` 10%%&'()-- 10%%&'()-  10%%&'()-
"10%%&'()-- S10%%&'()-  F!10%%&'()-&>+++,[,,,|[:NA41010 (10%%&'()- -
'G10%%&'()- Y% 10%%&'()- #10%%&'()-- ! 10%%&'()-   10%%&'()-
,-[,,,|[:NA41010 (10%%&'()- - 'G10%%&'()- Y% 10%%&'()- #10%%&'()-- !
10%%&'()-  *10%%&'()- 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 Font 5D
%).$49?BE}H\LXP@U#[5aglrxN~,qA/]K_}y
$*.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~K$)B/5@MHP5Xj<c-z
6GS#~'()*+,-.0"1247<=Y?@B9DRHJKKLL4LJLLLLLLM>MMMMMM-NCNZNrNNNNO&O=OSOoOQRR!
S3SGShSSSST+T;
TLT`TpTTTTTTTTUIUpUUUUUUUVV+VAVWV`VkVyVVVXbY[3^4dugijou{R~^-[Ci8n}|
+5=BLQX_kty ).9>EJRW]dlw&/6@EOX^iq{
&5CQ_fot{!(-5?IRW^crw$*4>GOT\ajo~.@Oclzx     RKX ;!'(>+,- 



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcd6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijkl 


