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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. Mo're precisely, it
relates to such a water—decomposable fibrous sheet having a
multi-layered structure.
DESCRIPTION OF THE RELATED ART

To wipé the skin of human bodies including the privaté

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 éheets
that could be directly disposed of in toilets after use have
been developed, as being convenient for such puri:oses. The
degree of their decomposability in water must be high in some
degree. This is because, 1if 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 1iquid detergent chemical or the like, and
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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 e;
water-decomposable cleaning article of polyvinyl alcohol-
containing 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,
polyiriny_l 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 40°C 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
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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 iength of from 4 io 20
mm with pulp followed by entangling them through treatment with
high-pressure water jets. Since the constituent fibers are
entangled thei:ein, the non-woven fabric disclosed has a bu'llq'r
feel. However, in producing the non-woven fébric, long fibers
are entangled through high-pressure water jet treatment,
whereby the non-woven fabric produced could have such a
relatively ﬁigh wet strength. Therefore, according to the
technique disclosed, it is diff_icult to realize well-balanced
bulkiness, strength and watef-éegradability 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 water-
decomposable fibrous sheet which is well decomposed in water
and has good strength enough for practical use even though no

binder is added thereto.




According to one 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 including fibrillated rayon
of at least 3 % by mass of all fibers constituting the top layer,
the fibrillated rayon having a degree of beéting 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 6f other microfibérs and other fibers, and

a back layer on a back surface including fibers
conta;ping 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
inthetoplayer,thendcfofiberspfthefibrillatedrayonbeing
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 all fibers constituting each layer, the fibrillated
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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 layei including fibers containing no fibrillated rayon,
the 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 WZ'.Lth
and/or hydrogen-bonded to at least either of other microfibers
and other fibers.

Inthis case, the fibrillated rayon content of the fibers
constituting the top layef may be nearly the same as that of
the fibers constitﬁting the back layer.

Naturally in dry and even in wet with water, the
water-decomposable fibrous sheet of the invention all 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




-~

the sheet. When the fibrous sfleet receives a large amount of
water applied thereto, the entangled microfibers therein are
loosened or the hydrogen bonds between the bonded microfibers
therein are broken, whereby the fibrous sheet is readily
decomposed in water. i
The fibrous sheet of the invention has a multi-layered
structure. Inthis, only the top layer may contain fibrillated
rayon or the top layer may contain a larger amounﬁ of
fibrillated rayon than the interlayer. The fibrous sheet of
this embodiment is good, as having well-balanced
decomposabiliﬁy in water and strength. In addition,.
fibrillated rayon is éoncentrated in the toé 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 thé 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

.



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.

Preférably, in the fibfillated rayon for use herein;
the priﬁary 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 masé of the self-weight of
tﬁe 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/m’.

Still preferably, the decomposability in water of the
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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 i_fiber length of beaten
rayon, for which rayon having a fibér 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;
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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 watér-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 aﬁd apparatus for producing the water-
decomposable fibrous sheet of the invention; and

Fig. 11 is a partly=enlarged cross-sectional view
show;ng 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
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submicron-sized microfibers having peeled and extending froﬁ
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 thle 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 ;
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
fiﬁrillating it, fibers as produced by mechanically
fibrillating solvent-spun rayon, etc. Apart from those, the
fibrillated rayon can also be produced from ordinary, wet-
spun regenerated cellulose.

To specifically define the fibrillated rayon capable
of being preferably used in the invention, some methods may
be emplpyed. 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.

e .
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The microfibers aré 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 degreé 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 ié.
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, non-
fibrillated rayon (CSF = 740 cc, fiber length 5 mml, 1.7 dtex),
for- which n = 3, is shoﬂm in Fig. 1. As in Fig. 1, the
self-weighted, average fiber 1length distribution in non-
beaten rayon is almost concentrated in the fiber length range
of 5mm <+ 1 mm or so. Non-beaten rayon samples all 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.

e ——————— o o cmanen o —— e m



st e

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 all resulting from too
much promoted fibrillation. The fiber length of the pri.mafy
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 séemingly longer in some degree owing to the
microfibers that extend fx;*om the primary fibers ét their ends.
Accordingly, in the beaten, fibrillated rayon, the fiber length
of the primary f.ibers corresponding to the peak of the
self-weighted, afzerage 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. 1If, being different from this, rayon is beaten in

-
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an ordinary free-beating manner to prémote 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. 1In 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 inventi'on.

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 mosf
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
dist;_ribution profile of the fibrillated iayon falls between
1.8 mmand 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
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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
fayon (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.
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Table 1

Degree of Beating

not longer than

2.4to3.4mm (% by

(cc) 1.0 mm (% by mass) mass)
3 mm 745 3.36 60.33
464 2.61 72.84
337 4.40 67.89
203 4.49 65.35
96 6.31 58.86
Degree of Beating | not longer than | 3.4to4.4mm(%by
{cc} 1.0 mu (% by mass) mass)
4 mm 745 3.78 45.66
615 1.85 55.19
445 3.70 58.02
353 7.02 59.58
227 11.47 . 47.23
147 13.28 41.51
Degree of Beating | not longer than | 4.4to5.4mm (% by
(cc) 1.0 mm (% by mass} mass}
5 mm 740 0.69 76.56
600 4.06 63.80
400 22.48 47.25
200 35.95 32.77
100 41.76 - 22.72
Degree of Beating | not longer than {5.4to6.4mm {%by
{ce) 1.0 mm (% by mass) mass)
6 mm 7490 4.19 - 28.64
500 18.45 47.78
410 22.90 46 .98
204 47.74 21.85
102 45.81 18.12
Degree of Beating| not longer than | 6.4 to 7.2 mm (% by
{ce) 1.0 mm {% by mass) mass)
7 mm 732 2.83 34.29
607 28.98 43.07
469 49,06 24.96
. 348 63.29 10.72
164 61.53 6.19
95 55,58 4,39
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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 Qas 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 &egrees in a pulper or é refiner; and for thosé
in Table 4, réyon 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

refiner.
Table 2
Degree of Beating (cc) || not longer than 1.0 mm (%
5 mm . by mass)
1.7 dtex 740 0.69
520 12.77
377 23.20
185 39.37
67 35.47
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Table 3
Degree of | not longer Degree of [ not longer
Beating than 1.0 mm Beating than 1.0 mm
{ec) “{% by mass) {cc) {% by mass)
3 mm 644 0.57 3 mm 653 0.16
1.4 dtex 626 0.46 1.7 dtex 584 0.23
595 0.40 472 0.43
563 0.78 372 0.59
480 0.71 333 0.63
- 407 0.69 291 1.13
352 0.87 259 1.25
340 1.05 212 1.54
297 1.32 176 1.92
241 1.39 163 3.861
211 1.77
Table 4
Dagree of || not longer Degree of | not longer
Beating than 1.0 mm Beating than 1.0 mm
" (ec) {% by mass) - (ce) (% by mass)
5 mm 676 1.08 5 mm 695 0.47
1.4 dtex 646 1.06 1.7 dtex 625 1.49
631 2.08 i 521 7.17
554 8.48 229 20.96
433 7.39 200 17.14
339 11.18 198 20.04
242 21.57 198 18.10
183 20.43 198 17.59
161 26.55 195 16.92
135 24.32 195 15.08
190 15.14
188 19.54
187 17.41
186 13.94

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
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refiner, the uppermost 1limit 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 pﬁlper or a refiner, the microfibers account fOI:.‘
from 0.3 to 10 % by mass or so‘; and in those having béen 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 sampies from non—beateﬁ rayon
hav:‘-Lng a fiber length of 5 mm (in these, the mass distribution
peak for the primary fibers appears within a fiber length range
of 5 x 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
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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 beén 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 distributior;
peak for the priinary fibers appears within a 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 fibrilléted rayon. However, in the samples havipg been
beat;en in a pulper or a refiner, the microfibers 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 mést 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,
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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 tﬁe 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 rayoﬁ
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
froxﬁ Smmto 7 mm is beaten (in this case, the mass distribution
peak for the primary fibers of the resulting, beaten rayon
appears within a fiber lex_lgth 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
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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 microfibers 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 thé
beating time and by selecting t.he beating means. Whe:fe beating
rayon is promoted (to give a beaten, fibrillated rayon that
shall have a lowered numerical value indicating its degree of
beating), t'he ratio of short fibers (including microfibers)
in xﬁass 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
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type is preférred, since the microfibers constituting it
significantly enhance the strength of the 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 water-
decomposable fibrous sheet produced and comprising Jit 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 finéness is smaller than the lowermost limit.:
of the defined fange, 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 t-he defined rangé, 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
..@ 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

e ——————— e = - —-e
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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 fii:er length of the other fibers for
use herein is meant to indicate the mean 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 fiber length)
of af 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
pulé, 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,

———— - —
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polycaprolactone, aliphatic ﬁolyesters such as polybutylene
succinate, polyvinyl alcohol, collagen, etc. Needless-to-
say, 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 750 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, andwill have a rough feel. If, however, its degree
of beating is larger than the upperinost limit of the defined
range, the sheet comprising the pulp could not have tht;
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
shéét of a first aspect of the iﬁvention, As in Fig. 8, a
water-decomposable fibrous sheet 1A of the invention has a
two-layered structure, which is composed of a top layer 1la
containing fibrillated rayon and a back layer 1b formed from
other fibers not containing fibrillated rayon.

The top layer la is formed from fibrillated rayon and
other fibers, of which the fibrillated 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.
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In practical use of the fibrous sheet 1A, 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 ére principally contacted with the surface of
the object to be wiped with the sheet. Therefore, a surface
Sa of the top iayer la is resistant to friction. Accordingly ,
the fibrous sheet .is free from the disadvantage of breakage
or defdrmation in its practical use.

On the other hand, the back layer 1b does not contain
fibrillated rayon, and is fofmed fromother fibers such as those
mem;ioned above. Since the top layer la ensures high strength
of the fibrous sheet 1A, 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 la and good
decomposability in water of the back layer 1b. If desired,
however, the back layer 1b may contain a smaller amount of
fibrillated rayon than in the top layer 1la.

Preferably, the weight (Metsuke) of the fibrous web for.
the water-decomposable fibrous sheet 1A falls .between 20 and

100 g/m?, in order that the fibrous sheet can bear wiping in
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wet and is favorable to the top sheet for .absorbent articles.
If its weight is smaller than the lowermost 1imit 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. 1In
particular, for application to the skin of human bodies, the
weight of the sheet is more preferably from 30 to 70 g/m’, 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 1b preferably falls between 10 and 50 g/m?, more
preférably between 15 and 35 g/m’. ‘

A method for producing the water-decomposable fibrous
sheet 1A of Fig. 8 is described. The fibrous sheet 1A 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 éhe like, or in the form of a non-woven fabrié 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 prefe_rably in the form of a non-
woven 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
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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 fiberé
or microfibers. Accordingly, the fiber-tangling structure of
the non-woven fabric having been processed through. water-
jetting treatment differs from that of an ordinary non-woven
spun lace fabric in which the constituenﬁ fibers are entangled
togéther 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
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a winder unit V. The non-woven fabric-forming unif 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-rié ing
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 convéyor belt 2 is attracted to the .wire conveyor belt-:
2 by the air suctioh 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 foﬁn a fibrous web (back layer o.r
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
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thefebetween, 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 previously-
formed 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 1lb is first formed from
the stock from the stock feeder 3A, and thereafter another web
‘that contains fibrillated rayon is formed on the
previouély-foi:med web from the stock from the stock feeder BB;
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.rayon-
freé fibérs are fed from the stock feeder 3A to form a lower
web and thereafter fibrillated rayon-containing fibers are fed
from the stock fee'dgr 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. 1In
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
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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 water-;
jetting nozzle 5. As a result of thé water-jetting treatmént,
the fibers of the fibrous webs, especially the microfibers
extending from the fibrillated rayon fibers in the webs are
entangled, énd the intended fibrous sheet 1A (non-woven fabric)
is éroduced.

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. 'I‘he’refore, the fibrous sheet 1A (non-woven spun lace
fabric) formed on the wire conveyor belt 2 is transferred onto
the felt conveyor belt 7. 1In 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 1A is
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readily trénsferred from the wire conveyor belt 2 onto the felt
conveyor belt 7. 1In 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, %e,
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 fibrous sheet 1A on thé
second felt conveyor lSelt 11 is transferred onto the drier drum
13. In the drier unit IV, the fibrous sheet 1A is thus wound

around the drier drum 13, and dried thereon. After having been

thus dried, the fibrous sheet 1A is wound up by a winder roll.

14 into a roll 15. Through the process, producing the fibrous
sheet 1A as a roll is finished.

To further enhance i‘_ts surface friction resistanée, 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. 1In

the transfer unit I1I, the fibrous sheet 1A is pressed between
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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 thedrier drum 13 whereby
the fibers constituting it are more highly bonded to each other
via hydrogen bonding. In particular, the hydrogen bonding of
the microfibers that extend from the fibrillated rayon in the
surface of the fibrous sheet 1A is much enhanced. As a result,
the top layer la of the fibrous sheet 1A is smooth-faced and
its surface étrength is increased. Accordingly, in ité
practical use, the fibrous sheet 1A is hardly broken even when
its surface is rubbed against objects. Through skin formation
treatment, the amount of the hydrogen-bonded microfibers in
the fibrous sheet is much increased. As a result of skin
fonﬂation 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
ina lar’ge 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
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skin formation treétment, 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 thé
fibers constituting the sheet increases and the fiber-to-fiﬁer
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 oi‘ larger than that of éulp, 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
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the method mentioned above, the non-woven fabric may be formed
with no  water-jetting treatment applied thereto.
Additionally, a two-layered fibrous sheet 1A 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 fér
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 1.s

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 transferréd onto the wire belt 37 to form thereon a first
fibfous web (back layer 1b); 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,
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especially the microfibefs 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 fibrous sheet of a second aspect
of the invention. As shown in Fig. 11, the fibrous sheet 1B

is composed of a top layef lc, a back layer le, and an interlayer

" 1d 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 1A mentioned above,
and these are made from fibrillated rayon fibers and other

fibers. The fibrillated rayon content of each of these layers

_1c 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 iﬁterlaye,r 1d 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
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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 1lc 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 lc and the back layer
le are, needless to say, readily loosened, and, in addition,.
since the interlayer 14 is more readj.-ly decomposed in watef
than the top layer 1lc and the back layer le, the decomposability
of the fibrous sheet is high as a whole.
| Preferably, bofh surfaces or at least one surface of
the -top layer 1lc 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 ind}vidual 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
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bonded together through hydrogen bondiﬁg.

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 strengi:h) 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
m 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
chucék distance is 100 mm and the stress raté is 100 mm/min.
However, the data thus measured according to the method_ are
merely the criterion for the strength of the fibrous st;éet,
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

- -



SR S ——

38

at least 3.4 N/25 mm in terms qf the root mean square of the
strength at break in themachine 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 pfeferably 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 JIS P~4501 that indicates the degree of easy degradation
of toilet pépei: in water. The outline of the paper degradatioﬁ
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 i;m—exchanged water, ar_id 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
criterifm for the decomposability inwater 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

-
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fibrillated rayon-containing top layer of the water-
decomposable 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 JIS 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 af least three rubbing cycles in the rubbing test. f‘or 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. 1In 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,

\
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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 lengtfx
is ﬁsed, or where fibrillated 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-jettihg treatment is reduced,
wheJ;'eby 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 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.




41

-

The binder usable herein includes, for exami)le, carboxymethyl
cellulose; alkyl celluloses such as methyl cellulose, ethyl
cellulose, benzyl cellulose, etc.; polyvinyl alcohol;
modified polyvinyl alcohols having a predetermined amount of
a sulfonic acid group or a carboxyl group, etc. The amdunt
of the binder to be added to the fibrous sheet may be smaller
than usually. For examplé, 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 sheeﬁ
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
othér hand, a water-swellable binder may be added fo the fibrous
web for the sheet while the fibrous web is prepared in a
paper-makihg process.

The binder may be incorporated into all layers
constituting the fibrous sheet. If not, it is desirable that
the bir’xder 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
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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 thel organic salt includes, for example, sodium
pyrrolidone-carboxylate, sodium citrate, potassium citrate,
sodium tartrai:e, potassium tartrate, sodium lactate, sodiux;l
succinate, potassium pantothenate, caicium 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 alcéhol is used as
the'binde_r, 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-maleic acid
resins, (meth)acrylic acid-fumaric acid resins, etc.
Preferably, the copolymers are saponified with sodium

hydroxide or the like into water-soluble copolymers partially
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having a sodium carboxylate moiety. Adding an amin6 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
interferingwith the advantages of the invention. For example,
it may contain any of surfactants, microbicides, preservafives v
deodorants, moisturizers, alcohols such as ethanol,
polyalcohols such as glycerin, etc.

As having good decomposability in water and high wet
strength, the water-decomposable fibfoﬁs sheet of thé
invention is usabie 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
sheét may previously contain water, surfactant, alcoholl,
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 water-
decomposable 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
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invention has high dry strength, and since it does not always
require adding binders and electrolytes thereto, being
different fromconventional water-decomposable fibrous sheets,
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 perfbrated, it may be used as the top sheet
for water-decomposable absorbent articles. Even though
having absorbed body discharge fluid, the fibrous sheet coul&
still maintain a predetermined level of wet strex;gth, and is
therefore deformed little during use. When the fibrous sheet
is combined with any other fibers, it is usable as an absorbent
laye_r, 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.
E.xample A:

Rayon fibers (from Acordis Japan) were fibrillated 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 4d), fiber length 5 mm), and bleached soft-wood kraft pulp
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(NBKP) (Canadian Standard Freeness, CSF = 600 cc), formed ﬁrere
two-layered fibrous webs. The blend ratioc 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 wiré ¢ 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 water—
jetting 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/cﬁz. 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 firied 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,
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strefxgth and friction fastness.

The test for decomposability in water was based on the
test of JIS P-4501 indicating the degree of 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
w.ater—decomposable fibrous sheet having a width of 25 mm and
a léngth 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 fol'lowing 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

- »-
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artificial leather attached thereto was rubbed against fhe
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 ratid of
the fibers is indicated in Table 5. The fibrous sheets of
Comparative Example are all single-layered ones. -The weight
of the fibrous sheets of Example and Comparative Example is
all 50 g/m’.

The data obtained are given in Table 5.




[

Table 5

Comparative A-1 Comparative A-2 Comparative
; Exanple 1 Exanple 2 Examplea 3
; * single layer top back | single layer top back | single layer
; : layer | layer layer | layer
‘NBKP (600 cc) 60 % 60 % 60 % 60 % 60 % 60 % 60 %
‘fibrillated Rayon (1.7 dtex x 5 mm) 5% 10 % - 10 % 20 % - 20 %
:Rayon (1.7 dtex x 5 mm) 35 % 30 % 40 % 30 % 20 % 40 % 20 LI
‘Fibrillated Rayon Content of Fibrous Sheet 5 % 5 % 10 % 10 % 10 %
'‘Dry Strength (N/25 mm) 21.8 17.8 24.7 22.2 21.5
'Wet Strength (N/25 mm) 2.9 3.1 3.3 3.1 4.0
Dry Friction Fastness (number of rubbing 7 12 10 15 17
cycles)
Wet Friction Fastness (number of rubbing 3 7 5 9 8
cyecles)
Dry Decomposability in water (sec) 126 105 108 97 123
Wet Decomposability in water (sec) 128 114 127 124 144

I
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In Table 5, Comparative Examplé 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-laye_red 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 E:iample 2, concretely thé former is half the latterﬂ.
This means that the overall fibrillated rayon content of the
two-layerec_i fibrous sheet can be reduced and the production
costs thereof can be reduced.

Thé same shall apply alsoc to A-2.

Exaﬁple B: R

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 fibrqus
sheet A-1 was presséd between a rotary drier and a roll, at
a temperature of 130°C and under a pressure of 0.02 N.

The data obtained are given in Table 6.
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Table 6
B-1

top back

layer | layer
NBKP (600 cc) 60 % 60 %
Fibrillated Rayon (1.7 dtex x 5 mm) 10 % -
Rayon (1.7 dtex x 5 mm) 30 % | 40 %
Fibrillated Rayon Content of Fibrous Sheet 5%
Dry Strength (N/25 mm) 21.1 ‘
Wet Strength (N/25 mm) 3.8
Dry Friction Fastness (number of rubbing 18
cycles)
Wet Friction Fastness (number of rubbing 12
cycles)
Dry Decomposability in water ({sec) 118
Wet 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 lewered little. 1In
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—layefed water-decomposable fibrous sheet
.of the invention has high strength, taking advantage of the
tangling and/or hydrogen-boﬁding force of themicrofibers that
extend from the fibrillated rayon therein. Accordingly, the
fibrous sheet has good decomposability in water and high
strengﬂh, and its top surface is resistant to friction.

When the fibrous sheet is used for wiping objects, the
microfibérs of the fibrillated rayon in its top surface are

directly contacted with the objects, and the friction to the
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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, intégers, steps or componeﬁts but does not'precludé
thepresenceofadditionofoneorumreotherfeatures,integers,
steps, compgnents or groups thereof.

While the invention has been described in detail and
with réference to specific embodiments thereof, it will be
appérent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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What is claimed is:

1. A multi-layered water-decomposable fibrous sheet
with a plurality of layers each having a different fibrous
constitution being integrated, comprisings:

a top layer on a top surface including fibrillated rayon
of at least 3 % by mass of all 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 micrdfibers 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 microfibe.rs of the fibrillated rayon being
entangled with and/or hydrogen-bonded to at least either of
other microfibers and 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
either of other microfibers and other fibers.

3. The water-decomposable fibrous sheet as claimed in

claim 1, wherein in the fibrillated rayon, the primary fibers

-
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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.

4. The water-decomposable fibrous sheet as claimed in
claim 1, which is a non-woven fabric having been subjected to
water-jetting treatment. '

5. The water-decomposable fibrous sheet as claimed in
claim 1, which is produced in a paper-making process.

6. The water-decomposable fibrous sheet as claimed in
claim1l, wherein the degree of fineness of the fibrillated rayofx
falls bétween 1.1 aﬁd 1.9 dtex.

) 7. The water-decomposable fibrous sheet as claimed in
claim 1, wherein the weight of the fibers falls between 20 and
100 g/m’. .

' 8. The water-decomposable fibrous sheet as claimed in
claim 1, of which the decomposability in water, measured
according to JIS P-4501, is at most 200 seconds.

9. The water-decomposable fibrous sheet as claimed in
claim 1, of which the wet strength is at least 1.1 N/25 mm.

10. The water-decomposable fibrous sheet as claimed in
claim 1, of which the dry strength is at least 3.4 N/25 mm.

11. A multi-layered water-decomposable fibrous sheet
with a plurality of layers each having a different fibrous

constitution being integrated, comprising:

-
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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 all fibers constituting each layer, the fibrillated
rayon having a degree of beating of at most 700 cc and having
primafy fibérs of a predetermined fiber length and microfibers
extending from the primary fibers, the microfibers being
entangled with and/or hydrogen-bonded to aﬁ least either of
other microfibe:s and other fibers, and

an interlayer disposed between the top layer and the
back layer including fibers containing no fibrillated rayon,
the fibers beihg entangled with and/or hydrogen-bonded to eacfl
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. |

12. The nmiti-layered water-decomposable fibrous
‘'sheet as claimed in claim 11, whereil_'x the fibrillated rayon
content of the fibers constituting the top layer is nearly the
same as that of the fibers constituting the back layer.

13. The water-decomposable fibrous sheet as claimed in
claim 11, wherein 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
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other fibers.

14. The water-decomposable fibrous sheet as claimed in
claim 11, wherein in the fibrillated rayon, the primary fibers
has a length of from 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 fibriliated
rayon.

15. The water-decomposable fibrous sheet as claimed in
claim 11, which is a non-woven fabric having been subjected
to water-jetting treatment.

16. The watér-decomposable fibrous sheet as claimed in
claim 11, which is produced in a paper-making process.

17. The water-decomposable fibrous sheet as claimed in
claim 11, wherein the degree of fineness of the fibrillated
rayc;n falls bettfleen 1.1 and 1.9 dtex.

18. The water-decomposable fibrous sheet as claimed in
claim 11, wherein the weight of the fibérs falls between 20
and 100 g/m’.

19. The water-decomposable fibrous sheet as claimed in
claim 11, of which the decomposability in water, measured
according to JIS P-4501, is at most 200 seconds.

20. The water-decomposable fibrous sheet as claimed in .
claim 11, of which the wet strength is at least 1.1 N/25 mm.

21. The water-decomposable fibrous sheet as claimed in

g
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claim 11, of which the dry stfength is at least 3.4 N/25 mm.
T



