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Description

BACKGROUND OF THE INVENTION

5 FIELD OF THE INVENTION

[0001] The present invention relates to a water-decomposable fibrous sheet capable qf being readily decomposed

and dispersed in water flow. More precisely, it relates to a water-decomposable fibrous sheet having high strength in dry

and wet but capable of being readily decomposed in water.

10

DESCRIPTION OF THE RELATED ART

[0002] To wipe the skin of human bodies including the private parts thereof, or to clean toilets and thereabouts,

used are cleaning sheets made of paper or non-woven fabric. The cleaning sheets must be decomposable in water so

that they could be directly disposed of in toilets after their use. This is because, if hardly water-decomposable cleaning

sheets are disposed of in toilets after their use, they will take a lot of time until they are decomposed and dispersed in

septic tanks, or will clog the drainpipes around toilets.

[0003] For easy and effective use, many disposable cleaning sheets for wiper applications are packaged while

being wetted with a detergent chemical or the like, and are put on the market Such cleaning sheets must have high

strength in wet to such a degree that they are well fit for wiping with them containing a detergent chemical or the like,

but must well decompose in water after they are disposed of in toilets.

[0004] For example, Japanese Patent Publication No. 24636/1995 discloses a water-decomposable cleaning arti-

cle that comprises a carboxyl group-having, water-soluble binder, a metal ion and an organic solvent However, the

metal ion and the organic solvent irritate the skin.

[0005] Japanese Patent Laid-Open No. 292924/1991 discloses a 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, 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 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 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.

[0006] On the other hand, Japanese Patent Laid-Open No. 22821 4/1 997 discloses a water-degradable non-woven

fabric having a wet strength of from 100 to 800 gf/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 in it, the non-woven fabric disclosed has a bulky feel.

However, in producing the non-woven fabric, long 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

45 [0007] The present invention is to solve the problems in the prior art noted above, and its one object is to provide a

water-decomposable fibrous sheet which is well decomposed in water and has high dry strength.

[0008] Another object of the invention is to provide a water-decomposable fibrous sheet which has high wet

strength to such a degree that It is well usable in wet even though no binder is added thereto.

[0009] Still another object of the invention is to provide a water-decomposable fibrous sheet which is safe for its

so application to the skin.

[0010] Specifically, the invention is to provide a water-decomposable fibrous sheet, which comprises from 3 % by

mass to 100 % by mass of fibrillated rayon comprising primary fibers and microfibers extending therefrom, and from 0

% by mass to 97 % by mass of other fibers having a length of at most 10 mm, and in which the fibrillated rayon has a

degree of beating of at most 700 cc; the primary fibers have a length in a range of from 1 .8 mm to 1 0 mm at a peak of

55 mass distribution thereof; and at least the microfibers extending from the primary fibers of the fibrillated rayon are

entangled with at least one of other primary fibers, other microfibers extending from the other primary fibers and the

other fibers.

[001 1] The invention is also to provide a water-decomposable fibrous sheet, which comprises from 3 % by mass to
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100 % by mass of fibrillated rayon comprising primary fibers and microfibers extending therefrom, and from 0 % by

mass to 97 % by mass of other fibers having a length of at most 10 mm, and in which the primary fibers have a length

in a range of from 1 .8 mm to 10 mm at a peak of mass distribution thereof; the microfibers having a length of at most 1

mm account far from 0.1 to 65 % by mass of the self-weight of the fibrillated rayon; and at least the microfibers extend-

5 ing from the primary fibers of the fibrillated rayon are entangled with at least one of other primary fibers, other microfib-

ers extending from the other primary fibers and the other fibers.

[0012] The water-decomposable fibrous sheets described above are preferably non-woven fabrics subjected to

water jetting treatment.

[001 3] Also, the invention is to provide a water-decomposable fibrous sheet, which comprises from 3% by mass to

w 100 % by mass of fibrillated rayon comprising primary fibers and microfibers extending therefrom, and from 0 % by

mass to 97 % by mass of other fibers having a length of at most 10 mm, and in which the fibrillated rayon has a degree

of beating of at most 700 cc; the primary fibers have a length in a range of from 1 .8 mm to 10 mm at a peak of mass

distribution thereof; and at least the microfibers extending from the primary fibers of the fibrillated rayon are hydrogen

bonded with at least one of other primary fibers, other microfibers extending from the other primary fibers and the other

is fibers.

[001 4] The invention is also to provide a water-decomposable fibrous sheet, which comprises from 3 % by mass to

100 % by mass of fibrillated rayon comprising primary fibers and microfibers extending therefrom, and from 0 % by

mass to 97% by mass of other fibers having a length of at most 10 mm, and in which the primary fibers have a length

in a range of from 1 .8 mm to 10 mm at a peak of miss distribution thereof; the microfibers having a length of at most 1

20 mm account for from 0.1 to 65 % by mass of the self-weight of the fibrillated rayon; and at least the microfibers extend-

ing from the primary fibers of the fibrillated rayon are hydrogen bonded with at least one of other primary fibers, other

microfibers extending from the other primary fibers and the other fibers.

[0015] The water-decomposable fibrous sheets described above are preferably produced in a paper-making proc-

ess. In this case, preferably, the fibrillated rayon has a degree of beating of at most 400 cc.

25 [0016] Naturally in dry and even in wet with water, the water-decomposable fibrous sheet of the invention all the

time keeps high strength while it is used as a wiper. In addition, when it is immersed in a large amount of water after

used, it is readily decomposed. Therefore, after used, it can be disposed of in toilets, etc. What is more, the water-

decomposable fibrous sheet of the invention is composed of materials not harmful to human' bodies.

[0017] More specifically, in the water-decomposable fibrous sheet of the invention, because the microfibers of the

30 fibrillated rayon act to bind the fibers together, well balanced decomposability in water and strength are realized. With

the microfibers entangled with or hydrogen bonded with other fibers, the fibrous sheet procures high strength. On the

other hand, when kept in contact with a large amount of water, the microfibers are separated from the other fibers, and

therefore, the fibrous sheet is readily decomposed in water. In particular, when the. microfibers extending from the pri-

mary fibers of the fibrillated rayon are entangled with at least one of other primary fibers, other microfibers extending

35 from the other primary fibers and the other fibers through the water jetting treatment, the fibers are strongly bound

together, and moreover, the dry strength of the sheet is increased owing to the hydrogen bonding power of the micro-

fibers. Such hydrogen bonding may sometimes be canceled in a wet condition, but the sheet can maintain high strength

even in wet because of the entanglement of the microfibers.

[001 8] On the other hand, when the water-decomposable fibrous sheet of the invention is produced for example in

40 a taper-making process i.e., produced without subjecting it to water jetting treatment, the fibrous sheet has high

strength owing to the presence of the microfibers. The microfibers can exhibit the hydrogen bonding power as much as,

or more than pulp, and therefore, the fibrous sheet has well balanced decomposability in water and strength. The

fibrous sheet thus produced in a paper-making process will be excellent in strength upon use in a dry condition. Even

in such sheet, additionally, the wet strength could be increased owing to the entanglement of the microfibers.

45 [0019] In the invention, where the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of

mass distribution thereof and the fibrillated rayon has a degree of beating of smaller than 400 cc, it is desirable that the

microfibers having a length of at most 1 mm account for from 0.5 to 15 % by mass of the self-weight of the fibrillated

rayon.

[0020] Where the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass distribution

so thereof and the fibrillated rayon has a degree of beating of from 400 cc to 700 cc, it is desirable that the microfibers hav-

ing a length of at most 1 mm account for from 0.1 to 5 % by mass of the self-weight of the fibrillated rayon.

[0021] Where the primary fibers have a length of from 4.5 mm to 7.5 mm at a peak of mass distribution thereof and

the fibrillated rayon has a degree of beating of smaller than 400 cc, it is desirable that 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-.

55 [0022] Where the primary fibers have a length of from 4.5 mm to 7.5 mm at a peak of mass distribution thereof and

the fibrillated rayon has a degree of beating of from 400 cc to 700 cc, it is desirable that 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.

[0023] Where the primary fibers have a length of 3 ± 0.5 mm at a peak of mass distribution thereof, it is desirable

3
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that 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 fibril-

lated rayon.

[0024] Where the primary fibers have a length of 4 ± 0.5 mm at a peak of mass distribution thereof, it is desirable

that the microfibers having a length of at most 1 mm account for from 1 to 1 4 % by mass of the self-weight of the fibril-

5 lated rayon.

[0025] Where the primary fibers have a length of 5 ± 0.5 mm at a peak of mass distribution thereof, it is desirable

that 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 fibril-

tated rayon.

[0026] Where the primary fibers have a length of 6 ± 0.5 mm at a peak of mass distribution thereof, it is desirable

w that the microfibers having a length of at most 1 mm account for from 5 to 50 % by mass of the self-weight of the fibril-

lated rayon.

[0027] Where the primary fibers have a length of 7 ± 0.5 mm at a peak of mass distribution thereof, it is desirable

that the microfibers having a length of at most 1 mm account for from 10 to 65% by mass of the self-weight of the fibril-

lated rayon.

15 [0028] In the process of forming fibrillated rayon by beating rayon, the length of primary fibers of the fibrillated rayon

may sometimes varies to be shorter or longer due to the beating process. In addition, the non-fibrillated rayon (rayon

before beating) per se has a deviation in length. Therefore, in the above, such variation and deviation in fiber length has

been taken into consideration. Where the length of the rayon before beating is 3 mm, 4 mm, 5 mm, 6 mm or 7mm, for

example, the length of the primary fibers at a peak of mass distribution thereof falls in the range of 3 ± 0.5 mm, 4 ± 0.5

20 mm, 5 ±0.5 mm, 6 ±0.5 mm or 7 ±0.5 mm.

[0029] Where the ratio of the weight of the microfibers having a length of at most 1 mm to the self-weight of the fibril-

lated rayon is defined as described above, the fineness of the fibrillated rayon is preferably from 1 .2 to 1 .9 dtex.

[0030] Preferably, the fibers having a length of at most 10 mm are biodegradable fibers. It is desirable that the bio-

degradable fibers are those of at least one selected from the group consisting of regenerated cellulose, pulp, aliphatic

25 polyesters, polyvinyl alcohol and collagen.

[0031] Preferably, the basis weight of the water-decomposable fibrous sheet of the invention falls between 20 and

100 g/m2 .

[0032] Preferably, the degree of decomposition in water of the fibrous sheet Is at most 200 seconds, as measured

according to JIS P-4501

.

30 [0033] Preferably, the wet strength of the fibrous sheet is at least 1 1 0 g/25 mm.

[0034] Preferably, the dry strength of the fibrous sheet is at least 350 g/25 mm.

[0035] The invention also provides a water-decomposable fibrous sheet which comprises from 3 to 1 00% by mass

(preferably, 5 to 100 % by mass) of fibrillated rayon of such that the primary fibers constituting it have a length of from

1 .8 to 10 mm, and from 0 to 97 % by mass (preferably, 0 to 95% by mass) of other fibers having a length of at most 10

35 mm, and which has a basis weight of from 20 to 1 00 g/m2 , a thickness of at least 0.2 mm, a degree of decomposition

in water in a previously wetted condition as measured according to JIS P-4501 of at most 200 seconds, and a wet

strength of at least 1 10 g/25 mm.

[0036] Preferably, the water-decomposable fibrous sheet of the invention is a non-woven fabric having been sub-

jected to water-jetting treatment. It is bulky and has a soft feel.

40 [0037] Preferably, the fibrillated rayon constituting the fibrous sheet has a degree of beating of at most 400 cc, and

the fibrous sheet is produced in a paper-making process.

BRIEF DESCRIPTION OF THE DRAWINGS

45 [0038]

Rg. 1 is a magnified microscopic picture of one example of the water-decomposable fibrous sheet of the invention.

Fig. 2 is a graphical view of the picture of Rg. 1

.

Fig. 3 is a graph showing the mass distribution profile of the fiber length of non-beaten rayon.

so Rg. 4 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having a

fiber length of 5 mm was beaten.

Rg. 5 is a graph showing the mass distribution profile of the fiber length of rayon having been free-beaten.

Rg. 6 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having a

fiber length of 3 mm was beaten in wet

55 Rg. 7 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having a

fiber length of 4 mm was beaten in wet

Fig. 8 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having a

fiber length of 6 mm was beaten in wet.

4
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Fig. 9 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having a

fiber length of 7 mm was beaten in wet

Rg. 10 is a graph showing the mass distribution profile of the fiber length of beaten rayon, for which rayon having

a fiber length of 5 mm was beaten in wet

5 Fig. 1 1 is a graph showing the relationship between the wet strength of the sheets prepared in Example H and the

degree of decomposition thereof in water, relative to varying degrees of beating rayon to give fibrillated rayon for

the sheets.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

w
[0039] The fibrillated rayon for use in the invention is meant to indicate fibers of regenerated cellulose rayon having

finety-fibrillated surfaces, or that is, those with microfibers which are submicron-sized in thickness, having peeled and

extending from the surfaces of the primary fibers (of the fibrillated rayon).

[0040] Fig. 1 and Fig. 2 are a magnified microscopic picture of one example of the water-decomposable fibrous

15 sheet of the invention that comprises fibrillated rayon 1 ,
rayon 4 and pulp 3, and its graphic view, respectively. The sheet

of Fig. 1 and Rg. 2 was prepared from a fibrous web that comprises those fibrillated rayon 1, rayon 4 and pulp 3, by

subjecting it to water-jetting treatment As in Rg. 1 and Rg. 2, it is seen that microfibers 2 extend from the surface of

the primary fiber of the fibrillated rayon 1 . The surface of ordinary regenerated cellulose (rayon 4) is smooth, while that

of the fibrillated rayon 1 is fibrillated to have microfibers 2 therearound, as illustrated; and the two, rayon 4 and fibrillated

20 rayon 1 have different structures.

[0041] 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

25 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, wet-spun

regenerated cellulose.

[0042] Only the fibrillated rayon, or a combination of the fibrillated rayon and other fibers having a fiber length of at

most 1 0 mm is formed into a fibrous web, and the resulting fibrous web is preferably subjected to water-jetting treatment

30 or the tike to be formed into the water-decomposable fibrous sheet of the invention. In this process, the microfibers

around the surface of the fibrillated rayon are entangled with the other fibers or the other microfibers. Therefore, the

specifically-entangled structure of the fibrous sheet of the invention differs from the structure of ordinary spun-lace non-

woven fabric where the constituent fibers are entangled together. From Fig. 1 and Rg. 2, it is seen that the microfibers

2 around the fibrillated rayon 1 are entangled with the other fibers (rayon 4 and fibrillated rayon 1 ), and the pulp 3 exists

35 among those fibers.

[0043] The primary fibers constituting the fibrillated rayon have a length falling between 1.8 mm and 10 mm (at a

peak of mass distribution of the primary fibers). The length of the primary fibers as referred to herein is meant to indicate

the length of the primary fibers except the microfibers therearound, but not the length of the microfibers. If the length of

the primary fibers at a peak of mass distribution thereof is longer than the defined range, not only the microfibers but

40 also the primary fibers will be entangled together, or the primary fibers will be entangled with the other fibers (rayon 4

and pulp 3), at the time of water jetting treatment In that condition, the water-decomposability of the non-woven fabric

will be poor. On the other hand, if the length of the primary fibers is shorter than the defined range, the microfibers could

not be entangled to the desired degree. If so, the wet strength of the non-woven fabric will be low. Preferably, the length

of the rayon before beating falls between 3 mm and 6 mm. In other words, the length of the primary fibers of the fibril-

45 lated rayon at a peak of mass distribution thereof preferably falls between 2.5 mm and 6.5 mm.

[0044] Where fibrillated rayon of which the primary fibers have a length of at teast 7 mm is used and where the

fibrous web is subjected to water-jetting treatment, the primary fibers of the fibrillated rayon will be entangled too much

and the decomposability in water of the sheet comprising them will be low. In order to evade the reduction in the decom-

posability in water of the sheet of that case, it is desirable that the basis weight of the non-woven fabric is controlled to

so be at most 30 g/m2 . In that case, it is also desirable to reduce the proportion of the fibrillated rayon of which the primary

fibers have a length of 7 mm or longer, to at most 10 % by mass.

[0045] To specifically define the fibrillated rayon capable of being preferably used in the invention, some methods

may be employed One is to analyze the mass distribution of the primary fibers and the microfibers constituting the fibril-

lated rayon. The microfibers are shorter than the primary fibers. Therefore, analyzing the distribution of the fiber length

55 in the fibrillated rayon clarifies the mass 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 the fibril-

lated rayon (CSF; Canadian Standard Freeness).

[0046] The mass distribution profile of the fiber length of non-beaten, non-fibrillated rayon (CSF = 740 cc, fiber

5
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length 5 mm, 1 .7 dtex), for which n = 3, is shown in Fig. 3. As in Fig. 3, the mass distribution in non-beaten rayon is

almost concentrated in the fiber length range of 5 mm ± 1 mm or so. The non-beaten rayon of Fig. 3 was beaten in wet

to different degrees, and the mass distribution of the beaten, fibrillated rayon was analyzed relative to the different fiber

lengths. The resulting data are plotted to give the graph of Fig. 4. Rayon samples having a concentration of 0.75 % by

5 mass were prepared and beaten in a mix r. As in Fig. 4, the mass distribution gave two peaks. From this, the fibrillated

rayon for use in the invention can be 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.

[0047] The fibrillated rayon for use herein is prepared by beating rayon in wet, as in the above. If, being different

from this, rayon is beaten in an ordinary free-beating manner to promote its beating (so that the beaten rayon shall have

w a reduced numerical value indicating its degree of beating), it will be entirely pulverized into small particles, as in Fig.

5. In that condition, most of the rayon would lose the original fiber length. The free-beaten rayon is not within the scope

of the fibrillated rayon for use in the invention.

[0048] 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
is account for from 0.1 to 65 % by mass of the self-weight of the fibrillated rayon. The fibrillated rayon having the morphol-

ogy of that type may be obtained by beating rayon to a degree of at most 700 cc. With the fibrillated rayon, the fibrous

sheet could well decompose in water and could have a preferred degree of strength. In the fibrillated rayon of that type,

the remaining part that accounts for approximately from 35 to 99.9 % by mass essentially comprises the primary fibers

of the fibrillated rayon, but including long microfibers having been prolonged through promoted fibrillation and also

20 chopped rayon. As the case may be, the length of the primary fibers of the beaten, fibrillated rayon will be somewhat

smaller than the original length of those of the non-beaten rayon, or will be somewhat prolonged in appearance owing

to the microfibers extending from the end parts of the primary fibers. Therefore, the length of the primary fibers at a

peak of mass distribution thereof will be the original length of the non-beaten rayon (rayon before beating) ± 0.5 mm.

[0049] The mass distribution of the fibrillated rayon relative to the fiber length depends on both the original fiber

25 length of the non-beaten rayon and the degree of beating of the fibrillated rayon. In reference to this, rayon having a dif-

ferent fiber length of 3 mm, 4 mm, 6 mm or 7 mm was beaten in wet, and the mass distribution of the beaten rayon rel-

ative to the varying fiber length was analyzed. The data were plotted to give the graphs of Fig. 6 to Fig. 9. Of the beaten

rayon samples whose data are plotted as in the graphs of Fig. 4 and Figs. 6 to 9, 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

30 length of the non-beaten rayon (but having varied within a range of from -0.6 mm to +0.4 mm) are given in Table 1-1

below.

[0050] As seen from the graphs of Figs. 6 to 9, in the fibrillated rayon after beating, the length of the primary fibers

at a peak of mass distribution of the primary fibers varies ± 0.5 mm, ± 0.3 mm, or -0.3 to +0.1 mm, from the original

length of the rayon before beating.

35

Table 1 -1

3 mm Degree of Beating (cc) not longer than 1 .0 mm (% by mass) 2.4 to 3.4 mm (% by mass)

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

4 mm Degree of Beating (cc) not longer than 1 .0 mm (% by mass) 3.4 to 4.4 mm (% by mass)

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

6
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Table 1-1 (continued)

5 mm Degree of Beating (cc) not longer than 1 .0 mm (% by mass) 4.4 to 5.4 mm (% by mass)

740 0.69 76.56

600 4.06 63.80

400 22.49 47.25

200 35.95 32.77

100 41.76 22.72

6 mm Degree of Beating (cc) not longer than 1 .0 mm (% by mass) 5.4 to 6.4 mm (% by mass)

740 4.19 28.64

500 18.45 47.78

410 22.90 46.98

204 47.74 21.85

102 45.81 18.12

7 mm Degree of Beating (cc) not longer than 1 .0 mm (% by mass) 6.4 to 7.2 mm (% by mass)

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

35 [0051] Next, in Table 1 -2, the proportion of the microfibers having a length of at most 1 .0 mm is given, when rayon

having an original fiber length of 5 mm and having a fineness of 1 .7 dtex was beaten while varying the degree of beating

step by step in the range of from 740 cc to 67 cc. In Table 1-3, the proportion of the microfibers haying a length of at

most 1 .0 mm is given, when rayon having an original fiber length of 3 mm and having a fineness of 1 .4 dtex was beaten

while varying the degree of beating step by step in the range of from 644 cc to 21 1 cc, and when rayon having an orig-

40 inal fiber length of 3 mm and having a fineness of 1 .7 dtex was beaten while varying the degree of beating step by step

in the range of from 653 cc to 163 cc. In Table 1 -4, the proportion of the microfibers having a length of at most 1.0 mm
is given, when rayon having an original fiber length of 5 mm and having a fineness of 1 .4 dtex was beaten while varying

the degree of beating step by step in the range of from 676 cc to 135 cc, and when rayon having an original fiber length

of 5 mm and having a fineness of 1 .7 dtex was beaten while varying the degree of beating step by step in the range of

45 from 695 cc to 186 cc.

Table 1-2

5mm I.7 dtex Degree of Beating (cc) 1 .0mm or less (% BY MASS)

740 0.69

520 12.77

377 23.20

185 39.37

67 35.47
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Table 1-3

15

3mm i.4dtex uegree or Dealing

(cc)

1 Hmm or Ip^c t
a
6*.

1 1 11 1 1 Ul y /©

BY MASS)

3mm I 7dtex Degree of Beating

(cc)

1 .0mm or less (%
BY MASS)

644 0.57 653 0.16

626 0.46 584 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 3.61

211 1.77

Table 1-4

5mm l.4dtex Degree of Beating

(cc)

1 .0mm or less (%
BY MASS)

5mm l.7dtex Degree of Beating

(cc)

1 .0mm or less (%
BY MASS)

676 1.08 695 0.47

646 1.06 625 1.49

631 2.08 521 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

[0052] In Table 1-1 , the data in the thick-lined boxes are of the fibriliated rayon most preferred for use in the inven-

tion. Also, the data in Tables 1-2,1-3 and 1 -4, exclusive of the data of one having a degree of beating of 740 cc in Table

55 1-2, are of the fibriliated rayon most preferred for use in the invention. Here, the data in Tables 1-1 and 1-2 were

obtained by beating rayon with a mixer, while the data in Tables in 1-3 and 1-4 were obtained by beating rayon with a

pulper or refiner used for mass-production. As in above Tables, it is understood that the percentage (by mass) of the

microfibers having a length of at most 1 mm of the fibriliated rayon prepared by using a pulper or refiner becomes less

8
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than that prepared by using a mixer. However, the water-decomposable fibrous sheet of the invention may be produced

by using any one of the above means (mixer, pulper and refiner) to obtain well balanced water-decomposability and wet

strength.

[0053] In the preferred ranges where the length of the rayon before beating is from 3 mm to less than 5 mm (i.e.,

5 where the length of the primary fibers of the fibrillated rayon at a peak of mass distribution thereof is from 2.5 mm to

less than 4.5 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 0.5 to 1 5 % by mass of the self-weight (total mass) of the fibrillated rayon. However, if a pulper or

refiner is used for beating rayon, the upper limit of 1 5% by mass varies to about 8 % by mass. In those where the length

of the rayon before beating is from 3 mm to less than 5 mm (i.e., where the length of the primary fibers of the fibrillated

w rayon at a peak of mass distribution thereof is from 2.5 mm to less than 4.5 mm) and where the degree of beating is

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, if a pulper or refiner is used for beating rayon, the upper limit of 5 % by mass

varies to about 3 % by mass. If the degree of beating is from 400 cc to 600 cc, the tower limit of 0.1 % by mass varies

to 0.2 % by mass.

15 [0054] Still in those where the length of the rayon before beating is from 5 mm to 7 mm (i.e., where the length of the

primary fibers of the fibrillated rayon at a peak of mass distribution thereof is 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, if a pulper or refiner is used for beating rayon, the upper limit

of 65 % by mass varies to about 30 % by mass, and the lower limit of 8 % by mass varies to 5 % by mass. Further in

20 those where the length of the rayon before beating is from 5 mm to 7 mm (i.e., where the length of the primary fibers of

the fibrillated rayon at a peak of mass distribution thereof is from 4.5 mm to 7.5 mm) and where the degree of beating

is 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, if a pulper or refiner is used for beating rayon, the upper limit of 50 % by

mass varies to about 20 % by mass. If the degree of beating is from 400 cc to 600 cc, the lower limit of 0.3 % by mass

25 varies to 2 % by mass.

[0055] Moreover, in the preferred ranges where the rayon before beating has a length of 3 mm (i.e., where the pri-

mary fibers of the fibrillated rayon have a length of 3 ± 0.5 mm at a peak of mass distribution thereof), the microfibers

having a length of at most 1 mm account for from 0. 1 to 1 0% by mass of the self-weight of the fibrillated rayon. However,

if a pulper or refiner is used for beating rayon, the upper limit of 1 0 % by mass varies to about 5 % by mass. If the degree

30 of beating is less than 600 cc, the lower limit of 0.1 % by mass varies to 0.2 % by mass.

[0056] In those where the rayon before beating has a length of 4 mm (i.e., where the primary fibers of the fibrillated

rayon have a length of 4 ± 0.5 mm at a peak of mass distribution thereof), the microfibers having a length of at most 1

mm account for from 1 to 1 4 % by mass of the self-weight of the fibrillated rayon. However, if a pulper or refiner is used

for beating rayon, the range varies to about 0.3 to 10 % by mass. If a pulper or refiner is used for beating rayon and the

35 degree of beating is less than 600 cc, the lower limit varies to 0.5 % by mass.

[0057] In those where the rayon before beating has a length of 5 mm (i.e., where the primary fibers of the fibrillated

rayon have a length of 5 ± 0.5 mm at a peak of mass distribution thereof), 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, if a pulper or refiner is used

for beating rayon, the upper limit of 45% by mass varies to about 30 % by mass. If a pulper or refiner is used for beating

40 rayon and the degree of beating is less than 600 cc, the lower limit varies to 5 % by mass.

[0058] In those where the rayon before beating has a length of 6 mm (i.e., where the primary fibers of the fibrillated

rayon have a length of 6 ± 0.5 mm at a peak of mass distribution thereof), 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, if a pulper or refiner is used

for beating rayon, the range varies to about 0.5 to 30*% by mass. If a pulper or refiner is used for beating rayon and the

45 degree of beating is less than 600 cc, the lower limit varies to 5 % by mass.

[0059] In those where the rayon before beating has a length of 7 mm (i.e., where the primary fibers of the fibrillated

rayon have a length of 7 ± 0.5 mm at a peak of mass distribution thereof), the microfibers having a length of at most 1

mm account for from 1 0 to 65% by mass of the self-weight of the fibrillated rayon. However, if a pulper or refiner is used

for beating rayon, the range varies to about 3 to 50 % by mass. If a pulper or refiner is used for beating rayon and the

so degree of beating is less than 600 cc, the lower limit varies to 8 % by mass.

[0060] Where the ratio of the weight of the microfibers having a length of at most 1 mm to the self-weight of the fibril-

lated rayon is defined as described above, the fineness of the fibrillated rayon is preferably from 1 .2 to 1.9 dtex.

[0061] The degree of beating of the fibrillated rayon preferred for use in the invention is described. Where beating

rayon is promoted (to give a beaten, fibrillated rayon that shall have a lowered numerical value indicating its degree of

55 beating), the ratio of the mass distribution of short fibers (including microfibers) will increase. In the invention, the fibril-

lated rayon preferably has a degree of beating of at most 700 cc. Fibrillated rayon having a degree of beating of larger

than 700 cc could not have a strength necessary for the water-decomposable fibrous sheet of the invention. More pref-

erably, the fibrillated rayon for use herein has a degree of beating of at most 600 cc. The increase in the strength of the

9
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fibrous sheet will be more noticeable owing to the microfibers of the fibrillated rayon of that preferred type. Most prefer-

ably, the fibrillated rayon has a degree of beating of at most 400 cc. Even when fibrillated rayon having a degree of beat-

ing of at most 200 cc, or even at most 100 cc (for example, 50 cc or 0 cc) is used in producing it, the water-

decomposable fibrous sheet could have well-baJanced wet strength and decomposability in water.

5 [0062] However, if fibrillated rayon having been too much beaten (thereby having a too much reduced numerical

value indicating its degree of beating), for example that having a degree of being of 0 cc is used, the degree of water

filtration through the sheet in its production will be low. Therefore, it is desirable that the fibrous sheet comprises a com-

bination of the fibrillated rayon of that type and other fibers. In this case, the proportion of the fibrillated rayon is prefer-

ably at most 30 %, more preferably at most 20 %. Also preferably, the fiber length of the fibrillated rayon (before beating)

w is at most 6 mm, more preferably at most 5 mm.

[0063] The degree of beating of the fibrillated rayon can be controlled by varying the beating time and by selecting

the beating means. For example, when rayon is beaten in a mixer, the time for processing it therein may be suitably

determined. To obtain the fibrillated rayon, for example, a liquid containing rayon is processed in a mixer. For this, for

example, the liquid may have a rayon concentration of 0.75 %, and it wilt be processed in an ordinary, commercially-

15 available 100V mixer. In this case, the degree of beating of the fibrillated rayon will be correlated with the beating time

in the mixer, in the manner mentioned below. The following data may have an error of ± 30 seconds for the beating time.

Where the rayon concentration is varied, the beating time in the mixer to attain the intended degree of beating shall vary.

Beating time, 2 minutes; degree of beating = 700 cc

Beating time, 3 minutes; degree of beating » 600 cc

Beating time, 4 minutes; degree of beating = 500 cc

Beating time, 5 minutes; degree of beating = 300 cc

Beating time, 7 to 8 minutes; degree of beating = 200 cc

Beating time, 8 to 10 minutes; degree of beating = 50 cc

[0064] Where rayon (degree of beating, 740 cc; fiber length, 5 mm; 1 .7 dtex) is beaten in a pulper in place of the

mixer as in the above, the data will be as follows:

20

25

Beating time, 120 minutes; degree of beating » 629 cc

30 Beating time, 330 minutes; degree of beating = 237 cc

[0065] The mass distribution of the fiber length of the beaten rayon is as in Fig. 10.

[0066] 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 defined range, the primary fibers of the fibrillated rayon will be too much

35 entangled, and the decomposability in water of the fibrous sheet comprising it will be low. If, on the other hand, its fine-

ness is larger than the defined range, the formation of the fibrous sheet will be not good and, in addition, the productivity

thereof will be low.

[0067] The fiber length of the fibrillated rayon, the mass distribution thereof relative to the fiber length, the degree

of beating thereof, and the fineness thereof will be suitably controlled, depending on their data, the proportion of the

40 fibrillated rayon, and the type of the other fibers to be blended with the fibrillated rayon.

[0068] The water-decomposable fibrous sheet of the invention may be made of only the fibrillated rayon, but may

contain any other fibers having a length of at most 10 mm in addition to the fibrillated rayon. In the water-decomposable

fibrous sheet comprising the fibrillated rayon and such other fibers, the microfibers of the fibrillated rayon will be well

entangled with the other fibers to ensure high strength of the sheet The microfibers entangled with the other fibers in

45 the sheet will be released from them when a large amount of water is given to the sheet, and therefore the sheet easily

decomposes in water.

[0069] As the other fibers having a length of at most 10 mm, preferred are those well dispersible in water, that is,

water-dispersible fibers. The disperstbility in water referred to herein has the same meaning as the decomposability in

water, and is meant to indicate that the fibers are dispersed well in water when kept in contact with a large amount of

so water. More preferably, those other fibers are biodegradable fibers. The biodegradable fibers naturally decompose by

themselves when disposed of in the natural world. The length of the other fibers for use herein is meant to indicate the

mean length thereof. The lower limit of the length (or mean length) of the other fibers is preferably 1 mm or more.

[0070] 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

55 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

10



EP 1 024 225 A1

is rayon, as being biodegradable. Further usable are still other biodegradable fibers of polylactic acid, polycaprolactone,

aliphatic polyesters 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.

[0071] For the soft wood pulp, its degree of beating preferably falls between 500 and 700 cc or so. If its degree of

beating is smaller than 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 defined range, the sheet comprising the

pulp could not have the necessary strength.

[0072] The water-decomposable fibrous sheet of the invention may be formed of only the fibrillated rayon or a com-

bination of the fibrillated rayon and other fibers having a length of at most 1 0 mm. Here, the ratio of the components is

preferably such that the proportion of the fibrillated rayon is from 3 to 100 % by mass and that of the other fibers is from

0 to 97% by mass, more preferably such that the proportion of the fibrillated rayon is from 5 to 100 % by mass and that

of the other fibers is from 0 to 95% by mass, still more preferably such that the proportion of the fibrillated rayon is from

5 to 70 % by mass and that of the other fibers is from 30 to 95 % by mass, most preferably such that the proportion of

the fibrillated rayon is from 10 to 50 % by mass and that of the other fibers is from 50 to 90 % by mass.

[0073] Also preferably, the basis weight (this may be referred to as "Metsuke") of the fibrous sheet of the invention

falls between 20 and 100 g/m2 in order that the sheet can bear wiping in wet If its basis weight is smaller than the

defined range, the sheet could not have the necessary wet strength. If, however, its basis weight is larger than the

defined range, the sheet will be not flexible. In particular, for application to the skin of human bodies, the basis 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

[0074] The water-decomposable fibrous sheet may be used directly after it has been produced in a wet paper-mak-

ing process or the like. The water-decomposable fibrous sheet could ensure its strength owing to the entangled micro-

fibers therein, and, in addition, its dry strength could be increased owing to the hydrogen bonding at the OH groups

existing on the surfaces of the fibrillated rayon therein. As the degree of beating increases, that is, as the number of the

microfibers increases, the surface area of the fibers increases, to thereby enhance the strength of the hydrogen bond-

ing between fibers

[0075] For more surely increasing its wet strength, the fibrous sheet is preferably in the form of a non-woven fabric

that may be produced by forming a fibrous web of fibrillated rayon alone or of fibrillated rayon combined with other fib-

ers, for example, in a wet process, followed by subjecting the fibrous web to water-jetting treatment. The fibrous web

referred to herein is meant to indicate a sheet as prepared by sheeting a fibrous block in such a manner that the fibers

constituting it are oriented in some degree in a predetermined direction. The fibrous web may also be prepared in a dry

process, and may be subjected to water-jetting treatment. For the water-jetting treatment, employed is an ordinary high-

pressure water-jetting device. Through the water-jetting treatment, the fibrous web is formed into a non-woven fabric

that is bulky as a whole and has a soft feel like cloth. In addition, the non-woven fabric has a strong wet strength enough

for its use, and when kept in contact with a large amount of water after disposed of in toilets and others, it well decom-

poses in water as the microfibers entangled therein and even the fibers loosely entangled therein come untied while in

water.

[0076] The details of the water-jetting treatment are described. The fibrous web is put on a continuously moving

conveyor belt, and exposed to high-pressure water-jetting streams to such a degree that the streams applied thereto

could pass through its back surface. Through the water-jetting treatment, the properties of the non-woven fabric are

changed, depending on the basis weight of the fibrous web processed, the pore diameter of the jetting nozzle used, the

number of pores of the jetting nozzles, the feeding speed at which the fibrous web is processed with the water-jetting

streams (processing speed), etc. For example, when the work done to be derived from the following formula:

Work done (kW/m
2

) = {1.63 x jetting pressure (kgf/cm
2
or Pa) x jetting flow rate (m

3
/min)}

/processing speed (m/min),

is from 0.04 to 0.5 (kW/m2) in one treatment for one surface of the fibrous web, a favorable non-woven fabric can be

produced by subjecting the fibrous web to the water-jetting treatment once or repeated 2 to 6 times. In this case, if the

fibers are entangled too much by repeating the water-jetting treatment more, the decomposability in water of the result-

ing non-woven fabric will be lowered. Moreover, if the work done in one treatment is larger than the defined range, the

fibrous web may be broken. If, on the other hand, the work done in one treatment is smaller than the defined range, the

processed non-woven fabric could not be bulky to a desired degree. One or both surfaces of the fibrous web may

undergo the water-jetting treatment. If the processing conditions are changed variously, favorable non-woven fabrics

could be obtained even though the work done does not fall within the preferred range.

[0077] After having been formed, it is desirable that the fibrous web is directly subjected to the water-jetting treat-

ment without being dried, for simplifying the process for the treatment However, the fibrous web may be subjected to

the water-jetting treatment after having been once dried.
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[0078] Preferably, the strength at break in wet of the water-decomposable fibrous sheet of the invention that con-

tains water is at least 1 10 g/25 mm in terms of the root of the product obtained by multiplying the strength in the machine

direction (MD) by that in the cross direction (CD). The strength at break in wet (this is herein referred to as wet strength)

is meant to indicate the tensile strength at break (gf) 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.

[0079] 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 be comfortably used for wiping purposes so far as it has 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 30 g/25 mm.

[0080] 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 at least 350 g/25 mm in terms of the root of the product

obtained by multiplying the strength at break in the machine direction (MD) by that in the cross direction (CD).

[0081] 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 150 seconds, the

most preferably at mostlOO 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 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 macro-

scopicalry observed, and the time until the test piece is finely dispersed is measured.

[0082] 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 be disposed of in flush toilets and others with no

problem so far as it has a degree of decomposition in water that is substantially the same as the data measured in the

manner as above.

[0083] To make the water-decomposable fibrous sheet of the invention have a degree of decomposition in water

and a wet strength falling within the preferred ranges noted above, the type of the fibers constituting the sheet, the pro-

portion of the fibers, the basis weight of the sheet, and the conditions for the water-jetting treatment for the sheet may

be varied. For example, where fibrillated rayon of which the primary fibers are long is used, or where fibrillated rayon

not beaten so much (that is, having an increased numerical value indicating its degree of beating) is used, the basis

weight of the non-woven fabric is reduced, or the proportion.of the fibrillated rayon is reduced, or the processing energy

for the water-jetting treatment is reduced, whereby the fibrous sheet obtained could have an increased degree of

decomposition in water and an increased wet strength. On the other hand, where fibrillated rayon having been much

beaten (that is, having a reduced numerical value indicating its degree of beating) is used, the proportion of the fibril-

lated rayon is increased or the basis weight of the non-woven fabric is increased to obtain the better results.

[0084] 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 sheet a water-soluble or water-sweliable binder capable of binding fibers together may be added to the sheet

The binder includes, for example, 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 group

or a carboxyl group, etc. The amount of the binder to be added to the sheet may be small. For example, only about 2 g

of the binder, relative to 1 00 g of the fibers constituting the sheet, may be added to the sheet whereby the wet strength

of the sheet could be much increased. As being soluble or swellable in water, the binder dissolves or swells in water

when kept in contact with a large amount of water. To add the water-soluble binder to the non-woven fabric, employable

is a coating method of applying the binder to the non-woven fabric through a silk screen. On the other hand, the water-

swellable binder may be added to the fibrous web for the sheet while the fibrous web is prepared in a paper-making

process.

[0085] Where the binder is added to the fibrous sheet of the invention, an electrolyte such as a water-soluble inor-

ganic 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 carbon-

ate, sodium hydrogencarbonate, ammonium carbonate, etc.; and the organic salt includes, for example, sodium pyrro-

lidone-carboxylate, sodium citrate, potassium citrate, sodium tartrate, potassium tartrate, sodium lactate, sodium

succinate, calcium 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.

12



EP 1 024 225 A1

[0086] 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 sapon-

5 ified with sodium hydroxide or the like into water-soluble copolymers partially having a sodium carboxylate moiety. Add-

ing an amino acid derivative such as trimethylglycine or the like to the sheet is also desirable, as also enhancing the

strength of the sheet

[0087] To ensure the desired degree of decomposition in water and the desired wet strength as above, the water-

decomposable fibrous sheet of the invention may have a multi-layered structure. For example, a first fibrous sheet layer

w containing fibrillated rayon but not subjected to water-jetting treatment may underlie a second fibrous sheet layer con-

taining fibriHated rayon and having been subjected to water-jetting treatment to give one water-decomposable fibrous

sheet The sheet having the two-layered structure could be more bulky and could have an increased wet strength with-

out lowering its decomposability in water. One first fibrous sheet layer may be sandwiched between two second fibrous

sheet layers to give one water-decomposable fibrous sheet having a three-layered laminate structure.

is [0088] The water-decomposable fibrous sheet of the invention may optionally contain any other substances, with-

out interfering with the advantages of the invention. For example, it may contain any of surfactants, microbicides, pre-

servatives, deodorants, moisturizers, alcohols such as ethanol, polyalcohols such as glycerin, etc.

[0089] 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

20 as cleaning sheets for toilets and thereaboujts. 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

water-decomposable fibrous sheet may be marketed in dry. The users who have bought the dry water-decomposable

25 fibrous sheet may wet it with water or liquid chemicals before use.

[0090] Since the water-decomposable fibrous sheet of the invention has high dry strength, any binder or electrolyte

may not be added thereto, being different from conventional water-decomposable fibrous sheets. Therefore, the sheet

of the invention is highly safe for its application to the skin, and is usable as the sheet component of various water-

decomposable absorbent articles including, for example, sanitary napkins, panty liners, sanitary tampons, disposable

30 diapers, etc. For example, when the sheet is perforated, it may be used as the top sheet for water-decomposable

absorbent articles. When the sheet is combined with any other fibers, it is usable as an absorbent layer, a cushion layer,

a back sheet etc.

[0091] The fibrous sheet of the invention may be embossed. Where the fibrous sheet is embossed under heating

after adding a small amount of water thereto, the strength of the hydrogen bonding between fibers of the fibrillated rayon

35 (and between the fibrillated rayon fibers and the other fibers if contained) will be increased. Therefore, the fibrous sheet

after embossing will have a high dry strength. The fibrous sheet of this type is more suitable for use as a wiper or for

use as a sheet component constituting an absorbent article.

EXAMPLES
40

[0092] 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:

45

[0093] Rayon fibers (from Acordis Japan) having a length of4mm were fibrillated in a mixer to prepare various types

of fibrillated rayon having different degrees of beating as in Tabte 2 below. The fibrillated rayon was combined with ordi-

nary non-fibrillated rayon (1.7 dtex (1.5 d), fiber length 5 mm) and bleached soft-wood kraft pulp (NBKP) (Canadian

Standard Freeness, CSF = 610 cc) and formed into a fibrous web according to a wet paper-making process for which

50 was used a cylinder paper-making machine. In this step, the blend ratio of the fibers was varied in each Example. The

fiber length of fibrillated rayon in Tables is meant to indicate the length of rayon fibers before beating treatment

[0094] Without being dried but still on the plastic wire, the resulting fibrous web put on a running conveyor. While

being moved at the speed indicated in Table 2, the fibrous web was subjected to water-jetting treatment under the con-

dition also indicated in Table 2, whereby the fibers constituting it were entangled. The high-pressure water-jetting device

55 used for the treatment was equipped with 2000 nozzles/meter each having an orifice diameter of 95 microns, at inter-

vals of 0.5 mm between the adjacent nozzles, and the pressure of jetting water streams applied to the web was 40

kgf/cm2 as in Table 2. In that condition, jetting water was applied to one surface of the web so that it passes through its

back surface. The water-jetting treatment was repeated once again under the same condition. Next this was dried with

13
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a Yankee drier to obtain a water-decomposable fibrous sheet of non-woven fabric. This was then wetted with 250 g, rel-

ative to 1 00 g of the mass of the non-woven fabric, of water. The thus-obtained water-decomposable fibrous sheet was

tested for its degree of decomposition in water and its wet strength, according to the methods mentioned below.

[0095] The test for the decomposability in water was based on the test of JIS P-4501 indicating the degree of

5 degradability of toilet paper. Precisely, a piece of the water-decomposable fibrous sheet having a length of 10 cm and

a width of 1 0 cm was put into a 300-mt 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 macroscop-

icaily observed, and the time until the test piece was finely dispersed was measured (see the following Table - the data

are expressed in seconds).

10 [0096] The wet strength was measured according to the test method stipulated in JIS P-8135. Briefly, a piece of the

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 (gf) of the test piece thus measured indicates the wet strength thereof (see the

following Table - the data are expressed in g/25 mm). The root of the product of the data in MD and the data in CD was

15 obtained, indicating the mean value of the wet strength of the sample.

[0097] The fibrous sheets of Comparative Examples 1 and 2 were prepared in the same manner as in Example A,

except that the fibrillated rayon was not used.
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55

[0098] From Table 2 t
it is seen that fibriilated rayon Incorporated into the water-decomposable fibrous sheets

enhanced the wet strength of the sheets, as compared with the sheets not containing it, without detracting from the

15
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decomposability thereof in water. This is because the entanglement owing to the presence of the microfibers of the

fibril lated rayon enhanced the wet strength of the sheets, and in addition, the entanglement of the microfibers was read-

ily untied to separate the fibers from each other when the sheets were put in a large amount of water. From the data of

A-3, it is understood that the water-decomposable fibrous sheet has goad decomposability in water and high wet

5 strength, even not containing NBKR

Example B:

[0099] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. In this Example

10 B, however, used were different types of fibrillated rayon each having different degrees of beating, as in Table 3 below.

The fibrous sheets were tested in the same manner as above for their decomposability in water and their wet strength.

[0100] The data obtained are given in Table 3.
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Example C:

[0101] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. In this Example

C, however, in preparation for fibrillated rayon, used were different types of rayon having different fiber lengths as in

5 Table 4 below. The fibrous sheets of non-woven fabrics were tested in the same manner as above for their decompos-

ability in water and their wet strength.

[0102] A comparative sample of a non-woven fabric was prepared in the same manner as in Example C. For this,

however, in preparation for fibrillated rayon, used was rayon having a length of 12 mm. This was tested in the same

manner as above.

w [0103] The data obtained are given in Table 4.
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[0104] From the data of the comparative sample, it is understood that the decomposability in water of the fibrous

sheet containing fibrillated rayon prepared from the rayon having a fiber length of 12 mm, or that is, over 10 mm is

extremely poor, since the fibers in the sheet were entangled too much. As opposed to this, the decomposability in water

19
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w

15

of the fibrous sheet of Example C-4, in which the rayon used have a length of 10 mm, is still good. As in Example C-4

where the primary fibers of the fibriHated rayon used are long, the fibrous sheet could have well-balanced strength and

decomposability in water so far as the fibrillated rayon to be used is not beaten too much (so that it could have a large

numerical value indicating its degree of beating) and its blend ratio in preparing the sheet is reduced.

Example D:

[0105] Water-decomposable fibrous sheets were prepared in the same manneras in Example A. In this Example

D, however, in preparation for fibrillated rayon, the rayon used had a fiber length of 3 mm and the blend ratio of the fibers

used was varied as in Table 5. In addition, in this, the pressure of water in the water-jetting treatment was varied as in

Table 5. The fibrous sheets were tested in the same manner as above for their decomposability in water and their wet

strength.

[0106] The data obtained are given in Table 5.
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Example E:

[0107] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. The sheets were

composed of 10 % by mass of fibrillated rayon (1.7 dtex; fiber length of starting rayon, 5 mm; degree of beating, 600

5 cc), 30 % by mass of rayon (1 . 1 dtex; fiber length, 5 mm) and 60 % by mass of NBKP used in Example A. For the sheets

of Examples E-1 to E-4, the fibrillated rayon was prepared by beating the starting rayon in wet. for which were used dif-

ferent beating machines. The water-jetting treatment was effected twice, under a pressure of 30 kgf/cm2 at a processing

speed of 30 m/min. In wet and in dry, the fibrous sheets were tested for their strength and decomposability in water in

the same manner as above. In addition, their breaking length was obtained in the manner mentioned below.

w [0108] The breaking length was measured according to the test method for the tensile strength of paper and paper-

boards stipulated in JIS P-81 13. Concretely, the breaking length is represented by the following formula:

Breaking Length (km) = [tensile strength (kgf)] x 1000/[(width of test piece, 25 mm)

x (basis weight of test piece, g/m
2
)]

[0109] In Comparative Examples, the same starting rayon (1.7 dtex; fiber length, 5 mm) as that for the samples of

Examples E-1 to E-4 was free-beaten, and the free-beaten rayon was used in place of the wefc*>eaten, fibrillated rayon

in Examples, to prepare comparative non-woven fabrics.

20 [01 1 0] The data obtained are given in Table 6.
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[0111] As in Table 6, it is understood that using the wet-beaten, fibriilated rayon as in the Examples of the invention,

but not the free-beaten rayon as in the Comparative Examples, give water-decomposable fibrous sheets having higher

23



EP 1 024 225 A1

wet strength, especially in the CO direction, though the degree of decomposition in water of the sheets is not so different

from that of the sheets in the Comparative Examples.

Example F:

5

[0112] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. In this Example

F, however, used were different types of starting rayon having different lengths, and the blend ratio of the fibriHated rayon

used was varied, as in Table 7. The water-jetting treatment was effected twice, under a pressure of 30 kgf/cm2 at a

speed of 30 m/min. In wet and in dry, the fibrous sheets of non-woven fabrics were tested for their strength and decom-

w posab'tlity in water in the same manner as above. In addition, their fastness to rubbing was measured in the manner

mentioned below. _
[0113] The fastness to rubbing was measured according to the test method for the abrasion resistance of paper-

boards as stipulated in JIS P-8136. However, in this measurement, a piece of artificial leather was attached to the cir-

cular arc area of the rubbing means A, while the sample was attached onto the sliding platform; and the sample was

is rubbed under a load of 500 g applied thereto with the sliding platform reciprocated.

[0114] The data obtained are given in Table 7.
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[0115] As in F-1 and F-2, it is understood that, even though the starting fibers for the fibrillated rayon therein have

a length of 3 mm, the non-woven fabrics have relatively high strength and their decomposition in water is good. The
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non-woven fabrics of that type could have higher strength while keeping good decomposability in water when the

amount of the fib riHated rayon therein is larger. On the other hand, as in F-5 and F-6, it is difficult for the fibrous sheets

of non-woven fabrics to have well-balanced decomposability in water and wet strength, when the starting fibers for the

fibrillated rayon therein have a length of 7 mm, and, as a result, the decomposability in water of the sheets is lowered

5 in some degree. Accordingly, using fibrillated rayon of which the starting fibers have a length of at most 6 mm gives

fibrous sheets having well-balanced decomposability in water and wet strength. However, for the fibrillated rayon of

which the starting fibers have a length of 7 mm or more, the fibrous sheets containing it could have well-balanced

decomposability in water and wet strength, so far as the amount of the fibrillated rayon therein is reduced and the basis

weight of the fibrous sheets is reduced.

io
••

.

;
'

Example G:

[0116] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. In this Example

G, however, used were different types of fibrillated rayon having different degrees of beating, as in Table 8 below. The

15 water-jelling treatment was effected twice, under a pressure of 30 kgf/crrr^ at a speed of 30 m/min. The fibrous sheets

of non-woven fabrics were tested in the same manner as above.

[0117] In addition, the fibrous sheets were tested for the KES flexural strength. In the KES flexure WARP (B/2HB),

the KES flexure WEFT (B/2HB), the KES surface WARP (MIU/MMD), and the KES surface WEFT (MIU/MMD), WARP
is the same as MD and WEFT is as CD. The value B indicates the flexural toughness, and the sheets having a larger

20 value B are less flexible. (The data of the value B are expressed In g • cm2/crh.) The value 2HB indicates the flexural

hysteresis, and the sheets having a larger value 2HB are less restorable. (The data of the value 2HB are expressed in

g •cm/cm.) Mill indicates the friction coefficient; and the larger the value MIL) is, the poorer the smoothness on the

sheet surfaces is. MMD indicates the friction coefficient fluctuation; and the larger the value MMD is, the poorer the

degree of smoothness is.

25 [0118] The data obtained are given in Table 8.
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[01 1 9] From the data in Table 8, it is understood that the fibrous sheets produced in Examples all have good decom-

posability in water and high wet strength. In particular, it is seen that the sheets of G-4 and G-5 are good.
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[0120] The data of the absolute wet strength and the decomposability in water of wet samples given in Table 8 are

plotted relative to the varying degrees of beating of the fibrillated rayon used, as in Fig. 11 showing the graph of the

data. From Fig. 1 1 , it is seen that the wet strength of the samples was higher, when the rayon to be the fibrillated rayon

was beaten more (that Is, the fibrillated rayon used had a smaller numerical value indicating the degree of beating).

5 However, with refer nee to the degree of decomposition in water of the samples prepared herein, it is seen that the

samples in which the fibrillated rayon used was beaten more to have a numerical value indicating the degree of beating

of smaller than 400 cc have a higher wet strength but have a lower degree of decomposition in water. Accordingly, it is

understood that the water-decomposable fibrous sheets of the invention have the advantage of augmenting both the

decomposability in water and the wet strength, though the two properties, decomposability in water and wet strength of

ro the sheets would be seemingly contradictory to each other.

Example H:

[0121] Water-decomposable fibrous sheets were prepared in the same manner as in Example G, and tested for

is their properties in the same manner as above.

[0122] Apart from those, comparative fibrous sheets were prepared for Comparative Examples 1 to 3. Precisely, in

Comparative Example 1, used was rayon having a degree of beating of 740 cc and the fibrous sheet was prepared in

the same manner as in Example G; and in Comparative Examples 2 and 3, fibrillated rayon was not used. In those

Comparative Examples 2 and 3, the fibrous webs were subjected to water-jetting treatment twice under a pressure of

20 44 kgf/cm2 at a processing speed of 1 5 m/min. "The comparative fibrous sheets were also tested for their properties.

[0123] The data obtained are given in Table 9 below.
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[0124] As in Table 9, it is understood that the fibrous sheets containing a larger amount of fibrillated rayon not

beaten so much (to have a larger numerical value indicating the degree of beating) have a lower degree of decomposi-

tion in water. In Example H, the samples H-3 and H-4 have well-balanced decomposability in water and wet strength.
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Therefore, when a larger amount (for example, at least 80 % by mass) of fibriitated rayon is to be in the fibrous sheets,

it is desirable to use fibritlated rayon having a degree of beating of at most 200 cc.

Example I:

5

[0125] Water-decomposable fibrous sheets were prepared in the same manner as in Example G. In this Example

I, however, the amount of the fibriHated rayon added to the sheets varies, as in Table 1 0 betow. In addition, in this Exam-

ple I, rayon (non-fibrillated rayon) was not added to the sheets. The fibrous sheets of non-woven fabrics were tested for

their properties in the same manner as above.

10 [0126] The comparative fibrous sheet (Comparative Example) was prepared in the same manner as in Example G
to contain 3 % by mass of fibrillated rayon.

[0127] The data obtained are given in Table 10.
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[0128] As in Table 10, the fibrous sheets containing at least 5 % by mass, but preferably at least 7 % by mass of

fibrillated rayon have good decomposability in water and their wet strength is satisfactory to some degree. From the
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data obtained, in addition, it has been confirmed that the fibrous sheets of non-woven fabrics containing fibriilated rayon

alone, but not containing non-fibrillated rayon, have a considerably high degree of decomposition in water, still having

a considerably high strength. However, it is seen that, if the amount of fibrillated rayon added is too small, for example,

the amount is 3 % by mass, the wet strength of the fibrous sheet is considerably low.

5

Example J:

[0129] Water-decomposable fibrous sheets were prepared in the same manner as in Example G. In this Example

J, however, the fineness of the fibrillated rayon added to the sheets varies, as in Table 1 1 below. The fibrous sheets of

io non-woven fabrics were tested for their properties in the same manner as above. For the measurement, n (number of

samples tested) «3.

[0130] The data obtained are given in Table 11.

Table 11

J-1 J-2

NBKP (beaten) 20%. 20%

Fibrillated Rayon (degree of beating, 200 cc) 1.4 dtex 80%

1.7 dtex 80%

Basis Weight 41.6 45

Thickness 0.36 0.37

Dry Strength MD 2064 1762

2019 1586

2156 1978

AVE 2080 1775

Standard Deviation 50.9 135.1

Breaking length (m) 2000 1577

CD 1743 1809

1663 1696

1649 1761

AVE 1685 1755

Standard Deviation 38.7 39.6

Breaking Length (m) 1620 1560

45

55
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Table 1 1 (continued)

J-1 J-2

Wet Strenath MD 733 628

607 527

578 644

AVE 639 600

Standard Deviation 62.4 48.4

Breaking Length (m) 614 533

CD 629 609

649 52t

514 586

AVE 597 572

Standard Deviation 55.6 34.0

Breaking Length (m) 574 508

Decomposition in Water of Dry Sheets 92 96

Decomposition in Water of Wet Sheets 107 98

25 [0131] As in Table 11, there is found little difference in the decomposabitity in water between J-1 and J-2. On the

other hand, the samples of J-1 , to which was added finer fibrillated rayon having a smaller fineness, have higher dry

strength and higher wet strength. Accordingly, it is understood that using finer fibrillated rayon having a smaller fineness

gives fibrous sheets having higher strength, without lowering the degree of decomposition in water of the sheets.

30 Example K:

[0132] Water-decomposable fibrous sheets were prepared in the same manner as in Example A. In this Example

K, however, the fibrous sheets were made in a hand-papermaking method, and 'were not subjected to water-jetting

treatment. The fibrous sheets were tested for their properties in the same manner as above. Since the sheets were

35 made in a hand-papermaking method, there is no difference between the strength in MD and that in CD.

[01 33] The data obtained are given in Table 1 2.

Table 12

Sample No. K-1 K-2 K-3

IMBKP (beaten) 20% 20% 20%

Fibrillated Rayon (1 .7 dtex x 5 mm) degree of beating, 600 cc 80%

degree of beating, 400 cc 80%

degree of beating, 200 cc 80%

Basis Weight g/m2 46.5 44.6 41.7

Thickness mm 0.289 0.266 0.194

Dry Strength g/25 mm 701 1050 1640

Wet Strength g/25 mm 99 135 253

Decomposition in Water of Dry Sheets sec >300 52 30

Decomposition in Water of Wet Sheets sec >300 43 21

Fastness to Rubbing number of repetitions 5 3 5
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[0134] As in Table 12, the samples though K-1 to K-3 all have high dry strength, owing to the hydrogen bonding

power of the microfibers of the fibrillated rayon. In addition, the samples of K-2 and K-3 have high wet strength and good

decomposability in water. Presumably, such high wet strength is due to strong hydrogen boding and entanglement of

the microfibers. Therefore, it is possible to obtain fibrous sheets having a high degree of decomposition in water and

having high strength both in wet and dry even in a paper-making process not comprising a step of water-jetting treat-

ment, so far as the fibrtllated rayon used falls within the scope of the invention. However, when fibrillated rayon having

been much beaten (therefore having a small numerical value indicating the degree of beating) is used in producing

fibrous sheets, it is desirable that the amount of the fibrillated rayon to be added to the fibrous sheets is increased. The

sample of K-1 has a low degree of decomposition in water. This is because the rayon not having been fibrillated much

was used in the sample of K-1 . Therefore, when fibrillated rayon having a degree of beating of 600 cc or so is used in

producing fibrous sheets in a paper-making method, the amount of the fibrillated rayon to be added to the fibrous sheets

is preferably reduced whereby the decomposability in water of the fibrous sheets produced could be increased further

more.

[0135] In addition, the water-decomposable fibrous sheet not subjected to water jetting treatment may be combined

with the water-decomposable fibrous sheet subjected to water-jetting treatment to form a laminate structure. Such a

laminate sheet could bear wiping easily.

Example L:

20 [0136] Water-decomposable fibrous sheets were prepared in the same manner as in Example K. That is, the

fibrous sheets were made in a hand-papermaking method, and were not subjected to water-jetting treatment. In this

hand-papermaking method, used was a square-shape sheet machine, and the resulting square-shaped sheets were

dried with a rotary dryer. For fibrtllated rayon, solvent-spun cellulose fibers (1.7 dtex, fiber length 5 mm, from Acordis

Japan) were fibrillated in a table mixer to have a degree of beating of 200 cc. Pulp was beaten in a refiner to have a

25 degree of beating of 600 cc. For non-fibrillated rayon, rayon fibers (1 .7 dtex, fiber length 5 mm) were used as they were.

The basis weight of each sheet was 40 g/m2 . For the measurement of the fibrous sheets in wet the fibrous sheets were

infiltrated with 250 g, relative to 1 00 g of the mass of the fibrous sheets, of water, and then allowed to stand for 24 hours.

[0137] The tearing resistance in dry was measured according to JIS P-8116 such that the water-decomposable

fibrous sheet thus prepared was cut into a piece having a width of 25 mm and a length of 1 50 mm; and it was tested by

30 the use of a Tensilon tester, for which the chuck distance was 100 mm and the stress rate was 300 mm/min (see the

following Table - the data are expressed in g).

[0138] Also, the degree of extension in wet was measured.

[0139] The data obtained are given in Table 13.
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fibril lated rayon. On the other hand, as in the sample L-1 0 according to the invention, the fibrous sheet could be formed

in the hand-papermaking method even when the proportion of the fibrillated rayon was 100 %. This fibrous sheet has a

good decomposability in water and a high wet strength.

[0141] In addition, the samples according to the invention have a high degree of extension and a high tearing resist-

5 ance. Therefore, it is seen that the fibrous sheet of the invention is excellent in durability when used for wiping.

Example M:

[0142] Water-decomposable fibrous sheets were prepared in the same manner as in Example L In this Example

10 M, however, the amount of water to be infiltrated into the sheets were varied among the samples.

[0143] The data obtained are given in Table 14.

Table 14

Rate of Impregnation of

Water (relative to the self

weight of sample

M-1 M-2 M-3 M-4 M-5

NBKP 97% 95% 90% 80% 70%

Fibrillated Rayon 3% 5% 10% 20% 30%

Dry Strength (g/25mm) 3355 3635 3858 3159 2682

Wet Strength (g/25mm) 100% 296 247 367 537 565

Degree of Extension in Wet

(%)

100% 3.57 3.39 5.3 5.72 5.89

Wet Strength (g/25mm) 250% 102 112 125 183 201

Degree of Extension in Wet

(%)

250% 2.54 3.42 3.35 4.12 4.68

Wet Strength (g/25mm) 320% 48 52 60 89 102

[0144] As in Table 14, the water-decomposable fibrous sheet of the invention can procure a relatively high wet

35 strength even when a large amount of water is contained.

[0145] As will be understood from the data given hereinabove, the water-decomposable fibrous sheets of the inven-

tion have good decomposability in water and high wet strength, as containing fibrillated rayon with microfibers formed

around its primary fibers and therefore capable of taking the advantage of the microfibers entangled with fibers and/or

their hydrogen bonding power. In addition, as will be also understood from the Examples, it is possible to make the

40 water-decomposable fibrous sheets of the invention have well-balanced decomposability in water and wet strength by

varying the fiber length and the fineness of the fibrillated rayon and other fibers to be in the sheets, the degree of beating

in preparing the fibrillated rayon, the blend ratios of the fibrillated rayon and other fibers to be in the sheds, and the basis

weight of the sheets. Moreover, when the fibrous sheet is used for wiping operation, because the microfibers of the fibril-

lated rayon come into contact with the surface to be wiped, the friction against the fibrous shed will be low. Therefore,

45 the fibrous sheet of the invention is excellent in durability.

[0146] When subjected to water-jetting treatment, the water-decomposable fibrous sheds of the invention could be

more bulky to have a soft feel.

[0147] Even though not subjected to water-jetting treatment but prepared for example in a papermaking process,

the fibrous sheds could have good decomposability in water and high wet and dry strength.

so [0148] 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.

Claims

55

1 . A water-decomposable fibrous sheet, comprising from 3% by mass to 100% by mass of fibrillated rayon comprising

primary fibers and microfibers extending therefrom, and from 0% by mass to 97% by mass of other fibers having a

length of at most 10 mm, wherein:
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the fibrillated rayon has a degree of beating of at most 700 cc; the primary fibers have a length in a range of

from 1.8 mm to 10 mm at a peak of mass distribution thereof; and at least the microfibers extending from the

primary fibers of the fibrillated rayon are entangled with at least one of other primary fibers, other microfibers

extending from the other primary fibers and the other fibers.

5

2. A water-decomposable fibrous sheet, comprising from 3% by mass to 1 00% by mass of fibrillated rayon comprising

primary fibers and microfibers extending therefrom, and from 0% by mass to 97% by mass of other fibers having a

length of at most 1 0 mm, wherein:

10 the primary fibers have a length in a range of from 1 .8 mm to 1 0 mm at a peak of mass distribution thereof; the

microfibers having a length of at most 1 mm account for from 0.1 to 65% by mass of the self-weight of the fibril-

lated rayon; and at least the microfibers extending from the primary fibers of the fibrillated rayon are entangled

with at least one of the other primary fibers, other microfibers extending from the other primary fibers and the

other fibers.

15

3. A water-decomposable fibrous sheet, comprising from 3% by mass to 1 00% by mass of fibrillated rayon comprising

primary fibers and microfibers extending therefrom, and from 0% by mass to 97% by mass of other fibers having a

length of at most 10 mm, wherein:

20 the fibrillated rayon has a degree of beating of at most 700 cc; the primary fibers have a length in a range of

from 1.8 mm to 10 mm at a peak of mass distribution thereof; and at least the microfibers extending from the

primary fibers of the fibrillated rayon are hydrogen bonded with at least one of other primary fibers, other micro-

fibers extending from the other primary fibers and the other fibers.

25 4. A water-decomposable fibrous sheet, comprising from 3% by mass to 1 00% by mass of fibrillated rayon comprising

primary fibers and microfibers extending therefrom, and from 0% by mass to 97% by mass of other fibers having a

length of at most 10 mm, wherein:

the primary fibers have a length in a range of from 1 .8 mm to 1 0 mm at a peak of mass distribution thereof; the

30 microfibers having a length of at most 1 mm account for from 0.1 to 65% by mass of the self-weight of the fibril-

lated rayon; and at least the microfibers extending from the primary fibers of the fibrillated rayon are hydrogen

bonded with at least one of other primary fibers, other microfibers extending from the other primary fibers and

the other fibers.

35 5. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of from 2.5 mm to less than 4.5 mm at a peak of mass distribution thereof and the fibrillated rayon has a

degree of beating of smaller than 400 cc.

6. The water-decomposable fibrous sheet as claimed in Claim 5, wherein the microfibres having a length of at most 1

40 mm account for from 0.5 to 15% by mass of the self-weight of the fibrillated rayon.

7. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of from 2.5 mm to less than 4.5 mm at a peak of mass distribution thereof and the fibrillated rayon has a

degree of beating of from 400 cc to 700 cc.

45

8. The water-decomposable fibrous sheet as claimed in Claim 7, wherein 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.

9. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

so length of from 4.5 mm to 7.5 mm at a peak of mass distribution thereof and the fibrillated rayon has a degree of

beating of smaller than 400 cc.

10. The water-decomposable fibrous sheet as claimed in Claim 9, wherein 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.

55

11. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of from 4.5 mm to 7.5 mm at a peak of mass distribution thereof and the fibrillated rayon has a degree of

beating of from 400 cc to 700 cc.
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12. The water-decomposable fibrous sheet as claimed in Claim 1 1, wherein 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.

13. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the fibers having a length .

s of at most 10 mm are biodegradable fibers.

14. The water-decomposable fibrous sheet as claimed in Claim 13, wherein the biodegradable fibers are those of at

least one selected from the group consisting of regenerated cellulose, pulp, aliphatic polyesters, polyvinyl alcohol

and collagen.

10

15. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, of which the basis weight falls

between 20 and 100 g/m2 .

16. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, which has a degree of decomposi-

15 tion in water of at most 200 seconds, as measured according to JIS P-4501

.

17. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, which has a wet strength of at least

110g/25mm.

20 18. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, which has a dry strength of at least

350 g/25 mm.

19. The water-decomposable fibrous sheet as claimed in Claim 1 or Claim 2, which is a non-woven fabric having been

subjected to water-jetting treatment.

25

20. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the fineness of the fibril-

lated rayon is from 1 .2 to 1 .9 dtex.

21. The water-decomposable fibrous sheet as claimed in any one Claims 1 to 4, wherein the primary fibers have a

30 length of 3 ± 0.5 mm at a peak of mass distribution thereof, and 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.

22. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of 4 ± 0.5 mm at a peak of mass distribution thereof, and the microfibers having a length of at most 1 mm
35 account for from 1 to 14% by mass of the self-weight of the fibrillated rayon.

23. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of 5 ± 0.5 mm at a peak of mass distribution thereof, and the microfibers having a length of at most 1mm
account for from 0.3 to 45% by mass of the self-weight of the fibrillated rayon.

40
,

24. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of 6 ± 0.5 mm at a peak of mass distribution thereof, and 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.

45 25. The water-decomposable fibrous sheet as claimed in any one of Claims 1 to 4, wherein the primary fibers have a

length of 7 ± 0.5 mm at a peak of mass distribution thereof, and the microfibers having a length of at most 1 mm
account for from 1 0 to 65% by mass of the self weight of the fibrillated rayon.

26. The water-decomposable fibrous sheet as claimed in Claim 3 or Claim 4, which is produced in a paper-making

so process.

27. A water-decomposable fibrous sheet, comprising from 3 to 100% by mass of fibrillated rayon of such that primary

fibers constituting it have a length of from 1 .8 to 10 mm, and from 0 to 97% by mass of other fibers having a length

of at most 1 0 mm, and having;

55 a basis weight of from 20 to 1 00 g/m2 , a thickness of at least 0.2 mm, a degree of decomposition in water in

a previously wetted condition as measured according to JIS P-4501 of at most 200 seconds, and a wet strength of

at least 110 g/25 mm.
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Fig.l
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Fig.4

FIBER LENGTH RANGE (mm-mm)
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FIBER LENGTH RANGE (mra-mm)
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FIBER LENGTH RANGE (mra-mm)

FIBER LENGTH RANGE (mm-mm)
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FIBER LENGTH RANGE (mm-mm)
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