. rmopqr e3e-*d6TO 4 J U N 200B ' MILTI - LAYERED WATER- DECOMPCSABLED 1-8cries
SHEET BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present
invention relates to a water-deconposgbl e fibrous sheet having high
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having a nufti-layered structure. DESCRI PTI ON OF THE RELATED AR§i60 W pe
t he skin of human bodies including the private parts thereof, or to clean

toilets and theMwPDALAYERES OWRTER CHDECOMEGS SBIOE CRIBROUS hepigr Nade of paper
or non-woven fabric. For these cl eaning sheets, water-deconposabl e cl eaning
sheets that could be directly disposed of in toilets after use have been
devel oped, as being convenient for such purposes. The degree of their

deconposability in water gRexcrROOND O IPAES SNENSGORE. This is because, if
poorly wat er-deconposabl e cl eani ng sheets are disposed of in toilets after

use, theypmid drkeR #@E td e until they are deconposed and di spersed
in septic tanks, or w cl og the drainpipes around toilets, etc. For

iping of f wet dirt - f 84 ' heet
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for wi per applications are pac eing we rquid
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multi-layered structure.
DESCRIPTION OF THE RELATED ART
To wipe the skin of human bodies including the private
parts thereof, or to clean toilets and thereabouts, used are
disposable cleaning sheets made of paper or non-woven fabric.
For these cleaning sheets, water-decomposable cleaning sheets
that could be directly disposed of in toilets after use have
been developed, as being convenient for such purposes. The
degree of their decomposability in water must be high in some
degree. This 1is because, if poorly water-decomposable
cleaning sheets are disposed of in toilets after use, they
will take a lot of time until they are decomposed and dispersed
in septic tanks, or will clog the drainpipes around toilets,
etc.
For wiping off wet dirt and for easy and effective use,

many cleaning sheets for wiper applications are packaged while

being wetted with a liquid detergent chemical or the like, and
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i ntroduced thereinto. However, polyvinyl al cohol is not resistant to heat ,
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coul d havEN€ eRIani¢| 8eiveny hryhtake SReefkiR: Therefore, according to the
disclosed, it is difficult to realize well-bal anced bul ki ness,

and watEaRINGFAPAHNE Fald0ped Nen- 49924t { b9 1 dHRRRY 2 and t he

fabric produced is unsuitable to disposal in flush toilets,
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a wat er-deconposabl e cleaning article that conprises a
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t he non-woven fabric disclosed has a bulky f eel .
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wat er deco
t her et o.

each havi
conpri se:

nmposabl e fibrous sheet which is well deconposed in water and has
good strefgfhhaénsddgh fibersr ackivapnugduepss Sedughia of nkerics agdded
~~ . ,~IJN 2003 4 According to one aspect of the invention,
mul ti | ayeip@ihbratededsheyeiadios famd odapenese Ratent phaid-PpgnoNd-ayers

ng a different fibrous constitution being integrated, may
1887dp/La9ér disglosgessurd aceatectdecomposablel anagpkinyorpt

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. 1In view
of their safety, however, the water-decomposable fibrous

sheets mentioned above could not be used as the top sheets for
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ubl e bi nder having a carboxyl group, a netal ion and an organic
. However, the netal ion and tohe organic solvent irritate the skin.
—_Japanese Patent Laid-Open No. 292924/1991 di-scl oses a wat er-deconposabl e-
article of polyvinyl alcoholcontaining fibers with an agueous
of boric acid infiltrated thereinto; and Japanese Patent Lai d-Qpen

bghahewheeragdcampoeabienat e ion

cently,
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of at least 3 %by mass of all fibers constituting the top layer, th& JUN 2003
fibrillated rayon having a degree of beating of at nost 700 cc and havi ng
primary fibers of a predeterm ned fibey length and mcrofibers extending
fromthe primary fibers,-the m-crofibers being entangl ed w th—and/or —-

hydr ogen-bonded to at |east either of other mcrofibers and other fibers,
and a back | ayer on a back surface including fibers containing no
fibrillated rayon, the fibers entangled with and/or hydrogen-bonded to each

ot her, orthége asdodted airtdlcudisnghhbeshadr idd epd [AYPIrddt JdnaFeENt
smal ler than that in the top layer, the mcrofibers of the fibrillated -

rayon bei@grgriegk 86l ¥l & 13nd Pér IUd0FEMOORECEhéP c¥intla8354 pAndegr of

ot her mcrofibers and other fi'bers. According to another aspect of the

i nvention | Lialys wat er - deconposabl e fibrous sheet with a
pIuraIitya%§ ?gyerg eac%fﬁ%ving a different fibrous constitution being

i ntegrated, may L.Se. o] yer p rfac _ ck; ] ayer on
a back surface é%gﬂgpﬁcﬁﬂﬂﬁﬂ% BF ?VIF%t r%%oﬁagf gte?%ggtagg& E?“nass of
all fiber ' [ lL.ayer i brill d i U .ayon
having a %%%?gip%ég%eggﬁﬁgggFSaf‘d% égg%éé§%§éﬁ§ﬁ%a&?ﬂﬁwgpﬁéa?%é¥%%%rs of a
predeterm ned fiber |lenqth d mcrofibers, ex di romthe pri y
fibers, Ph%vﬁ{’gr%f"i’%%r%%oe&%& é’:ﬁ gﬁ&lmeg%\%i R é\ﬁ@/%fp%éd%gé{kod'gndfg?to at

| east either_of, oth m crofibers and other fibers, jnterl.ayer

i sposed Hat hebh VLS BbS | 55 Ay Th ARG & 1 eI B

containing no fibrillated rayon, .the f fibbers being entapgled, w th and/or
yr ogon LBnBEATEed Ak TooHaTS ittt NATIdE By SPRBRE! At REOR: brid 124 ed
rayon in an amunt _snmaller than that in the top.and hack | ayers, the

m or of | be8 WGEh RELP L IGwacthY ERFAn i, t RAR EHFOMSTWEE faEhEnE it

hydr ogen-bonded to at |east either of, other mcrofibers and other fibers.
In this cB38h-PRESPPER VREEEJIRES on TR b canid ¥iuRhs IhRLS ARS8 ng t he
top layer nmay be nearly the sane as that of the fibers constituting the
back | ayefPtRRgLLd| tReESinyy FhenROBYWAVER {RRT IF (H spdased hae a bulky

wat er - deconposabl e f fibrous sheet of the invention all the tinme keeps high
strengt h. fo@dm iHoWeVermanREPdYr ing Fhgenanpvpvenfapaisr, depgfihaxs and

di sposed of in toilets and others, it is readily deconposed. In the fibrous
sheet of fKe ienNENgled Etheowglr bigbepgegsurenrvater edetaydicatmendnt angl ed
with and are further hydrogen-bonded to other fibers and other mcrofibers
t herei n, Whereby &hs bnennygoveri fabyiiici tpredueetdcpuddr shawmssSnEDt idhg t he
sheet and to enhance the strength of 04 J UN 2003 6 the sheet. Wen the
fibrous shedativedyvbigh wetgetaemghh.of Therefoxgpl iacgoriddmet 30 tihe
entangl ed mcrofibers therein are | oosened or the hydrogen bonds between

t he bondetieghpigfebdiscloredi itake dbiblianlivtor eegline Wwelgh-halayined s
readi |y deconposed in water. The fibrous sheet of the invention has a

mul ti -1 aybnédisesactarendth andswaberydegradaipil dyerfaomyheommiwpven
fibrillated rayon or the top |ayer nmay contain a | arger anount of
fibrillatédbragonprbodmcede iarcer [thyeer nonFwevienf i babuicshpreodeded hi ks

enbodi ment is good, as having well -bal anced deconposability in water and

st rengt h. uhauatdbfieonp flibppbhdt éd fapsh tesidemnsenetst.ed in the top surface
of the fibrous sheet, and the mcrofibers extending fromthe fibrillated
rayon therein are essentially contacted with the other | ayers of the sheet.
As a whol e thereof, therefore, the fibrous sheet can attenuate direct
frictional force applied tisoMMARY AFC@HE MHPVENTIION surface of the

wat er - deconposabl e fi brous sheet of the invention is highly resistant to
friction. FibrilAatedjeeyonf sti@®r énespeisnvdst hem prdividey a ayarer-and
production of the fibrillated rayon takes a |lot of tinme. Wthout requiring
too much Hebbinpbatbler 8YPPo@S $had®lwhidhad wWenauaesbapbsell ihewatwention
can ensure good deconposability in water and high strength, so that
product i oAnaORAS G @dfresRftPenb@yh for practical use even though no

binder is added thereto.



The wat er - deconposabl e fi brous sheet of the invention -~ J U N 20031 oms
be conposed of materials not harnful to human bodies. In the fibrous sheet
of the invention, preferably, the surfgace of the top layer is pressed under
heat so that—the -mcrofibers of the fibrillated rayen in-the surface
pressed under heat are hydrogen-bonded to at |east either of other

m crofi bers and other fibers. Al so preferably, at |east either of surfaces
of the top and back layers is pressed under heat so that the mcrofibers of

the fibrillatedycasdding the onéf aspeptesTedhndpivéeaion) eahywdnedgen- bonded
to at least either of -other mcrofibers and other fibers. Preferably, in

the fibr 'ié%éfé’d R TR diffo M 1 'Ilﬂﬂ%ﬁlso"sh@@i:YWitH&é plias 1 dyeedt h of

1.8 mmto nm at the peak of its self-weighted, average fiber 'l ength

di stributionepg obhbg ﬁﬁ(r‘iﬁg ﬂf—‘éfgﬂ@eﬁb{@% ”Hoﬁsk:%ﬁ‘:*ioﬁf plingpst 1 mm

R
account for fromO.1 to %B mass of the self-weight of the fibrillated

rayon. The,fdibroUsys 8 pvention may be a non-woven fabric having
been subjecte to mbpgr jgtTéﬁgs%reatnent AIternatlver, it may be
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oeorsi ngg[l %if%rblﬁ'a b %%Y%?%%Jf SR LePhinet Gea1iT GE MR o et
e e O L e P G 7

and microfibers extending from the primary fibers, the
microfibers being entangled with and/or hydrogen-bonded to at
least either of other microfibers and other fibers, and

a back layer on a back surface including fibers
containing no fibrillated rayon, the fibers entangled with
and/or hydrogen-bonded to each other, or the back layer
including the fibrillated rayon in an amount smaller than that
in the top layer, themicrofibers of the fibrillated rayon being
entangled with and/or hydrogen-bonded to at least either of
other microfibers and other fibers.

According to another aspect of the invention, a
multi-layered water-decomposable fibrous sheet with a
plurality of layers each having a different fibrous
constitution being integrated, may comprise:

a top layer on a top surface and a back layer on a back
surface each including fibrillated rayon of at least 3 % by

mass of all fibers constituting each layer, the fibrillated



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a graph show ng the 94 JUN 2003

sel f-wei ghted, average fiber length distribution profile of the fiber

| engt h of non-beaten rayon; Fig. 2 ism graph show ng the self-weighted,
—average-fiber length distribution pref+le of-the fiber |ength of beaten ——-

rayon, for which rayon having a fiber length of 5 M was beaten; Fig. 3 is

a graph showi ng the self-weighted, average fiber length distribution

profile of the fiber length of rayon having been free-beaten; Fig. 4 is a

graph shavaygn ther i} - deygbeedt so®tbgs I ber mbeagt o distamduavangpr of il e
of the fiber |ength of beaten rayon, for which rayon having a fiber |ength

of 3 mm vEsilery 61bietsVef a E‘regle’ée'rmﬁearﬁ%xs mew'?!&ﬁ demierbripesht ed,
average fiber length distribution profile of the fiber Iength of beaten

rayon, fOéxﬂ@h&bn anBmha:\Hé'lgpﬁllﬁéf)%r fllsa%h thet MRMGEi DERS eRelingwet;  d
~+ J U N 2003 [ I's a graph owi ng the sel f-weighted, average
entangled with and/or hydrogen~bonded to at least either of
other microfibers and other fibers, and

an interlayer disposed between the top layer and the
back layer including fibers containing no fibrillated rayon,
the fibers being entangled with and/or hydrogen-bonded to each
other, or the interlayer including fibrillated rayon in an
amount smaller than that in the top and back layers, the
microfibers of the fibrillated rayon being entangled with
and/or hydrogen-bonded to at least either of other microfibers
and other fibers.

In this case, the fibrillated rayon content of the fibers
constituting the top layer may be nearly the same as that of
the fibers constituting the back layer.

Naturally in dry and even in wet with water, the
water-decomposable fibrous sheet of the invention all the time
keeps high strength. When it is immersed in a large amount
of water after used and disposed of in toilets and others, it
is readily decomposed. In the fibrous sheet of the invention,
the microfibers of fibrillated rayon are entangled with and
are further hydrogen-bonded to other fibers and other
microfibers therein, thereby exhibiting their ability to bond

fibers constituting the sheet and to enhance the strength of



fiber length distribution profile of the fiber length of beaten raybh,JUNo003
whi ch rayon having a fiber length of 6 nmwas beaten in wet; Fig. 7 is a
graph showi ng the sel f-wei ghted, avergge fiber length distribution profile

of the fiber length of beaten rayon, for which rayon having a f+ber length --
of 7 mmwas beaten in wet; Fig. 8 is a partly-enlarged cross-sectional view
showi ng the wat er-deconposabl e fibrous sheet of a first aspect of the
invention; Fig. 9 is a schematic view showi ng one enbodi ment of the nethod

and appareélsHedt Pr qtiesl tHet AEp V@RI LIsHRAOFRRBARES Al PiAYS anttrfit off t he
invention; Fig. 10 is a schematic view show ng anot her enbodi nent of the

met hod angs @ePaAEY Uted ¥heHc@CLAB ERCaNGi8H RECAIPOSERS & Hd g areheet of

the invention; and Fig. 11 is a partly-enlarged cross-sectional view

showi ng tigo 46 &4 -&@%ﬁ%e%eeﬁimw pelgelenOtna kﬁf‘rﬁﬁé@p&%%%tib‘éfrgt he

I nvention. DESCRIPTI ON THE” PREFERRED EMBODI MENTS The tibrillated rayon
¢ : = : : g ey _

or ‘use ifpdAg;H NYeRt 'b(}:ﬁléeg},mﬁél% ! Qﬂgc%&%rxjo'ut%ersshé’ %g?e?gaﬂt&%g;se wi th

cel l ul ose rayon havi ng n ated surfaces, or

decomposed in water.

The fibrous sheet of the invention has a multi-layered
structure. 1Inthis, only the top layer may contain fibrillated
rayon or the top layer may contain a larger amount of
fibrillated rayon than the interlayer. The fibrous sheet of
this embodiment is good, as having well-balanced
decomposability in water and strength. In addition,
fibrillated rayon is concentrated in the top surface of the
fibrous sheet, and the microfibers extending from the
fibrillated rayon therein are essentially contacted with the
other layers of the sheet. As a whole thereof, therefore, the
fibrous sheet can attenuate direct frictional force applied
thereto. Accordingly, the surface of the water-decomposable
fibrous sheet of the invention is highly resistant to friction.
Fibrillated rayon is more expensive than ordinary rayon, and
production of the fibrillated rayon takes a lot of time.
Without requiring too much fibrillated rayon as a whole, the
fibrous sheet of the invention can ensure good decomposability
in water and high strength, so that production costs thereof
can be low.

The water-decomposable fibrous sheet of the invention



04 ~UN 2Q3" 10 subm cron-sized mcrofibers having peel ed and eifbHHPégm

fromthe surfaces of the primary fibers (of the fibrillated rayon) . The
surface of ordinary regenerated cellulpse is snooth, while that of the
fibrillated rayon is fibrillated; and the two have-di-fferent-structures.
The fibrillated fibers of that type can be produced, for exanple, by
mechani cal |y processing rayon while it has absorbed water and is stil
wetted. Concretely, they may be produced, for exanple, according to a

nmet hod of cgh redokomsdsédi 68 nay¥ePiaDs \adEr hafmBul ¥6r huRanapoBigsed of
beating rayon in a pulper, a refiner, a beater or the Like (this is a

wet - beati ng nmet hafkheMpiBrBLECERELY oft Reef iRVERL B6RY Pyl 4G/ Udes fibers
as produced by processing wet-spun rayon such as pofyn05|c or ‘the like with

an acid Tehteued by ERENABECTRLL! LU bibakibndublter! jBaRS oS iadugsl by

Peghar:ca atlr nt spu rayon, etc. Apart fromthose, thed
cel | ul osdt PO LEReFR o, Fe EPLEFLEES {aRRTHY ﬁ%yﬁa}%;&fe%%?ﬁﬁéﬂé

pref er abl o ysgdu bl {20! AYARLLON. pBAHBATERNAUS 100K DG HNLOKGI ouig 15 T

anal yze the sel -Wei g rage engt h St ribution ( € 1mass
dlstrlbutlon f. the prlnar fib and t nlcrof ber.s ¢onst i tut i t he
fibrillat®g°T gbber%hg sefrﬁﬂ%ﬁgﬁfga ave?§§% f?% e¥%?%¥h ]be B%ferred

t th ht 4 J.UN 2003 11 Th

m ot of | boP LEAPE T SREEAGRRE TS OB ARy ?%%#eyeﬁ%easf%lf%ss%wﬁ g the
distrib t ft f I I f t

Sel vl GhPES, Tty F 1Y BUFT e%%sdm Buf LBRLOISERE TRYSAP fr s and
t he nicroflb%rs constit t|n flbrlllated rayon. Anot her mnethod of

speci fi caPPy-aefi RFRGSER U ?én @étfﬁﬁﬁlpng@@ePa%&?qgg feséd dfatte degree
of beating rayon into fibrillated rayon (CSF; Canadi an Standard Freeness).
First desEitBed P& PhBekelichef REES, a&@ePéaérfﬁﬁéﬁrFength di stribution of
the primary fibers and the njcrofibers constituting the fibrillated rayon.
For this, referrREraklpnelxeipl elREibeatehradEDr With Qe%sidori gi nal
fiber Ien this 5mm into fibrillated rayon. The sel f-wei ghted, average
fiber | engbﬁ BY 5Rarp IR HIEE Rel Ikl RbdaBenm #3nkd B‘F‘! Pga‘%]é%l Redfon (CSF
= 740 cc, fiber length 5 mm 1.7 dtex), for which n - 3, is shown in Flg
1. As in ffg.its ﬁﬁgfsé’leﬂ-ghéleéht RVEERES add bethet enghBt i ttilwukamdn i n
nonbeaten rayon is al nost concentrated in the fiber length range of 5 nm 1
mm or so. PReAibeafvrveayandsaipresibens hagvhndaa cherahl raf iah s 175 % by
mass were prepared and beaten in wet to different degrees in a mxer. The
sel f - wei glimedccenrt afer fidsm 0.dngoh68i Sthy masisopfotheheel fiise btk erf
fibrillated rayon was analyzed in relation to the different fiber |lengths .
The resul thagfdbraliategl sayed-to give a graph of Fig. 2. 0 4J UN 2003
12 As seen in Fig. 2, the self-weighted, average fiber |length distribution
profile of the fTheifikreus rshent gdvéhewdnyppiiiont mpyakes. a ReEgrwiVRRN i t S
details, the area except that

fabric having been subjected to water-jetting treatment.

Alternatively, it may be produced in a paper-making process.
Preferably, the degree of fineness of the fibrillated
rayon falls between 1.1 and 1.9 dtex.
Also preferably, the weight (this may be referred to
as "Metsuke") of the fibers constituting the fibrous sheet
falls between 20 and 100 g/m’.

Still preferably, the decomposability in water of the



for fiber lengths of shorter than 1 mmis principally for the prinafy JUN 2003
fibers of the fibrillated rayon, and the remaining area for fiber |engths

of shorter than 1 mmincludes |ong extgnding mcrofibers and chopped rayon
-fi-bers all resulting fromtoo nuch premeted fibrillation. The fiber

of the primary fibers of the beaten,
sone degree than that of the fibers of the original,

| ength ——

fibrillated rayon may be shorter in
non- beat en rayon, or

may be seemingly |onger in sone degree owing to the mcrofibers that extend

fromthe pihpghy $hoSEs mbadhifdd £ECSrd o sli el Vo480 1 heiheat aidst

fibrillated rayon, the f fiber length of The primary fibers correspondi ng

to the peggoog?éﬁﬁdéglf-meighted, average fiber length distribution profile
a

and around It

non- beat en rayonyy {0, P
mmto +0. 1 nmmor so

rayon. To.éhg{ f££

i eb° a8 one %aV|hg

identif

I"at I'engt

the fibrillated

mrof Pber s Thd R bEFABRAr S, bhE: A L § D ER Wil o e: ” o

in the above.

oV atliéag§'994dk95§rgﬁE fromthis, rayon is beaten in

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of
non-beaten rayon;

Fig. 2 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 5 mm was beaten;

Fig. 3 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of rayon
having been free-beaten;

Fig. 4 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 3 mm was beaten
in wet;

Fig. 5 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 4 mm was beaten

in wet;

s within a range of the nom nal fiber Iength of the
Q. egl L4 Qi . f.Jirom-0.3
Pe I&\?gﬁiy dr?tliug %msggghg};ggf te fhﬁg%g%ﬁgler%n- beat en
£ty ihﬁ §gb illated rayon for use in the invention is
ée fibér length peak for the primary fibers of



0 4J UN20b3 13 an ordinary free-beating manner to pronote its béat g 2003
so that the beaten rayon shall have a reduced nunerical value indicating
its degree of beating), it will be entgrely pulverized into small

particles, as in Fig. 3. knathat -condition, nost of the small -particles
woul d | ose the original fiber Iength. The free-beaten rayon is not within
the scope of the fibrillated rayon for use in the invention. Regarding the
ratio of the mcrofibers to the fibrillated rayon preferred for use in the
Lnvention, It 1sdesiq & Gidlpr RGP R B 1PMRAYE | @herage! | BT Y

fibers of the fibrillated rayon and -having a I ength of” at nos account

L e it SR B Pp ARSI ar e SRR Braseer LI
(he P Tt L 05 LA OLYGoRVASEE S AL SEVERIL iRy T ber

and 10.0 ghn ;l_{-]? fibrillated rayon having the preferred norphol ogy nay be
obt ai ned by Y&ati ng rayon, of which the original fiber length falls between

2.0 mm and 10.5 m tp .a degree ,of .at npst ,700 cc. The ,sel f-wei ght ed,
average fiber | h 78ils§ i BARSh SO (505 is'lelﬁ;ﬁ'&?]r ’d&)vg%&geon bot h

the origi fiber length of the non-beaten raygn and on the_degree of

boat | ngt PEPRD B LF By SRuL EOR FGHa S Ldie BADSR e B Hef e
fibrillated rayon for .use in the invention, rayon _having a 4 J UN 203
14 di f f er BRYORT QT WEAGRNT3YOR haing Anf lleeiheRIth fin PREDGAEEN wet in
a mxer, with varying the degree of beating it, and the self-weighted,

aver age f#BeVeEéngth distribution of the beaten rayon relative to the
varying fiber length of the beaten _rayon was anal yzed. The data were
plotted to give EHe gBaphS & PREFLly-eplprgedr cxpsgneephbipPRalr KAV sanpl es
whose data are plotted as in the graghs of Fig. 2 and Fig$. 4 to 7, the
mass di st FPBWLNgLh wakernmdecomppendlralibeoes shggithobfa AirgbASPEGm and
the mass distribution of the primary fibers whose length is near to the
ori gi nal PfbEhe| épgeAtdePnghe non-beaten rayon (but having varied within a
range of from-0.6 mMmmto +0.2 mmor +0.4 mm) are given in Table 1 bel ow
The sanpl es havilga Yel ce sghemat ia g idv AMewinoroms erhodineoreheat en

sanpl es . 04 J UN?Z2003 15 Table 1
the method and apparatus for producing the water-decomposable

fibrous sheet of the invention;

Fig. 10 is a schematic view showing another embodiment
of the method and apparatus for producing the water-
decomposable fibrous sheet of the invention; and

Fig. 11 1is a partly-enlarged cross-sectional view
showing the water-decomposable fibrous sheet of a second aspect

of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The fibrillated rayon for use in the invention is meant
to indicate fibers of regenerated cellulose rayon having

finely-fibrillated surfaces, or that is, those with



Degree of Beating (cc)not longer than 1.0 mm (~ by mass)2 . 4 to 34 JENm#Y
~ by mass)3 Mmi7453. 3660. 334642. 6172. 843374. 4067. 892034. 4965. 35966. 3158. 86

Degree of Beating (cc)not |onger thanlé OmMm (~ by mass)3 . 4to 4 . 4 mm(

~ by mass)4 - —— —

mM7453. 7845. 666151. 8555 194453. 7058. 023537. 0259. 5822711 4747 2314713.2841.5

1 Degree of Beating ( cc )not longer than 1 . O mm( ~ by mass )4 . 4 to 5
4 mm ( ~ by mass )5

M7 400. 6976 REANM. DERH FAAA0AALAAT h%§%9§a3§e8§é3 %ﬂ%@&%nﬁ%ﬁﬁ%o@egf ee of

Beating (cc)not longer than 1.0 mm

rass) & MEDR.IA28-04TP LR ;ﬂazgélﬂ%rg%g Qﬁé%rbfﬂ%lte?tﬁ%g%ﬁflls 12

Degree of Beatin not “ [ onge
mm ( ~

S22, S SREsS5E o ST PATYEe0RRGToESd 56T LIRS S b5 SR Py Yhdess. 554, 3

9 U4 Jthat o%ogée fibrillated rayon is fibrillated; and the two have

different structures.

The fibrillated fibers of that type can be produced,
for example, by mechanically processing rayon while it has
absorbed water and is still wetted. Concretely, they may be
produced, for example, according to a method of strongly
stirring rayon in water in a mixer, or a method of beating rayon
in a pulper, a refiner, a beater or the like (this is a
wet-beating method). More precisely, the fibrillated rayon
includes fibers as produced by processing wet-spun rayon such
as polynosic or the like with an acid followed by mechanically
fibrillating it, fibers as produced by mechanically
fibrillating solvent-spun rayon, etc. Apart from those, the
fibrillated rayon can also be produced from ordinary, wet-
spun regenerated cellulose.

To specifically define the fibrillated rayon capable
of being preferably used in the invention, some methods may
be employed. One is to analyze the self-weighted, average
fiber length distribution (the mass distribution) of the
primary fibers and the microfibers constituting the
fibrillated rayon. The self-weighted, average fiber length

may be referred to as the weighted average length by weight.



16 Other preferred exanpl es of the fibrillated rayon for use in th&4 JUN 2003
I nvention are shown in Table 2, Table 3 and Table 4. The data in these
Tabl es i ndicate the proportion of the% jicrofibers not |onger than 1.

-each- fibrillated rayon sanpl e having

een- prepared by beating rayon

di fferent degrees of beating. For the sanples in Table 2, rayon of
originally 5 mmin length and 1.7 dtex in fineness was beaten to different
degrees in a mxer; for those in Table 3, rayon of originally 3 mm

| ength angphd. %iﬁfd(fiﬁbfé NEJYesSS s HYr ety Ot Hifn Oftn ”?ﬂﬁha:iym“f'l'BeJr%ngt h and

1.7 dtex
refiner;

1.4 dtex
fi neness

In fineness was beaten to different degrees in a“pul per or

O M i n
to

n

?ﬂ&f 5réh%m g dls%x%u%fm%@'mé'gength r%&!t?'l%h and

|neness n of ori nalTy 5 nmin

5 ”nDegre]Vé\% Ing ﬂ%@{a@{l&)ﬁ&%g?'&fiﬁs f{)}nffé@@édor \felfa‘géé ey

dt ex7400.

f&?&‘@ﬂ'zd s7t3r717b%;t1%%%§3ghg 6171ma315y % bers gné t‘]he mlc%%(%%_bjels

constituting the fibrillated rayon. Another method of
specifically defining the intended fibrillated rayon is based
on the degree of beating rayon into fibrillated rayon (CSF;
Canadian Standard Freeness).

First described is the self-weighted, average fiber
length distribution of the primary fibers and the microfibers
constituting the fibrillated rayon. For this, referred to is
one example of beating rayon of which the original fiber length
is 5 mm, into fibrillated rayon. The self-weighted, average
fiber length distribution profile of non-beaten, non-

fibrillated rayon (CSF = 740 cc, fiber length 5 mm, 1.7 dtex),

for which n 3, is shown in Fig. 1. As in Fig. 1, the
self-weighted, average fiber length distribution in non-
beaten rayon is almost concentrated in the»fiber length range
of 5mm + 1 mm or so. Non-beaten rayon samples all having a
concentration of 0.75 % by mass were prepared and beaten in
wet to different degrees in a mixer. The self-weighted,
average fiber 1length distribution of the thus-beaten,
fibrillated rayon was analyzed in relation to the different

fiber lengths. The resulting data are plotted to give a graph

of Fig. 2.

dtex in
Table 2



Tabl e 3 Degree of Beating (cc)not longer than 1.0 nm (~ by nass) De%rfg ﬁfZUUB
Beating (cc)not longer than 1.0 mm (~ by mass)3 mmb6440. 573 m6530. 61.H
dt ex6260. 461. 7

dtex5840.235950.404720.435630f283129.%34800.713330.634070.692911?433520u872
591. 253401. 052121. 542971. 321761. 922411. 391633. 612111. 77 Tabl e 4 Degree of
Beating (cc)not longer than 1.0 mm (~ by mass)Degree of Beating (cc)not

| onger than 1.0 mm (~ by mass)5 mMm6761. 085 mM6950. 471. 4 dt ex6461. 061. 7

dt ex6251. 496312. 17 48229 964337 L4 1 oL &l . 042422
- 1.5719818. 101835%’?%%%1’7’?%?%12%’ 5%%85%. 321’%3%& %éigé%%%élg%wslg. 5
10717 BRI 96 By RN e E TS B B4 R o
these, thgpggégn i§é£ﬂ§¥niﬁg%§¥aJ%J(¥£§:g%t%&&g€r¥he area except that

for fiber lengths of shorter than 1 mm is principally for the
primary fibers of the fibrillated rayon, and the remaining area
for fiber lengths of shorter than 1 mm includes long extending
microfibers and chopped rayon fibers all resulting from too
much promoted fibrillation. The fiber length of the primary
fibers of the beaten, fibrillated rayon may be shorter in some
degree than that of the fibers of theoriginal, non-beaten rayon,
or may be seemingly longer in some degree owing to the
microfibers that extend from the primary fibers at their ends.
Accordingly, in the beaten, fibrillated rayon, the fiber length
of the primary fibers corresponding to the peak of the
self-weighted, average fiber length distribution profile and
around it falls within a range of the nominal fiber length of
the non-beaten rayon + 0.5 mm or so, more precisely, within
a range of from -0.3 mm to +0.1 mm or so relative to the nominal
fiber length of the non-beaten rayon.

To that effect, the fibrillated rayon for use in the
invention is identified as one having the fiber length peak
for the primary fibers of the fibrillated rayon itself and the
fiber length peak for the fibrillated microfibers. The
fibrillated rayon is prepared by beating rayon in wet, as in

the above. If, being different from this, rayon is beaten in



fibers appears within a fiber length range of 3 0. 5 mm , the 04 JuN 203
m crofi bers having a length of at nost 1 mmaccount for from0.1 to 10 $ by
mass of the self-weight of the fibrilhgted rayon. However, in the sanples
havi ng been beaten in-a-pul per or a 4 ;1 UN 20818 refiner, the
uppernost limt of the mcrofibers is 5 ~ by mass or so; and in those
havi ng been beaten in a pulper or a refiner to a degree of beating of at
nost 600 cc, the lowernost limt thereof is 0.2 ~ by mass. In the

fibrillat ﬁﬂ J@%Q%ﬁé&%ﬁ:éé?%ﬁ%‘ﬁ@@ ég}rﬂﬂit}hé;ﬂé Q}%a%ifr{‘gfgéolt% h of 4

mm ( in these, S t1on pea primry ers appears
within a fjRer h.r e , 1L Gr of | Vi | ength
of at m)s{:hg nk%%agt{(;%%ur]fta %3 gr ?Frl%%llq}agl%ﬁa~ %ggﬁg‘éé oédlf%tefcse f-vjv%%uat of
the fibril] ated, rayon., However, in.the _sanples having.,been beat.en.in a

pul per ort SFE?FF@%, 5% ﬁ?aFSﬁ 1925 sggc&,‘%&gﬁt} f o+tf|‘”'d‘3nlo.e%etc?nl tel mass
or so; and in tho;g hayi ng b%_ bea%en in a uhger qQr a Jefiper ;to,a degree
of beati n§UoYShLZR8st hBAESRELFS2t 45 M 8% he’ mi cHBf i8S is 0.5
~ by mass. In.the fibrillated rgyon sanpl.es from non-beaten rayon having a
fiber | engPRASF18NMAQEY AL HRG SMAlHePARELCHRSIWIBIA LS EpEAR FHIMNE pri nary
fibers apEears within a fiber length range of 5 0.5 ngg, the mcrofibers
havi ng a F&REENhLBRIGR- nohe free-head@n rAyer Agnhotwibhys the,8GRRE of the
sel f-weight of the fibrillated rayon. However, in the sanples having been
beaten i n°4 phepéibsildated; Kayont herupper ABsthei AnveptiPRe nicrofibers is
30 ~ by mass or so; and in those having been beaten in a pul per or a
refiner to a dedie@axdingpatihy) dgratko noak 60 cariqnafiheks mdxr 1Ghe t

thereof is 5 ~ by mass. In the fibrillated rayon sanples from non-beaten
rayon ofiabgillptedoBayon preferred for use in the invention, it is

desirable that the microfibers extending from the primary
fibers of the fibrillated rayon and having a length of at most
1 mm account for from 0.1 to 65 % by mass, more preferably from
3 to 65 % by mass of the self-weight of the fibrillated rayon.
Also preferably, the fiber length of the primary fibers that
give the peak in the self-weighted, average fiber length
distribution profile of the fibrillated rayon falls between
1.8mmand 10.0 mm. The fibrillated rayon having the preferred
morphology may be obtained by beating rayon, of which the
original fiber length falls between 2.0 mm and 10.5 mm, to a
degree of at most 700 cc.

The self-weighted, average fiber length distribution
of the fibrillated rayon depends on both the original fiber
length of the non-beaten rayon and on the degree of beating
the non-beaten rayon. For other preferred examples of the

fibrillated rayon for use in the invention, rayon having a



19 having a fiber length of 6 mm ( in these, the nass distributionoéé%%N#%P
the primary fibers appears within a fiber length range of 6 0.5 nm, the

m crofi bers having a |l ength of at nosﬁ 1 nmm account for from5 to 50 ~ by
mass_of the._sel f-weight of the fibrillétedfray0ﬂf However, in the sanples
havi ng been beaten in a pulper or a refiner, the m crofibers account for
from0.5 to 30 ~ by nass or so; and in those having been beaten in a pul per
or arefiner to a degree of beating of at nost 600 cc, the lowernost limt

of the m GL@ELRRRE kfpar 1?@( (St 3' fﬁ E)x'nbré '(Ax@to‘idﬂﬁé{%?%%@zi@énfrom

non- beat en rayon having I n'these

e o3R8 a#h;aoﬁlh‘he p%’r‘—gﬁr%%hflhﬁi’%*heg PR ol bl gl g | M9
t f f 10 ; he fib || t ed
o otherpeTErenantdy, StelRo tinkl fhathr i APt S Lof of e i ©

finer, m crof fibers account for from3 tqQ 50 ~ Db s.or. so, and in
those' havPRGCEBOAYRAREIATI V8 BRI vBFY AN dribi LPBSEh g b8 RESERAL | ng of
at nost 600 cc, the lowernpst | imt of the mcrofibers is 8 ~ by nmass. The
above ar eT8YRRAVRS RNALYFeAt odhe Aataaver grrtetted die H&VPthﬁrﬂ%?Plb‘? nal
fiber length of from3 nmmto smaller than 5 nmis beaten ( in this case,
the mass QfsFABbufti BA ek 7or Afhéher PRALED FBEPE SAMPAES WREFE| FRLA beat en
rayon appears within a fiber length range of from2.5 mmto snmaller than
4.5 m aﬁaewﬁép§t?ﬁea§egneﬁh%fGEﬁﬂh$er%E#QHn@ ead FRgE-480tec?, the s g N
2003 20 the microfibers having a length of at nost 1 nmmaccount for from
0.5 to 15mxspydheteibutioe ofethewsiqpaf ilera hayinghelepgsh o) mestt he
fibrillated rayon. However, in case where the rayon is beaten in a pul per
or a refidemm @m@.aﬁpenmmma distiniloft idre off el ipeimary Bibeny wheseor so.
On the other hand, in case where the rayon is beaten to a degree of from
400 cc toled@tdc istheanity dhieberighaalnfiber elegndtivfofathaosondbeatanscount
for fromO. 1to5 %by mass of the self-weight of the fibrillated rayon
However, imayoasébuhdrav it vaajied withenteenangeasoHfinpar -6k 6 anm &bi her2 t he
uppernost |imt of the mcrofibers is 3 %by mass or so. Still on the other
hand, in oaserwh@r4 nitie areygives iredabile b lselow peTher sampilrerhavingdegr ee
of from400 cc to 600 cc, the lowernost |limt of the mcrofibers is 0.2 %
by mass. landegseewt beatdynagnohaMiingcasr dRi2gcoaréd nbar-bleatgnhsahplesm 5 mn
to 7 mmis beaten ( in this case, the nass distribution peak for the
primary fibers of the resulting, beaten rayon appears within a fiber |ength
range of from4.5 nmto 7.5 mm and where the degree of beating is smaller
than 400 cc, the mcrofibers having a length of at nost 1 mm account for
from8 to 65 % by mass of the self-weight of the fibrillated rayon.
However, in case where the rayon is beaten in a pul per or a refiner, the
uppernost limt of the mcrofibers is 30 % by mass or so and the | ower nost
limt thereof can be 5 % by mass . On the other hand, in case where the
rayon is beaten to a degree U4 J UN 2003 21 of from400 cc to 700 cc,
the mcrofibers having a length of at nost 1 mmaccount for from0.3 to 50
~ by mass of the self-weight of the fibrillated rayon. However, in case
where the rayon is beaten in a pulper or a refiner, the uppernost limt of
the mcrofibers is 20 % by mass or so. Still on the other hand, in case
where the rayon is beaten in a pulper or refiner to a degree of from 400 cc
to 600 cc, the lowernost Iimt of the mcrof fibers is 2 ~ by mass. The
degree of beating of the fibrillated rayon preferred for use in the
invention is described. The degree of beating to give fibrillated rayon can
be controlled by varying the beating tinme and by selecting the beating
means . Were beating rayon is pronoted (to give a beaten, fibrillated
rayon that shall have a | owered nunerical value indicating its degree of
beating), the ratio of short fibers (including mcrofibers) in mass
distribution of the resulting fibrillated rayon will increase. In the
invention, the fibrillated rayon preferably has a degree of beating of at
nost 700 cc. Fibrillated rayon having a degree of beating of |arger than
700 cc contains a small anount of mcrofibers forned therein and therefore
could



not have a strength necessary for the water-deconposabl e fibrous sheoe’t JAN 2003
the invention. Mre preferably, the fibrillated rayon for use herein has a
degree of beating of at nost 600 cc ili order that it can contain a suitable
--—anmpount of mcrofibers formed-therein. %he fibrillated rayon of that- - 0 4 J

U N 2003 22 type is preferred,

ignif
it.

Even nore preferably,

since the mcrofibers constituting it s
icantly enhance the strength of the f fibrous sheet that conprises

t he degree of beating is at nobst 400 cc. Even

when fibrillated rayon having a deg]g%ﬁ of, beating of at nost 200 cc, or
even at npost_ 100 cc ( for_exanple, cC or 0 cc) is used for_ sheet
productipn, the water decergres 2if|Beat ity puot skreger prhedulced et doomirkysf ng it
coul d haye wel | - bal ancedaet &‘?Cr)prm'rh hd m&%h&sma@ ity iM8s8hter [The
fineness|of théd T brill i s prdfeddnly from 1
to 7 d (|denier ) , thal—is—Plomi-1lto 7 2:% dtex br so.2r8%itg f§ neness
1 hr ot 3|3:7m t of J hn r'lgf4 nod_ranaan fsﬂdggﬁl’i
is smallpr than the | owermrestHi+it—of ye—d red—rapge—tRe_brmrary
1 1 1 203 a1 | 29 + a’49Im ant ol nAGSAg + ha
fibers of the fibrillat Bd_|ha'yhe§°F\f\7F|| PDE—t66 oo et agret 5oy th
dECOITpOS bt ty mwater—of—tire—f+brotus—sheet -\.,UIIIJI S aye) Tt T;M'£+_'b'e_p00r.
On the other hand, if its fineness is larger than the uppernost limt of
t he defi peéd ra]l’_\rgl_a’ t-he 3} fLr\%n r\L the—fi hr ous ctlrilnaf wi---—be nRoet—ae0d and’
in addit|on, the product ?ﬂrteﬁ(oggea sipe gE W ai(‘/)bre' DI & he
fineness|fallsshet ween : ; 31 - ention
cont ai ns| ot her fibers i addt tsllgn TO 2] Tinugg ated [ ayomn gsemg roned| above
Preferably, the other f|Ders ts@sbe in [he T1BUS Shept haws.azl ength of at
nost 10 L”rm Al so preferpbly, tihey are Wwell drsgersible in vet.eg, or | hat
is, watef-dispersible flbers #2& prefefred fldr.4Them [The digpedsibiljty in
water referred to 0 4]J U NIZ®03 23 hereinthad8 the tane mdahlng t he
deconposability in water, and is neant to indicate that the fibers are
di spersed well in water to thereby deconpose the sheet conprising them
when kept in contact w [bPesrebamid@agimuptnodf langeerthahbf €. red ermbl by | he
other fipers are bi odegtadahl %) hers | Tfbmpibigdpenelhhl e {iM8EE natural |y
deconposg by tReMbel ves| 4 d ot in D489 nat iy 6456 ber
| ength of the other fibpss f0r%%ce herpin '34"915“* tolindi &80t he an f
1 I_ILLI"\AL4OU of aor ol +2ﬂr\ + hao  bhaor nﬁHZ;SJL neo 1
fl ber | 619t h ther EOf ul L IICIZOUI CITCT ™ ) _y, jSSCQQL LILA 2 I JUTI Oszllﬂ.-yl IIU A fl ber
| ength of at nost 10@ ‘rave q_ro!oICIIgtilr |||—L‘HH?:§ of e |n:-o§2:+72f| IUICI | engt h
) of at [east T mm The otier—froers for—ose T tiheThventTom ey oe t hose
of at |east one sort sel ected fromthe group con3| sting of natural fibers
and chenteat—fi+bers—The 1 € + ¥ such
DOGHad & Bdatll not “lohdsr 't 5T P

as soft ywod pul p, hard 'C’&:T @@)p,a e% liam(ﬂ;quﬂp I GfRs a henp,
linter pylp, eecmm These|[naturajaof 1 DET S| ar € byOEQr adapl €. (Is.BAOSE,
preferrefd are bl eached $oit-wmad Krafi]pul p,iseand bl eafhed har.dewood kraft
pul p, as|{having high di gpersibiloity 1 n|water22.Abso usabl e heg.@Bn _are
chem cal |fibers such as|regeneé®dted fipers of7.7dyon. etc.: &Hy@bhetic|fibers
of pol yptopylene _polyvinyl ald®hol polyest®-81pol yacryl anisf Rl o c.:
bi odegradabl e synthetic fibers; synt hetic pul p of poI yet hyl ene, etc. O
those, preferred is rayon, as bej ng bi odegradable. Further usable are still
ot her bi pdegradabl e fi bgPIuse C}io?%ﬂltam )6 L4 B 2000 PYbY
pol ycapr ¢l act ope al i ph } 3]
pol yvi nyl al coholfml col | b
t hose nepti oned above afe Usam“g hc. et - —atf -
water. For the soft wooftputp3ggts—degteeofgpggtingpreferpphy

164 61.53 6.19

95 55.58 4.39




falls between 500 and ?50 cc or so. If its degree of beating is smalller yyn pg3
than the lowernost Iimt of the defined range, the non-woven fabric
conprising the pulp will have a paper-1|6i ke norphol ogy, and will have a

rough feel. |f, -however,-its degree of "beating is |arger-than-the uppernost
limt of the defined range, the sheet conprising the pulp could not have

the necessary strength. The fibrous sheet of the invention is fornmed from
the fibers nmentioned above. Fig. 8 is a partly-enlarged cross-sectional

view showi ng th r]%-ﬂgf [ eet ..ot LS of the
i nvention. As |ﬁ0€?%f , a%%%rae?!c?gn &HJ})%%;%FEQf ?%P%E%ig&éét{'?g&gfﬁ%%e

i nvention S. - truct i .S, GO f t | ayer | a
cont ai ni n&ggi t])‘ﬁi Hqgt le'g\y‘%gg%ﬁagn%e aﬁ{)ogd&%aﬁgtbllebaf’g?%ggf ?o"’rlnr?%tqﬁée)prl?ai bers
not cont ai,ni fibrjillated ra ..Jdhe top.layer, la is fornmed from
fibrillat&d Pg%n‘?%hﬁ b?h‘geiﬁle? PRt IRTLGAYS EBRPTORRFT 1% 08 on
content is,at Ie%st 3 ~ b¥ mass. Preferably, the E gri')l l{a)i}ed rayon content
of the t oflFEPELPELS; 8oL 1PRYEE Hhan in eacBbiPELLEAREY PYHAL t he
top layer |la may be _entirelr}/ formed fromfibrillated rayon. , U~ J UN
20p3 25 | FAPPAE NeHIINg PeAN tIeeRIBFdURY sheating, nayans thiiktetentn
object in such a manner that the surface of_the top layer la is kept in
contact WOEHYERE & Kaayingr Sempike $aBPISH F—Hyglabllé iy fRYSH frhg t he
obj ect for wi per applicatjions, or it is contacted with the skin for

absor bent CApsin@ddiyonsmm fhdeangih apdrl} 3 & dih S inepess| yasdeal®dh of
which the mcrofibers are entangled with other fibers, so that its strength
is high. e daddiferent drgraper bhiddtixand oy fhose dor Fabdeod, thayewp | ayer
la, and are principally contacted with the surface of the object to be

w ped wit @ft prighnelly Thameinrlengthsandacet Shexf inteinanessyor rayon
resistant to friction. Accordingly, the fibrous sheet is free fromthe

di sadvant @feonigbnabkvngemmrirgéengthtarshli @ dtex pnatineness vas lpater ot her
hand, the back | ayer 1b does not contain fibrillated rayon, and is forned

f r om ot hettof differenthdegreresin nemilped atbaveefSiness thd fop thgse | a
ensures high strength of the fibrous sheet | A the back |layer 1b is not

al ways redm Tedhlieo dhaveysa bifghrigieadily. SBemngnsbenghbt ahdt Bd4 dbexfi brous
sheet 1A realizes high strength of the top | ayer la and good

deconposalin fipenassqtar rafyonhef kacilgireidry blmm lifn lesgtbdnddwdvétext he
back layer Ib may contain a smaller anount of fibrillated rayon than in the
top | ayer inafiBReakssalvhy, behtenctghdifidetenk eeqfeddard iabpalpenebrfar the
wat er - deconposabl e fi brous sheet | A falls between 20 and 100 g/ n2, in order
t hat the fid@iows .sheet can bear wiping in 04 J UN?20D3 26 wet and is
favorable to the top sheet for absorbent articles . If its weight is

smal l er than the |owernost |imt of Thbgedefi ned range, the sheet coul d not

have t he hecesss e ength. CrRoueye SweLgh Lhan t he
uppernmost limt of dFPERRET FRNEIRNLED) WiPF B9y 31 In
particul ar, for jappldegati on tro—theskiggof—umamjbodies; gy werght—of the
sheet is|nore preferably froffSoTto—Td;p7r e, 1T YT W O SRR emgt h

and the goft feel of the sheqt: Accor:§ﬂgiy, the|werght—afs.ggctt of the top
| ayer laland the back layer I[D preferassy falls et ween B3.and 50 g/ N2,
nore preflerably between 15 and 35 g/ nPe7 A nethod]for promdscing the
wat er - deconposabl e fibrous sheet | A of Fig. 8 is described. The fibrous
sheet |Ais in the formof a fibrous web to be obtained, for exanple, by
sheeting the fibers nmentioned above in a paper-naking process or the |ike,
or in the formof a non-woven fabric to be obtained by processing the
fibrous web through water-jetting treatnent.




. o . 04 JUN 2003
For surely increasing its wet strength, the fibrous sheet of the invention

is preferably in the formof a nonwoven fabric that nay be produced by

formng a two-layered fibrous web, for17exarrpl e, in a wet process, followed

by preecessing the fibrous web through Water-jetting treatnment. It should be - .__
noted that a two-layered fibrous web forned in a dry process nmay be

processed through water-jetting treatnent. For water-jetting treatnent,

enpl oyed is an ordinary ~ ~k J U N 2003 27 high-pressure water-jetting
device. Through water-jetting treatpgggh he m crofibers extending fromthe
fibrillated rayon that constitutes the Fi rous web are entangled with at

| east eifher of ot heRegreeras | vek slamaer ¢t her fi bef Reawherebf nbhelonger

fiber-todfiber bondi mfatérte|dhan hed BRgangl ed fi herBeating hethopliGyer is
increased, apq. inladdiiPon [{ASYBAPS LY rengt h t hereotSYs | Shwi ng to
th hvd HEN 6144.,-. a +h9-.'\-gr:”1' e+of ik b o Elen \§§ h b d

e hydr ogens Rpadi no—feLee—ol—thggerof i bprg  EYen eRpA—He Y onds
are broken in wet, ==ghtangtec $ coul d stiHH—€asurehi-gh— et

5 0. ) 47 %43

strength| Through \ : 3 ent, the mrerofhhersiextenrdng)from
fibrillafed rayon fi wi th ot her—fi@ggs o mgrgafibers.

Accordi ngly, the fi ure of the[monswpven|fabrig mayi ng
been progessed thrugh 3aat eﬂFttor&} treatment dif{fergsyrom/ihai.2ef ap
ordi nary |non-woven|spul4Pace|fabtidd i n|which the|congt2tuent filsars are
ent angl ed toget her 202 esl. Rig. |9 is an ovyerallF6sch¢mati.@2vi ey
showi ng ¢ne enbodi nen hé 1 Wid _amnd appar at | 3 i Dl
wat er - deterpesab AMQMIMJ ocess nomh-woven fa ri(‘) of the
invention through water-jetting treatnment. The apparatus for producing a
non-woven fabric in a wet process of Fig. 9 conprises a non-woven
fabric-formng unit I, a felt conveygpidnpt 11, a transfer unit I11

conbinedmith a latter-stage felt conveyor unit in € non-woven
fabric forned is t:La'?Ps?F Pred Gﬁ?ol%gﬂﬂi ng drum |&PsgFperofupippt |d¢ngeng 0 4
J U N 2003 28 a w nderP?ghit .'(c% éﬁjg_.g‘ﬂ woven fabii GLEHH nEtg‘@H'q $

equi pped | Wi t 1 y@ Wi Shgtdg 2 Whigh i ' e

pr edet er mn ned &pre 3 Img {T&ed a.plateal ity ghsroHs—4a94b 4c,
etc. The|wi re conveyor eBelt # Tazas stock feeder$ 5 A T$
up-rising area 2a bpetwsen th¢ roslasda and t he rolT 4hz9and|T acesoa
dewatering tank ( mnot <Rdwn bel @& the up-rising_areao?a. [l ntig.the $tock
feeder 3A, fibers fa AP mi n -1&yvey (back |ayer A@P8top|l aYérd4 and wat er
are supplli ed throug t hd 8z

3A onto fthe wire cq Qe
by the aijr suction d 7
2a. The s$tock feed¢ o1a heel sli 3§ thaf—+8¢€
conveyor |belt 2 viga i and the gaphggweelrtig e
conveyor |belt 2 ang The heel[[STice 3a $erves to formpg; fibOyoug7ved (hack

| ayer or [top | ayer) having afpredeterm/ned thi ckmésSsiea t{h¢ wikgesgonyeyor
belt 2. Into the stock feeder 3B, fibers tor formng another Tayer ( top

| ayer or back layer ) and water are supplied through a supply port (not
shown) . The fibgrs.fed fromthe stock feeder 3B onto, the_fibrous bis
attracted to theg?ab?ighﬁeﬁg%‘ﬁef’ﬂ%n ?‘?nggcT?IB%e“FOrt% B]Petﬁbb’aéﬁg?E? ng tank
bel ow t he _up-risin lar e§ 2a. The stock feeder 3B is adjacent to a heel
slice 3b Fﬁ&Pnf 38@3 FReTFPBr ROR-BRATSH IR N Ih et 1her: 18ngth afgap 0
4 J UN 290?,‘““2

The fibers._fedd
racted tolthely
ing tank |

%ck f eeder

$ro

.08 .
Gf‘] e Wwre

9(in these, the mass distribution peak for the primary
fibers appears within a fiber length range of 3 + 0.5 mm), the
microfibers having a length of at most 1 mm account for from
0.1 to 10 % by mass of the self-weight of the fibrillated rayon.

However, in the samples having been beaten in a pulper or a



t her ebet ween, and the gap between the fibrous web and the heel sli ceD %8UN 2008
serves to form another fibrous web (top | ayer or back |layer) having a

predet ermi ned thickness on the previ o:igl yfornmed fibrous web. In case where
~a fibrous sheet of which the-top-1ayer® a contains a |arge anount-—ef- -
fibrillated rayon is produced according to the nmethod as above, a web not
containing fibrillated rayon for the back layer Ib is first formed fromthe
stock fromthe stock feeder 3A, and thereafter another web that contains

fibrillat : i.s f d he . i | y-f d b f t h t ock
from the SEEERSFackRs UBEEMCHE 11010 EH HO e B TRAAAEDS S FThE s b

b hardl t h h t der.l yi b d through th
Wre convBJoiobard 38 hePs PEViDtoHERD RRALER 1 A LRRF 8d iP5 EHH gh. on
the other hand, in case where fibrillated rayonfree fjbers are fed fromthe

stock feelifrdIeIPe SIPEAtIRG: Ofiedt ARFY A0 SFr eFRP LPYEIHPSY Limit
rayon-containing fibers are fed fromthe stock feeder 3B over the | ower web
to form akPEBEEE hEbOt RefeBYeMaS§ snal | anount of the fibrillated rayon in
the upper web will nove into the |ower web through air suction and through
wat er-j etting trEatthenfibyidpatedpsayeemannlgs frem penthgataparastP abri c

t hus produced, the I ower web shall contain a smaller anmount of fibrillated
rayon thahavangha fiilissr leagthTef fomm ( he thasel &hermaps distaribwoinmi ning a
smal | er a4 J UN 2003 30 anount of fibrillated rayon can be fed fromthe
st ock feeperk3fox tae pr omarhd idbeaskappedrs W@RhiTha Silwk leagdbrrangter may
have a three-stage configuration, with which a three-layered or nore nulti

| ayer ed f olfir dus Gheaim)carthee npjadifdetrsBhlawdery théenglthsofbaanmbgc,1 a

singl e-stage or nulti-stage water-jetting nozzle 5 is disposed above the
wire conveworcbeunt2foanfirom flateslé temptmassgof atlke 6sel SposightbedDw t he
W re conveyor belt 2. To the fibrous web having passed through the gap at

t he heel ¢hecéiBlridndtedr magoan thewever, comvielyersdampie®, havaimy hedrs are
applied through the waterjetting nozzle 5. As a result of the water-jetting
t r eat nent bebltenf ihea spuwlpd¢heif idbredfd neeh)sthespecralliperbeactcunt i fer s
extending fromthe fibrillated rayon fibers in the webs are entangl ed, and
the intendednf 0{3 09 sheemakl 6r gy wodeinfteisd € Naviihgobedndsshtde w re
conveyor belt 2 is contacted with a felt conveyor belt 7 in the felt
conveyor umi & gulpeit ekt refiher dh& Helbireeony aysdt Ded tof/ attsmoBdes®F a
needl ed bl anket, and its texture roughness differs fromthat of the wire
conveyor bkelttBe T6REENOEE, 1iMet foHridits nEkaelf A Hs1dR- 0QBER BPpuiadfce
fabric ) formed on the wire conveyor belt 2 is transferred onto the felt

conveyor belt 7.1hnideibelill 1e@Rbeyayondmples Frioal hofabestan Pdyosuct i on
transfer neans, or that is, a suction pick-up roll, via which, therefore,
the fibrongvihgeh fibdiS lendth of 5 mMd 29A%hese, the mass distribution
peak for the primary fibers appears within a fiber length range
of 5 + 0.5 mm), the microfibers having a length of at most 1
mm account for from 0.3 to 45 % by mass of the self-weight of
the fibrillated rayon. However, in the samples having been
beaten in a pulper or a refiner, the uppermost limit of the
microfibers is 30 % by mass or so; and in those having been
beaten in a pulper or a refiner to a degree of beating of at

most 600 cc, the lowermost limit thereof is 5 % by mass.

In the fibrillated rayon samples from non-beaten rayon



31 readily transferred fromthe wire conveyor belt 2 onto the felt c(g)ﬁvdeuy'\lorm03

belt 7. In the felt conveyer unit Il, the felt conveyor belt 7 is rotated
countercl ockwi se whil e being held by ?e rolls 8a and 8b and by other rolls
9a, 9b, 9c, 9d, 9e, 9f, etc. In the |atter-stage felt-coenveyor unit,

di sposed is a second felt conveyor belt 11. Like the felt conveyor belt 7,
the second felt conveyor belt 11 is made of a needl ed bl anket, and this is
held by a plurality of rolls 12a, 12b, 12c and 12d. Around a pressure roll
20 in the k c I e |t 1 . en . 13 ,
and the fhg?%%’%uésli?ﬁ%gt P?ﬂgﬁﬁ %%(go@}éc%% t?'%lste’célﬁ%géoesfs gleﬁdstrﬂ@fu%;l%rﬂ
transferr drier drum 13. 1n the drier uni.t 1V, the fibrous sheet
ATs CnubCaBiet K8 skl Ry GAPErS arne s IRHSE € dintret ebfEh AR Pavi ng
been thus dried, the fibrous sheet | A is wound up_by a winder roll 14 into
a rol | 15°TThrodyl? M6 prdceBdcIpidesenjavaBgr fptelgtBnRbtat Mot d roll is
finished. To further enhance its surface friction resistance,. the fibrous
sheet of THeaFROBRAE| BATi STPRe? FALPY ¥ hY HRAS e d& FH G- EEHN T Gfnat i on,
for which the _sheet is heated under pressure while its surface is still
wet. Thr oEBﬁ §xPR11 bahedi BRYPReatRWRVEE helridithts b ke sy di9Bbnded
mcrofibers in the sheet could be increased. In the method nentioned above,
the surfab@abent ke JMEPeH ¢F B3rpEisgsoet khaiui¢sohithers agryMe fatansf er
unit 111, the fibrous sheet |Ais pressed between 0 4 JUN 208 32 the
pressure £8PM O0b £9d3P he byr mapsdpxiror3anfnin Hihkose Bpvingebeep heatdn | a i s
so positioned that it faces the drier drum 13. The fibrous sheet 1A

cont ai ns hAat*IPWHRAMGrbacrebipper dip vhdegreetdf st g of- pbtmesy G0kat nent
and it is heated under pressure against the snooth surface of the drier
drum 13 whes ebhet hewerbest tamiti ofit thg nticap&ibere hisghl $ byntedsto each
ot her via hydrogen bonding. In particular, the hydrogen bondi ng of the

m crof fibers then tde Eabirfildmtederdyohrsanipdtesd frapomonrbeateswrdyoe of t he
fibrous sheet A is nuch enhanced. As a result, the top layer la of the

fi brous sheetingA ifSitemdehgthcefl 7amo (is thedegcehetmesgtdistsrinrisased.
Accordingly, in its practical use, the fibrous sheet |Ais hardly broken
even whenpebk fur theepr smaxyplfdtheaganppetandjwitthd n Jhiidieghlekgbhararede on
treatnment, the amount of the hydrogen-bonded m crofibers in the fibrous
sheet is o@ich inErraged. the miceodlibedis dlavingOaMREngBht beaaTENGst 1
therefore, the strength of the fibrous sheet is nmuch increased not only in
dry but ammoaeweuntnfoetfyam & toreds sabpumnhsefofeatke . s&lbewreight id®er bonds
in the fibrous sheet increase through skin formation treatnent, but they
are readi thel gopehellatedarhfbge aELEyepf NtiHe daipEX@dEingigderd he
fibrous sheet is disposed of in flush toilets, etc. Skin formation

treat ment beatenasnsa igifl par face reifiheen tReimiapseibérs gctobnouUsoBheet
and even the strength of the sheet itself, but does not al nost detract from
the decomgesabi|td 50f biyemaBsesdrigo Natfl inFehoseOhatidglbder Eatdsh skin
formation treatnent, for exanple, enbossing rolls or pressure plates may be

used in placg @i1gdie odr here i N} kb andelReePb £IBHEIdPIIE 4@ mdBE dadr ous
sheet of the invention does not always

cc, the lowermost limit of the microfibers is 8 % by mass.

The above are summarized as follows: In case where
rayon having an original fiber length of from 3 mm to smaller
than 5 mm is beaten (in this case, the mass distribution peak
for the primary fibers of the resulting, beaten rayon appears

within a fiber length range of from 2.5 mm to smaller than 4.5

mm) and where the degree of beating is smaller than 400 cc,



require water-jetting treatnment. The hydrogen bonds of the OH groups JUN 2003
existing in the surfaces of fibrillated rayon fibers increase the strength
of the water-deconposabl e fibrous she not processed with water jets,
especially-the dry strength thereof. th-the i ncrease in the degree of
fibrillation of rayon fibers in the sheet, or that is, with the increase in
t he amount of mcrofibers therein, the surface area of the fibers
constituting the sheet increases and the fiber-to-fiber bonding strength of
hydr ogen : j st Lt r ced in a
paper - mk%qg%%&égﬁeﬁﬁ@mgﬁgﬁtﬁ nrggp?:1 gl{ragﬂé) Sg)cf 1t ﬁ@ %Ia??tgﬂ}%bggg IS

comar abl erd s LBr8e's bhSLEDRe Phomlie ANDg ARt o SERDGLRAS. T o,

Dependi ng on t gen=bondil ng Torce er§ constituting the
sheet, th onpo, itity.in water of the sheet cauld be | I _bal anced
with the I%r?rae%%gnﬂg%a és)tér bn])g/%%f?%eecﬁ e%?yor‘\"he% r Vsetrr’er:f‘é‘t a5 t"HELS g:bte
produced in a paper-nakin rocess i s especially high. Even in.the fibrous
sheet pr ott¥dy Ji¥%§aga ngn’nglﬁgp'?ﬁ gfegsgegﬁﬁeﬁf c&bgi%esr%t gt 1y
entangl ed, _.sg that the wet strength of the sheet can he high. For exanple,
T e e W TGRS PR e dnby RapA oF §oq PIU tHeGEE PREdre: hod
nment i oned, above, the non-woven fabric may be forned with no water-jetting

t r eat nent PRpPAF eI RERS e TAYAT iEnRPRFENatPWR-HegERR P i THFAILUhESE | A may
be formed in a paper-making unit as in Fig. 10. The paper-nmaking unit

conpri sest@700rQq, §hgadareidbershavangdc th edlat BARtIommiagamyingh, f or
exanple, a first stock 33 for formng a back layer is put into the first

st ock tankoBETroR0 gl $8co Y MeSE B8 tg@wan%gqlat edptheydbrid lg#ed nto t he
second stock tank 32. One paper-nmaking cylinder 35 is set in the first

st ock tankagan. arfdPwaithednpapae-whereFheyravdarigpeadencin|s pud®esecond
stock tank 32. A wire belt 37 above the paper-making cylinders is rotated
count er cl @Ek&i sefingl, tiHe piprermext nhinlt iolddihe Ieicnaf deers dcl3odkw se
rotated. In the first stock tank 31, the first stock 33 is scooped up by

t he paperbywéssgotydd ndéitilds emdhe ahbeerhandl ohncase whiere beetrayen o form
thereon a first fibrous web (back layer Ib); and in the second stock tank
32, the sksobdatencin 3 pslpeoopedrepingr tte paleyremidhgEmon i40dercc36 and
transferred onto the first fibrous web to formthereon a second fibrous web
(top layetol@)Q do thet lowaenmostal imbt | @fy drhed miicrodibesiseés 0s2 p¥ dguced.
The fibrous sheet thus produced in the paper-making process as above can be
al so procmased for skin fornmation. Briefly, after having been produced
still in wet, or after having been once dried and again wetted with water,
the fibrous sheeln icasg eheed vagien Wweaing A artigiuhil, fiberfidyegsh of 0 4 J U
N 2003 35 especially the mcrofibers existing in the surface of the

t hus- pr esfedmshemttarentidr bgatehonidedhtie cade ghtde mwegs ed, s tahidnaiypri he
surface strength of the sheet is increased. Fig. 11 is a partly-enlarged
cross- secpeakafoyi enesponmagyt figbeakebfdehenpesalid nlg,f ibyaaesm dwgein of a
second aspect of the invention. As shown in Fig. 11, the fibrous sheet 1B

i S conposgppeara whphimyerfiber achath }:aﬁﬂé o€, £rnd 4215 infit €6 AYS fmnl )

sandwi ched between the top layer Ic and the back layer le. The top layer Ic

and the bagf wB¥ee tBead€gide SAMPeRBindCid Wnd BV tawfaddecd Wa-Heayered
fi brous sheet | A nentioned above, and these are made fromfibrillated rayon

fibers anglietbeiberbengviddea fididdn Hedt aver ConpheadcOineatdy ofrdniese
|l ayers Ic and le is at least 3 ~ by mass, preferably at least 5 ~ by nmass.

| f desired, td 63 40py n)s olfCt REGd e Rardht dfethber fhLiENAtegIpayafe from
fibrillated rayon fibers only. On the other hand, the interlayer Id does
not cont agwbiBr) | LAt 88sé a¥REre 2PRle| Say@Heid IR BEMeln fd BRI BpoPldr 51 nce it
i s sandwi ched between the top layer |Ic and the back |layer | e both having
hi gh stre Anekl h r kFQr I it may
el ket e EaPoE s pl® UpBeE RIS L IRL o ERE R or U SR R C PV faes
interl ayeg.l i I . i brd 1 lated,,r t in the
br! 8o dct‘}iheé{%%?m%@% F%?‘l?ﬂ?%*%e?% EAPTHd It gXBI?}XtQﬁé B

top layer Tc and t ack Tayer I brous sheet top | ayer

e and" t hepbagknlA¥Rind © 150B58EMhERE Lh8UAH JAUY besRehBh & Nfegidenath of



0 4J UN 2003 36 the both surfaces of the fibrous sheet 1B is hi gh[” JUN 2003

Accordingly, both surfaces Sc and Se of the top layer |Ic and the back | ayer
| e of the fibrous sheet 1B could be lied to objects in practical use.

- - —For wi per applications, the fibrous sheet of this type is conveni ent- since-
users are not required to pay any attention to the surfaces of the sheet.
Wi | e used, the sheet exhibits high strength owing to the properties of the
top layer I c and the back | ayer and after it has been used and

cont act eq, gy ARy @& RBOYHS &S w@ﬁeﬂ]ng(g% iﬂfé}:é 914@&% et ﬁ% thaa I ed

m crofibers in the top l'ayer 1c an ayer Iess to say, -

eadily | 0sRged. 120 BRI i, £ALRCE. 4 Eof Bher ymégs %megmgeread"y

deconpos in water an t ayer | ¢ an e ba |"ayer

decomossy ¢ et W TP ETERL ) Zrﬁhv'c?ﬁlh pePel8tuntp GE IR Fyer 1

of the t ree Ia red flbrous Sheet 11 arel/is pr cessed for skin

for mat i ontH |aep|ui(1mg> Re&ELdM e ?‘ﬁvBHPFSH‘Oﬁﬁy have a
four-1Iay ed or re m.l|t|-| ered s ure. roduce_t

vet or - deckifbb i 16 BLeEoEIREES OF thet I BABFORL The 1SHch e} AT B ayer s
may be se eh%%i orned and | am nat ed by bondi ng them For bhondi ng the

| ayers, ubite CsenPereshBe EBY%naH‘hé%‘?‘VEFW Fe RYIRPT BE t he
case may t he constjtuent Iayers ma pressed under heat while they

are vet WREHREY the: rdamhes (af ton Ay cayetdendpwsEmoss 4 J U N
2003 37 bonded together through hydrogen bonding. Preferably, the strength
at break }Htietobf theanifretibRednbdsabt LY iBADdEs sheet of the invention
that contains water is at least 1.1 NN25 nmin terns of the root mean
square of the stihendegree affeeaping od he ddbirdd laved wayenpreserneden
fabric for the sheet and that in the cross direction (CD) thereof. The
st rengt h £@r Bisealdin hh@einyent ton sishdesica ibeder r Bletdegresaf beedigah) is

meant to indicate the tensile strength at break (N) of the fibrous sheet in
wet. To obe aghvetEibeillatedgrayon cannbeofonhroldadi by yeryigoh tde break,
a piece of the fibrous sheet having a width of 25 nmand a |l ength of 150 mm
i's i mer seebt ngdtioe and byaelnct g thedieatwatemeahns2. SWhéeénedbeattd ngass of
the sheet into the sheet piece, and the thus-wetted sheet piece is pulled
until it rayomokerprimotdm (Use qufven dldesitiann tfdstrar] 1afted whaiyon tthetchuck
distance is 100 mmand the stress rate is 100 m m n.

shall have a lowered numerical value indicating its degree of

beating), the ratio of short fibers (including microfibers)
in mass distribution of the resulting fibrillated rayon will
increase. 1In the invention, the fibrillated rayon preferably
has a degree of beating of at most 700 cc. Fibrillated rayon
having a degree of beating of larger than 700 cc contains a
small amount of microfibers formed therein and therefore could
not have a strength necessary for the water-decomposable
fibrous sheet of the invention. More preferably, the
fibrillated rayon for use herein has a degree of beating of
at most 600 cc in order that it can contain a suitable amount

of microfibers formed therein. The fibrillated rayon of that
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However, the data thus neasured according to the nethod are nerely the

criterion for the strength of the fibrous sheet, and the fibrous sheet of
the invention will have a strength th is substantially the sane as the
wet strength thereof neasured in the nner as above. More preferably, the
wet strength of the fibrous sheet is at least 1.3 NN25 nm 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 prefer : 0 003: at ..l eass L of. .t he root
mean squa‘?@%f P hé)%set]free%r%ﬂ% a%”g‘?eeatlghieanhcersorrﬁ%%gnsz %%@#‘gﬁfﬁ%l}t of the
non- woven EC t he .sheet .and that in the cro directio

t her eof . %\iﬁﬁﬁ%%rg#]a%ﬁ}}hal!hcee % %§§@§$ognggef$§9%%%s ssr%ee‘?% %‘%[a)%the
invention_has a degree of deconposition . er of at t 300 seconds,
nore prefePaf &8¢ Host “368 lg‘éggrmée,f%%lﬁf%r epfigﬂé"F&bggsbaﬁaW%q 1£20
seconds. The degree of deconposjtion, in water is neasured according to the
test met Y MIST AW BCa5okvERaYPPRGT LR 2Ll hed JeRyeR MAViIRG R f89&Fati on of
toilet paper in water. The outline of the paper degradation test nethod is
descri bedPt Regitddg of atHersia L8P e BFPIERIbAE My 689 CéheERr @Xampd Snvent i on
having a length of 10 cmand a width of 10 cmis_ put into a 300-m beaker
filled with 3809H Of CFon-iEx e efioRatsdectamredyetion i hehei waketr a
rotor. The revolution speed of the rotor is 600 rpm The condition of the
test pi ecéeprMpPsabLpcfthrous skeer Prodieedsitishi MRNA e rite ¢oaxld
predetermned tine intervals, and the tine until the test piece is finely
di sper sedhage medshrhal angatkevet, sthendbh andhdecampogabdlatyoiniwatarn t he

met hod are nerely the criterion for the deconposability in water of the
fibrous sheet, die fhoeheBscl threbibnilldeed mayomi bm teirns dfiviendedegr ee of
deconposition in water that is substantially the sane as the data neasured
in the mhs@refesivie friRagdrte rihdt kdedipryurilaae ifs,i crioonls gststiarice of

t he 04J UNZ20D 3 39 fibrillated rayon-containing top |ayer of the

wat er decodrpes @l sof i brfodss shiewness i henaldernt than tite 1sweemostlliamitthat t he
top layer in dry is resistant to at |east three rubbing cycles in the

rubbi ng teftthé déSikedldfndor tHeqsrimerystilRetefdfy then il itlastteret hod of
, TI'S P-8136, a test piece ( fibrous sheet) is fitted onto a slide stand (B)
, and a roapongyiEhiier Hod) meichheatphgtedof andttiie dedommaidierl iy ached
thereto i s rubbed against the test piece. The nunber of rubbing cycles is
count ed bwhvee df hdvesfabeoneadlesk©idonipy ifsdmy feunii Bibd pbbeus 6hWHes on the
surface of the test piece. Mre preferably, the top |layer of the fibrous
sheet of ¢bRermeaid] AF issIEigiciayd ikolatgeeatiand eRerupbbngosyaliasid n the
test. For the wet surface friction resistance of the fibrillated

rayon- conpfi the@gidfimddyangel, the fohiatsos eetthel Fibsoaksehaesiwiahl e t hat
the top layer in wet is resistant to at |east three rubbing cycles in the

rubbi ng tpetnofogodd Pefid s hEetsd BNt b s e Prandd €l ety thifedddr Quisi sheet
must be resistant to surface friction even in wet in sonme degree. The

fibrous speetow WRire PHeFdrapigt,etnefl rahehesast £31PsthaBfedhnel Seldnarei ght
of the dry sheet. In the water-deconposable fibrous sheet of the invention,

the mcrofiibegsegxtending fromthe surfaces of the fibrillated rayon fibers
constituting the sheet are entangled and the fibers are therefore bonded

together to a sutfakligréfe Afeet’6eX 1l ML ENt S¥REIMt #ls othErStBRird S Still
resistant to surface friction. Mre preferably,
in addition to the fibrillated rayon mentioned above.
Preferably, the other fibers to be in the fibrous sheet have
a length of at most 10 mm. Also preferably, they are well

dispersible in water, or that is, water-dispersible fibers are

preferred for them. The dispersibility in water referred to
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0 4 ~a N 2003 40 the top layer of the fibrous sheet of the invention Is,

even in wet, still resistant to at |east ten rubbing cycles in the test. To
make t he mater-deconposable fibrous s get of the invention have a degree of
deconpesition-in water, a degree of hanical strength and a degree of
surface friction resistance that fall within the preferred ranges noted
above, the type of the fibers constituting the sheet, the proportion of the
fibers, the weight of the sheet, and the conditions for water-jetting

treat ment E?Elbhﬁg hf% %a%QFber B gé?gﬁé ?ﬁfﬁigyfiﬁ”déﬂ ed rayon

havi ng a ong 9 8 used, ere rayon not’ beaten
dogroe of 2Baattrilf F%@%ﬂﬁ%ﬁ%e éﬁ?@# B ek ey b Welieod, or
i br ous. SHICTSEGh I KAsE kY MRcPhERen thyear ca@b%a%igﬁffﬁwﬂv & er and
decomposaBRELIL FEF%%E@ o Ao x9SR ?ﬁ%%”h”ﬂa%sbér”qf%% c6 of
deconposi { | i and a hjigh wet_ strength. ver in order to

further ﬁb?e%‘l'sleelf S arpdifdearadahl ¢ ifgbsrs sh@B? Bipdegradabienl e or

mater-smellable bi nder _capabl e of blndlng fibers together may be added to
the sheet T1PEFENEARRT2ALY ARPBRRAM PO eSSl vas whsnndépPeRge| o filfsol ve or
swel | therein and therefore lose its flber-blndlng ability 04J UN 200
41 The bi kB8rnatapprd WREldn The ddbsr Aenodhapfl &l ecetber(yfﬁat@m %@ | ul ose;
al kyl cellul oses such as nethyl cellul ose, ethyl cellul ose, benzyl
cel [ ul oseusetléeremlgwmﬁyntaw@mlwamdthamarp@xpﬂrnyenatbdﬂmnseq@m ng a
predet erm ned amount of a sulfonic acid group or a carboxyl group, etc. The
amount of Fukshernpeefevably addw otberhéibepsduavimgest fiberbkesgthliet t han
usual ly. For exanple, only about 2 g of the binder, relative to 100 g of
the fiberatdeestitllumnnpre@ Lebgbhs( shéermsnaf e amufiberhbeml
whereby the wet strength of the sheet could be increased to a satisfactory
degree. Aefondi aghgt adminag such a small anount of a binder to the fibrous
sheet does not so nuch interfere with the safety of the sheet. To add a
wat er - sol ubl e bi Bierother Hdbeas- fioveus € atm itthd dnviemd: ibnbmaysbs heedse
enpl oyable is a coating nethod of applying the binder to the non-woven
fabric thofugh desstkoner sert Geliekteol faonhatie qrong eyorsiadt iahy eobi nder
may be added to the fibrous web for the sheet while the fibrous web is
prepared natarpapefibeadd ngnfr alrssicalhefhbeder naphdenahagapordilesrs nto all
| ayers constituting the fibrous sheet. If not, it is desirable that the
bi nder isinotafdpothded fivdnOwbba payersudwhascOOEiwdd) pluilly,i hhadasbddyon.
This is because the mcrofibers in the fibrillated rayon-containing | ayers
enhance t palpgcéni faindshleogtiosd firom Mayena. hoes € imtdemgelpsuste as t hat
menti oned above is added 04 J UN 2003

These natural fibers are biodegradable. Of those, preferred

are bleached soft-wood kraft pulp, and bleached hard-wood kraft
pulp, as having high dispersibility in water. Also usable
herein are chemical fibers such as regenerated fibers of rayon,
etc.; synthetic fibers of polypropylene, polyvinyl alcohol,
polyester, polyacrylonitrile, etc.; biodegradable synthetic
fibers; synthetic pulp of polyethylene, etc. Of those,
preferred is rayon, as being biodegradable. Further usable

are still other biodegradable fibers of polylactic acid,
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42 to the fibrous sheet of the invention, an electrolyte such as a

wat er - sol ubl e i norganic or organic salt my be added thereto along with the
bi nder, whereby the wet strength of Lg? sheet coul d be increased nuch nore.
The inorganic salt includes, for exanple, sodiumsulfate, potassiuwn—m-- - —
sulfate, zinc sulfate, zinc nitrate, potassium alum sodium chloride,

al um ni um sul fate, magnesi um sul fate, potassium chloride, sodium carbonate,
sodi um hydr ogencar bonat e, anmoni um carbonate, etc.; and the organic salt

| ncl udes. pd P £XATPACEo A M HELRL DA EALROH B BRYYMTLSHERRL e

pot assi u sodium tartrat e, siumtartrate, act at e,
di : L ‘ L ci ‘ ;
Pour vl sur § e S EAgre PORRE Y PEML AbRETR BpadRlutnl e Rl SiftediestBo- | | ¢
f bl i W 1 h I | t. \\h dified
o modr 17887 JrY v HAE S Qe HBE ¥no end e B (8 Yoapise |

conmbined with,a nonpvalent_salt. In. addition, where an alkyl cellulose is
used as tReFBIRAR?, %ﬁyaﬁftﬁﬁ% ‘T’B‘Fl‘a?/\fﬂﬁrﬁbﬁb%uﬁﬂsw §Xbe added to the

wat er - deconposahl e f| brouf:s shegt so as. to_further increase the strength of
the sheet. The d®F FPERRLCHRPIRIIP i ALPURITERPIREADIRI PE@J@V&?&TYS of a
pol yneri zabl e aci d anhydri de mononmer with ot her ,conmpnoners, such ,as

(et h) acr 21 £8 ReEeen F9¢ a8d d5PeSF R et Afadk§| deIte? £F hfdtii®%ci d
resins, etc. Preferably, the_copolyners are saponif ied with sodium

hydr oxi del®rSHael ¢F khamthenhpeermes vt inkoifl Fherdeparedafange, ¢he J iy
h! Z~3 43 having a sodi um car boxyl ate noiety. Adding an am no acid

deri vati vROBuCAVER {£RPHEEhGPBPYETF Hed okhe Haulp Kelll hawe shaapars ldks
desirable, as al so enhancing the strength of the sheet. The

wat er - dec®eEpPBabeayf iandusl t heye arongh fieadent Ién hawetwi i dhaldegrasmt ai n
any ot her substances, without interfering wth the advantagesof the

i nvent i onof Feeatikagplie, langemithaonthenuppgropssul init aof sthe cefbingdles,
preservatives, deodorants, noisturizers, alcohols such as ethanol,

pol yal cohvhaBgsuclthss giigeler competigings theevi pglgocdudec omploshbivei thhd n wat er
and high wet strength, the water-deconposable fibrous sheet of the

i nvent i onnesessabyesbsengthti ssue for application to the skin of human

bodi es including the private parts thereof, or as cleaning sheets for

toil ets and t herBabdlilsrous shemno€ the nnpengiandis| fermed Tapalilie ties
for those applications, the sheet may previously contain water, surfactant,
al cohol , flipeesi rmentioched! i &lsovether eFiihe Wt eis dexomgeaddhf-erflidrgad sheet
of the invention is, while being previously wetted with |iquid detergent
and t he | ckesspaekadgedallovipuwbshowiad ethe twesheat4ddompadalghe | filjpanisaged and
put on the market so that it is not spontaneously dried. On the other hand,
t he wat er dheenposahl €ifrislr agpesheoif whe Havetkieired g drmy . Fibhe 8ysers who
have bought the dry water-deconposabl e fibrous sheet nay wet it with water
or |iqui dwabepi-aetempetabteusébrouBcehbbe WAl of ddeonpnsal] i iHasous sheet
of the D4 J UN 2003 44 invention has high dry strength, and since it
does not aWveyayeeed seraddume,bivhdehs isndomipesledoloft es tdierieiyer b ng
different from conventional water-deconposable fibroussheets, it is highly
safe for tbaAtapalingatipPillatBe S&kydn ARTQr dakdl YayeRelbi booned stwai of the
invention is usable as the sheet conponent of various water-deconposabl e

absor bent o@htirClE@beir8Chudi BenthahifyaiRbeiljatedaryyoanki ns, panty liners,
sanitary tanpons, disposable diapers, etc. For exanple, when the fibrous

sheet is perforatgd tdp MBedausedrasmbleri-on si6L1118t ¥t £yolefpaposabl e
absorbent articles. Even though having absorbed body discharge fluid, the

fibrous sBegbrooibdls! bllwHRIMERE T i®RNAGHRI FAPSH dott@intols Wel1sddengt h,
and is therefore deformed little during use. Wien the fibrous sheet is
combined 44 Byafixs8l NPt ORASLy | teileS 4B 2R1 EaBBaFa bl Uit BfCned
cushion | ayer,” a back sheet, etc. EXAMPLES The i1 nvention 1s described in
nor e det ai ' rs fo0 j Se=Nyy0) i.C , are
not intenségm%%y?iégftfil?tq%?hggg%g?e %o%bl%glghventi gﬁnlgyg’rerpﬁgt%:a %n
fibers ( Qi [We] ! ' LXQL re

vari ous t%%ggﬁ?qfa&l&%i #?%&dg?%ﬁ e&\ﬁﬁgklhlé{i%denpngﬂg%?igggbgfP&Eg%?i ng as
in Table 5. Fromthe fibrillated rayon, ordinary non-fibrillated rayon (1.7
dtex ( 1. 5d) , f fiber length 5 mm , and bl eached soft-wood kraft pulp



~ ~J UN2UQ- 4.5 (NBKP ) (Canadian Standard Freeness, CSF = 600 k& JUN, 2003
formed were two-layered fibrous webs. The blend ratio of the fibers in the
top layer and the back | ayer of each g\gb is indicated in Table 5. The back
| ayer contained the-fibrillated rayon” The fiber |ength—of--the fibrillated
rayon shown in the Table 5 is that of the non-beaten rayon. Wthout being

dried but still on the plastic wire, the resulting fibrous web was put on a
runni ng conveyor. \Wile being noved at the speed indicated in Table 5, the

fibrous wep gé’ifafcéi@le%%%dotfogg_@t ﬁ%%fﬁlﬁég R 's‘r’%@ﬁ%% ttgagaki ber s

constitutin wer e entangl h-'pressure wat e vi ce used

for the t equl ] 2 / net V] an
orifice égﬂéﬁﬁ%% %’1 %@%%F%bgfngggvgﬁéféﬁgogg % g%t%te‘]" etInhgaadj acent
nozzl es, apd the.pressure, of. j.etting water streans appljed . to the web was
294 N onels ISERnAR COREREF gt ahel Ao G ot F SN BB t9R 1885 eur 1 ace
of the wep so that i.t .passed through_its back sur{ace..The runni_ng speed of
Lhe web whd b TariPint the: BPIPEE: FAG ¥HRSF Rl {ERt MR nd€ agai n
under the same cogdi_ti on Thf’(s is the second-stage water-jetting treatnent.
Next, theCORBAGESD d¥itdy thier ikin viqik absgrbent: 8PBHLSRAR1ANG At erIeEGRposabl e
fibrous sheet. This was then imersed in 250 g, relative to 10Q g of the
mass of t YR IWGAIT Fidsy ifc,lPréﬁllia&ﬁde%éﬂaﬁg%g Wateh th 1CKefibeTsi ned

wat er - deconposabl e fi brous sheet was tested in dry and in wet for
deconposa®feiantanglag with opher fibeysp0ee Weaktitengthenagh s biiohn
fastness. The test for deconposability in water was based on the test of
JI'S P-4501nadiEkiomg the Megedfd harsegisdapn the sprfaceQf gdysetop
Precisely, a piece of the water-deconposable fibrous sheet having a |ength
of 10 cm havieh IR dtandfan® pranetPaplly icgantact3ad-witlhddiemyniaasdofi t h 300
m of ion-exchanged water, and stirred therein with a rotor. The revol ution
speed of the ¢hiest iz BOWiped witd tbadsheeh. ofTherefare, @ sowfiasieng

di spersed in water was nacroscopically observed at predeterm ned tine

i nt erval sSamfdtheeteop favan Lk ihaasdsttapitete fnicticoper fedonasngdysur ed (
see the following Table - the data are expressed in seconds). The wet
strengt h whe febsowedsheebr s niree ftmn ttds: dustdvbohrstagrilaft dddakayeS
P-8135. Briefly, a piece of the water-deconposable fibrous sheet having a
wi dt h of @5 defamatidenjhhibé pbActnicakhsusested both in the nachine
direction (MD) and in the cross direction (CD), by the use of a Tensilon
tester, for whi dn tthe culade diasidanthewhackODayper alidl ddees sidgtesontaiin was 100
mmmn. The strength at break (N) of the test piece thus neasured indicates
t he wet sfibnilbatéanmenfor(,sardtilzefdahéd\Sirog deee £fibelre giatnaantho®edr essed
in V25 mm. To determne its surface friction resistance, the fibrous
sheet wasmérsieneflabdve Ct iSinckasheasp dagerd aensariesehayh atiramgtdsi st ance
test method for paper boards stipulated in JIS P-8136. Briefly, a rubbing
menber A vfttheaf pbeces @heetO1#, thld ha0@3yer 1b is not always required

to have so high strength. Being so constituted, the fibrous
sheet 1A realizes high strength of the top layer la and good
decomposability in water of the back layer 1b. If desired,
however, the back layer 1lb may contain a smaller amount of
fibrillated rayon than in the top layer la.

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

100 g/m*, in order that the fibrous sheet can bear wiping in



47 artificial |eather attached thereto was rubbed against the fibril?ét%ﬁ‘m3
rayon-containing top | ayer of the fibrous sheet to be tested, under a | oad

of 500 g (4.9 N). Fibrous sheets of ngparat|ve Exanpl e were produced in

t he .sanme_manner. as in Exanple, for which the-blend-ratio of the fibers is
indicated in Table 5. The fibrous sheets of Conparative Exanple are all
singl e-l ayered ones. The wei ght of the fibrous sheets of Exanple and
Conparative Exanple is all 50 g/n2. The data obtained are given in Table 5.

04 J U Ne@POhd JlstHvéﬁaQMe' o r&@%@?ﬁﬂé&%%r a@&&&t %}‘)’td.c&e@” ~ONNi N

~ Xb~ ~W-UN. 1~ ~opdPb "~"~O Op~~Nr ~ Poyo' " " ~Nr W
N~OOOL ONNRR'3| t%aﬁggght qugff@?q:han the lowermost 1imit of the defined

range, the sheet could not have the necessary wet strength.
If, however, its weight is larger than the uppermost limit of
the defined range, the sheet will be not flexible. In
particular, for application to the skin of human bodies, the
weight of the sheet is more preferably from 30 to 70 g/m?, in
view of the wet strength and the soft feel of the sheet.
Accordingly, the weight of each of the top layer la and the
back layer 1b preferably falls between 10 and 50 g/m’, more
preferably between 15 and 35 g/m’.

A method for producing the water-decomposable fibrous
sheet 1A of Fig. 8 is described. The fibrous sheet 1A is in
the form of a fibrous web to be obtained, for example, by
sheeting the fibers mentioned above in a paper-making process
or the like, or in the form of a non-woven fabric to be obtained
by processing the fibrous web through water-jetting treatment.

For surely increasing its wet strength, the fibrous
sheet of the invention is preferably in the form of a non-
woven fabric that may be produced by forming a two~layered
fibrous web, for example, in a wet process, followed by
processing the fibrous web through water-jetting treatment.
It should be noted that a two-layered fibrous web formed in
a dry process may be processed through water-jetting treatment.

For water-jetting treatment, employed is an ordinary
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high~pressure water-jetting device. Through water-jetting
treatment, the microfibers extending from the fibrillated
rayon that constitutes the fibrous web are entangled with at
least either of other microfibers and other fibers, whereby
the fiber-to-fiber bonding force of the entangled fibers in
the top layer is increased, and, in addition, the dry strength
thereof is increased owing to the hydrogen-bonding force of
the microfibers. Even when the hydrogen bonds are broken in
wet, the entangled fibers could still ensure high wet strength.
Through water-jetting treatment, the microfibers extending
from fibrillated rayon fibers are entangled with other fibers
or microfibers. Accordingly, the fiber-tangling structure of
the non-woven fabric having been processed through water-
jetting treatment differs from that of an ordinary non-woven
spun lace fabric in which the constituent fibers are entangled
together by themselves.

Fig. 9 1is an overall schematic view showing one
embodiment of the method and apparatus for producing the
water~-decomposable fibrous sheet (wet-process non-woven
fabric) of the invention through water-jetting treatment. The
apparatus for producing a non-woven fabric in a wet process
of Fig. 9 comprises a non-woven fabric-forming unit I, a felt
conveyor unit II, a transfer unit III combined with a
latter-stage felt conveyor unit in which the non-woven fabric

formed is transferred onto a drying drum, a drier unit IV, and
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, 51 O " Jr SANZWP4t ~A3A U$ UA3 U4 J UN2D03 49 In Table 5, Conparative
Exanple 1 and A-1 are conpared. It is understood that A-1 has increased
deconposability in water, not so much lowering its strength. In addition,

A1 has | goyeated il PN ToRESHEACGovRIN it Hidi At g ayond s

concentrated Inits top ayer data support the anced

‘@;fzzezfa%{ﬁbée& z%:«a@rﬁ&%ﬂ@f@teﬁ&nﬁ{‘ﬁh&ms%ésggﬂs@ AR
Co

o Comat g e, Bl Sfma i 08 g el 'l B S e 5
half the | a hg mpans hat the overall fibrillated rayon content of

t he tmo-lﬁ?iﬁ§d4?rb?§u She&tC€tan be reduced and the production costs

t hereof can be reduced. The sanme shall_apply also t - :

Exanmpl e B, the sﬁ?ﬁp“@rﬁ foﬁyﬁéfﬁfegeiﬁ %t%ﬁb%/%\?it&?é( ﬂﬁlréEig\r;%ﬁﬁrBocessed
for skin formatlon and, tested for_ the propertles grocess it faor skin
formatlona PHE 18Rt LHERg %‘?Lavaésb&té‘se?éﬂ B@tﬁ/@éﬁ 4230 YA and a

roll, at tenperature of 130C _and under pressure of 0.02 N. The data
obt ai ned éPe afd EACPA q-ggwgtgrlngotanl(q_of fhown) bsgopbhe y-rising

area 2a. Into the stock feeder 3A, fibers for forming one layer
(back layer or top layer) and water are supplied through a
supply port 3r. The fibers fed from the stock feeder 3A onto
the wire conveyor belt 2 is attracted to the wire conveyor belt
2 by the air suction force of the dewatering tank below the
up-rising area 2a. The stock feeder 3A is adjacent to a heel
slice 3a that faces the wire conveyor belt 2 via a gap
therebetween, and the gap between the wire conveyor belt 2 and
the heel slice 3a serves to form a fibrous web (back layer or
top layer) having a predetermined thickness on the wire
conveyor belt 2.

Into the stock feeder 3B, fibers for forming another
layer (top layer or back layer) and water are supplied through
a supply port (not shown). The fibers fed from the stock feeder
3B onto the fibrous web is attracted to the fabric web by the
air suction force of the dewatering tank below the up~rising
area 2a. The stock feeder 3B is adjacent to a heel slice 3b

that faces the fibrous web on the wire convey belt 2 via a gap



B- 1top | ayerback | ayer NBKP (600 cc)60 ~60 ~Fibrillated Rayon (1.7 dpéx“%%2m3
nmm 10 ~-Rayon (1.7 dtex x 5 mm 30 ~40 ~Fibrillated Rayon Content of Fi brous

Sheet5 $Dry Strength (N 25 mm) 21. 1Weto§trength (N 25 mm) 3. 8Dry Friction

Fast ness--( nunber cycl es) of rubbinngV% Fri-et4+on Fastness (number cycl es) of

rubbi ngl2Dry Deconposability in water(sec)118Wet Deconposability in

wat er (sec) 134 Conparing A-1 in Table 5 and B-1 in Table 6, it is

understood that the latter having been processed for skin formation has

| ncr easede furEBEBwEER STHHA tﬁter%i&}% It REeSTiBRGus WeignarpRs alidii ty in

water is lowered little. In ad ion, it is also understood that B-1 has

i ncr eased : | Ay ) est
Gt as abouge 4 SedvRsa00 H6n ALt £ 1BFolS WENAREO PGy SE N KARK,

angling SaTs! Bydeadon: BrndPsoZpsRed” sRupRASEE, oh el ARABET o

the fibri ayon._th I n. Accordingly, the fibrous sheet has good
deconposa%ll)ﬁglgg E:ﬁ%%%?érﬁéﬁd high strength, and its top surface is

he. m arof i bers T IS PIARET [ cP oA es of eiiutie £ d4yoct iy

contact edlg\ﬁ' égn{:ggngbgeféféeagn?oér?g c];fifnl.ki)éjl ]Ea?té erayon is produced
according to the method as above, a web not containing
fibrillated rayon for the back layer 1lb is first formed from
the stock from the stock feeder 3A, and thereafter another web
that contains fibrillated rayon 1is formed on the
previously-formed web from the stock from the stock feeder 3B.
In that manner, the fibrillated rayon in the upper web hardly
passes away through the underlying web and through the wire
conveyor belt 2, and its retentiveness in the layered web is
high. On the other hand, in case where fibrillated rayon-
free fibers are fed from the stock feeder 3A to form a lower
web and thereafter fibrillated rayon-containing fibers are fed
from the stock feeder 3B over the lower web to form an upper
web thereover, a small amount of the fibrillated rayon in the
upper web will move into the lower web through air suction and
through water-jetting treatment in the subsequent step. 1In
the two-layered fabric thus produced, the lower web shall
contain a smaller amount of fibrillated rayon than in the upper

web.

To form the back layer 1b, fibers containing a smaller



0 4J UN 2003 51 fibrous sheet is reduced, and therefore the fibroyg she9js
enj oys good durability for w ping applications. In addition, when the
fibrous sheet is used for the top she of absorbent articles, it is not
defornmed-during use and gives a confortable feel to users. Even though—
containing a relatively small anmount of fibrillated rayon, the fibrous

sheet still has high strength, and therefore its production costs can be
reduced. Here, 'conprises/conprising when used in this specification is

taken to spReeht Yof Nei ¥ LERNGE Yaydrtcad beakHACErom HMIRI Y tHCIS iR
conponents but does not preclude“the presence or addition of one or nore

ot her feagur i e , ngpt s or groups thereof. Wiile the
i Epn, BEGICER BL00: sE0ARCSR.

i nvention has etarl and with reference to specific

erbodi ments ¢ e+ deodk | ecloAPPAERRLL Spge BiL ! o ihiiedad hat

vari ous changes ‘and . ificatrons can be mate therfein w thout

f h | E . . f . 0,4.J U.N 200 52 i l.ai.med i
1O e S OPE A BRE ISR ET Sttt 2 R YRRE Y HRT R AR of
| ayers ea

gh hgvin?. rdiffeéegg fibr&gs constitution integrated therein, the
fibrous shebffidv ﬁg QUPoPAFCENERY RE&i BhP9BEFReen 20 and 100 g/ ne,
conprising: at | ayer Qn a top,surf. ace jncluding fjbrjllated rayon and
other fibers haaf%td”%eq e%é’t% BPEEJE'[V\%%I’] qndangclo ﬁms%rh%i%‘o%fae%‘? t he
fibrillated,rayon being at |east 3% by weight of all fibers constjtuting
the top |BYLF1-Bhadeivateraiedting &w Ag-5 HERSELAPRYS PR Wi St nost
700 cc, having a degree of fineness in a range of 1 to_7 denier, and having
primary fFBRYEYSF Rl dadndt it FAFSS BelevahRitihahankicfosPBErd R84Bhdi ng
fromthe primary fibers, the primary fiber hav ing a | ength of between 1.8
nm and | aV1liReCPBYURYSF P?gts%bf Teith dhihrtsagel inssring Rass8s i on,
the mcrofibers having a length of at npst 1 nm and being present in an
anount of tREPWEBnthe19aRdabsbhefheqt shignt3brandcfarmed [nyide ¢ , the

m crofibers being at |east one of entangled w th and hydroqfn-bonded to at
| east oneCBRVBYAEr bRILEr 8fii Wateradetst kae fApwdded fhgough the water-

jetting nozzle 5. As a result of the water-jetting treatment,
the fibers of the fibrous webs, especially the microfibers
extending from the fibrillated rayon fibers in the webs are
entangled, and the intended fibrous sheet 1A (non-woven fabric)
is produced.

The wire conveyor belt 2 is contacted with a felt
conveyor belt 7 in the felt conveyor unit (felt part) II. The
felt conveyor belt 7 is made of a needled blanket, and its
texture roughness differs from that of the wire conveyor belt
2. Therefore, the fibrous sheet 1A (non-woven spun lace
fabric) formed on the wire conveyor belt 2 is transferred onto
the felt conveyor belt 7. In the felt conveyor unit II, a roll
8a is an air suction transfer means, or that is, a suction

pick-up roll, via which, therefore, the fibrous sheet 1A is



a back layer on a back surface including fibers having a |ength of efwegmg3
1 and 10 nm but containing no fibrillated rayon, the fibers being at | east
one of entangled with and hydrogen- bogied to each other, or the back |ayer
including the fibrillated rayon in an“anount snaller than_that in the top

| ayer, the mcrofibers of the fibrillated rayon being at |east one of

entangl ed with and hydrogen-bonded to at | east one of the other mcrofibers
and the other fibers. 2. The water-deconposabl e fibrous sheet as clained in

claim1l, j t I ' I §%S so t hat
the mcr O%ﬁg?%?ﬁfh&%{:ﬁﬁﬁépe% gggﬁ %ﬁ\;%&é&e ﬁ gcg%akt%ggﬁe%r%ﬁlg:er heat
are hydro - ed t I t e t Qi her.. m crofiber ng. {,ne ot her
fibers. SQS{hllggg\/gt gF}g'eg%'npggng@gf F%ﬁgug%s eeéz[erarsﬂrgpgi ?ngd i%rkll%cldfaell% 1,
wherein the fibro t. 1S non-woven fabric after. bei subj.ected to
water | ot PPRECPPEBRERCT if Tofa®dd, dPuRLebRinckuRanrinrEn e eIl o e
inclaiml, erein the fibrous sheet i roduced in paper - raki hg
process. %yaggejclﬁ\ﬁ %aba@gi gg Fh %t%%eg%&?#ﬂésgﬁi'egpi'b Sus’Thestr as
claimed in_claiml1, wherein the fibrillated rayon has degree of fineness of
between 19%/aflC1.9 dtex. 6. The wat er - deconposabl e fi brous sheet as
claimed in claiml, wherein the sheet has a deconposability in_water of at
nost 200 seconds!P AheHatkfrastdsS F5ddaBPaveYBrolBithedisBeSedalHet in
claim1, wherein the sheet has a wet strength of at least 1.1 N 25nm 8.
The wat er SBEEBApEShbIPRVeFTUPededl - asl- ERkQi thel fied terankeyorwpRkei%y t he
sheet has a dry strength of at least 3.4 NN25 mm 9. A nmufti-|ayered

wat er - dechposeerrd fightogonyrrer helh 1d peuradetgf of neagbed dagtketawi ng a
different fibrous constitution integrated therein, the fibrous sheet having
a total shodtthes dgim hddverm phusaliltpohmed lscdidpri kingl2g ang 12der on a
top surface and a back | ayer on a back surface each including fibrillated
rayon andAsphsd 4 ipressurevrayl20 éndgthe ohitet heersecantifedtmonudroxont ent
of the fibrillated rayon being at |east 3% by weight of all fibers

consti t ut brdtebtméeatyerm drierfdibum|l3at addr bhent Hawows shedagddeonftlimeat i ng
of at nobst 700 cc, having a degree of fineness in a range of 1 to 7 denier,
and havi ngeppndefgl{ icoaveyofr et ddel 2 ruriamedt it oheadthe dndemdirwi i ber s
extending fromthe primary fibers, the primary fiber having a | ength of

bet ween 118.mImanchd @mieratntihelyeakheffilisowselsheeti it éd tlves agsarid ber
distribution, the mcrofibers having a length of at nost 1 nm and bei ng
present i araandnoheidrdierbétweds ,Oanid drd edbthefebhe wweftgd hatinhebeen
fibrillated rayon, the mcrofibers being at |east of entangled with and
hydr ogen- khndedriedat theaftibrigs ¢heetthen it cioindais bynd wihder frdEr s, and
an interlayer disposed between the top |ayer and the back | ayer i ncluding
fibers hatingneolerelh Df. bathweriyhlt RahAdeds pyremdidigitng fubfowesi | | at ed
rayon, the fibers being at | east one of entangled with and hydrogen bonded
to each osheer Qn false al roan! agerinighedi.ng fibrillated rayon in an anount
smal ler than that in the top and back | ayers, the mcrofibers of the
fibrillated rayomolmirtheyt ehBafte s shreatangt bk b keaidtnedeqgete bonded
to at | east one of the other mcrofibers and the other fibers. 04JUN
200 54 10fibreusuéhéet BfetRE MRledtidRr D8NRI a bl Prart hekestodes €édi Med in

for skin formation, for which the sheet is heated under pressure
while its surface is still wet. Through skin formation
treatment, the amount of the hydrogen-bonded microfibers in
the sheet could be increased. In the method mentioned above,
the surface of the drier drum 13 is smooth and is heated. 1In

the transfer unit III, the fibrous sheet 1A is pressed between



: ' : L ' , 04 JUN 2003
claim9, wherein the fibrillated rayon content of the fibers constituting

the top layer is alnost identical to the fibers constituting the back

| ayer. 11. The wat er-deconposabl e fibﬁgus sheet as clainmed in claim?9,

wher ei n—at—| east -.one of surfaces of t top and- back l-ayers is pressed
whil e subjected to heat so that the mcrofibers of the fibrillated rayon in
the surface pressed while subjected to heat are hydrogen-bonded to at | east
one of the other microfibers and the other fibers. 12. The

vat er - decpyp Sutd ?c;cﬁﬂs 2%“?{?& QAP bl £3 2 rf‘n%p‘f’@%@%é‘i Ly T brous

sheet is a non-woven riC after being Subjected to water |eée ng

treat nent .er-dec S I_br ous t._.,as ycl.al ' laim9,
wherein tﬁ(e)&?]f %Q-%slvé{gft%ge'fgﬁ%&%l ucéecgt&’r?l%aggafpge(?g%atkh?enSgﬁrggggfsj%&l 4. The
wat er - dec ble fibro heet as clainmed in claim?9 Jer.ei.n the
Frbrii| o BB Ear e RER o 8855aSRe Rt Rab Ipg el Sp I ERT R R o 15
The wat er - deconposahl e fj brous sheet as clainmed iin claim9 erejn the
sheet  hastATQREB S 1155 100 whEertarnte A 380 “bcBRatedramn

wat er-decongosabl e fipbrous sheet as clained in claim9, wherein the sheet
has a wet PLPFERGERIFILNRT FRgSmOPth SpbEagRetEhe frd oA rm 43 HRIcdib| e
fibrous sheet as clained . in claim9, wherein the sheet has a dry strength
of at |eatheXiPayssopstitafing iy axe pore Mg yabapdad Lnsach dghemn. aAm
7T.AY. AAAA AAAAA.AAAAALA . AAAAAA.A AU A A A A A ALA
& Al L. AA VAR hydrogengndingd jEn particular, the hydrogen bonding of

} Xsni d_ZU%ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] cal) ca] cRa] ca] ca] ca] ca]
ca] ca] ca] €8pchieref there dujatjearencatyeml the fibrillated rayon in the

surface of the fibrous sheet 1A is much enhanced. As a result,
the top layer la of the fibrous sheet 1A is smooth-faced and
its surface strength is increased. Accordingly, in its
practical use, the fibrous sheet 1A is hardly broken even when
its surface is rubbed against objects. Through skin formation
treatment, the amount of the hydrogen-bonded microfibers in
the fibrous sheet is much increased. As a result of skin
formation treatment, therefore, the strength of the fibrous
sheet is much increased not only in dry but also even in wet
with a small amount of water.

Fiber-to~fiber bonds in the fibrous sheet increase
through skin formation treatment, but they are readily loosened
in a large amount of water, for example, when the fibrous sheet
is disposed of in flush toilets, etc. Skin formation treatment
increases the surface friction resistance of the fibrous sheet
and even the strength of the sheet itself, but does not almost

detract from the decomposability of the sheet in water. For
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be partly entangled, so that the wet strength of the sheet can

be high.

For example, in the non-woven fabric-forming unit I in
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the method mentioned above, the non-woven fabric may be formed
with no water-jetting treatment applied thereto.
Additionally, a two-layered fibrous sheet 1A may be formed in
a paper-making unit as in Fig. 10. The paper-making unit
comprises a first stock tank 31 and a second stock tank 32,
in which, for example, a first stock 33 for forming a back layer
is put into the first stock tank 31 and a second stock 34 for
forming a top layer is put into the second stock tank 32. One
paper-making cylinder 35 is set in the first stock tank 31,
and another paper-making cylinder 36 is set in the second stock
tank 32. A wire belt 37 above the paper-making cylinders is
rotated counterclockwise; and the paper~-making cylinders 35
and 36 are clockwise rotated. In the first stock tank 31, the
first stock 33 is scooped up by the paper-making cylinder 35
and transferred onto the wire belt 37 to form thereon a first
fibrous web (back layer 1b); and in the second stock tank 32,
the second stock 34 is scooped up by the paper-making cylinder
36 and transferred onto the first fibrous web to form thereon
a second fibrous web (top layer la). In that manner, a
two-layered fibrous sheet is produced.

The fibrous sheet thus produced in the paper-making
process as above can be also processed for skin formation.
Briefly, after having been produced still in wet, or after
having been once dried and again wetted with water, the fibrous

sheet is pressed under heat. As a result, the fibers,
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whereby the surface strength of the sheet is increased.

Fig. 11 is a partly-enlarged cross-sectional view
showing the water-decomposable fibrous sheet of a second aspect
of the invention. As shown in Fig. 11, the fibrous sheet 1B
is composed of a top layer 1lc, a back layer le, and an interlayer
1d sandwiched between the top layer lc and the back layer le.
The top layer lc and the back layer le are the same as the top
layer la of the two-layered fibrous sheet 1A mentioned above,
and these are made from fibrillated rayon fibers and other
fibers. The fibrillated rayon content of each of these layers
lc and le is at least 3 % by mass, preferably at least 5 % by
mass. If desired, the top layer lc and the back layer le are
entirely made from fibrillated rayon fibers only.

Oon the other hand, the interlayer 1d does not contain
fibrillated rayon, and is made from other fibers only. Since
it is sandwiched between the top layer lc and the back layer
le both having high strength, its wet strength may be extremely
low. For example, it may be like toilet paper, formed from
soft wood pulp only. However, the interlayer 1d may contain
a smaller amount of fibrillated rayon than in the top layer
lc and the back layer le.

In the fibrous sheet 1B, the top layer lc and the back

layer le contain fibrillated rayon, so that the strength of
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{ %(/)/é /ugd(Eg—{ls S ggé'é%ggot(}g&?ggfﬁ‘u%g hd@OTBYE l(igh. 1%@(:’6‘%(1(1)ng1y,
4 18?;2 ﬂi 8’ %%@ﬂ%% )Splﬁg}% %%J[%li(z)t&e 11:86e i‘§yé} lc and the back layer

le of the fibrous sheet 1B could be applied to objects in
practical use. For wiper applications, the fibrous sheet of
this type is convenient, since users are not required to pay
any attention to the surfaces of the sheet. While used, the
sheet exhibits high strength owing to the properties of the
top layer lc and the back layer le; and after it has been used
and contacted with a large amount of water in flush toilets,
the entangled microfibers in the top layer lc and the back layer
le are, needless to say, readily loosened, and, in addition,
since the interlayer 1d is more readily decomposed in water
than the top layer 1lc and the back layer le, the decomposability
of the fibrous sheet is high as a whole.

Preferably, both surfaces or at least one surface of
the top layer lc and the back layer le of the three-layered
fibrous sheet of Fig. 11 are/is processed for skin formation.

The water-decomposable fibrous sheet of the invention
may have a four-layered or more multi-layered structure. To
produce the water-decomposable fibrous sheet of the invention,
the individual layers may be separately formed and laminated
by bonding them. For bonding the layers, a water-soluble or
water-swellable adhesive may be used. As the case may be, the
constituent layers may be pressed under heat while they are

wet, whereby the fibers in the thus~-laminated layers may be
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water-decomposable fibrous sheet of the invention that
contains water is at least 1.1 N/25 mm in terms of the root
mean square of the strength in the machine direction (MD) of
the non-woven fabric for the sheet and that in the cross
direction (CD) thereof. The strength at break in wet (this
is herein referred to as wet strength) is meant to indicate
the tensile strength at break (N) of the fibrous sheet in wet.
To obtain its wet strength in terms of the tensile strength
at break, a piece of the fibrous sheet having a width of 25
mm and a length of 150 mm is immersed in water to thereby
infiltrate water of 2.5 times the mass of the sheet into the
sheet piece, and the thus-wetted sheet piece is pulled until
it is broken, by the use of a Tensilon tester, for which the
chuck distance is 100 mm and the stress rate is 100 mm/min.
However, the data thus measured according to the method are
merely the criterion for the strength of the fibrous sheet,
and the fibrous sheet of the invention will have a strength
that is substantially the same as the wet strength thereof
measured in the manner as above. More preferably, the wet
strength of the fibrous sheet is at least 1.3 N/25 mm.

On the other hand, it is also desirable that the fibrous
sheet has high strength enough for its use even in dry.

Therefore, the dry strength of the fibrous sheet is preferably
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of the test piece being dispersed in water is macroscopically

observed at predetermined time intervals, and the time until
the test piece is finely dispersed is measured. However, the
data thus measured according to the method are merely the
criterion for the decomposability inwater of the fibrous sheet,
and the fibrous sheet of the invention will have a degree of
decomposition in water that is substantially the same as the
data measured in the manner as above.

Regarding the dry surface friction resistance of the
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To make the water-decomposable fibrous sheet of the
invention have a degree of decomposition in water, a degree
of mechanical strength and a degree of surface friction
resistance that fall within the preferred ranges noted above,
the type of the fibers constituting the sheet, the proportion
of the fibers, the weight of the sheet, and the conditions for
water-jetting treatment for the sheet may be varied. For
example, where fibrillated rayon having a long fiber length
is used, or where fibrillated rayon not beaten so much (that
is, having an increased numerical value indicating its degree
of beating) is used, the weight of the fibrous sheet is reduced,
or the processing energy for water-jetting treatment is reduced,
whereby the fibrous sheet could have an increased degree of
decomposition in water and an increased wet strength.

Even though not containing a binder, the water-
decomposable fibrous sheet of the invention could have a high
degree of decomposition in water and a high wet strength.
However, in order to further increase the wet strength of the
fibrous sheet, a water-soluble or water-swellable binder
capable of binding fibers together may be added to the sheet.
Having met a large amount of water, the binder shall dissolve

or swell therein and therefore lose its fiber-binding ability.



S 10%) & ()- :10%) & ()-[{ZINAI010 10%@& ()- 1000& ()- | f 100m&’()
10%&' ()- @ 10%&: ()-3 ' 3109%8& ()- [?@BORVUAL0 y! 109me’ W& ()-( 410%& ()- (

0& - 10%e’ W () - F(109%.094.0% , | 109%4& ()3 ¢

109% % & ()--./ 0@VU310! f-10% f & ()- G110%, & ()~ F(10we' wiOwe' wiOwe' w

L 110%e’ W& ()- c ! 10%e’ J& ()- !109%me' w& ()-CH|[:vU310'f ( 940% ~, & ()-
10%, & ()- 10%-, & ()- 10%-, & ()-  10% & ()- y 10%, & ()- R obU410!

0' 1094 ()-F10~,10~,10~, 9@0%-, & ()- . 10%- & ()- , 10%- & ()- *

W‘Sgﬁﬁgf ) f“%% 30 R SR 30k Tropiey s omethite ()
e Tt %oé@%,@% T i
;ll(ljég//g&(%?eég ﬁ?{s vmgﬁpzy 10 ;{g&g{%% ()1'0%8156%&’%1 IR () -

s#lOW"&T(Aodlfl 6&§%ln\i aléﬂﬁéﬁs having a predetermined amount of

a sulfonic acid group or a carboxyl group, etc. The amount
of the binder to be added to the fibrous sheet may be smaller
than usually. For example, only about 2 g of the binder,
relative to 100 g of the fibers constituting the fibrous sheet,
may be added to the sheet whereby the wet strength of the sheet
could be increased to a satisfactory degree. Accordingly,
adding such a small amount of a binder to the fibrous sheet
does not so much interfere with the safety of the sheet. To
add a water-soluble binder to the non-woven fabric for the
fibrous sheet, employable is a coating method of applying the
binder to the non-woven fabric through a silk screen. On the
other hand, a water-swellable binder may be added to the fibrous
web for the sheet while the fibrous web is prepared in a
paper-making process.

The binder may be incorporated into all layers
constituting the fibrous sheet. If not, it is desirable that
the binder is incorporated into the layers not containing
fibrillated rayon. This is because the microfibers in the
fibrillated rayon-containing layers enhance the mechanical
strength of the layers.

Where a binder such as that mentioned above is added
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a water-soluble inorganic or organic salt may be added thereto
along with the binder, whereby the wet strength of the sheet
could be increased much more. The inorganic salt includes,
for example, sodium sulfate, potassium sulfate, zinc sulfate,
zinc nitrate, potassium alum, sodium chloride, aluminium
sulfate, magnesium sulfate, potassium chloride, sodium
carbonate, sodium hydrogencarbonate, ammonium carbonate,
etc.; and the organic salt includes, for example, sodium
pyrrolidone-carboxylate, sodium citrate, potassium citrate,
sodium tartrate, potassium tartrate, sodium lactate, sodium
succinate, potassium pantothenate, calcium lactate, sodium
laurylsulfate, etc. Where an alkyl cellulose is used as the
binder, it is preferably combined with a monovalent salt.
Where a modified or non-modified polyvinyl alcohol is used as
the binder, it is preferably combined with a monovalent salt.

In addition, where an alkyl cellulose is used as the
binder, any of the following compounds may be added to the
water-decomposable fibrous sheet so as to further increase the
strength of the sheet. The additional compounds include, for
example, copolymers of a polymerizable acid anhydride monomer
with other comonomers, such as (meth)acrylic acid-maleic acid
resins, (meth)acrylic acid-fumaric acid resins, etc.
Preferably, the copolymers are saponified with sodium

hydroxide or the like into water-soluble copolymers partially
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polyalcohols such as glycerin, etc.

As having good decomposability in water and high wet
strength, the water-decomposable fibrous sheet of the
invention is usable as wet tissue for application to the skin
of human bodies including the private parts thereof, or as
cleaning sheets for toilets and thereabouts. To enhance its
wiping and cleaning capabilities for those applications, the
sheet may previously contain water, surfactant, alcohol,
glycerin and the like. Where the water-decomposable fibrous
sheet of the invention is, while being previously wetted with
liquid detergent and the like, packaged for public sale, it
shall be airtightly packaged and put on the market so that it
is not spontaneously dried. On the other hand, the water-
decomposable fibrous sheet may be marketed in dry. The users
who have bought the dry water-decomposable fibrous sheet may

wet it with water or liquid chemicals before use.

Since the water-decomposable fibrous sheet of the
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In Table 5, Comparative Example 1 and A-1 are compared.
It is understood that A-1 has increased decomposability in
water, not so much lowering its strength. In addition, A-1
has increased friction resistance, since the fibrillated rayon
is concentrated in its top layer. The data support the
well-balanced decomposability in water and strength of the
two-layered fibrous sheets.

Moreover, it is understood that the strength of A-1 is
comparable to that of Comparative Example 2, though the overall
fibrillated rayon content of A-1 is smaller than that of
Comparative Example 2, concretely the former is half the latter.
This means that the overall fibrillated rayon content of the
two~layered fibrous sheet can be reduced and the production
costs thereof can be reduced.

The same shall apply also to A-2.

Example B:

In Example B, the sample A-1 produced in the previous
Example A was processed for skin formation, and tested for the
properties. To process it for skin formation, the fibrous
sheet A-1 was pressed between a rotary drier and a roll, at
a temperature of 130°C and under a pressure of 0.02 N.

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

top back

layer | layer
NBKP (600 cc) 60 % 60 %
Fibrillated Rayon (1.7 dtex x 5 mm) 10 % -
Rayon (1.7 dtex x 5 mm) 30 % | 40 %
Fibrillated Rayon Content of Fibrous Sheet 5 %
Dry Strength (N/25 mm) 21.1
Wet Strength (N/25 mm) 3.8
Dry Friction Fastness (number of rubbing 18
cycles)
Wet Friction Fastness (number of rubbing 12
cycles)
Dry Decompogability in water (sec) 118
Wet Decomposability in water (sec) 134

Comparing A-1 in Table 5 and B-1 in Table 6, it is
understood that the latter having been processed for skin
formation has increased surface strength (friction fastness)
and its decomposability in water is lowered little. 1In
addition, it is also understood that B-1 has increased dry
strength and wet strength.

As is understood from the test data as above, the top
layer of the multi-layered water-decomposable fibrous sheet
of the invention has high strength, taking advantage of the
tangling and/or hydrogen-bonding force of the microfibers that
extend from the fibrillated rayon therein. Accordingly, the
fibrous sheet has good decomposability in water and high
strength, and its top surface is resistant to friction.

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

directly contacted with the objects, and the friction to the
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fibrous sheet is reduced, and therefore the fibrous sheet

enjoys good durability for wiping applications. In addition,

when the fibrous sheet is used for the top sheet of absorbent

articles, it is not deformed during use and gives a comfortable

feel to users.

Even though containing a relatively small amount of
fibrillated rayon, the fibrous sheet still has high strength,
and therefore its production costs can be reduced.

Here, 'comprises/comprising' when wused in this
specification is taken to specify the presence of stated
features, integers, steps or components but does not preclude
the presenceor addition of one or more other features, integers,
steps, components or groups thereof.

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

spirit and scope thereof.
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1! 10984& (sheet having a total sheet weight between 20 and 100 g/m2, comprising:

a top layer on a top surf ace including fibrillated rayon and other fibers
having a length of between I and 10 mm, the content of the fibrillated rayon being
at least 3% by weight of all fibers constituting the top layer, the fibrillated rayon
having a degree of beating of at most 700 cc, having a degree of fineness in a range
of 1 to 7 denier, and having primary fibers of a predetermined fiber length and
microfibers extending from the primary fibers, the primary fiber having a length of
between 1.8 mm and 10mm at the peak of its self weighted average fiber
distribution, the microfibers having a length of at most 1 mm and being present in
an amount of between 0.1 and 65% of the weight of the fibrillated rayon, the
microfibers being at least one of entangled with and hydrogen-bonded to at least
one of other microfibers and other fibers, and

a back layer on a back surface including fibers having a length of between 1
and 10 mm but containing no fibrillated rayon, the fibers being at least one of
entangled with and hydrogen-bonded to each other, or the back layer including the
fibrillated rayon in an amount smaller than that in the top layer, the microfibers of
the fibrillated rayon being at least one of entangled with and hydrogen-bonded to at
least one of the other microfibers and the other fibers.

2. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
surface of the top layer is pressed under heat so that the microfibers of the
fibrillated rayon in the surface pressed under heat are hydrogen-bonded to at least
one of the other microfibers and the other fibers.

3. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
fibrous sheet is a non-woven fabric after being subjected to water-jetting treatment.

4. The water-decomposable fibrous sheet as claimed in claim 1, wherein the

fibrous sheet is produced in a paper-making process.
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&CQ fot {1 (- 5% RYL Wﬁéﬁ&%ﬁésgﬁle@?&l&ﬁ sheet RQaimel It claim 1, wherein the
sheet has a wet strength of at least 1.1 N/25mm.

8. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
sheet has a dry strength of at least 3.4 N/25 mm.

9. A multi-layered water-decomposable fibrous sheet with a plurality of
layers each having a different fibrous constitution integrated therein, the fibrous
sheet having a total sheet weight between 20 and 100 g/m?, comprising:

a top layer on a top surface and a back layer on a back surface each
including fibrillated rayon and other fibers having a length of between 1 and 10
mm, the content of the fibrillated rayon being at least 3% by weight of all fibers
constituting each layer, the fibrillated rayon having a degree of beating of at most
700 cc, having a degree of fineness in a range of 1 to 7 denier, and having primary
fibers of a predetermined fiber length and microfibers extending from the primary
fibers, the primary fiber having a length of between 1.8 mm and 10 mm at the
peak of its self weighted average fiber distribution, the microfibers having a length
of at most 1 mm and being present in an amount of between 0.1 and 65% of the
weight of the fibrillated rayon, the microfibers being at least of entangled with and
hydrogen-bonded to at least one of other microfibers and other fibers, and

an interlayer disposed between the top layer and the back layer including
fibers having a length of between 1 and 10 mm but containing no fibrillated
rayon, the fibers being at least one of entangled with and hydrogen bonded to each
other, or the interlayer including fibrillated rayon in an amount smaller than that
in the top and back layers, the microfibers of the fibrillated rayon being at least
one of entangled with and hydrogen-bonded to at least one of the other

microfibers and the other fibers.
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claim 9, wherein the fibrillated rayon content of the fibers constituting the top
layer is almost identical to the fibers constituting the back layer.

1. The water-decomposable fibrous sheet as claimed in claim 9, wherein
at least one of surfaces of the top and back layers is pressed while subjected to
heat so that the microfibers of the fibrillated rayon in the surface pressed while
subjected to heat are hydrogen-bonded to at least one of the other microfibers and
the other fibers.

12. The water-decomposable fibrous sheet as claimed in claim 9, wherein the
fibrous sheet is a non-woven fabric after being subjected to water-jetting treatment.

13. The water-decomposable fibrous sheet as claimed in claim 9, wherein
the fibrous sheet is produced in a paper making process.

14. The water-decomposable fibrous sheet as claimed in claim 9, wherein the
fibrillated rayon has a degree of fineness of between 1.1 and 1.9 dtex.

15. The water-decomposable fibrous sheet as claimed in claim 9, wherein the
sheet has a decomposability in water of at most 200 seconds.

16. The water-decomposable fibrous sheet as claimed in claim 9, wherein the
sheet has a wet strength of at least 1.1 N/25 mm.

17. The water-decomposable fibrous sheet as claimed in claim 9, wherein the

sheet has a dry strength of at least 3.4 N/25 mm.
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