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BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention

relates to a YmﬂmmmmmﬂMSabl e f fibrous sheet having high strength and
‘capabl e of be econposed dnd di spersed in water flow. More

precisely, it rel afo@ms*t o such a water-deconposabl e fibrous sheet having a
mul ti-layered structure. DESCRI PTI ON OF THE RELATED ART To w pe the skin of
human bodi es including the private parts thereof, or to clean toilets and
t her eabouts, used are disposabl e cleaning sheets_nmade of paper or non-woven
fabric . For (NOSEEJAYERED WATER-DECOMECSRREE FTEROVS SHEER ng shoets ( hat

could be directly disposed of in toilets after use have been devel oped, as
bei ng“mmmm i ror such purposes. The degree of their deconposability in
wat er lzmm"m,mh in sone degree. This is because, if poorly

wat er - decoppgsabl e cl ea®PeE D5 Ofy &HF JPYIATION in toilets after use,
they will take a lot of tine until they are deconposed and di spersed in
septic tEAHY QF THE |[INVENTCEIMR drai npi pes around toilets, etc. For w ping
off wet dirt and for easy and effective use, many cl eaning sheets for w per
appl i cati ons af@epprraged whveéntionjrelarestonad wetest-degomposadle quid
detergent chem cal or the |ike, and 12 J a N 200A 2 are put on the

mar ket . fHareuissbeetav ing biglctonengtlb badet apah e ofheeing meadidave hi gh
strength in wet to such a degree that they are well fit for wiping with

t hem wetdegbnpased iard adisprised hbniwatenrfldw. | Moge iprecinsstlyelit
deconpose in water after they are disposed of in toilets. For exanple,
Japanesadkiters tfuldudata omtdo-2UEIMpreEH I Stihosess 3 heste hadeoaneosabl e
cleaning article that conprises a water-sol uble binder having a carboxyl
group, anukEtilaysreddstaruotyesi c sol vent . However, the netal ion and the
organic solvent irritate the skin. Japanese Patent Lai d-Open No.

292924/ IHOHSCRE BT M$ 6GF arNEt REEAEEDNERBabl e cl eaning article of polyvinyl

al cohol containing fibers with an aqueous solution of boric acid infiltrated
t herei nto; and Ttapapesthladleii dfihdm@pebolibes 1987041894tk P ivsaAse a

wat er - deconposabl e napki n of pol yvinyl al cohol -containing non-woven fabric
with a hedgte iHeredt, abiteacheaat €oibatsnin@dtitered e es ptusedenryer,

pol yvi nyl al cohol is not resistant to heat, and therefore the wet strength

of the v@isposgspDeAERt ihd kheeitaomadéict paped dhenovdlwsvele cIgsAbl e
napkin is |lowered at 40C or higher. Recently, various water-deconposabl e

absor bentoRthietlecs1 £ARILHE S SR Wak¥roarkbRposadlieycltarifg sticdasabl e
di apers and ot hers have been investigated in the art . In view of their

safety, fIR¥EEuld e BL/IdSCaTRPSBGE oI PHOHSi BEESt SrFERtifMathwabove
could not be used as the top sheets for

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



r N 200%
12 J U N 2003 3 those absorbent articles that shall be kept in di rec‘t'2JU

contact with the skin for a long period of tinme, as they contain a binder
and an electrolyte. On the other hand, Japanese Patent Lai d-Qpen No.
228214/ 1997 di scl oses a wat er - degr ada?ol e non-woven fabric having a wet
strength of from 100 to 800 gf/25 nm (from0.98 to 7.84 N 25 mm as
nmeasured according to JI'S P-8135, which is produced by m xing fibers having
a length of from4 to 20 nmwith pulp followed by entangling themthrough
treatnment with hlgh ﬁressu e wate;1 kets Since the constituent fibers are
ent angl #F% YR A" the MBRXRGvenThY ?FBWVSEPS%H’%%‘&‘WW& .
However , roduci ng the nqon-woven fabric, long fibers are entan

t hr ough ?i%?f?:'p‘?%§ sEEeF hase high SEReNITR JTeBGt iR SHER- AERHT br| c
produced coul d have such _a rel atively high, wet stren%h Ther ef ore

accor di ngPd ¥MY 18 Wedde fditsEPEsWaPiPg Y’étal Fhem etiesd Meidth such

wel | - bal anced bul ki ness, strength and water-degradability for the non-woven
fabric pdda¥dd chemiead qlosheolbke f dBYS BUBE Jeéep9m99§@| inmatarn

di sposal in flush toilets, etc. SUMWWARY OF THE | NVENTI ON An obj ect of the
i nventi oﬁl]ft%rtbh@yoﬂﬂedhsmﬁéﬂ dEcdnpbeabpEsti brous sheet which is well
deconposed in water and has good strength enough for practical use even

t hough no bi nddton exarigdd, tIapagiese Patent Puhl i¢at0iemNae @dbdiodd 295 one
aspect of the invention, a multi- [ayered water-deconposabl e fibrous sheet
with a plisalosesof al aparteredgeanpasaple di¢iearimgf i broasleondthatut i on
being integrated, may conprise: a top layer on a top surface including
fibrill atenprises afwateressliuldléshindeasshavind la fdarexybrgtduput iang t he
top layer, the fibrillated rayon having a degree of beating of at nost 700
cc and hmetal jon medy ahi beganidé solventet eHoweak:f, bbe hehgl hiemdand

m crofibers extending fromthe primary fibers, the mcrofibers being

ent angl echai dhganilé osobydnbgénrhbadedthe skin.

Japanese Patent Laid-Open No. 292924/1991 discloses a
water-decomposable cleaning article of polyvinyl alcohol-
containing fibers with an aqueous solution of boric acid
infiltrated thereinto; and Japanese Patent Laid-Open No.
198778/1994 discloses a water-decomposable napkin of
polyvinyl alcohol-containing non-woven fabric with a borate
ion and a bicarbonate ion introduced thereinto. However,
polyvinyl alcohol is not resistant to heat, and therefore the
wet strength of the water-decomposable cleaning article and
the water-decomposable napkin is lowered at 40°C or higher.

Recently, various water-decomposable absorbent
articles including sanitary napkins, panty liners, disposable
diapers and others have been investigated in the art. 1In view

of their safety, however, the water-decomposable fibrous

sheets mentioned above could not be used as the top sheets for



| east either of other mcrofibers and other fibers, and a back | ayer, gndi
back surface including fibers containing no fibrillated rayon, the fT el 2003
entangl ed with and/ or hydrogen-bonded to each other, or the back |ayer
including the fibrillated rayon in a anount snaller than that in the top

| ayer, the mcrofibers of the fibrillated rayon being entangled w th and/or
hydr ogen- bonded to at |east either of other mcrofibers and other fibers.
Accordi ng to anot her aspect of the invention, a nulti-I|ayered

wat er - deconposabl e fibrous sheet with a plurality of |ayers each having a
di f f er enthoserahsoxhent arkicdeshthag $1M£{-Jr1m &eptnmbp dbrert sntagtop | ayer
on a top surface and a back | ayer on a back surface each including

fibrill avithritheoakdh for 4 dong Begdbg afatimes asliheyimantasignathindemg each

| ayer, the fibrillated 1 2J UN 2003 5 rayon having a degree of beating
of at npand780 eteahdohwveng primary f fibers of a predeternined f fiber

| ength and m crofibers extending fromthe prinmary fibers, the mcrofibers
bei ng ent angl edmi theamitlver hhandgend dpaniesie t Padtenteabaidi-Ohen d¥o ot her

m crofi bers and other fibers, and an interlayer di sposed between the top

| ayer anp28he4bhash7| ajeclosesud ngatebedsgradablaei ngnraolienr ifdatiad rayon,
the fibers being entangled with and/or hydrogen-bonded to each other, or

t he int enhhayrg aneétiddtgeridth idf @reth n@yonol 80anga/RENGMSEEdRr0 198N t hat
in the top and back layers, the mcrofibers of the fibrillated rayon being
ent angl edowrt B4 and2 5rmfy di  gfda Hereechd¢cordingasd Fis hesgds ptditeich

m crofi bers and other fibers. In this case, the fibrillated rayon content
of the fi@%ﬁo&@@é&iﬁytlﬁiﬁﬂ%eﬁimd aerinpa hendedr by Ekemsameoaso t hat of
the fibers constituting the back layer. Naturally in dry and even in wet

W th watﬁtﬁx,wﬁﬁrepwbeﬂ'cldl%aaaﬁﬁﬁx{dlbf@fzhémetg{r&i?ﬁ Bechrmentiwitmll the
time keeps high strength. When it is inmmersed in a |large anount of water

after usgdqangrdissieacgdabri Jet8l | et sndddeipd N&SiSst itudst repshly sesonposed.
In the fibrous sheet of the invention, the mcrofibers of fibrillated rayon

are ent apgkgfqehint Rofe g € i LBALWBYENnOBSHr Ponfiack iss & hals hikergy and

other mcrofibers therein, thereby exhibiting their ability to bond fibers

consti t Ukpg .t Ngopbeet , aRdpt 83680 %hd REnSkbGBA I taEic, 10%193fﬂnéi:3003 6

the sheet. Wien the fibrous sheet feceives a | arge anount of water applied

et S ANERBLES 200 Wi by Srleproned ckpidendd ouen

bonds between the bonde s therein are reby the

fibrous gheebnys t1R2dhbY-H6G8APASEH- i) YRLEhced could have such a

relatively high wet strength. Therefore, according to the
technique disclosed, it is difficult to realize well-balanced
bulkiness, strength and water-degradability for the non-woven
fabric produced, and the non-woven fabric produced is

unsuitable to disposal in flush toilets, etc.

SUMMARY OF THE INVENTION
An object of the invention is to provide a water-
decomposable fibrous sheet which is well decomposed in water
and has good strength enough for practical use even though no

binder is added thereto.



-The fibrous sheet of the invention has a nulti-layered structure. In this,
only the top layer may contain fibrillated rayon or the top | ayer n#\2 JUN 2003
contain a larger anmount of fibrillated rayon than the interlayer. The
fibrous sheet of this enbodinent is gbod, as having well -bal anced
deconposability in water and strength. In addition, fibrillated rayon is
concentrated in the top surface of the fibrous sheet, and the mcrofibers
extending fromthe fibrillated rayon therein are essentially contacted with
the other layers of the sheet. As a whole thereof, therefore, the fibrous
sheet can attedfforddingecio fenet pERECL @fcLhgpineenthenret 8. mdddrdi ngl y,
the surface of the water-deconposable fibrous sheet of the invention is

hi ghl y rkayerediwaterrdeganpesadg ifiibnoad sheet withor @lupphbiv@f han

ordi nary rayon, and production of the fibrillated rayon takes a | ot of
time. Wlaypenxs regaohr hayingo andifferent | fiibdonaycnnss ikukhione baimg f i br ous
sheet of the invention can ensure good deconposability in water and high

st r engt hinsegrdiaed proglyictompriset s t hereof can be | ow. The

wat er - deconposabl e fi brous sheet of the invention 1 2 JUN 200 7 can be
conposed of natetopllayeat ohaa byl suof acedimdiadiies; fibribhkatedmayprsheet of
the invention, preferably, the surface of the top |ayer is pressed under
heat so éhatt 1bsstidcs by hass off al befifiadys ¢basedtuayng the tbp Iaydmce
pressed under heat are hydrogen-bonded to at |east either of other

m crof i bene fAlsr DI hetedi bayon Havingrefdeqiy , ofitbeoiig et et mstsur f aces
of the top and back | ayers is pressed under heat so that the mcrofibers of

the fibriéb aiceahd A¥einigpt hita By Efides sis £agtbduiamieed faberehidggen- bonded
to at least either of other mcrofibers and other fibers. Preferably, in

the fibrihdat@itroaridedsdr estendeng Nfréme thd Npiimbirger sipags @@t h of
1.8 Mmto 10 nmmat the peak of its self-weighted, average fiber Iength

di stri b%i@ﬁo?i@éié%éﬂ%%ﬂtﬁ%@;l@dcﬁ%htlﬁ{&/cf@‘ﬁ A& oy en i eRf tatatost 1 mMm
account for fromO0.1 to 65 % by nass of the self-weight of the fibrillated

rayon. Thgabtbepufieshset olhelNRibP¥EIHESE HRY BEnarN@AnWRKen ahdbric having
been subjected to water-jetting treatnent. Alternatively, it nmay be

produced in a %psaaﬁaki&gepr%{ess- 18k elsabiphed NEndeansRqO s fndiapness of
the fibrillated rayon falls between 1.1 and 1.9 dtex Al so preferably, the

wei ght (Lhi enhe S yor Suke' f { it uting
the fi br%ﬁgﬁgﬁg?gf nb) ?Egﬁ%gﬁego rgyghiolg% ge/) r{%bés%? |F‘fd‘%f’£§le§g§is {/t%ﬁt he

decomposghih bty Hyd MRYl-Bdnddif tol dach bthéPP%0r 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



-8_fibrous sheet, neasured according to JIS P-4501, is at nost 200 seconds.
Still preferably, the wet strength of the fibrous sheet is at |east 4.21JUN 2003
N 25 mm Also preferably, the dry strength of the fibrous sheet is at |east

3.4 N 25 nm BRI EF DESCRI PTION OF THBB DRAWNGS Fig. 1 is a graph showi ng
t he sel f-weighted, average fiber length distribution profile of the fiber
| ength of non-beaten rayon; Fig. 2 is a graph showi ng the sel f-weighted,
average fiber length distribution profile of the fiber Iength of beaten
rayon, for which rayon having a fiber length of 5 nmwas beaten; Fig. 3 is
a graph Bavon pvird sedegygsieghfcbeaking gt pesy dAgt achrRrd hasindn
profile of the fiber |ength of rayon having been free-beaten; Fig. 4 is a
gr aph shewingry Hebans oficd giiedeteandingdef ibeerl ansiidt Andimikayafiihens profil e
of the fiber | ength of beaten rayon, for which rayon having a f fiber
| engt h o¢xBendings fiyom erhe npwemaryi fibenss gthye apicshdibeygst Heeing
sel f-wei ghted, average fiber length distribution profile of the fiber
| engt h oénbangtadrwybh, ahd/onhhydrogennbbndedgta 4t bkeasemngithef af nm was
beaten in wet;
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. 1In 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



1 2 J UN 2003 9 Fig. 6 is a graph showi ng the sel f-weighted, averag%zfpggzma
| ength distribution profile of the fiber I ength of beaten rayon, for which
rayon having a fiber length of 6 nmwas beaten in wet; Fig. 7 is a graph
showi ng the sel f-wei ghted, average fiber | ength distribution profile of the
fiber length of beaten rayon, for which rayon having a f fiber length of 7
nm was beaten in wet; Fig. 8 is a partly-enlarged cross-sectional view
showi ng the wat er-deconposable f fibrous sheet of a f first aspect of the
invention, Fig. 9 is_a schematjc view show ng one enbodi nent of the nethod
and appaFB?u%g?%?'pﬁgﬁﬂbﬁﬁﬁn?hgrﬂﬁﬁeghﬂﬁE e & LBragsaBAuet ofF the

i nvention; Fig. 10,is a schematic view show ng anot her enbodi nrent of the
net hod aW@tappapikt itd iidrerptriudihg enkangdedr mdeEahpbsysl EhersiBuareheet of
the invention, and Fig. 11 is a partly-enlarged cross-sectional view

showi ng tResgBRedrexrddshpydapoent bords Paiinaan fhegberdedqni@pREIbFs t he

i nvention. DESCRIPTION OF THE PREFERRED EMBCDI MENTS The fibrillated rayon
for use tRerpan; frenthxpker, nwhareby ithe chikroupesbest risgereadiby

cellul ose rayon having finely-fibrillated surfaces, or that is, those with
decomposed in water.

The fibrous sheet of the invention has a multi-layered
structure. 1In this, only the top layer may contain fibrillated
rayon or the top layer may contain a larger amount of
fibrillated rayon than the interlayer. The 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



-1 2 JU N 2003 10 subm cron-sized mcrofibers having peel ed and exten{ji Rﬂ’
fromthe surfaces of the primary fibers (of the fibrillated rayon) . 2hiUN 2003
surface of ordinary regenerated cellulose is snooth, while that of the
fibrillated rayon is fibrillated; and the two have different 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 still
wetted. Concretely, they may be produced, for exanple, according to a

met hod of strongly stirring rayon_in water in a mxer, or a nethod of

beat i ngCREy &€ CRTROSE &L Matexnials nof dwrmfiuloitq fumandqdigs. is a
wet - beating nmethod). More precisely, the fibrillated rayon includes fibers
as produced byIpritkedsihipugesheptinofabin igueanteiorpoPyedsirabdy t BBel i ke with
an acid followed by mechanically fibrillating it, fibers as produced by
mechani éanfack lof [Uhg ivap slaxemtis pressgdnundex. heghr sof thatt hbse, t he
fibrillated rayon can al so be produced from ordi nary, wetspun regenerated
cel | ul ovdcrpd ibeas foifc &hley fdbiriidd attled friayionl liat sHer ayvfaceppbeesefl bei ng
preferably used in the invention, sone nethods may be enployed. One is to
anal yze uniders diefabweingh thydl rageaar-dgndedeto | angl @aslt seitheari ofi pthernmass
distribution) of the primary fibers and the mcrofibers constituting the
fibrill atiedofdpers Tamd sekheweifjiiiears. avalage pridferabdygt hatrajebstr ef err ed
to as the weighted average | ength by weight. 1 2J UN 2003 11 The

m cr of i ledithear efsdor faces e theetopiamd palcdkbdagershis efrerssedanabdgzi ng t he
distribution of the fiber length in fibrillated rayon clarifies the

sel f - weihghitedp anataghefmberot ebgis 6f sthie AL ftdd aayonrdny thiebers and
the mcrofibers constituting the fibrillated rayon. Another method of

speci fi calrdfacdelprigied htnddrt anstedl didrhyipdbgentBypdeiistbaaediensthe degree
of beating rayon into fibrillated rayon (CSF; Canadi an Standard Freeness).

First degahdiedf sthla seldromimdiehndvetiege fiders| ength distribution of
the primary fibers and the mcrofibers constituting the fibrillated rayon.

For this, refepiedetr@bliy,0nn exenplierefiibedld Raybayeerohsehheketine ori ginal
fiber length is 5 mMmm into fibrillated rayon. The sel f-weighted, average
fiber | en@ Brdimalh Pibees RiSTd henfcnner- Peatien £J120f kil dt e pehtyon ( CSF
=_7 4 0 cc,_f f!ber |l ength 5 mm 1 7 dtex ) , for_whlch n - 3,_|s _show_n in
Fig. 1. oS ifsFigh1flwdithtsdd | - WeiedhlgRd. £ aM8FagRrdtifr qli8RetiBudiishr i bution
in nonbeaten rayon is alfmost concentrated in the fiber length range of 5 nm
1 mm or 550 f iNQN-RBALEN JRY M SRS A b i 10 12 YH LAl h@Rtof 0.75 %
by mass ‘were prepared and beaten in wet to different degrees In a mxer.

The sel fin'eicgBLaE: fB¥CERGR &1 Delo le3@t B?;dﬁléééi ?ﬁte’&n 15_%1;41# olgeat en,

fibrillated rayon was analyzed in relatfon to e different ber | engths

. The r td i data & & ted to give a graph of Fig. 2. 12JUN
2003 12 selenlinaa—ig. ZEB}t e sel f-weighted, average fiber length

distribution p i h porikl . . p e aks.
Regarding its ggtga?ﬁg?gyﬁegg%gg %ﬁcg’é)%d’f‘%‘g%@%‘?ﬁm\rwﬁ gnglt% ?115_%)?’% ghorter
than 1 i.s. principal ly far ppary fibe 0 he fibrillated rayon,
and thergrgeﬂrrréicﬁi iﬁ%‘%‘?@a or f?%gfeﬁ?{é%‘g?ﬁé o‘?ggél?)ﬂ%?é%ﬁ%ntfeﬁl%mlgﬁ%l'udes | ong
ext endi m.crqf.d bers and chopped. r n,fibers all resulting fromtoo nuch
pronot e L qilzﬁe:a‘l' . J’rfl'hglg‘pi ggrpfcéﬁé?ﬁdo*n t%@at?rﬁwa\jtlfqgoé)%gcgfsst'he
beaten, fibrillated rayon e shorter_in sonme degree than. that of the
fibers of the FF%FE&%YnogﬁéeaF%ﬁeFavgnf,“b?n%%@ Oufggcg‘eeerﬂlﬁalﬂhlagﬁ rin
sone degree ow tqQ the mcrofibers, that. extend fromthe primary fibers at
their egﬁf’é’.m}&%%cﬁ (r)f'bqtg)“,’e‘?rh ][‘h]e %‘é‘it%n@ ‘%F‘Eﬂ‘i’l | ated rayon, the fiber |ength
of the primary fibers corresponding tq the peak of the self-weighted,
average fiber P4FGt RT&LSrAPIYi Shepmeiahd {tdi% aayd he refieryed 9 n a
range of the nom nal fiber |length of the non-beaten rayon 0.5 nmor so,
nore pr e séfstsulie’h) ok thegElberseansvisufingothe. fibxoys shaed] ative to
the nom nal fiber Iength of the non-beaten rayon. To that effect, the
fibrill dtadds Bafivgenr Abeand 1He gfention is identified as one having the
fiber length peak for the primary fibers of the fibrillated rayon itself
and the fiber BS&ddilhppeflerablyththei decompoedbiildityf ibewatedwf fiheri | | at ed
rayon i s prepared by beating rayon in wet, as in the above. If, being
different fromthis, rayon is beaten in 1 2J UN 2003 13 an ordinary
free-beating manner to pronote its beating ( so that the beaten rayon shall
have a reduced nunerical value indicating its degree of beating), it wll
be entirely pulverized into snmall particles, as in Fig. 3. In that
condition, nost of the small particles would | ose the original fiber

| ength. The free-beaten rayon is not within the scope of the fibrillated

Y o - o v



“fibrillated rayon preferred for use in the invention, it is desirabl 92 y}g?ma
the mcrofibers extending fromthe primary fibers of the fibrill ate '}’/
and having a length of at nost 1 mmaccount for from0.1 to 65 $ by nass,
nmore preferably from3 to 65 % by maBs of the self-weight of the
fibrillated rayon. Also preferably, the fiber length of the primary fibers
that give the peak in the self-weighted, average fiber length distribution
profile of the fibrillated rayon falls between 1.8 nmand 10.0 mm The
fibrillated rayon having the preferred norphol ogy nmay be obtai ned by

beat i ng fidyeons shegti.c measared gcsgrdingeto dAst \é-fléplls B&t ABeMO8t0 nm and
10.5 mm to a degree of at nobst 700 cc. The sel f-wei ghted, average fi ber

| engt h @0k sieq@ndsn of the fibrillated rayon depends on both the ori gi nal
fiber length of the non-beaten rayon and on the degree of beating the
non--beat en ray8hilEopreferably eftdrer wat estargiaich off the fikyaud ghegtrayon for
use in the invention, rayon having a 1 2J UN 2003 14 different fiber

| engt h dfs &tmheastnhy. 16 MRASOm. nm was beaten in wet in a mxer, with
varying the degree of beating it, and the self-weighted, average fi ber

| engt h di stri bafllsonpoéféehabbeattehe dayostrengthvef ttthe e brans ahekkber

| ength of the beaten rayon was anal yzed. The data were plotted to give the
graphs dfs ltg.1ehsto Fig.N/25 @mt he beaten rayon sanpl es whose data are
plotted as in the graphs of Fig. 2 and Figs. 4 to 7, the mass distribution
of the mcrofibers having a length of at nost 1 nm and the nass
distribution of the primary fibers whose length is near to the original

fiber length of the IBQI]_’EIFG@ES@RI’I@}I(I@N( opuiTHRRWRA WS ed within a range of

from-0. 6 nMmto +0 . 2 mmor +0.4 are given in Table 1 below. The
sanpl es havi ngragdedr eg af gkaphi aﬁow&ngge.hécs@ufzaalgﬁt@ae a¢eragat en
sanpl es . 12 U N 2003 15 Table 1 gree of Beating (cc)not longer than

1.0 MM (B MPERYEh . d4sk@iButidnMBhorilly 8BSEhe@ fiber length of
mMv7453. 3660. 334642. 6172. 843374. 4067. 892034. 4965. 3596 __ 6. 3158. 86 Degree of

Beatlng,(d;ph)gggtérprygagyoﬁhan 1.0 rrm(~ by mass)3 . 4 to 4 . 4 rrm( ~ by
mass) 4

7453, 7845. S0G451 8555 WOR4SET OHBLARAS Tha 2R CSARATHE MO hRIMELS. 2641, 5

1 Degree of Beati'ng ( cc )not |onger
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;



1., Omm( ~ by mass )4 . 4to 5. 4 mm( ~ by nmass )5

m7400. 6976. 566004. 0663. 8040022. 4947. 2520035. 9532. 7710041. 7622. 72 Deb?ew"b?ms'
Beating ( cc )not longer than 1. O nm( ~ by mass )5 . 4to 6 . 4 nm( ~ by
mass )6 mMmi7404. 1928. 6450018. 4547. 7841022. 9046. 9820447. 7421. 8510245. 8118. 12
Degree of Beating (cc)not longer than 1.0 nm (~ by mass)6 . 4 to 7 . 2 mm (
$ by mass)7

m7322. 8334. 2960728. 9843. 0746949. 0624. 9634863. 2910. 7216461. 536. 199555. 584. 3
9 1 2J UN 2003 16 G her preferred exanples of the fibrillated rayon for
use in the invdnig.o® dse aslgaaphi shtating 2heTsiglld -Vedightrahl @verafiee data in
these Tables indicate the proportion of the mcrofibers not |onger than 1.
0 mMm i n £xvdr fliemmithl di et ilayoios prpifd lleaot tiebEiinep lemaytddo bpdadatn ng rayon
to different degrees of beating. For the sanples in Table 2, rayon of

ori gi nal tyyén mmdmwheoptiayed hhvindt axf iber leagthso fes mnewdd e bdat el f f er ent
degrees in a mxer; for those in Table 3, rayon of originally 3 mmin

| engt h aigl we¥; dtex in fineness, or rayon of originally 3 mmin Iength and
1.7 dtex in fineness was beaten to different degrees in a pul per or a

refiner; and farig.hosed i takiph Showaiv) tie @rdlg-Halightedymdvedagt h and
1.4 dtex in fineness, or rayon of originally 5 min length and 1.7 dtex
fiber length distribution profile of the fiber length of beaten
rayon, for which rayon having a fiber length of 7 mm was beaten
in wet;
Fig. 8 1is a partly-enlarged cross-sectional view
showing the water-decomposable fibrous sheet of a first aspect
of the invention;
Fig. 9 is a schematic view showing one embodiment of
the method and apparatus for producing the water-decomposable
fibrous sheet of the invention;
Fig. 10 is a schematic view showing another embodiment
of the method and apparatus for producing the water-
decomposable fibrous sheet of the invention; and
Fig. 11 is a partly-enlarged cross-sectional view

showing the water-decomposable fibrous sheet of a second aspect

of the invention.

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

finely-fibrillated surfaces, or that is, those with



in fineness was beaten to different degrees in a pulper or a refiner. Table
2 5 mmDegree of Beating (cc)not longer than |.Om{(~ by mass) 1.7

dt ex7400. 6952012. 7737723. 2018539. 376735. 47

12 JUN 2003

1 2J UN 2003 17 Table 3

Degree of Beating (cc)not |longer thad0l .0 nm (% by mass)Degree of Beating

(ec) not

| onger than 1.0 mm (% by mass)3 m6440. 573 m6530. 161. 4

dt ex6260. 461. 7
dt ex5B40. 235950. 404720. 435630. 783720. 594800. 713330. 634070. 692911. 133520. 872
591. 253401. 052121. 542971. 321761. 922411. 391633, 612111. 77 Tabl e 4 Degree of

Beat i ng FERHRFOROFLRed hiGTof IkpHmhav ing peedpiegrdeentending from

the surfaces of the primary fibers (of the fibrillated rayon).
The surface of ordinary regenerated cellulose is smooth, while
that of the fibrillated rayon is fibrillated; and the two have
different structures.

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



“Beating (cc)not longer than 1.0 mm (% by mass)5 mb761. 0B5 mB950. 4¢3. dyn 2003
dt ex6461. 061. 7

_dtex6251. 496312. 0B5217. 175548. 4B22920. 964337. 3920017. 1433911. 1819820. 042422
1.5719818. 1018320. 4319817. 5916126. 55119516. 9213524. 3219515. 0819015. 1418819. 5
418717.4118613.94 As in the above-nentioned Tables, in the fibrillated
rayon sanples from non-beaten rayon having a fiber length of 3 nm(in
these, the mass distribution peak for the primary fibers appears within a
fiber length range of 3 0.5 , the mcrofibers having a |length of at

nost 1 PheacBagioifibersr oare. 1shertery bharasthef prémaryf - fithbghs-of the
fibrillated rayon. However, in the sanples having been beaten in a pul per
or a Therefore,2003lyzingftherdisteibppienost theniftibefr dkreghcinfi bers is
5 % by mass or so; and in those having been beaten in a pul per or a refiner
to a dedribeidfl altedt ragoofchar nbses 6l el fi-we ilghtedywawvelraget £ibereof is
0.2 %by mass. In the fibrillated rayon sanples from non-beaten rayon
havi ng dehighdr diistgiibubfiod afntthe priihasy, fibersewasl dhet mibundfbhepsak for
the primary f fibers appears within a f fiber Iength range of 4 0.5 ,

t he m crohistdtaitiavy nghe |£hgthl bdted megtonl. MMmacadier methiokdonof to 14 %
by mass of the self-weight of the fibrillated rayon. However, in the

sanpl es shadify daday Hedtiaingntlte dulvesrded fabieflaeed taypomiicr basbar s

account for fromO0.3 to 10 % by mass or so; and in those having been beaten
in a pulopethes degreld Be€r beatdndeghgenofinkeafingidiatkedmeayof0Qcse; the

| owernost limt of the mcrofibers is 0.5 %by mass. In the fibrillated
rayon saplafsan @odinkeatiedayon. having a fiber Iength of 5 mMm ( in

t hese, the mass distribution peak for the primary fibers appears within a

fiber length rengatoliedcriBed WY tHdG:s N £ 1 PRESd Naxv8Page! ehpblk of at
nost 1 mm account for fromO0.3 to 45 % by nass of the self-weight of the

fibrill alefitrA¥e8t riBWRY BN o F tH S rimaResiBa¥s thd e Reat8RibBra pul per
or arefinér, the uppernost limt of thé mcrofibers is 30 % by mass or so;

and i n RSk Ram iy ReeNE PEAL BRatBdar RHBPET For 8hisl | Fefeffed tdPgEee Of
beating of at nost 600 cc, the lowernost limt thereof is 5 % by mass. In
the fibiddd akaflpli Yo beatRhgSrdy OMNoFown PERUSGTR 62Y§Tnal 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.



12 J UN 2003 19 having a fiber Iength of 6 nm ( in these, the rraﬁ
distribution peak for the primary fibers appears within a fiber |le zt‘WN 2003
~range of 6 0.5 M), the mcrofibers having a length of at nbst 1 mm
account for from5 to 50 % by mass & the sel f-weight of the fibrillated
rayon. However, in the sanples having been beaten in a pul per or a refiner,
the mcrofibers account for fromO0.5 to 30 % 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 of the mcrofjbers is 5 % by nmass. In the
fibrillated r&foSeEnpifed ¥Fom noDeSeth-¥aightedvi AYeRaBrpdAbeEngt h of 7
mm( in these, the mass distribution peak for _the primary fibers appears

wi t hi n engdedipdrdbntigngprefike of Shefibripd latedora¥er IR it a | engt h
of at nmost 1 mm account for from 10 to 65 % by nmass of the self-weight of
the fi RBRAZENY Peaken. Redaevding htehdetanps esthRnALRp xaeedhat in a

pul per or a refiner, the mcrofibers account for from3 to 50 % by nass or
so; andam fiilpese 1ragihg dEeshdeteethan 4 pwl perpwincipatly ifan the a degree
of beating of at npbst 600 cc, the lowernost Iimt of the mcrofibers is 8 %
by masprifmrnbébersref therbibrill aked shlyons: and theseemhibnéng area havi ng an
original fiber length of from3 mmto smaller than 5 mmis beaten ( in this
case, tfaxr fiberdlengtbatdHishpedierf bhanhe mgr inaiydées bleyng extemdingsul ting,
beaten rayon appears within a fiber |length range of from2.5 mMmto smaller
t han 4.nbigwdf el sweerd dlopmst ey af fidwnaglils resallltedmg Haom @®occ, 12
J UN 2003 20 the mcrofibers having a length of at nost 1 nm account for
from O0.Muaclo pontbted feda idfl atdiersel Theef gber (1dmgth sof tdtee tpatialanyass) of
the fibrillated rayon. However, in case where the rayon is beaten in a

pul per ®ibeérg effi tRe, bédgenpFdbrddll dtedl Fagbntitey HWecshbirbersin Scohedo by nass
or so. On the other hand, in case where the rayon is beaten to a degree of
from 40egred @ndAQ IR of ROSTE LHOF & bErthddyiginall, engitbetax rapsh, 1 mMm
account for fromO . 1 to 5 %by mass of the self-weight of the fibrillated
rayon. ¢wWa4g9r .bd Nseapenylgr addier ayan ddmd)eatghen cviliy Pe6 Qjhed refiner,
the uppernost |imt of the mcrofibers is 3 %by mass or so. Still on the

ot her haidkofib&rsansheertbha frdWrtheSpbentep fiberultpeheof dirfd ner to a
degree of from400 cc to 600 cc, the lowernost |imt of the mcrofibers is

0.2 % bycd®ssindy FanecnhBeateay Ofi Hiavi Nk & raybdi, Rale Eliber langith of from
Smmto 7 nmis beaten ( in this case, the mass distribution peak for the
primaryof Qﬁ"esdﬁéilﬁ&?{rfﬁ%'e&'s“%o?@ééﬁ@n&ﬁﬁﬁn tRPPERE S pidihi ra drider |ength
range of from4.:5 nmto 7.5 m) and ere the degree of beating is snaller
than 40£’effﬂwé{kgh€é&,rcﬁx}éﬁiee %wélg1@nb%ﬁgahse£isa_tﬁzeﬁt?£omé%wnt for

from8 to 65 %Dy mass of t sel f-weight of the fibrillated rayon.

Howeveraréﬁ&?f@f\eh rsewfih!ﬁihaé(%ﬁ&e@@tt%g 'Beménaml P?Ee?rlénéﬁi r, the
0

upper nost mt of the mcrofibers’is 30 % by mass or so and e | ower nost
limt t 5.9 . 0 . d ase e the
r:ayon igﬁ 2‘3%%71 %p‘gnd%agiée)% W?M%‘df‘@’?%m%&%% 3@%‘;{700 cc,
the mc i i a 4l f t r .3 to 50
ot by Mo Y BE i SRR+ B e R RIS R AR e

wher e tP]g?lé%gggn%gh%ﬂfﬁ?i NoR-BULPER gé&gpr_efi ner, the uppernost [imt of

the mcr mass or So. I on the other hand, in case
where the ray i eat in ulper ar - refiner to degr ee, of, from 400 cc
10 600 cc, et CatATadty i Tl A B oGS TR The
degree of beating.of.the fibrillated rayon preferred f use i n the

i nvent i bﬁv?géﬁ%‘écﬁ b%‘%ﬁe.ntrhtl%ég?%eo%? tb%‘éﬂ“ﬁgﬁ% éﬁ@r ﬁ%’ﬂﬁ R rayon can
be controlled by varyi the beating. ti and .by sel ecti th eating
mans . FORHe BEATATY FLYBRS iaf GhsnbLBHL L2 8bGR AT hALesLE APBrTIS at od
rayon that shall have a | owered nunerical value indicating its degree of
beat i ng¥1Pehe LeRGty oPeakordor | bhes fabrdlddteyl MersPEBBRES i n TARs
distribution of the resulting fibrillated rayon will increase. In the

i nvent i 6hbrihbatedrrayencks e redhy Heaf ings rayeagiewst  baditihg of at
most 700 cc. Fibrillated rayon having a degree of beating of larger than
700 cc thatabosea difal beiangudifberantr 6romeils oy Rérkeata@hdit heref ore
coul d not have a strength necessary for the water-deconposable fibrous
sheet of the invention. Mdre preferably, the fibrillated rayon for use

herein has a degree of beating of at nbst 600 cc in order that it can
contain a suitable anpunt



12 JUN 2013
of mcrofibers fornmed therein. The fibrillated rayon of that 12JUN

2003 22 type is preferred, since the mcrofibers constituting it
significantly enhance the strength of the fibrous sheet that conprises it.
Even nore preferably, the degree of B3ating is at nmost 400 cc. Even when
fibrillated rayon having a degree of beating of at nost 200 cc, or even at
nost 100 cc ( for exanple, 50 cc or 0 cc) is used for sheet production, the
wat er deconposabl e fi brous sheet produced and conprising it could have

wel | - bal anced wet strength and deconposability in water. The f fineness of
the fibran paifléaamy%rﬁefh%%?mg sanged ke promoter kamheatinghi gothar 4 (
denier ) , that is, froml1l. 1to 7 . 7 dtex or so. If its fineness is

smal | er &h@nbesdanowsplest $hadl diavee aderedBaedaryanerirabr i(ipdiae fi bers
of the fibrillated rayon will be too nuch entangled, and the
deconposkidic¢aying vdwserdegreae dfi bbeatisgeet Fonpiildi nhei tenfiinelye poor.
On the other hand, if its fineness is |larger than the uppernost |imt of

t he def ipwlvenized tihsof gmeeltl opavtichesti @sousnshdgl. wii| Bs rdtatgood and,
in addition, the productivity thereof will be Iow. Mre preferably, the

fi nenesscémdlisidtmt womt ¢f tlmdmhld paekicTke wowldlesshtke axfigimal nventi on
contains other fibers in addition to the fibrillated rayon nenti oned above.
Pr ef er abf ibet heerdtier fIheefselesbeaten tragohni hisonet shiehihaviee asdagregt h of at
nost 10 mm Also preferably, they are well dispersible in water, or that
is, watesfdthpefibbitlatbérsapon poef aseednf chet hamenthendi spersibility in
water referred to 1 2 J UN 2003 23 herein has the sane neani ng as the
deconposabi | i t \Requndilref , tde iratteantof o ilnsli awicerdhiiedde ta betlse ar e

di spersed well in water to thereby deconpose the sheet conprising them
when kepfibpitDatagtraydh prépegeeanbontusé yatelie Mwenpiefperablys the
other fibers are biodegradable fibers. The bi odegradable fibers naturally

deconposg@edyrabeEB ehyes tifee it xonssk Of ekbehiengaicuom My |gkimaiie f fi ber
| ength of the other f fibers for use herein is neant to indicate the nmean

fiber |epgblrsher @dle ribviingtelr £APsRRINA nbRENG AleddtifT BBMIGME & i ber
| ength of at nbst 10 nmhave a length ( in terns of the nmean f fiber length

) of at {q@shckolit: F6 Hidie0 .M B8rés KobyUsdsd Nnidie pp¥earhplyEyoke those
of at |east one sort selected fromthe group consisting of natural fibers

and chenycgd s Q%§ mad oFet Heade F DRESgh P idR et BOBR1 1 188bWOOL, Pl P such
as soft wood pul p,” hard wood pulp, etc.; and also those from Manil a henp,

lint ipd4 ' i ’
0 DR PECoTRERF, TP Bl D O aGeBp e ot

t” pul p, and bl eached hard-wood kraft

pul p, asg%‘]@ééi RGN0l i SRERBIEDIdd 18 hdl JRLES élzé?agéa@i%élerfé 4 €

chem cal fibers 'such as regenerated f fibers of rayon, etc.; synthetic

fibers OBéBEkigggfiéheefoﬁE%y& i“%healeBP_‘i?i}l]a{?thPé %ﬁbf'@%i a&éﬁdﬁéﬁt rile,

etc.; biodegra synthetic ers; synthetic pu ol yet ene, etc.

O those r i ayo, Mol i rt e are
Still ot hel B SRECHSphE Pine i e £ SRR g B PR A 0,0
pol ycapr al i tic ) . ut cipate,
Do Yooy RbaBhaRsey” el 1l £a00L 54 o5, BUER B BN HenmaupeLget e,
those mepttged; apoKe, 2 &ndeRPES 1€ 54088 F20 i WA 1378 HhsPebshbl e 1
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



“For the soft wood pulp, its degree of beating preferably falls between 500
and 750 cc or so. If its degree of beating is smaller than the | ower ibdtJUN 2003
dimt of the defined range, the non-woven fabric conprising the pulp wll
have a paper-like norphol ogy, and wil4 have a rough feel. If, however, its
degree of beating is larger than the uppernost I[imt of the defined range,
the sheet conprising the pulp could not have the necessary strength. The
fibrous sheet of the invention is formed fromthe fibers nentioned above.
Fig. 8 is a partly-enlarged cross-sectional view show ng the

vat er - ddd&&BE8ab| élbﬁ'ﬁrbﬁggEhe‘éﬁ i fi M8y GIPedr Jf mmheasheaténn. As in
Fig. 8, ,a water-decaonposabl e fibrous sheet 1A of the invention has a

t wo- | ayéPeWest¥y@ fa&erphWalkhi varpiposele siegraeepfl hpeting tbntamadi ng
fibrillated rayon and a back |ayer 1b formed from other fibers not
cont ai nthg sebEfrweiogbdedayanerape foberayength distoibetidénooffthei! | ated
rayon and other fibers, of which the fibrillated rayon content is at |east
3 % by hesten maydrrafllarivieheo flily varpied filenlengthrdf chetlbheatep | ayer | a
is at least 5 % by mass . It should be noted that the top |layer |a may be
entirel yayonneas faraiyiddi | ITteedatayware plloted WdNgaQ@3tBE draphi@ct i ca

use of the fibrous sheet 1A it is applied to an object in such a manner
that thefsBifacé td Eig. tDp lofyehel behtekephyon sampdes whodetdgrdbj ect (
for exanple, the top layer la is for wi ping the object for w per

appl i caarenplobteit assinovhiacyrabhg td¥ trigy.Ski anbdorighsonbest 7 apphécations).
The top layer |la contains fibrillated rayon of which the mcrofibers are
ent angl meswidistof feut fohofsthe mildivif idersShaengy Lenbillor bt melgt tion, the
m crofibers exist in the surface of the top layer la, "and are principally

cont act @dmi bRdt ft@es walsaC & igf Lt taiE & tthd HMinREd W ikketdeysbsst -
Therefore, a surface Sa of the top layer la is resistant to friction.

Accor di nghytht 18 déd¥ @S thBestigsnhl efi b P HbFadNa i swe, Oft by eakage or
deformation in its practical use. On the other” hand, the back layer 1b does
not conkayBnf (Wit Wadtiety vayead wihis of PAAEE Jf ot 6T ¢ i EbS+§USh as

t hose nentioned above. Since the top | ayer la ensures high strength of the

fi brousmaheet+olA minjeabackidéayamn #Bphe P%el%vy‘!ay§h%e95ﬁlg$gstﬁaxﬂ%ﬁ so high

strength. Being so constitiuted, the fibrous sheet 1A reallzes strength
of the hofed A€o BeaREngQo 7dRCOERASIRY! && Yard n¥RLBEaRENt NiGnPREX | aver 1b.
| f desired,” however, the“back |layer 1b may contain a smaller anpbunt of
fibrillated rayon than in the top layer la. Preferably, the weight

(Met suke) of the fibrous web for the water-deconposable fibrous sheet 1A
falls between 20 and 100 g/n2, in order that the fibrous sheet can bear

W ping in 1 2J UNZ200 26 wet and is favorable to the top sheet for
absorbent articles . If its weight is smaller than the |owernost |imt of

t he defined range, the sheet could not have the necessary wet strength. If,
however, its weight is larger than the uppernost |imt of the defined
range, the sheet will be not flexible. In particular, for application to

t he skin of human bodies, the weight of the sheet is nore preferably from
30 to 70 g/n2, in view of the wet strength and the soft feel of the sheet.
Accordi ngly, the weight of each of the top |ayer l1la and the back |ayer 1b
preferably falls between 10 and 50 g/ n2, nore preferably between 15 and 35
g/ nm2. A nethod for producing the water-deconposabl e fibrous sheet 1A of
Fig. 8 is described. The fibrous sheet 1Ais in the formof a fibrous web
to be obtained, for exanple, by sheeting the fibers nentioned above in a
paper - maki ng process or the like, or in the formof a non-wven fabric to
be obtai ned by processing the fibrous web through water-jetting treatnent.
For surely increasing its wet strength, the fibrous sheet of the invention
is preferably in the formof a nonwoven fabric that may be produced by
formng a two-layered fibrous web, for exanple, in a wet process, followed
by processing the fibrous web through water-jetting treatnment. It should be
noted that a two-layered fibrous web forned in a dry process may be
processed through water-jetting treatnment. For water-jetting treatnent,
enpl oyed is an ordinary



-1 2 J UN 2003 27 high-pressure water-jetting device. Through water- 119} JUIQQZUUB‘
treatnent, the mcrofibers extending fromthe fibrillated rayon that
~constitutes the fibrous web are entangled with at |east either of other

m crofibers and other fibers, where 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-bondi ng force of
the mcrofibers. Even when the hydrogen bonds are broken in wet, the
entangl ed fibers could still ensure high wet strength. Through
water-jetting treatnent, the m crG8Pber§ ext endi ng fromfibrillated rayon
fibers B RIFEcdUiIRGT nd¥ 1SUdaOthd? T 3.4 A6 BOI @b Ngby,| the
fiber-fangling structlre of (the non- Wvennf(abyinasBayi ng besds)procegsed
through watedj®weting treatmet#s diffefs from-8hat of jan or6dsBary nom-woven
ich th4constifuent fi.Bers axé ent ahddédd t ogé¢t her by
an ove¥Hdl | schématic4v®w sho nt of
us for29%r oduci hg the A er -deg nrmncﬁ?vl3¢5 f| br dus sheet
bri 1916 of _the inuelerdbn thr rlhnnh \A ng

treatnment. The appar atus for producing a non-woven fabric in a wet process
of Fig._9 conprises a non-woven fabric-formng unit |, a felt conveyor unit
11, a fransfer unit ||Pe#semrhiertiron %Ptl aen E‘E“d? b 3F AP 4cOABETSY [unit in
whi ch tthe no ven f abric fE5Fhpd o ldy S mme %Aﬂﬂsﬂ Amgﬁ%a) a
drier ynit 3 an - 'uzig 2803 ’-u "w - en

fabri c~f0rm ng un|t | S cqumjjpcu wHrh—a Wr3|—§0\,U||VC) his

cl ockwijse rotated at predeisy T med [Speedwhs e bel urality
of rollls 4a, 4b, 4c, ¢UC ThEz e CONVEYOL1 |/l U 2 ffaces g7 oK feeders 3A
and 3B|above its up-rifSing ai&ga Za bg¢tweenifim roll [4a andiigie roll] 4b, and
faces a dewatering tank (not shown) below the up-rising area 2a. Into the
stock feeder 3A, fibers for formng one |ayer (back |layer or top |layer) and
wat er 4re supplied ThTougiealot BPRiNgNORdt Jokger thén 1] 41.4RBGS4 mAJ:byQM t he
stock fieeder 3A onto ffhe w riecgonveygrn.baht(sdy sasahtir act edagy) the wire
conveyqr belt5 ampy the¢ _air stdtion farce oft.bhe dewdteri n@étsnk belijow t he
up-risijng area 2a. Thd_stock6f®eder 3A is ddPBcent tlo a héeéi8%|jce|3a that
faces tlhe wire conveydqr_helt4%0 yig 3 n_and?t3%e gap |bet ween

r gap t Rar4¥het wed
the wi rfe conveyor belt rous web

_-Landlgfhe—hea%{,%ﬁifgewgs to g%,ﬂé = tid
(back | top—tayery—habl] predetefired—thi re

or o o a 1- lf\r\ X

T U U'J T UI._) T Rt COCT  CT IO UITIT OIRTITo' oo v v
conveyor belt 2. Into the st ock feeder 3B, fibers for form ng another |ayer
(top | & rp qunnllpri thr

ter gugh a supply port (not
shown) 8&?9173 Bhoht| o

ﬁ@a"s"t"gc 'f‘ﬁ@ 6f'|4 d&PYeb is
attract SR L

yer or bhack layer) and wa
The fibers fad°Prohrt
Dude Yy Torc UI i ng tank
bel ow t S—Tad] auqr;u-]st oo

ed to ¢ Qg fabrire—web (;)

he up- risi ng area—2a delc stoqk rUcLI§:|453D IS eel
slice 3b that faces tt mtheWMdE CONYey belzg. o via g gap
2 ~a N 200 29 thereb 1T 0T QuSgs\en” ar

T brypes web

WEEN, 26410 [ NE [gap bayyween t ng d the
heel sllice 3b serves tflo Tormanother |f1brous.aeb (tdp Tayee.mr bacld | ayer)
havi ng a predeterm ned thickness on the previously formed fibrous web. In
case where a fibrous sheet of which the top layer la contains a | arge
amount [of TTDrilTat ed [i[Daybée bb BPatINGJCHolAongél RBan J 6.2@oe R say |above,
web not| containing fi

rill ate)r ayon {flop rwhi Inasksd)dyver limass) first| for ned
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-web and thereafter fibrillated rayon-containing f fibers are fed frgqghgﬁzmm
stock feeder 3B over the [ower web to form an upper web thereover, I
~amount of the fibrillated rayon in the upper web will nove into the | ower
web through air suction and throughl@ater-jetting treatnent in the
subsequent step. In the two-layered fabric thus produced, the | ower web
shall contain a smaller anmount of fibrillated rayon than in the upper web.
To formthe back |ayer 1b, fibers containing a snaller 1 2J UN 2003 30
anount of fibrillated rayon can be fed fromthe stock feeder 3A than from
t he stock feeddthe3Bprefersiascexpopdes adnbbe hihrhbletedtmyeen siage
configuration, with which a three-layered or nore nulti |ayered fibrous
sheet case bien rhrlvgsmentBaweare shewnolinsTablend, 4Tabdess nmpd-Bakige or

mul ti-stage water-jetting nozzle 5 is disposed above the wire conveyor belt
2, and 4t fRivedlatalcunttdréss Tahlless ididipesel the qwapmrtvior abridsyor bel t

2. To the fibrous web having passed through the gap at the heel slice 3b
and formicrofiibées wote Ioonyey dthaelit. 22mmwah eead et £ilar £1 hppdd achydn ough t he
waterjetting nozzle 5. As a result of the water-jetting treatnent, the
fibers sdmphe habinygs beens pregpacdlly béatihgr ehybar 2oexdefgbérant rom t he
fibrillated rayon fibers in the webs are entangl ed, and the intended f

fi br ousqdefeets 16£( beat-ingyuen Foabrihe )sdnpedis edabIle 2y rayeanuefyor belt 2
is contacted with a felt conveyor belt 7 in the felt conveyor unit ( felt
part ) ériginhel{ed mcamveragtheahd71]s dtde iaf fanenedkedadlvedeedn and its
texture roughness differs fromthat of the wire conveyor belt 2. Therefore,

the fibteusisheeénd Aéqpdesoimern sRker;a¢erf @Bbke infoaped 9p fdygonv re
conveyor belt 2 is transferred onto the felt conveyor belt 7. I'n the felt

conveyops Wi igidal By Bohh i8R1e8gRA @hd 1SUCHLER i FYfeNedHEaBE rdfort Nat is, a

suction pick-up roll, via which, therefore, the fibrous sheet IAis 121
U N 2008t 3l gt Branshersngc 0@ 1 D¢ dbdxei i AMfnds PRAE e the felt
conveyor belt” 7. In the felt conveyer unit |1, the felt conveyor belt 7 is

rot at edy GOgDELLFLREKYLGRdD 1,18 abgju&q)éieu} By rEe¢nepl ! §n§afé‘£’d%l§f’sé‘”d by

other rolls 9a, 9b, 9c¢c7 9d, 9e, 9f, "etc. In the latter-stage felt conveyor

unit, disp ig a Ng¢f 0 . 1 ike e fel nveyor
ifPesstel 3, f%f&ﬂ 9t sﬂgszg%vtfy 5 ! in d]ée%#ﬂg ahd s lg %1-[&9

belt 7, the second t conveyo 11 1s na nee anket, and

this is; | i P , " q Ar a
preasur Shr o 1obe s hoEnEaloN OF ordoihaddd o hpbincEEngl dfa 10K T
drier dg ] i.or . cqn eyor belt
11 s P fiene@Rad Shoatoff (U iTHE e e NGCR"Had B S CVET 01
sheet | kgngEgs wound around the drier drum 13 , and dried thereon . After
havi ng been thus dried, the fibrous sheet |Ais wound up by a w nder rol

14 into a roll 15. Through the pr@ggfg,zproducing the fibrous sheet | A as a
roll is finished. To further enhance itS surface friction resistance, the
fi brous sheet of the inventpegrdesopreeheimbl(ycf finbhdongerabesdetimh o | Ski n
format|on, for 3vch the sheet is heated under{pressubr ®isele its surface
is still wet. l'l:'hrdaﬁ’gh skinlforoptiof®®reatnentll the anp@uf® of the
hydr oggn- bonded ni crofibers_in the S&®et couldibe incrddskd 1n the nethod
nenti ophed above, the surfa¢e—of thedftier druml13 is si¥doth and is|heated.
In thejtransfer unit 11, the fibﬁeﬁyfshcet FAMH-S pres%J et ween




irz 0N Paos

20 and the drier drum13. In thj
la is so positioned that it faces the drier drum 13.
| A contains water havi ng been applied thereto through

1 2 J UN 2003 32 the pressure rol
the top | ayer
_fibrous sheet

water-jetting treatnent,

hi ghl y bonded to each other via hydrogen bondi ng.

and it is

ted under pressure against the snpoth
surface of the drier drum 13 whereby the fibers constituting it are nore

In particular,

t he

hydr ogen bondi ng of the microfibers that extend fromthe fibrillated rayon

in the surface of the fibrous sheet | Ais nuch enhanced. As a result, the
top layer la of the fibrous sheet TRRlPs3smpot h-faced and its surface
strengirs—TTCT Py e e [T TS pragty gus sheet
A Qs hardly bro%emeﬁa oy @Hemusﬂ?wface is rubﬁ%ﬁﬂé‘fﬁ@ ‘in@ggfnv
Througlh skin forpati ce)t redi(tbytnasshe anount off t heedyydr ¢gemyhoisdec

m crof i berd Mmn t f 6Bt ous[she@t57i s much3imrcr eqsed65As alfres@ll6 of {skin
format i{ oh* ¥ rFE8F mpnt__6RBer effar e0-46he dt Lehdgtti*of_t hE84i br ijs much

i ncreaged not onl J ut %44% even in wet (with73 s of

wat er . Fiber-to-fibe.‘l6 ond ir%t;e f4dbrous sheet— gkin
formatifon treat mgnts—; ey—gig+eqdily | oose 2' it of

wat er, |for exanplre; o sheet is dt BEL toilets,
etc. Skin formati 1 jes the sun 1 TTaEststance of
the filprous sheef‘ﬁﬁﬁ?ﬁVen theigzrengt h of the gl 11 )es not
al nost |detract fifom R2he de¢onposmabiTijty of the[Shéggsin €8.61 121
U N 2003 33 skinjformration|treatarent | for exanple, enbosging rolTs|or

pressure plates nay be used in place of the drier drum 13 and the pressure

rol |

water-jetting treatnent.

t he surfaces of f

The hydr
ibrillated rayon

Wplerd”

20. The fibrous sheet of the invention does not always require
ds of the OH groups existing in
i ncrease the strength of the

wat er - gleconposabl processed [vaddrewad el no€l Songesfeci al |y
the dry strength ICr ease i n |t eatdégy eg tban fli. Omul|| at i on
of rayon fi)le)ge“rs [ |s with he(¢q;rrp q& hpYrT?Sﬁé anmount
of m cnofi t rere t he s cgnstrtifting the
sheet |n2rea§%§ g b%grl stréjgth g hbﬂﬁkﬂer bonds
in the|sheet is t the sheet 'ﬁ—@ﬁpgpe+-naking
proces$, the hydr f the m crrofifgggs—Ty—comiqsabhe to or
| ar ger |t han t hat pet strengtflt T3oT g Defgepgi g on t he
hydr og¢n- bondi ng . bers constfiTutioBy Tfje Siseed, {he
deconpgsability iin waBér om t led.¢heetf coul d be [welTigbal aficedwedh tlhe
mechanifcal streng 1 TﬁeSErv strength of tH85sheqt pieodRiced in a
paper - fraki ng pro¢ess 188 es ijgh. Even iln tB&5fj bous3>sBket |produced
in a paper-nmaki ng—process—the nlrrnflbers canlbe g&Ptly enﬂénﬁﬂed so t hat
hi gh. For exarﬁ?e, il ”ﬁe ﬁnn-moven
fabric{form ng umprt——1tn 186 13 94

As in the above-mentioned Tables, in the fibrillated

rayon samples from non-beaten rayon having a fiber length of

3 mm (in these, the mass distribution peak for the primary

fibers appears within a fiber length range of 3 =

0.5 mm), the

microfibers having a length of at most 1 mm account for from

0.1 to 10 % by mass of the self-weight of the fibrillated rayon.

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



-1 2J U~ 2003 34 the nethod nentioned above, the non-woven fabric f?XHﬁFZWS
formed with no water-jetting treatnent applied thereto. Additionally,

two-l ayered fibrous sheet | A nmay be forned in a paper-making unit as in
Fig. 10. The paper-nmaki ng unit conpﬂﬁses a first stock tank 31 and a second
stock tank 32, in which, for exanple, a first stock 33 for form ng a back

| ayer is put into the first stock tank 31 and a second stock 34 for formng
a top layer is put into the second stock tank 32. One paper-naking cylinder
35 is set_i.n the first stoc ank .31 nd _anot her paper - making cylinder 36
"s set FREAErecEBhIERTRIOR L AREs OF s AURGAL TR G5e5 thEVIEAEF - maki ng
cylinders is rotated countercl ockw se; and the paper-nmaking cylinders 35
Shd 36 AFESRT AR BC TG IAY Lt DERD PeREen b a bRLRRY B S FETHIFE: ot ock
33 is scooped up by the paper-nmaking cylinder 35 and transferred, onto the
wire bofP SARHERIN PRAINT 211 AFJI0FT HULECBIELAERSFRPEE LM itand i n
the second stock tank 32, the second stock 34 is scooped up by the

paper - n&REE§OEY LEnder $6byn®assansferred onto the first fibrous web to form
t hereon a second fibrous web (top layer la). In that manner, a two-I|ayered
fibrous sheet IB Woddbadllaked rayenss s g pradbeagennrayean
paper - maki ng process as above can be also processed for skin formation.

Bri ef | y hayfingr a Halkhery Leagirhpe §dbided (4ni these, e mgssadiistrihbythgnbeen once
dried and again wetted with water, the fibrous sheet is pressed under heat.
As a repepk fendhe peisary fibers apReage whthbpect Hbey liength tangeber s
existing in the surface of the thus-pressed sheet are hydrogen-bonded to a
hi gher odgrhee, 0 Wwhamepy the mioreCidbexts dragtingfa tllemgtieelf at mostedsed. Fig.
11 is a partly-enlarged cross-sectional view show ng the water-deconposabl e
fi br ousmghaecounta foacfmdmadptot 14f 3t hg massenofohheAsedfiewrightFof. 11, the
fibrous sheet 1B is conposed of a top layer |Ic, a back layer le, and an

i nterl apde IfdbsdddwitededalyenweecHowleerppihaybe bamphdst havihbagkbkaner 1le.
The top layer 1c and the back layer |le are the same as the top | ayer | a of
t he t wobleagenednf abpolisesheeta |péfiivrey onded aliovef ibedst heseuateforde from
fibrillated rayon fibers and other fibers. The fibrillated rayon content of
each of firomse.Bayend kcoymthdscorss@j drhdn Bhos&hawpintg boesf beabky at | east
5 ~ by mass. If desired, the top layer |Ic and the back |layer le are

entirel ynmadguipemdr br relfahed tayDrdgdery sfopeytify dheaatomder Bapd, the
interlayer 1d does not contain fibrillated rayon, and is nmade from ot her
fibers erl,yth8 Dewvekinoks Bamivi 6hechdai veedf ithers o layer by magsthe back

| ayer | e both having high strength, its wet strength nay be extrenely | ow.
For exanpl e, itnnelye FEddike dtdd ehybapeampies neebi mom-fdtatdedypdl p only.
However, the interlayer |d nmay contain a snaller amount of fibrillated
rayon t i iing hheibeP ledih bE 9t {(He PREKe! aed mads HRsthephithbaus sheet

1B, the top l'ayer Ic and the back layer le contain fibrillated rayon, so
that theeulk 88ithePprimary 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



12 J UN 2003 36 the both surfaces of the fibrous sheet 1B is high,
Accordingly, both surfaces Sc and Se of the top layer |Ic and the badi2 9W§JW3
_le of the fibrous sheet 1B could be applied to objects in practical use.

For wiper applications, the fibrousl8heet of this type is convenient, since
users are not required to pay any attention to the surfaces of the sheet.
Wi | e used, the sheet exhibits high strength owng to the properties of the
top layer Ic and the back layer |le; and after it has been used and
contacted with a large ampunt _of water in flush toilets, the entangled

mi cr of | BRY 39 P dHEopendyBrof & BRd(IRENSRG: FafRase B RIHAUWS to say,
readily | oosened, and, in addition, since the interlayer |d is nore readily
deconpoE%ﬂkifrP%bérPIfH%ﬂFX Kdbegs appRars withdn ad ihatk lprgeh 1an99 he
deconposability of the fibrous sheet is high as a whole. Preferably, both
surfaceefob #4t0eam) otde mitxed ibershbavdpg ayéengthand ahandsekl | ayer | e
of the three-layered fibrous sheet of Fig. 11 are/is processed for skin

f or mat | BA. agaeunht EprdEEempdstdl 201t pppuBashHcef Hhe tsrlfrwekghorrfay have a
four-layered or nore nulti-layered structure. To produce the

wat er - debenpsbabl batedr sayonhediowgvene imvihe ianples hading dheen| ayers
may be separately forned and | am nated by bonding them For bonding the

| ayer s, beateneinsalpiblpenomat esefdnelr,abhe milbhrefibenayadeoustdfors t he
case may be, the constituent |ayers nmay be pressed under heat while they
are wet froined ehytcd B6 % ihyemasisnorheo it lanst Lanthed e dhalvayey bernybé@tenl 2 J U N
2003 37 bonded toget her through hydrogen bonding. Preferably, the strength
at breaknia pwelipeaf crha wafiénedeoopdegltee df veasisdect aaf mbhe 60Wenti on
that contains water is at least 1.1 NN25 mmin terns of the root mean
squar e o€,t bhesioergmbsitn 1tind trechithe diiceotfiibers NS )5 &f Hyhenas@n- woven
fabric for the sheet and that in the cross direction (CD) thereof. The
strength at breakle fidlridlbited sapenesampbéefireth honabeatenstapogt h) is
meant to indicate the tens ile strength at break ( N) of the f fibrous
sheet i Rav@hg. a TikEY diegthSofe! n@il { eNJiHesd, teidhash dhetiepstienstrength
at break, a piece of the fibrous sheet having a wwdth of 25 mmand a | ength
of 150 pehkSfoMBesSEHindryatidertappehebvitiil br effemaledigt®f ran§eti Nes the
mass of the sheet into the sheet piece, and the thus-wetted sheet piece is

pulled getiyl . id, 3 Saf OKSTe miedd¥SBES Q{aﬂ.n-BeQSillegggtm%tf?Et h@st Wi ch the

chuck distance is 100 mmand the stress rate is 1 m n. However, the

data thpm HBAsSUh@A£8ECPFEND0 Lo tde IByhadsar erMehel ¥Yel heweigheréen for the
strength of the fibrous sheet, and the fibrous sheet of the invention wll

have a gheergbhithakeds raybat.anibabl¥rt hensene §§m1{>t‘€sv‘ﬁ’5v§h§eﬂ8éﬁ t her eof
nmeasured in the manner as above. Moire preferably, the wet strength of the

fibrouspaheeh if §t;f>t_|1ff5‘§1t: dr b Veda aR, Ohd REcebebetandccbhinkS£élSo

desirabl e that the Tibrous sheet has high strength enough for its use even

iZ”Jd[JnygggJ 8105650 I pydiAss! bENGL D Hhd tP YL HEvIRGebekn BESEERAPIY 1
in a pulper or a refiner to a degree of beating of at most 600
cc, the lowermost limit of the microfibers is 8 % by mass.
The above are summarized as follows: In case where
rayon having an original fiber length of from 3 mm to smaller
than 5 mm is beaten (in this case, the mass distribution peak
for the primary fibers of the resulting, beaten rayon appears

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

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



- 38 at least 3.4 NN25 mmin terns of the root nmean square of the streagfyy &
break in the nmachine direction ( MD ) of the non-woven fabric for the sheet
~and that in the cross direction (CD) thereof. A so preferably, the

wat er - deconposabl e fibrous sheet of 20he invention has a degree of
deconposition in water of at nost 300 seconds, nore preferably at nost 200
seconds, even nore preferably at nost 120 seconds. The degree of
deconposition in water is nmeasured according to the test nmethod of JIS

P- 4501 that indicates the degree of easy degradation of toilet paper in

vat er . G wigrekibers thavingpa rgHiAf Gt Mmeat defMb@GcOuds ddthed. A

pi ece of the water-deconposable fibrous sheet of the invention having a

| engt h Bfom® .Sntantb & ki deadsioflbherse ki pweight d thadodsm thediodalfil | ed
with 300 mM of ion-exchanged water, and stirred therein with a rotor. The
revol uthass spebdthd fheribtated scapon § prHowHweroridi dasre ofheree thest pi ece
bei ng di spersed in water is nmacroscopically observed at predetermned tine
i nt er vatayornids beateminuatpulpére arat rpiféveri sthe mppeheyiedsiadt s
measured. However, the data thus neasured according to the nethod are

mer el y efiethe insrrahibers tise 8décbypwsabi birt §oi. n Qwttdhe afthtée Harst,ous sheet,
and the fibrous sheet of the invention will have a degree of deconposition
i n wat eintdrde ivhendh dtteniriagldry ilshbeaden &s ahdegaéa ofafromedi 00 ddhe nmanner
as above. Regarding the dry surface friction resistance of the 12JUN
2003 396 i7010i ¢d Athe iy E s shaviiggtopehgyRio fodt inbe tvibinarateramosabl e

fi brous sheet of the invention, it is desirable that the top layer in dry

i s resisdAMrdnm0 al does s by Mae® 6Btegetychesght dfhehe Wi mid tasdd of , TI'S
P-8136 for paper boards. Briefly, in the test nethod of JIS P-8136, a test
pi ece (raydnousishaair,) inSchkbltwitepdtthaaraybdei stuitdn Bn)a puiligk@ rubbi ng
menber ¥ with a piece of artificial |eather attached thereto is rubbed

agal nstofhe +86in®k fChe ThSpELNOSE Dimit/BF Nehé ikl @Sof Shepsinied bef ore
fibers are peeled off to formroundish fibrous fluffs on the surface of the

test pipgeaddPbe g8 ef &alliyon e beRekayfid pfint bgsé WledéstrBasiyef the
invention is resistant to at |east ten rubbing cycles in the test For the

wet surf{gcgehtbnt ifNar §1?é§”&§ %fiﬁ@rft@réldé’éf@e r& Ofr P G0 Y top
| ayer of the fibrous shee is also desirable that the top |ayer in wet

I's resigbagio i AlclLaslehbse 1HRPLNGE Coifd G8idrd il BY2t€sfy For

W per sheets and absorbent articles, the fibrous sheet must be res|stant to
surfacepfrikction even in wet in sonme degree. The fibrous sheet in wet
contains water of at least 2.5 times the self-weight of the dry sheet. In

the water - decopposahl Gw kirlr py oﬁhﬁﬁlﬁ :H]ate Mol EEEPI %hfe €h Qi bers

extending fromthe sur aces o t he rayon ers onst| tuting

the sheg ﬁr§mﬁnéé"79ﬁuﬁgtsaﬂga’c€ﬁ Lir?"t'hisaégséhetrh fﬁé§s|bd;i5§tiﬁd1[ﬁﬂ9fér@er to a

k
sui tabl e 8egr ee. Accor in wet, the sheet resi st ant

tosurfgﬁSafJ!f L Bhe, B? ffaf Eff‘?t QY of the r]estél'% %0909 b‘t%é res| Aayer of

the fi ous S eet ven |on IS, even ant to at

258 SRR g L £ ey 5a§§g?§5€%¥*§econp BB GRS bt or .
that TaRNIuPEALR ERE Arefe ﬁ%ﬁaﬁsﬁgéﬂsﬁﬁ Rabiek, €6 1St H8 ibers
Choot | BAGPPRASBERAREYSRY # o RBLEoF BT &?#E@?\ﬁéﬁtowf R "Chelt my e
Loed, o WP DY GiaT] AlCHDPayBHE nEeLBR6ITh W08 RABRLLLA %@fté’%téﬁ?ﬂéhahs

i ncreased nunerical value indicating its de ree of  beati n% is used, the
wei ght BPYENETLf| BRogasenwberpstheqteran &f ﬁétﬁpoéﬁsélﬂ‘@ BREr 9y for
water-jetting treatnment is reduced, whereby the fibrous sheet could have an
i ncr easE@faBgrectf UPREIMOGS] LiBhtiof fhecrlaraf Hhers dised 9t bxanass r engt h.
Even though not containing a binder, the water deconposable fibrous sheet
of the PHveatand theillewameost mlgﬁtdegﬁeéocﬁf caaceepdsi biyomass -waPer and a
hi gh wet strength. However, in order to further increase the wet strength
of the therotbesHeand, dwease vblexs therraporrissates &obandegreapabl e of
binding f fibers together may be added to the sheet



* Having net a | arge anmobunt of water, the binder shall dissolve or smg%llj 2003
therein and therefore lose its fiber-binding ability. 12JUNZ2 f El
_The binder usable herein includes, for exanple, carboxynmethyl cellul ose;

al kyl cellul oses such as net hyl cel 12} ose, et hyl cellul ose, benzyl

cellul ose, etc.; polyvinyl alcohol; nodif ied polyvinyl alcohols having a
predeterm ned anmount of a sulfonic acid group or a carboxyl group, etc. The
anount of the binder to be added to the fibrous sheet may be snmaller than
usual 'y, _Far ex l e, .onl bout of . _the binder .relative 100 g of
the 11 RESEEBROTD TS P 10 fltr S msaP L pdr o Bananfa s ¥FatR.Ater

wher eby t he t strength of the sheet could be_jn¢reased to a satisfactory
degree. @ c&§g§rﬁﬂﬂﬂ ékﬁﬁ“@tsgeﬁ r?Waﬁ}ia n?bog Yoiies 6 ?%% fi brous
sheet does not,sg nu%h interfere with the safety of the sheet. To add a

wat er - sSPHErWedgRGeP L 1t fdPrdd- TRYBR: ¢ HOVeYekr FATHFAES Wheke,

enpl oyable is a cgating nethod of applying the binder to the non-woven
fabric thEoLgHOR 45; PRAkEReAR 2 PRLIPRE SFharrREABSra HREHPRGENPSDI e bi nder
may be added to the fjbrous web for the sheet while the fibrous web is

pr epar ed iPMdtaofable MEGEHELRRER dfs 20TRebli RSP ¥B\FDe ShdddpBRatRE into all
| ayers constituting the fibrous sheet. If not, it is desirable that the

bi nder P&hiefcbapdralBdcase ovhere |themayn i Mmeatemdn abpulpgredrr ayon.
This is because the microfibers in the fibrillated rayon-containing |ayers
enhance refdngac kgnpc degreeendt firom ¢RE raytps600here Bhei hewermash as t hat
menti oned above is added 1 2J UN 2003 42 to the fibrous sheet of the

i nvent i ddmisn ofl &dier olipre fobeirsasisa 2kt &y @Sl e i norganic or organic salt
may be added thereto along with the binder, ~whereby the wet strength of the
sheet coul d beTheclespsedo metatiorgeo £ The £hbrjahatedatayamprefiesyrefior
exanpl e, sodiumsulfate, potassiumsulfate, zinc sulfate, zinc nitrate,

pot assi fimrabiem is dtheimnsteindriicde isalescnibeds ul Tlae elegrmedi beatihfgat e,

pot assi um chl ori de, sodi um carbonate, sodi um hydrogencar bonate, amoni um
car bonatte, gbtve ;f idnd s eat garyan SN berctamieseolied keyxavprgingotdhem
pyrrolidone-carboxylate, sodiumcitrate, potassiumcitrate, sodium

t art r at deardinassineana by aed ectddiguthé belaatieg meahs n Whedenbkatipgt assi um
pant ot henate, calciumlactate, sodium|laurylsulfate, etc. Were an al kyl

cel | ul osayon Usepramotled hitodgive & beapeeaf efdblriltatkdnedyont bhat
nonoval ent salt. Where a nodified or non-nodif ied polyvinyl alcohol is
used as ghg bhagera lIdwered ntiirddal ¢arhenedd tabiag D \@igite 8&l t. In
addition, where an al kyl cellulose is used as the binder, any of the

fol | owi n@aaamPUNdRdTRRthe addedotre Fhibewat ¢indeaaipgsmbbeofibeesy sheet so
as to further increase the strength of the sheet. The additional conpounds

i ncl ude,irff glasexaiBteibaeRehysEr thd fres il M i idahil1a e d randiiide monomer
wi th ot her conononers, such as (meth)acrylic acid-malefic acid resins,

(et h) aGmdrdasRc] dThupRe iinvGitd JiESkRs £ BbFil Paeé&aljon preEesapdlyyners are
saponi fied w th sodi um hydroxide or the like into water-soluble copolyners
partial lngg aldégrel He AWk ing 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



1
* 43 having a sodi um car boxyl ate noiety. Adding an am no acid derivat?ﬁ%”ga@

as trinethylglycine or the like to the sheet is also desirable, as also
~enhancing the strength of the sheet. The water-deconposable fibrous sheet
of the invention nmay optionally conf%in any other substances, without
interfering wwth the advantagesof the invention. For exanple, it may
contain any of surfactants, m crobicides, preservatives, deodorants,

noi sturi zers, alcohols such as ethanol, polyal cohols such as glycerin, etc.
As having good decaonposability in water, and high wet strength, the
mater-déﬁﬁhpb%aBFgfggﬁﬁgus bhet g Grafdhstsh FQnekhbrelng wt tissue
for application to the skin of human bodies including the private parts

t her eofS iafifcateghienhadicesther §Erepprbt of Jhke thidieoio gheetrdhakhance its
w pi ng and cl eaning capabilities for those applications, the sheet may
previ oPSIMpEdERSill -wabEen BmeFe puteferaklvokbe dggyeereh hant ine Usi ke. Were
t he wat er - deconposabl e fi brous sheet of the invention is, while being
previ ol yosdt 8@ @ict-h Eveni vhert bibiehtlaked trayan kaving lkagedresr public
sale, it shall be airtightly packaged and put on the market so that it is
not sporfi keabipghiat aps a0 lor oo h@vemat mositel QR cer tEepepagwdies i br ous
sheet may be marketed in dry. The users who have bought the dry

wat er - ddconposabl® ¢¢pr des wimbt fony sheeti tpraddctixres bhel wadied-cheni cal s
before use. Since the water-deconposabl e fibrous sheet of the 12JUN
2003 44ecomprisabil dafsibrgis dtheett rmarapdtedarathds icoagriits idee 9 thaoudldvay s
requi re addi ng binders and el ectrolytes thereto, being different from
conventiarakweldt-baldncedowet s eréndic o asshdetsmposabil it ghiy waafea- for its
application to the skin. Accordingly, the fibrous sheet of the invention is
usabl e as t he Thieeginenapsremthelf Mar it edirayofey eemabd £ dalisierbent
articles including, for exanple, sanitary napkins, panty liners, sanitary
t anponsis @irsfesaid1s dirapel Ssto &t a. (Feniexappiieat Whign firbm 1L bricvisy .sheet i s
perforated, it may be used as the top sheet for water-deconposabl e

absor befteabiri £d £5.1fEVes fimeues hayisic 1akaot hed dhedyowesabet endiltui d, the
fi brous sheet could still nmaintain a predeterm ned |evel of wet strength,
and is ¢heid H&r deddthd | tthe Phimd1gy USihe ST iR fAirQUS atheet s
conbined with any other f fibers ( it i's usable as an absorbent |ayer, a
cushi onr-dypyelwi® BRCkoShRlER éhﬁangféh?l—;ﬂ?d'rﬂ?e iJecMp R B1 fA8p G bed in
nore detail with reference to the foll ow ng Exanpl es, which, however, are

not i ntyended dOtheSt{bebus h&HORS r_iTsflf?)g: ¥ &pi1 Phe FYBER! CofvtHEAYON
fibers ( from Acordis Japan ) were ibrillated in a mxer to prepare

vari ouso{ yPehaa,f iR { s i AP s §8r AL ERBluGSoERSSt Af ini@at i Ng as
in Table 5. Fromthe fibrillated rayon, ordinary non-fibrillated rayon (1.7

dtex ( df thdl definfdd2hnkeNItRe SrdMlat i G OBaCEeHrsREtsOod Wiraf t pul p
12 J UN 2003 45

be not good and, in addition, the productivity thereof will
be low. More preferably, the fineness falls between 1.1 and
1.9 dtex.

The fibrous sheet of the invention contains other fibers
in addition to the fibrillated rayon mentioned above.
Preferably, the other fibers to be in the fibrous sheet have
a length of at most 10 mm. Also preferably, they are well
dispersible in water, or that is, water-dispersible fibers are

preferred for them. The dispersibility in water referred to



= ( NBKP ) ( Canadian Standard Freeness , CSF = 600 cc ) , fornmed were
two- | ayered fibrous webs. The blend ratio of the fibers in the top I1a§'e’rUN 2003
. and the back | ayer of each web is indicated in Table 5. The back | ayer
contained the fibrillated rayon. Th&3fiber length 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 web, was subjected to water-jetting treatnent,. whereby the fibers
const i t%?%b"itlaﬁ/\érl{@ SArengran1nghas nr k- “e‘%‘%&ﬁ%a}%\?apeﬂfe‘t‘ti &evi ce used
for the treatnment was equi pped with 2000 nozzl es/ neter each having an

ori fi ccaRd aheteant oy RdEkqake that fihe iberg are didnausgkivelde adj acent
nozzles, and the pressure of jetting water streans applied to the web was
294 N chie waten ket thenabyidseconpese fievgheetwaempppsind themhaherp surface
of the web so that it passed through its back surface. The runni ng speed of
t he webkept i30cenbaat wikd adiaargg ameilng of waternt Meremefarablohce again
under the sanme condition. This is the second-stage water-jetting treatnent.
Next, tbkewdihewmsibeiredane thiodegnaddadld ifébers .obThe hindegradalslonposabl e
fibrous sheet. This was then imersed in 250 g, relative to 100 g of the
mass of fibersomwwahly atwdampasfe ibpnthemsedyes wheordigFphesedust oint ai ned

wat er - deconposabl e fi brous sheet was tested in dry and in wet for
deconposhéinatyrah watli, The Zibeld NeBgf@ 46 theevighér afitbérs cfomon
fastness. The test for deconposability in water was based on the test of
JI'S P-408é hexbmtisngeahe tdedhad catedele atkedn Ifiibyrol ehgthethgasget .
Precisely, a piece of the water-deconposable fibrous sheet having a | ength
of 10 crufbHeg pitefdrablyi) thie vehepufibaie wadliy i fhbakelehgthesit with 300
m of ion-exchanged water, and stirred therein wth a rotor. The revol ution
speed Oit tiitss ¢ Qlo0KmViRSr @01 éRGLh Thin ¢edthist bortid mcae feberpiatgLibei ng

di spersed in water was nacroscopically observed at predeterm ned tine
intervagg, agntlebife tiwwm.until the test piece was di spersed was neasured (
see the following Table - the data are expressed in seconds). The wet

strength was neRs Wb EaPedisNforOusbei agle TRvOE idh RAEHabeGhdsd! S
P-8135. Briefly, a piece of the water-deconposable fibrous sheet having a

W dth off2atMeaBe BnkeBoiR dk1te@ damitsm s ef-diy heddk {dei dgchi ne

direction (MD) and in the cross direction (CD), by the use of a Tensilon

tester, nheLrdhi Giddle ChHEK dicHidife ¥apet80 MypddnbRarah epshépse was 100
mmmn. The strength at break (N) of the test piece thus neasured indicates

the wet i%&#ﬁa%@%w@rﬁ% (588 wg?fs.qiéxp\édsngpf@bwod Pul$ ,d8hRaAhSogXpPr essed

in N 25 etermne its surface friction resistance, the fibrous

sheet es f heki =6 Qrycli t Si resi st ance
Coet mERLRTrEEd. | ¥nd p1Eb Albe ATMPRARTIAKGAY, YA des BRIRS ST Bl o

menber f‘h%tehné‘tﬁ}(ﬁ? :a%%g?fs %7rcﬁ""btﬂofde§iﬂdébﬁg.hebfa{:ﬁﬁggggp%?f%ﬁég? was

rubbed against t ated rayon-containing top | i brous
Conpar abFSP TSN sUBE o8I by BB dhd 1 dadhed HabBRHREREL ! |
sheets BLBsmad TAVIGSEhigly S i 1) o Sabln o ke mdtLe i °0F
dat a obPEFRAR e CHRMARAL T HasT R SBOTAG £y ag G gd £ thefs Brayoll, T The
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,



12 JUN 2003

12 J UNZ2003 r~ fd N 48 Ma~dPdPdPdP~f 10OW' s~ GL~00Q0, ~~~N~r| ~ONN. - IN~x~V
W-INX ~~dwJ~0 ~'' O~-O~ ~~~~NN\r-1V' Or ONM 1101- 1pddP' ~Nr L~ NaOO1O0NN J

"NO i 4fr1 dPd~dPdPt~M GL O O O O V~ MD . 1r -1 ~Dr 1M-Np'
~~ri~0. A' U1~ M .-1' ~ r1,24Pd~dP~Q 000-~O~M " ~~1

polycaprolactone, aliphatic polyesters such as polybutylene
succinate, polyvinyl alcohol, collagen, etc. Needless-to-
say, any fibers other than those mentioned above are usable
herein so far as they are dispersible in water.

For the soft wood pulp, its degree of beating preferably
falls between 500 and 750 cc or so. If its degree of beating
is smaller than the lowermost limit of the defined range, the
non-woven fabric comprising the pulp will have a paper-like
morphology, and will have a rough feel. If, however, its degree
of beating is larger than the uppermost limit of the defined
range, the sheet comprising the pulp could not have the
necessary strength.

The fibrous sheet of the invention is formed from the
fibers mentioned above. Fig. 8 1is a partly-enlarged
cross-sectional view showing the water-decomposable fibrous
sheet of a first aspect of the invention. As in Fig. 8, a
water-decomposable fibrous sheet 1A of the invention has a
two-layered structure, which is composed of a top layer 1la
containing fibrillated rayon and a back layer 1b formed from
other fibers not containing fibrillated rayon.

The top layer la is formed from fibrillated rayon and
other fibers, of which the fibrillated rayon content is at least
3 % by mass. Preferably, the fibrillated rayon content of the
top layer la is at least 5 % by mass. It should be noted that

the top layer la may be entirely formed from fibrillated rayon.

~ xb~ ~Nx ~~~ ~0~O ~m
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JUN 2003 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 nuch
lowering its strength. In addition, A-1 has increased friction resistance,
si nce tAa praetiralecase fbrihs fibrous: sheed 1h, i1t isopppdyied tohendat a
support the well-bal anced deconposability in water and strength of the

t wo- | ayebdecti bnosschhaanannébrihaterthe tsurfagaiefstbedtopalayge tarengt h of
A-1 is conparable to that of Conparative Exanple 2 , though the overal
fibrill asedeptyion comaertt wathAtle iab jard] [ Eprt émampha; tife Copphagerve
Exanpl e 2, concretely the fornmer is half the latter. This neans that the
overal | 1&i hsi Ebatwilpinagovhe ol pertt afort ke fexo-alppydicad ilbintsr,oox d$heiks can be
reduced and the production costs thereof can be reduced. The sane shal
apply aksnthetéd?witkatipd askin EorExbserieet dppd icmtlonsy .l mheduepd in the
previ ous Exanple A was processed for skin formation, and tested for the

propertileayerT0apcontasnist £16F i kated of apdn WY whiiehf theomscsbeebeAsl was
pressed between a rotary drier and a roll, at a tenperature of 130C and

under aaplecefitafgdédGvih BthBiefibbasobisivhed ate eyt i5aRigho. 12
U N 200a 50

In addition, the microfibers exist in the surface of the top

layer la, and are principally contacted with the surface of

the object to be wiped with the sheet. Therefore, a surface

Sa of the top layer la is resistant to friction. Accordingly,

the fibrous sheet is free from the disadvantage of breakage

or deformation in its practical use.

On the other hand, the back layer 1b does not contain
fibrillated rayon, and is formed from other fibers such as those
mentioned above. Since the top layer la ensures high strength
of the fibrous sheet 1A, the back layer 1b is not always required
to have so high strength. Being so constituted, the fibrous
sheet 1A realizes high strength of the top layer la and good
decomposability in water of the back layer 1b. If desired,
however, the back layer 1b may contain a smaller amount of
fibrillated rayon than in the top layer 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



- Table 6 B-1top | ayerback | ayer NBKP (600 cc)60 ~60Fi brillated Rayon ({12 JuN 2003

dtex x5 mm 10 ~-Rayon (1.7 dtex x 5 mm) 30 ~40Fi brillated Rayon Content of

_ Fibrous Sheet5Dry Strength (N 25 mm21. 1Wet Strength (N 25 nm 3. 8Dry

Friction Fastness (nunber cycles)ofzﬁubbingl8VEt Friction Fastness (nunber

cycl es)of rubbingl2Dry Deconposability in water(sec)118Wet Deconposability

in water(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

i ncreased surface stren% h &friction fast ne s% nd its deconposability in

wat er | ¥etodRd ekf [Tavorablig  toguhieitap sheqtsIgrsabsnBkeRE AREIREES 8- 1 has

I ncreased dry strength and_wet strength. As is understood fromthe test

dat a aslébbhveveifbtihsmaydrrdthamEbmiqvermgsl ddmid et taedpbtredl e

fi brous sheet of the invention has high strength, taking advantage of the

t angl i n§2888/oFNRy8RBEENCABAL] RQL{BA¥e BhetRRCEFSAEY | Bt SEFeRIERt end from

the f ibrillated rayon therein. Accordingly, the fibrous sheet has good

deconpod&ki hewgven, it wedghthiighlargendihan &he vppersgsiulinit ¢£

resistant to friction. Wen the fibrous sheet is used for w ping objects,

t he ni ctbei kigkingd t henpekr itheit seesyoniilh bes nayp fliekabdeare Harectly

contacted with the objects, and the friction to the 1 2 JUN 2003 51
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



" fibrous sheet is reduced, and therefore the fibrous sheet enjoys goog N 2003
durability for wiping applications. In addition, when the f fibrous ﬁég{
.is used for the top sheet of absorbent articles, it is not deforned during
use and gives a confortable feel to2dsers. Even t hough containing a
relatively small anount of fibrillated rayon, the fibrous sheet still has
hi gh strength, and therefore its production costs can be reduced. Here,
~conpri ses/ conpri sing~ when used in this specification is taken to specify
the presence of stated featyres, integers, steps or conponents put does not
pr ecl udB19hzPEEESRREeWBFeLadPtitdRIo YIS Sor &@F@Wﬁﬂuﬂggé%nlﬁ¥£%nqntegers,
steps, conponents or groups thereof. Wiile the invention has been_ descri bed
in det aFFeak®enF nthes RPISHeFFeRA LMD o drREn DY Hethipkl Latedyi | | pe
apparent to one skilled in the art that various changes_and npodifications
can be Fawen: ik ¢PRFtHoLtesdhe thiRF ausomebhareppprtanghgdsebpl dther eof .
REPLACEMENT SHEET 1 2 J U N 2003 52 What is claimed is: 1. A nmulti-layered
wat er - déeafbosibhertobrothkesHaterof ibens pand L 1her of ibeyer Whexebhavi ng a
different fibrous constitution integrated therein, the fibrous sheet having
a tot al thaekibeptrgyhtfbbenckanddnanfiorgce gof nbhe ceompangled: fibeop imyer on a
top surf ace including fibrillated rayon and other fibers having a | ength
of bet webe tomAddyedr beindreased emndof inladdition | Aheddryystrrdmgtly at | east
3% by weight of all fibers constituting the top layer, the fibrillated
rayon hthengoé iegirereésbdadwhggotoatheohydid@encbondinggferdegrte of
fineness in a range of 1 to 7 denier, and having primary fibers of a

pr edet ethieneiictobibersngtBvemdvhen dfe hydsogenchdndg arenbrbkeprimary
fibers, the primary fiber having a length of between 1.8 nmand | Om at the
peak ofwets tdsd envenghedd dversigeouilldietill ensutreth byh weltes trength ber s
having a |l ength of at nost 1 mm and bei ng present in an anount of between
0.1 andThbbugh wheewsijghtting ttheaftimant, athed miaywEibdes nexteidiegs bei ng
at | east one of entangled with and hydrogen-bonded to at | east one of other
m crof i pesm ik DI hetedihsicn fabéra aeken ttaredled va dhnekhewr f B6€rs ncl udi ng
fibers having a Il ength of between 1 and 10 mm but containing no fibrillated

rayon, bpanidhef soded ng paicdxeﬁ_ﬂglgﬂ,etaé_ﬁﬁﬁtgia_c%mﬁ sl ctydieogen- bonded
to each other, or the back layer including the fibrillated rayon in an

anmount gRal hoh-tben NEibric theving bawar protessied afiffigh ofate-

fibrillated rayon being at |east one of entangled with and hydrogen-bonded

to at | gastingetpbathendt HerroiST Ofoaiatid hheooiNRA Y REASwoden The
wat er - deconposabl e fibrous sheet as clainmed in claim1, wherein the surface

of the E?Qn' BY&E flabrilce$nashibilehdeshs62rhBAL £i15/E aref tResfgPéqt he
fibrillated rayon in the surface pressed under heat are hydrogen-bonded to

at | eastogBenel bhetfkhgk1Wesr.of i bers and the other fibers. 3. The
wat er - deconposabl & fibrous sheet as clainmed in claim1, wherein the
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



" fibrous sheet is a non-woven fabric after being subjected to mater-j$h:iq9
treatnent. 4. The wat er-deconposabl e fibrous sheet as clained in clai ‘}'U 200
. Wherein the fibrous sheet is produced in a paper-naking process.
REPLACEMENT SHEET i 2 J U N 2003 5328, The wat er - deconposabl e fi brous sheet
as claimed in claiml1, wherein the fibrillated rayon has degree of fineness
of between 1.1 and 1.9 dtex. 6. The water-deconposable fibrous sheet as
claimed in claiml, wherein the sheet has a deconposability in water of at
nost 200 secBnds. 7. The maher-decon%psab fjbrgus sheet as clajnmed in
claim 12 WADPECN W sheet THEs PRRRAOVETY RGricrmingsunity Iy®m s.
The wat er - deconpaosabl e fi brous sheet _as clained, in_claiml1, wherein the
sheet h3SULPREY Eitled giifesfonyeyeubels 4, Whishys cdockwigerretalrd ed

wat er - deconposabl e fi brous sheet with a plurality of |ayers each having a
di ffer et #iPFedeterRined UsPeRdi wWeile dpetny neetd Y thP¥urabiy sheet havi ng
a total sheet weight between 20 and 100 g/ nR2, conprising: a top layer on a
top surFatesahd:alBachCrafbf-on a back surface each including fibrillated
rayon and other fibers having a |length of between 1 and 10 nm the content
of the fibril | Bhedirg eenyveyed heltedsfadss Braak dieedsrsaBh andeiB
constituting each layer, the fibrillated rayon having a degree of beating
of at ndbev@0btscup-huis g ankarie heftWdanetdss rod ladaaand oiie Irall 7 deni er,
and having primary fibers of a predetermi ned fiber Iength and m crofibers
ext endi &g, farshfakespa demay efriilngr sank Hevgir shewn ) fhddeoow bhei upraid Bngt h of
between 1.8 mmand 10 nm at the peak of its self weighted average fi ber

di stri barearfat h@ntiocthd sheck feeden 3a,| £ilgehs dbraforming dbnem ayelr bei ng
present in an anmount of between 0.1 and 65% of the weight of the

fibrill gbadkr agger blre topclalicrgr andeiwateat dmastupdl d artgta@dghwid h and
hydr ogen- bonded to at | east one of other mcrofibers and other fibers, and
an i ntesthppdy pospohed MevmidberBefeapfiayarthamdodie feadkr! axasnteicl udi ng
fibers having a length of between 1 and 10 nm but containing no fibrillated
rayon, the wibeesnbeyog Béltenst dteradtedttanghedvivd boakeybydsepen bonded
to each other, or the interlayer including fibrillated rayon in an anpunt
smal | er 2t bgnthBahirnstbeibApfondebockthay@ewatéhenyi €40k i BEISw ofhé he
fibrillated rayon being at | east one of entangled with and hydrogen-bonded
to at | epskrieifgOaréde2®} hathdrstoelki Beegeanshte sl fajerft Rer 8- heel
REPLACEVENT SHEET ~ 2 , ~ur~ 2003 54

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



- 10. The multi-layered water-deconposabl e fibrous sheet as clainmed inqel aNna0g
9, 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 fi brous sheet2%s clainmed in claim9, wherein at

| east one of surfaces of the top and back | ayers is pressed while 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 mcrofibers and the other fibers. 12. The water-deconposabl e fibrous

sheet ashergheiween clamdntbe diebetieeRethediihrowhweb agdLhphagdven

fabric after being subjected to water jetting treatnment. 13. The

wat er - dédoififodabe ervesrioudogmeanotber| kibreus wall dtepolavneray hacke fi brous

sheet is produced in a paper nmaking process. 14. The water-deconposabl e

fi brous l&ken) dacing nmederedetermiged whbieknesaeofi bhel paeydouglyr has a

degree of fineness of between 1.1 and 1.9 dtex. 15. The wat er-deconposabl e

fibrous fheweed sfiltaisredelhn cl aim 9, wherein the sheet has a

deconposability in water of at nost 200 seconds. 16. The water-deconposabl e

fibrous sheet an casemedhere @ fiibreuswsdeeitn offhehdlebettheatop detyext r engt h

of at least 1.1 NN25 mm 17. The water-deconposabl e fibrous sheet as

clai ned ia cdrtiadits avilensjen antomrthedt flider id 1drteds tragrgt Nsofpraiddosast 3. 4
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ca] ca] ca] ca] ca] ca] ca] c<al] cal] cal] ca] cTa!,
the stock from the stock feeder 3A, and thereafter another web
that contains fibrillated rayon is formed on the
previously-formed web from the stock from the stock feeder 3B.
In that manner, the fibrillated rayon in the upper web hardly
passes away through the underlying web and through the wire
conveyor belt 2, and its retentiveness in the layered web is
high. On the other hand, in case where fibrillated 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 1lb, fibers containing a smaller
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readily transferred from the wire conveyor belt 2 onto the felt

conveyor belt 7. In the felt conveyer unit II, the felt

conveyor belt 7 is rotated counterclockwise while being held

by the rolls 8a and 8b and by other rolls 9%a, 9b, 9c¢, 94, 9e,

9f, etc.

In the latter-stage felt conveyor unit, disposed is a
second felt conveyor belt 11. Like the felt conveyor belt 7,
the second felt conveyor belt 11 is made of a needled blanket,
and this is held by a plurality of rolls 12a, 12b, 12c and 12d.
Around a pressure roll 20 in the unit, the second felt conveyor
belt 11 meets a drier drum 13, and the fibrous sheet 1A on the
second felt conveyor belt 11 is transferred onto the drier drum
13. In the drier unit IV, the fibrous sheet 1A is thus wound
around the drier drum 13, and dried thereon. After having been
thus dried, the fibrous sheet 1A is wound up by a winder roll
14 into a roll 15. Through the process, producing the fibrous
sheet 1A as a roll is finished.

To further enhance its surface friction resistance, the
fibrous sheet of the invention is preferably further processed
for skin formation, for which the sheet is heated under pressure
while its surface is still wet. Through skin formation
treatment, the amount of the hydrogen-bonded microfibers in
the sheet could be increased. In the method mentioned above,

the surface of the drier drum 13 is smooth and is heated. 1In

the transfer unit III, the fibrous sheet 1A is pressed between
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The fibrous sheet 1A contains water having been applied thereto
through water-jetting treatment, and it is heated under
pressure against the smooth surface of thedrier drum 13 whereby
the fibers constituting it are more highly bonded to each other
via hydrogen bonding. 1In particular, the hydrogen bonding of
the microfibers that extend from the fibrillated rayon in the
surface of the fibrous sheet 1A is much enhanced. As a result,
the top layer la of the fibrous sheet 1A is smooth-faced and
its surface 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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The fibrous sheet of the invention does not always

require water-jetting treatment. The hydrogen bonds of the
OH groups existing in the surfaces of fibrillated rayon fibers
increase the strength of the water-decomposable fibrous sheet
not processed with water jets, especially the dry strength
thereof. With the increase in the degree of fibrillation of
rayon fibers in the sheet, or that is, with the increase in
the amount of microfibers therein, the surface area of the
fibers constituting the sheet increases and the fiber-to-fiber
bonding strength of hydrogen bonds in the sheet is thereby
enhanced. In the sheet produced in a paper-making process,
the hydrogen-bonding force of the microfibers is comparable
to or larger than that of pulp, and the sheet strength is high.
Depending on the hydrogen-bonding force of the microfibers
constituting the sheet, the decomposability in water of the
sheet could be well balanced with the mechanical strength
thereof. The dry strength of the sheet produced in a
paper-making process is especially high. Even in the fibrous
sheet produced in a paper-making process, the microfibers can
be partly entangled, so that the wet strength of the sheet can
be high.

For example, in the non-woven fabric~forming unit I in
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q:he method meQ ioned above(,)the non—woven( %abrtlc 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 1lb); 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 1is pressed under heat. As a result, the fibers,
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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 1lc 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.
On 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 1le.
In the fibrous sheet 1B, the top layer lc and the back

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

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

Therefore, the dry strength of the fibrous sheet is preferably
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at least 3.4 N/25 mm in terms of the root mean square of the
strength at break in the machine direction (MD) of the non-woven
fabric for the sheet and that in the cross direction (CD)
thereof.

Also preferably, the water-decomposable fibrous sheet
of the invention has a degree of decomposition in water of at
most 300 seconds, more preferably at most 200 seconds, even
more preferably at most 120 seconds. The degree of
decomposition in water is measured according to the test method
of JIS P-4501 that indicates the degree of easy degradation
of toilet paper in water. The outline of the paper degradation
test method is described. A piece of the water-decomposable
fibrous sheet of the invention having a length of 10 cm and
a width of 10 cm is put into a 300-ml beaker filled with 300
ml of ion-exchanged water, and stirred therein with a rotor.
The revolution speed of the rotor is 600 rpm. The condition
of the test piece being dispersed in water is 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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together to a suitable degree. Accordingly, even in wet, the

sheet is still resistant to surface friction. More preferably,
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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.
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to restrict the scope of the invention.
Example A:

Rayon fibers (from Acordis Japan) were fibrillated in
a mixer to prepare various types of fibrillated rayon having
different degrees of beating as in Table 5. From the
fibrillated rayon, ordinary non-fibrillated rayon (1.7 dtex

(1.5 d), fiber length 5 mm), and bleached soft-wood kraft pulp
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(NBKP) (Canadian Standard Freeness, CSF = 600 cc), formed were
two-layered fibrous webs. The blend ratio of the fibers in
the top layer and the back layer of each web is indicated in
Table 5. The back layer contained the fibrillated rayon. The
fiber length of the fibrillated rayon shown in the Table 5 is
that of the non-beaten rayon.

Without being dried but still on the plastic wire, the
resulting fibrous web was put on a running conveyor. While
being moved at the speed indicated in Table 5, the fibrous web
was subjected to water-jetting treatment, whereby the fibers
constituting it were entangled. The high-pressure water-
jetting device used for the treatment was equipped with 2000
nozzles/meter each having an orifice diameter of 95 microns,
at intervals of 0.5 mm between the adjacent nozzles, and the
pressure of jetting water streams applied to the web was 294
N/cm’. In that condition, jetting water was applied to the top
surface of the web so that it passed through its back surface.
The running speed of the web was 30 m/min. The water-jetting
treatment was repeated once again under the same condition.
This is the second-stage water-jetting treatment. Next, the
web was dried with a Yankee drier to obtain a water-decomposable
fibrous sheet. This was then immersed in 250 g, relative to
100 g of the mass of the non-woven fabric, of ion-exchanged
water. The thus-obtained water-decomposable fibrous sheet

was tested in dry and in wet for decomposability in water,
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strength and friction fastness.

The test for decomposability in water was based on the
test of JIS P-4501 indicating the degree of degradability of
toilet paper. Precisely, a piece of the water-decomposable
fibrous sheet having a length of 10 cm and a width of 10 cm
was put into a 300-ml beaker filled with 300 ml of ion-exchanged
water, and stirred therein with a rotor. The revolution speed
of the rotor was 600 rpm. The condition of the test piece being
dispersed 1in water was macroscopically observed at
predetermined time intervals, and the time until the test piece
was dispersed was measured (see the following Table - the data
are expressed in seconds).

The wet strength was measured according to the test
method stipulated in JIS P-8135. Briefly, a piece of the
water-decomposable fibrous sheet having a width of 25 mm and
a length of 150 mm was tested both in the machine direction
(MD) and in the cross direction (CD), by the use of a Tensilon
tester, for which the chuck distance was 100 mm and the stress
rate was 100 mm/min. The strength at break (N) of the test
piece thus measured indicates the wet strength thereof (see
the following Table - the data are expressed in N/25 mm).

To determine its surface friction resistance, the
fibrous sheet was tested for friction fastness according to
the abrasion resistance test method for paper boards stipulated

in JIS P-8136. Briefly, a rubbing member A with a piece of

12 JUN 2008
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artificial leather attached thereto was rubbed against the
fibrillated rayon-containing top layer of the fibrous sheet
to be tested, under a load of 500 g (4.9 N).

Fibrous sheets of Comparative Example were produced in
the same manner as in Example, for which the blend ratio of
the fibers is indicated in Table 5. The fibrous sheets of
Comparative Example are all single-layered ones. The weight
of the fibrous sheets of Example and Comparative Example is
all 50 g/m’.

The data obtained are given in Table 5.
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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 Decomposability in water (sec) 118
Wet Decomposability in water (sec) 134

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




N 2003

eD04) 10%y@o0% & ()-) 10%' & ()- ) 10%' & ()- #3,'x) 10%' & ()- 124
109" & () - BB|[ 04) 1 & 10% & ()- &$10% & ()- "!110% & ()-- y 110% & ()- &s
.10% & ()- & 10% & ()-B~60|[:04) 1 & 10% & ()- 90! 10% & () - &. 110% & () - -

& 110% & () *&110% & ()- &(!10% & (PIWKYZgj vU4 3109%K&K& () -
0' 109k&k& ()-F10' 10' 10' - &8& 10% & ()- &6& 10% & ()- 4f10% & ()-japD| [: vU4
@OYK&K&' ()- L 109K&k&' ()- L 109K&k&' ()-- @LOYKE&K& ()- L10%K&K& () -
&&! 109K &k &' () - D' W/&' (:1vU4 %409%K&k& ()- Ol " 109K&k& ()- 10k&k10k&k10k&k- L
% | 109K&Kk&' () - @O%KEKE () - LM 10%EKE () -1 L Lg vU4 9l 10%8&k& ()- &
zlo%<&k8£f’(‘7r°‘9%" ib%’&k&s( xe uCﬁgb/«m (§h er‘&ﬁ@f/&& fibrous sheet
S109K&K&' ()-jW[:vU4 90 "10%K&K& ()-. 9. "10%K&K& () - F109k &K & () - -
LN 10@&%&1@/% jgo0d dgrpREEity- LORMWIRINRRRPLLCAFFPRRAL 1 DR QECIREGIOTDK 8k
LLOt 109K&K& ()- 7 109K&K& ()-- L5! 109K&K& ()- 4 109K&K&' () -
952109 &kizen )the [Likxens shegtixisauggd faxr thmKkersshpet of absorbent

articles, it is not deformed during use and gives a comfortable
feel to users.

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

Here, ‘'comprises/comprising' when used 1in this
specification is taken to specify the presence of stated
features, integers, steps or components but does not preclude
the presence or addition of one or more other features, integers,
steps, components or groups thereof.

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

spirit and scope thereof.



" L0UKEXE () -- S10UKEXE ()- &109K&X& ()- OY" 10%xe&x& ()-6 g REPLAGHMENT SHEET
FLOUX&X& ()- L&LOYXEX& ()- &Y 109X&X& ()- - 9109X&X& ()- 10%<&§<§z }@-

- Q10YXEX&' () -, 111" <986 7' | [:-410X X L31&L0%K! X& ()-s & / 10UX&X&' (V4 2003

"109K&X& ()-- &3 10UX&X& ()- L@ALOYX&X& () -3

L! 109X&X& ()-7'8'9'Z' ] "' 9(bA4IOX X &)>- 109K&K& ()- & ! 109K&K& () -

1098k& ()- S109%K8k& ()- ! 10%&g& ()- 10X XLOX! X9(())-*u**| [: A41OX! X
83109k &K () YIOMKEKE ()- & "100K&K& ()-  109KEK& ()- & 109%KEK& ()-
10%<&k&kY§7}‘ HUCQ ISi 1 A410X! X 9&rrfL0%<&k& ()- &$109K&k& ()- 9, #109K&K& () -
&s! 109K &Kk& ()- 9109K&K& ()- &LO0YKEK& ()-1,,,|[: A410X! X 9&mMLO%KEKE () -

&$109Kk &k &' () 1 9A#ﬂrﬁﬂ4i&k)8£:reql wa‘&stte@ﬂn&b@al:@ -fibroas m&t’e&m&()a pBralig%eek& () -
Nor mal " " Headi ng 13].c" "Headi ng 23] c" "Heading, 33]c" "Headjn at]c"
" Headi ndaBYPpcac H@%ﬂ&@ éﬁfeéent EQlisnepnstifution iptgarated ghnrein, tha fhrays 93] ¢ A

v 8%) “B%ﬁ?@é%ﬁ@fﬁﬁé‘ﬁ%@ﬁ%}%mkbw 100 . S5 cove
7 pO1sck At Rk BT 1P PRSI RO A AYh A9cllEr 7S sssrs
YS0B7KR dqy “%aﬁgwww B V- SGLSV el Gy (6 SRV GKS| &) 4GWCT Ty
(- ANX] f tdt 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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6. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
sheet has a decomposability in water of at most 200 seconds.

7. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
sheet has a wet strength of at least 1.1 N/25mm.

8. The water-decomposable fibrous sheet as claimed in claim 1, wherein the
sheet has a dry strength of at {east 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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10. The multi-layered water-decomposable fibrous sheet as claimed in
claim 9, wherein the fibrillated rayon content of the fibers constituting the top
layer is almost identical to the fibers constituting the back layer.

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

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

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

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

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

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

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

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



