/i jkl me3eP\ 6TP2 g MAY 2003 1 WATER DECOVPOSABLE FI BROUS SHEET CORrhMAYNED
FI BRI LLATED RAYON OF DI FFERENT FI BER LENGTH PROFI LES _FI ELD OF THE

| NVENTI ON The present invention relatds to a water-deconposable fibrous -
sheet capabl e of being readily deconposed and di i ter flow Mare
precisely, it relates to such a 1 water- decomos;mmwﬂmmmmgmweet havi ng
good deconposability in water and high strength in wgf,,, | PTION OF THE
RELATED ART To wi pe the skin of human bodi es including {he private parts

Lner ool . ymef SR 30 s i bl N RS 2 SRS Bag o oo ™
pater decomosabl e, o SRR SlE ek EENbA EadkLERELY, © zf°232h°f "

pur poses. The degree of their deconposability in water nust
degree. This is because, if poorly water- decorrposabl e cl eam
di sposed of in toilets after use, th%y take a | ot of |rreu

are deconposed and di speP@@&W‘%‘@pﬂ Tﬁ@nWE&TWNI clog the dral npl pes
around toilets, etc. For wiping off wet dirt and for easy and effective
use, mnf@%rﬁﬂldf%mm&o% per applications are packaged while Q9
MAY 2003 1 2 being wetted with a |liquid detergent chemcal or the |like, and
are put on the MRekpreseRrbprvertiancrelrtes %@oWﬁ&?&bﬁ@C@WQﬁﬁﬁk}%heets
must have high strength in wet to such a degree that they are well fit for
wi pi ng wiftibnarsmeheet epalile efibeind read il Hesosposed ahd dispersed nust
wel | deconpose in water after they are disposed of in toilets. For exanple,
Japanese imat watteubflewt i onMiNoe 246387 1989by di sidl oged akesat e - dastinpa@sabl e
-cl»eaning article that conprises a water-sol uble binder having a carboxyl
group, a wattent-dexronpus abl @ fgdronss sheett having\wwrqd decompioslabidritand t he
organic solvent irritate the skin. Japanese Patent Lai d-Open No.

292924/ 1991 whts=xt cued leiglatstraeeganpis abéte. cl eani ng articl e of pol yvi nyl

al cohol containing fibers with an aqueous solution of boric acid infiltrated
t her ei nt QESORIPERGMN X THE RELAPEDR-AREN Nov 198778/ 1994 di scl oses a

wat er - deconposabl e napki n of pol yvinyl al cohol -containing non-woven fabric
W th a borate i @0 atfeathé sk auman badieduiecl idengithe prhivseer ,

pol yvi nyl al cohol is not resistant to heat, and therefore the wet strength
of the wiiaxtdlatmmashblor ebeaneas evilete amd tHeradbitsicamabsak] e
napkin is |l owered at 40C or higher. Recently, various water-deconposabl e
absor bentd idpd£d18Fe id1&aiding shabibafidddapkipaperPaptnonivwrevén, fbyIes.abl e

di apers and ot hers have been investigated in the art. In view of their

safety, Ietesel el gf sl OGabbe-HebbARSsabd e9%c Mdn2R§Fheets

that could be directly disposed of in toilets after use have
5 been developed, as being convenient for such purposes. The
degree of their decomposability in water must be high in some
degree. This 1is because, 1if poorly water-decomposable
cleaning sheets are disposed of in toilets after use, they
will take a lot of time until they are decomposed and dispersed
in septic tanks, or will clog the drainpipes around toilets,

etc.
For wiping off wet dirt and for easy and effective use,

many cleaning sheets for wiper applications are packaged while



sheets nentioned above could not be used as the top sheets for thosgg MAY 2003
absorbent articles that shall be kept in direct contact with the skin for a
| ong period of time, as they contain @ binder and an electrolyte. On the

ot her hand, Japanese Patent Laid-Open No. 228214/1997 discl oses a

wat er - degr adabl e non-woven fabric having a wet strength of from 100 to 800
gf /25 mMm (from0.98 to 7.84 N 25 mm) as neasured according to JI'S P-8135,
which . r is produced by nixing fibers having a length of from4 to 20 nm
wi th pul foIIo y I|n e thro reatrent th. .hi gh-pressure
wat er j et \A%%Pﬁew ‘fl?g]%me’é g}bqﬂ]aﬁ?g]t & FW j[q §h&%Fon- woven
fabric disclosed has bulk . , roduci ng the non v
fabric, |2 fBHeran aFae emeatvseted TRESRERE R oRUGhe Yo bRE ~HECOREPeAR Rt rent
mhereby t he non-woven fabric produced could have such a rel atively high wet
st r engt h.CheRt P sAeeiEBRET rhj“’t%htlﬁé gtrengih d@eWﬂFs'{Q §4€8 adegree
difficult to realize well-bal anced bul ki ness, strength and

wat er - dedihafalfiiay preowelde fh&nf%v‘éhpia%r‘%tlbrmetﬁt% Wit s@ehwoven
fabric produced is unsuitable to disposal in flush toilets, etc. SUMVARY OF
THE | NVENTAdNuAd ehemscabfon hbei hikai byt rest quir]odﬁéémoﬁ@temé@d@ﬁposabl e
fi brous sheet which is well deconposed in water and has good strength
enough f afvepetheppreadisprsederf t boughiles9 MA' s 2003 4 no binder is
added thereto. Another object of the invention is to provide a

wat er - deconposal¥loxr éxampls, slapainess Batest Pafbd ifcart liansNap@4i636/1189% 0 t he
skin. According to one aspect of the invention, a water deconposable
fibrous shiestloses coapr water-Jdecomposadile ngcIedming at adtiayen, that
fibrillated rayon having primary fibers of a predeterm ned fiber |Iength and
m cr of i bercmexieesi agvdtern soldiel @rbivder flideing 4 ladfbduyl gt ; ayon
including a first type of fibrillated rayon having a degree of beating of

at nost #EeAT icH and ah éhgaheegidlwdnt he Howevalyy, theenstbal isn kaidween 1.8
mmand 4.0 mm at the peak of its self-weighted, average fiber |ength

di stributtiod Prednie solventandrataeeovdet ypénof fibrillated rayon having a
degree of beating of at nobst 700 cc, of which the length of the primary
fibers falls betygrihdsel FaventAndid0opeinNatl 2929 pe2ko91 discBesés veei ght ed,
average fiber length distribution profile curve, and the mcrofibers

ext endi ngy4 ¥ &ALdECompbSabRad cIeanif gt Yaasidiie fobr pbllgadylaytrcditd 1Y
entangl ed with and/or hydrogen-bonded to at |east either of other

m crof i begSnBRn Ph§eir ibelar swit¥nt 4k abliebsdrsblaticly esfi bowdlc Mdiy wat er,
t he wat er - deconposabl e fi brous sheet of the invention all the tine keeps

hi gh strepng t¥heddi tthetdimt; SeaﬁjndnJﬁrpla%@Q% Lt Ldid-bpén NOHO9 5
wat er after used and di sposed of intoilets and others, it is readily

deconposeflogy gy 06941 byaue1daeatl of td@&téﬁﬂ&@ébﬁ?esamem Hadiker sof
f|br|IIated rayon are entangled with and are further hydrogen-bonded to

per fi gﬁ'@tQféoﬁbf:ieéh@stﬁlh?eﬁ@hﬂwotraﬁrfamrfé hiPEhT Ad gt é
ab bon

lity t I bers constituting the sheet and to enhance the strength

of the Shﬁereta})%e%tﬂfca{f% e SPERT fth%eea\aeadaﬂr?éxﬁmuntnme

applied t e entangled mcrotibers therein are i | oosened or the

hydr ogen agfgﬁé Vﬁf%bﬁ%f;BP%Q%drEEEEgghgeﬁélﬁﬂﬂfehﬂdaEHePéFKEE’tM@fagby

the fibro IS rea econposed In water. In particu
rayon of Seerserehden ﬁﬁﬁf‘t’ﬁi‘t’%%%ﬁ%e‘?m%w%i. el Phg ReC I G aRA T
e, TogCel e AR SHEEl et TR R HELRERGE 1
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



The wat er - deconposabl e fi brous sheet of the invention can be corrp&%tw\gfm
materials not harnful to human bodies. In the fibrous sheet, preferably,
the mcrofibers having a length of at3nost 1 mmin the first and second
types of fibrillated rayon account for fromO0.1 to 65 % by nass of the
self-weight of the fibrillated rayon. The fibrous sheet may contain each of
the first and second types of fibrillated rayon in an anmount of at |east 3
% by nmass of all the fibers constituting the fibrous sheet. ~ '~ ~4~Y

200g 6 Preferabl .t _cgontains at J|eas % by. mass, of ot her fibers having
= | engt h SRS MG 19BSArT oS ST 37 BetEd s EPPok Rt HhERT. T9Re
fibrous eet be a. non-woyen fabri vi ng been, suhjected to
wnter-; elHORS APEATRERE SAFLOLRArTIRY $hal heyBBt sib st foatact
paper-naki,n%ogr ocess. Preferably, the degree of fineness of the fibrillated
rayon faMitheRGednin f9r fLongPeriad oftsdigy apdmay FontaenkPaRtett his may
be referred to as "Metsuke") of the fibers constituting the fibrous sheet
fal |l s betdeRrREATFrRIVH n2. Still preferably, the deconposability in
wat er of the fibrous sheet, neasured according to JIS P-4501, is at nost
200 seconds. StPnl thef ethgry hand, wekapanessyt Rasenthdgidbr@nen sNeet is at
least 1.1 NN25 mm Also preferably, the dry strength of the fibrous sheet
is at | eRAB2L YW NS discBrsEs BESERIHARYERIatHE DRAWWERSE| dabrics a
graph show ng the self-weighted, average fiber length distribution profile
of the filssringrgmetostmengtbavénframohf0Fig. 800 igf A2 5GymapH foieawlng st he
sel f-wei ghted, average fiber length distribution profile of the fiber
I engt h oftdo&at8an N/ 25 AWM @@Asured according to JIS P-8135, which
© )
is produced by mixing fibers having a length of from 4 to 20
mm with pulp followed by entangling them through treatment with
high-pressure water jets. Since the constituent fibers are
entangled in it, the non-woven fabric disclosed has a bulky
feel. However, in producing the non-woven fabric, long fibers
are entangled through high-pressure water jet treatment,
whereby the non-woven fabric produced could have such a
relatively high wet strength. Therefore, according to the
) technique disclosed, it is difficult to realize well-balanced
bulkiness, strength and water-degradability for the non-woven

fabric produced, and the non-woven fabric produced is

unsuitable to disposal in flush toilets, etc.

SUMMARY OF THE INVENTION
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 wiper applications even though



7 rayon, for which rayon having a f fiber length of 5 mm was beater12;gIglAzg.zmila3
is a graph showi ng the sel f-weighted, average fiber length distribution
profile of .the fiber length of rayon Raving been free-beaten; Fig. 4 is a
graph showi ng the sel f-wei ghted, average fiber length distribution profile
of. the fiber length of beaten rayon, for which rayon having a f fiber

| ength of 3 nMmwas beaten in wet; . 1 Fig. 5is a graph show ng the

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

| engt h of beaten rayon,. for which rayon having a fiber length of 4 mm was
beat en iNQJgﬁniéﬁylﬁS3@9§dkﬁﬂﬁﬂ?gﬂnwwng the sel f-wei ghted, average fiber

| ength distribution profile of the fiber |ength of beaten rayon, for which
rayon having a fPBERCFeRRICSE OImtd&s JHBéﬁEfgW-‘?rh Wt : tanPrayider s a
graph showi ng the sel f-wei ghted, average fiber |ength distribution profile
of the fiwiken-deponrssaida ehibapss, sheehhivihiamyads hedfag &% i B&EF | ength
of 7 mmwas beaten in wet. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
fibrill attaplkigadnidrortadde skine i nvention is neant to indicate fibers of
regenerated cellul ose rayon having finely-fibrillated surfaces, or that is,
those with 2 @cwRardings3 t® sy aspecti oéd thiecripivert somavanyapest-ed and
extending fromthe surfaces of the primary fibers (of the fibrillated
rayon) . dévmpodatrle of ibraumasheetgaagr ataupcisd ¢ uf bberss combatiminghi | e
that of the fibrillated rayon is fibrillated; and the two have different

st ruct ur eSibriild tdid rhiyahedHe idbg idl atkdtrayge has nigep pinaioy €d befrer
exanpl e, by nechanically processing rayon while it has absorbed water and
is still ofehtmcedd&omon thed £ ibdreyengyh kandlmpeediic bersf et exdimg € romccor di ng
{td a method of strongly stirring rayon in water in a mxer, or a nethod of
beati ng rioprimarputitsrsa refiner, a beater or the like (this is a

wet - beating nethod). More precisely, the fibrillated rayon includes fibers
as produced by pmecessbpillatedpuraydyOnindlaitidsy pal yposs€ afypdedf ke with
an acid foll owed by mechanically fibrillating it, and fibers as produced by

mechani cadipr f1 4t dd atdyeh Sdwaly -6 rey U Wiaxind shaid sda maiced t hat
the fibrillated rayon can al so be produced from ordi nary, wet-spun

regener atd, cof w8 thida dridii IdRied pigiary0 s Ed1N 8 M thiddmous

sheet of the invention includes different types of fibrillated rayon of

di fferent; fd hgk dRNH o MrPldt @he pai Yt tidae sefi g ried ar@&;geand a
econ

second type of fibrillated rayon. In the fibrous sheet, the s type of

fibrillateddayihdth h98¢ribeisncpedtesetiered | et B 8Ecbha tof and the
first type of fibrillated rayon of short fibers increases the strength, not

2 9 MAY ?@%ﬁié’ﬂ@&iwy&b%mﬁféé Yo b %é’ﬂﬁ{%cﬁf tfe wigetzoo As a

result, the fibrous sheet reall zes good strength and good

deconposaki | idy i dRtde bJITéthtﬁaeQJE i‘lﬁﬁsllrp\ei:f(i'df‘dcxi & {led | F8l1 AHbSEREAGND types

of fibrillated rayon capable of being p ]éra |y used in the invention,

some et NPde ARame 197 GHed: %@Séégk?of@é’?s%ltﬂ%ﬁl;ﬁé@i Hchgaver age

fi'ber |eng bution (the ma di stribution the primary fibers

and the gl i PengeRORELEHibhDloh| BEbEL B CHuEREONandne Sel - uei ght ed.

aver age
the microfibers extending from the first and second

types of fibrillated rayon being entangled with and/or
hydrogen-bonded to at least either of other microfibers and
other fibers.

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



f fiber length may be referred to as the weighted average | ength b>z S1/\/43,("["\5h?tmm
The mcrofibers are shorter than the primary f fibers . Therefore,
anal yzing the distribution of the fibgr length in fibrillated rayon
clarifies the self-weighted, average fiber |length distribution of the
primary fibers and the mcrofibers constituting the fibrillated rayon.
Anot her nethod of specifically defining the intended fibrillated rayon is
based on the degree of beating rayon into fibrillated rayon (CSF;, Canadi an
St andard Freeness First descrihed is the self-weighted erage.fiber
Cengt h 08 PRABRE: Bhcer Taed prd i posed SE.08 tHEIeHE A BBIETBIndti ¢ ut i ng
fibrillated rayon. For this, referred %)is one exanpl e of beati,ng rayon of
whi ch’ t héso’F?@%héY 459mP=8Yt h Ii“stber#ﬁ TR Sgiel?lti ﬁr’?-) & lPX?BﬁlBB't he
second type. The self-weighted, average fiber length distribuytion profile
of non- bd&eeRicxofibegis ofafdypridyet yeny agecentangded wigbnandy 9 way
2003 10 5 ”mm 1.7 dtex%, for which n =3, is shown in Fig. 1. As in Fig. 1,
t he sel f ang glitsghezychyigeogepebondargt htdi AEhemt ifobens ngndegtberrayon is
al nrost concentrated in the fiber length range of 5 nm 1 mmor so .
Non- beat svicrpfdbpersnphereani therehy exudvidningathed roabdl ¥y hpomdss wer e
prepared and beaten in wet to different degrees in a mxer. The
sel f - wei ditted;s evasideutiing thenghketli andi batenrande tthe tshuengdd of,
fibrillated rayon was analyzed in relation to the different 1 fiber
| engt hs. theesheetl.t | Wpenathe dridbnusg sheettorgcedvasga adrgsd afiqunt2ofAs seen
in Fig. 2, the self-weighted, average fiber length distribution profile of
Ahe fibrivatatredppdyied yheretap theaervdngbad suidisghilers) thexedat airles, t he
larea except that for fiber lengths of shorter than 1 nmis principally for
t he pri mllopdensst arothéteydtdyen baineld bayeeenatie thomdeaimierof ibees f or
fiber lengths of shorter than 1 nmincludes | ong extending mcrofibers and
chopped rhereiln beré bidkeasulldxedy othé o ibuohspraedtedisi Mealdialyi on. The
fiber length of the primary fibers of the beaten, fibrillated rayon may be
shorter iqeconpogtrriee waltat .t hah partheulabersnofhé il tAleeth@T beat en
rayon, or may be seem ngly |longer in sone degree owng to the mcrofibers
that ext egié firradtiony VB dridalfe diddteityNeE FABEANdiat@dy raydr he
beaten, fibrillated rayon, the fiber Ilength of the primary fibers

corresporg thdrt tibdigalard dHe seidndivie & favariage dddelayn@h
distribution profile and 2 9 ~1~~'" 2003 11 around it falls within a range

of the nammpl r{hoes. | engERe@brihe then-DaMAlL o6t Pel1AREl Wl 1-NDre
precisely, wthin a range between the length of the primary fibers - 0.3 nm

and the Ingidef hBeoRPbBBLY 1fiither $n Okvat@r TodiPalsteldRh 4R hidyillated

rayon for use in the invention iS identified as one having the fiber |ength

peak for dyeydymry fibers of the fibrillated rayon itself and the f fiber

I ength peak for the fibrillated mcrofibers . Especially preferably, the

m crof iber s havirhg gake2ubbceipdlsaBit cioFBuLIshBBL! bR Aiffbrtaen for

use in the invention account for fromO0.1 to 65 %by nmass of the

sel f-wel ghip gl télﬁnééé?éd'éf“rﬁ?téf%&f i8¢ B@fhghha&sdh@zmnbbaft%e.par ed by
, ort ,

beating rayon In as set above. | elng different fromthis,
rayon i s beaten4n ordi f zpeat] t r Qe j ating (
so that the beaggh ?@§o§q§%3ﬁ¥;h%ggeg'réguceg nu ?iggﬁ ; véﬁﬁgl%ﬁgfcating
its degr f ati %M! i i | i r:el u W4 i

parti cl e??a‘gisné)ﬁa &.eg‘. . b&n%h‘ﬁ?g‘goﬁ I ilgln?éh%l)g#?%# ?ﬂ% E[’;én%??ggéa‘qu(?scl es
woul d | ose, t ordgainal fiber le . he ebeaten_ra i t wthin
t he scopeo%ff}}tﬁﬂ:el]lr]lgab??ql IIfaatYeo raé:y%oﬁi&orfotfsgffi’oﬁl toﬁg %ﬁvgét%ﬁy r%\]%g ot

wat er - de (o]} e fibhrous_sheet _of t invention contains the first type
of fibri fﬁqbr%oe%eaf Ny 1%?‘thﬁﬁfcﬂﬁ?h£lf’£hg$ﬁ£8¥' tA¥°Brimary fibers falls
between 1.8 mmand 4.0 nm at_the peak of [ts self-weighted,_.average,fiber

| engt h distribuﬁﬁﬁhffﬁﬁouﬁ'ﬁnSEEO@aXZCBPt?FPee@ﬁPvaamy%rﬂ%ﬁéﬁdﬁﬁa, and
the second type of fibrillated rayqn of whjch the |length of .the pripmary
lber et HeeobtuRas 87 EEBRuIARRCAOraYoh A 40 FREUPEARE G deget 3 4

sel f-wei ghted, average fiber length distribution profile curve and

t her ear oM. MapBugh @ddt fihe rlhems f FPRETLYBELRE thEr ifibHQUS rSRRRL of
relatively short fibers, the fibrous sheet can ensure the strength owing to
the mcrofibers of the first type of fibrillated rayon and to the primary
fibers and the mcrofibers i of the second type of fibrillated rayon
therein. On the other hand, when the fibrous sheet is brought into contact
with a large anount of water applied thereto, the entangl ed fibers therein
are readily | oosened and the sheet deconposes in water within a short
period of time. This is because the [ibrous sheet contains the first type

. Y T g,




I
X

2 9 \AY 2003
2 ~ ~1.~4Y 2003 14 Table 1 First Type of Beati ng Met hodFi ber Lengt hDegree
of Mass DistributionFibrillated Rayonand dtex of Non- beaten RayonBeati ng
(cc)Fibers. not longer than 1.0 nm (% By nassFiber Length of Primary
Fi bers*1 (% by nmass) m xer3 mm642. 6172. 841. 7
dtex3374. 4067. 892034. 4965. 35966. 3158. S64 mmb6151. 8555. 191. 7
dt ex4453. 7058. 023537, 0 259.58227_ - -11,47-4 7.23 147 13.28_ _ 41.51refiner
or pul per3 mbt44_ 0.571.4
g;822362é§6 50kﬁ9563 Z%ﬁ%39n£1§87?e 9g5g 73%%%’05%97%h322%1%é392111'773

Wt non BSHERE LERSTHAT Ao mASF: Lo cH PR T MRt ABRETASER S he

primary fibers in the beaten rayon faIIs between 2.4 mm and 3 4 mm and
with thattrd¥®Rng a fiber length of 4 nm it falls between 3.4 nmand 4.4
nm 2 9 MAY 2003 15 Table 2 Second Type of Beati ng Met hodFi ber
Lengt hDegr ee of PResEHpEeus mhaenmalrbe |2anen-rRaysRafbEie haingReeheat en
RayonBeating (cc)Fibers not |onger than 1.0 nmm (% by massFi ber Length of
Primary MuWeiested dopyakass)atkéns wredbuenbel Morernatively, it may
dt ex40022. 4947. 2520035. 9532. 7710041. 7622. 726 mb0018. 4547.181. 7
dt ex4102 2 ERDBXU 4N 2 JaBS-omiel IR] 18 dogs 60728, 9843. 071. 7
dt ex46949. 0624. 9634863. 2910. 7216461. 536. 199555. 584. 395 mMmb2012. 771.7
dt ex37723. 201853Fe3ledaBiy47the* deyryet of Mhindneserod Hhen fibviiddazei ber
Iength of 5 mm the

rayon falls between 1.1 and 1.9 dtex.

)

Also preferably, the weight (this may be referred to
as "Metsuke") of the fibers constituting the fibrous sheet
falls between 20 and 100 g/m’.

Still preferably, the decomposability in water of the
fibrous sheet, measured according to JIS P-4501, is at most
200 seconds.

Still preferably, the wet strength of the fibrous sheet
is at least 1.1 N/25 mm.

\ Also preferably, the dry strength of the fibrous sheet

is at least 3.4 N/25 mm.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing the self-weighted, average
fiber length distribution profile of the fiber length of
non-beaten rayon;
Fig. 2 is a graph showing the self-weighted, average

fiber length distribution profile of the fiber length of beaten



| ength of the primary fibers in the beaten rayon falls between 4.428nMANQ003
5.4 mm Wth that having a fiber length of 6 mm it falls between 5.4 mm
and 6.4 nm and with that having a filker length of 7 mm it falls between
6.4 mMmand 7.2 mm ) 2 ~ yhl~"~ 2003 16 Table 2 - continued Second Type
of. Beati ng Met hodFi ber Lengt hDegree of Mass DistributionFibrillated Rayonand
dt ex of Non- beaten RayonBeating (cc)Fibers not longer than 1.0 o mm /o b
massrefiner or pul per5 mbt761. 081. 4

dt ex6461. 066312. 085548. 484337, 3933911. 1824221. 5718320. 4316126. 5513524. 325
m6950. 4XRYPn, for which rayon having a fiber length of 5 mm was beaten;

dt ex6251. 495217. 1722920. 9620017, 1419820. 0419818, 1019817. 5919516. 9219515. 081
9015. 1418819, 54¥4917341i88819rophTabPYings kbes sehé -welghtedm rRY¥@EAIRavi ng a
fiber length of 3 Mmor 4 mm and Table 2 shows the data fromrayon having
a fiber |fsidghlengshndiseripubion prafifleofays fidkerhéanghhiof wayono
different degrees of beating in a mxer or a refiner (or in a pulper). The
dat a i n thesingidigess firek-degateme sel f - wei ghted, average fiber |l ength

di stribution of the fibers of not longer than 1.0 mm principally

m crofi bers (thatig.s4 tiseapgamppht showihgntheobeldEr-we)i ghtebdi,haverage

sel f-wei ghted, average fiber length distribution of the primary fibers of
whi ch t hefilsnglengshnebsti fbitiod plrerf illengt hhef £ iber lenguhad Ebeayeon 2 9
MAY 2003 17 ( falling within a range of from-0. 6 nmto +0 . 4 mmof the
ori gi nal fdyaei, lforgivhieh tdywmbaviaat £ T ikayolpngRht G ¥ pRALLAS beaftienst and
second types of fibrillated rayon. The data of the fibrillated rayon

obt ai ned idirgagh beating in a mxer are plotted to give graphs as in Figs.
4 to 7, which show the self-weighted, average fiber length distribution
profiles of thegiiqurig liat ed z@?hn-sh&ﬁrﬂ hhea BRI ~veight dd)deradrermé t hat
the first type v g‘) fibrillg':e rayon, 312 whi ch the Igngtéﬁnof the primary

fibers fatisePeneen distBibut 68 ptofid Bt dhe PEpOLAlnRftH 68 beaten
sel f-wei ghted, avérage fiber |length distribution profile curve and

t herear oufghod 5 fod WRECh LAY SR HRARELE £ AN 1%@&90@ 4 nlShad eRgitderrf from

2.0 to 4.5 mMmor so, and that the sécond type of fibrillated rayon, of
which thejhgpgth of the primary fibers falls between 4 . 5 nmand 10 . 0 nm
at the peak of 1ts self-weighted, average fiber length distribution profile

curve and theregung jisS f it MM tIRALRN F-RAGYHIRE NG dd e

|l ength of from5 to 10.5 mm™r "so. In the preferred sanples of the first

type of ff@sén%ll%ﬁﬁ%g{]&ygeﬂ {é{?gg {,;rfarfi %gweefiﬁa}fq%r@gerﬂ i m:.a[]ﬂéwr

| engt h of ese, t -wei ght ed, average engt

di stributj e .t.he I fi1pers:dn t a S Within
a fiber I%%?IE' ?ég)r%ghé%ﬁf]f%gq{%gdt&;gf# ,l%ﬁ?g%m&gbo I ‘3?2 aving a
| engt h of; at st 4fdqMM account for fromO0.1 to 10 % by mass of the

et ang

self-weith ibrillated rayon. 2 g MAY 2003 18 However, in the
sanpl es havi ng hee ' i . [Ner, -t;p& ‘;%:sg imt of
the mcrofi bersq':iel Bb&)a]bss%rrﬂiksa%oﬂrngsr%glar% 1Tfhne'rt éolsri: ¥y ngé{:g’ggl ea %an to a
degree of i f . i is.0. 2%
by mass f?ﬁg)%%e@l sgg-‘rlr]pﬁgggg? EPEQQP&%&E{}%&?;@{Q}E%%F#'lar%ﬁe# I?é)%gﬁr)léé}%érnrred from
non- beat ePa{rgX 9nfohra¥7 E%hargll/gr? rhalveir}g;t Q P{bér rT’E:;'n(gt!hnof 7 mm was beaten

in wet.

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 1is, those with



t hese, the sel f-weighted, average fiber length distribution peak fc?rg Nﬁg 2003
primary fibers appears within a fiber length range i ~ of from3 . 5to 4 .
Om) , the microfibers having a | enggh of at nmost 1 nm account for from1l
to 14 % by mass of the self-weight of the fibrillated rayon. However, in

t he sanpl es having been beaten in a pulper or a refiner, the mcrofibers
account for fromO0.3 to 10 % by nass or so; and in those having been beaten
in a pulper or a refiner to a degree of beating of at nobst 600 cc, the

| owernost Limt of the mcrofibers is 0,5 %b ss.. Accordi.ngly, in the
Tt Ty SR CRORBRado R FEpEADEEE Pav iRy et Et it SHREnHBRoT FRRr <
having a |l ength of at nmobst 1 mm account for fromQ.1 to 14.0 % by nass of
the sel f the grrfases Rf thesprinaey Fikhgus (PEatke fikyddlakeshrayehérably, in
the first type of fibrillated rayon having a deqree of beating of smaller

t han 400 TH€ svrEage QfoProéRrarHEFIRPQLD crldnlosendsSmPakh avWBddft for
from0.4 to 14 % by mass of the self-weight of the first type of

fibrill attdatr afdihe £idriid katad KavpPnglis fdéyridd ajfedseandnghetwia BAVE00 cc to
700 cc, the mcrofibers having a length of at nost 1 nm account for from
0.1 to 4differento sMAMcABO®Es19 by nass of the fist type of fibrillated
rayon. On the other hand, in the preferred sanples of the second type of
fibrillated ray®hef fibedlintedndnbesat effi thpbntigpei pgnabki pepdherdth of 5
mm ( in these, the self-weighted, average fiber length distribution peak
for the formexanfplesr by Mddiearnbzd Ely rpyocesppeqr saywh hwhidef ibehakengt h
range of from4.5 to 5.0 mm, the mcrofibers having a length of at nost 1
mm accourdbsorbdd water3and 45 8t byl nessted. t leomatdtely ghtheyf malyebe
‘filbrillated rayon. However, in the sanples having been beaten in a pul per
or a refipmdudets upper emainpllen tacefortdimgr to oki hexthdds 8O Ykyngadgs or so;
and in those having been beaten in a pulper or a refiner to a degree of
beating @ftiatrimprafbl DCwatle lwweniRet, lomamdtiiEolt beabifg kuysnss. In
the sanples of the second type of fibrillated rayon from non-beaten rayon
having a ifi berphepeth &f Lemdér) nat MRster her Sehé- vaiKeht echisivesage fi ber
| ength distribution peak for the primary fibers appears wthin a fiber

I engt h r pge vdadirethdaf 0 #od eclikR 1N, Chdld FabyiNavted Falyemgt h of
at nmost | mmaccount for fromb5 to 50 % by mass of the sel f-weight of the
second t yiRR-18fadd Bibelrat 89 éﬁd&ﬁbe@%ﬁﬁﬁ?bceé@_ih@&né@ﬂﬁbﬁﬁ RN GuRREN
beaten in a pulper or a reffiner, the mcroffibers account for fromO0.5 to
30 % by MBSPoAyn®icadf tnk HhReewnENi 41D akARNFHERERE]I BY telaREicadllyd
refiner to a dégree of beating of at nost 600 cc, the lowernost limt of
the m crofiiel B dSiny iRy MAss. fipers MY 2003uéd Ny haetdahlieaialy the
second type of fibriTlated rayon from non-beaten rayon having a fi ber

l ength ofg ﬁ,mfaka% Qt@,%%ntt_h%g?@ %ft%ﬁﬁ?’@t@.’ L ROE1d bRehot €8¢ AL

di stribution pea e pri rs appears wthin a tiber length

7 OB, o R 08 o 0, T

nmm account rom mass O wel ght (0]

fibrillated r ) é—%gw i | es having been beaten in a pul per
or a refi ner,baqllﬁg rm ro%f%%?%n%écg%ﬁ%t or from3 to 50 ~ by nmass or so; and
in those having en. t i l.p fi NelTely beati ng
of at nost 600 C‘I?l% {%ﬁ%‘iﬁ&\%&}%&s?a&:é% ?Eo?étﬁ%é% %:rggtll%gfr%ls 8%‘31 3}: mass.
Accordin i_n, el j.tq4 ' e that
the m or aff bBECBREREESE ThopRfehireeront el DBtRE R AR, |
65.0 ~ by ssof the self-weight of the second e of fi.lrillated, rayon.
Al so pref%ﬁ&%’fﬁrﬁﬁﬁ%’Zb%&@ﬁ‘&%*\/%%’rfﬁbﬁ ﬁ'ﬁfég%rpzﬁ@ﬁ Iilﬂlgiﬁ]h]glaaz}ediegree of
beating of smaller than 4Q0 cc, t Jn.crafibers _having_a length of at i
moat | 1 mirateb ARt foperpaf wves o6 LB IIAG, FayRn L orR HF bt
second type of fibrillated rayon; _and in.that having a ree of beating of
From 400 SEeFty 7HBe cReCPRA FYLROPEDLLTRIYAREh TR P HRORT TS
account for fromO0O,3 to 50 ~ by pass of the secondﬂtag/pe,of fibrillafed
rayon. THRPBERRetBe SELEnIfhofot nkhei pheeing aldk ol t fpEstot¥PS9Y | at ed
rayon preferred for _use in the invention is described. The de%ree of
beating tHikFiklatedinavanet apert fiberspcrneses thensbeerghhy Mo%d by
varying the beating tinme and by selecting the beating neans of a m xer, a
pul per or a refiner. Where beating rayon is pronoted (to give a beaten,
fibrillated rayon that shall have a | owered numerical value indicating its
degree of beating ) , the ratio of short fibers ( including mcrofibers )
in self-weighted, average fiber length distribution of the resulting

fibrillated rayon will increase. In the invention, the first and second
types of fibrillated rayon both have a



degree of beating of at nost 700 cc. Fibrillated rayon having a de%ﬁé@m%?ma
beating of larger than 700 cc contains a small amount of mcrofibers forned
therein and therefore could not have g strength necessary for fibrous
sheets. More preferably, the fibrillated rayon for use herein has a degree
of beating of at nost 600 cc. These types of fibrillated rayon are
preferred, since the mcrofibers constituting themsignificantly enhance
the strength of the fibrous sheet that conprises them Even nore
preferably, the degree of beating is, at nost 400 cc. Even when two types of
fibrill atlQyerhshthedergmpogabridd tyrinwaterphorhgshank. 266 aresBlteven at
nmost 100 cc ( _for example, 50 ec or O cc ) are used for sheet production,

t he wat erthfecbibblus| el otisadpses grdklic908ndsEBapILEi ”Nd harerdoul d
have wel | -bal anced wet strength and deconposability in water. Preferably,

t he degr decompesRiiddtof iheagtenst type of f ibrillated rayon is smaller
than that of the second type of fibrillated rayon, or that is, the first
type of fibrill 3pedpecifdcpp¥y2desine theofiirstheadesecond Kypesr odegr ee
than the second type of fibrillated rayon. In the preferred first type of
fibrill atfddridyi@test pdyem capabléenafy beibgr praferdioht casedannt kbee in t he
second type of fibrillated rayon, a |larger anount of mcrofibers could

ext end f riowmenteiqr, rrome mdidrkls tniegyr ddey empleoyedd ecOneecliy ¢ohanailyget he
strength of the fibrous sheet conprising the preferred types of fibrillated
rayon w tthmusetlétwetyhngdf, raoretdye deberdoaspii diy triboatien othé massheet. |
The fineness of the first and second types of fibrillated rayon in terns of
deni er i iptefianahion ¥ roh ktHeo primbargeniiberns , andatthe, micemfibkriso 7. 7
rdﬂex or so. If their fineness is smaller than the lowernost |imt of the
defined rourgss ituteiny iMbnifidiesd fydme frher sleh #l-a@ ighted ,Wakleriagel 00 nmuch
ent angl ed, and the deconposability in water of the fibrous sheet conprising

them wi | If irepaengtBmé P orbeerheadtoids the weigjhesassvésadaneaigthhan the
uppernost limt of the defined range, the formation of the fibrous sheet

will be nffwepgHtandrhe fiiaddiribers desR6PEEEHNE Yhé M igRiribebs. | ow.
More preferably, the fineness falls between 1.1 and 1.9 dtex. Preferably,
the finenggsrfotde dd13iz intPenel dfisktPiblkabadokayRE £ 5odPe SifEn g5 OF
smaller ( f finer ) than that of the second type of fibrillated rayon. The

first typeidifididd iR Ea%eR robst PRePS&f LIGEIGRESE, CRH th L FUD LT ©
effectively as a binder for fibers, thereby nore hlghfy enhanci ng t he

strengt h nd#P dilsRrGbutSRED £CON@HiSinky #ebers Sndthe M2 ot ibfeiier 1 ed

types of fibrillated rayon w thout "detracting fromthe deconposability in

water of ddisSneptindg\ P! eipEaRh Y tehhery6Rdi NopAGLHEL Qﬁeéﬁ@dIiJﬁt and

second types of fibrillated rayon to be in the fibrous sheet o

f the
Cheer WS PAISPER s ehphets, Sy Spied S b o
2 o _ ; _ . . e
tsh‘gtra'?l, naln ﬁ]ha‘% %g%li e %%éboér%%y(j;er% |l|bdr{ﬁ Ffz%t e S.Lf’l%d {]%jrdg}erﬁés%r'ggsl east
5 % by nﬁﬁ?hé&i{ﬂjﬁ€%¢?£?dCpﬁééﬁ%yéLng the fibrous sheet. Even nore
0 e first and s

preferably, eac cond types of fibrillated rayon

accounts for at J.east % t i ee I he. .f.i hr ous
sheet, it is desF!lra éﬁ%ﬁ%%ﬁ%eﬁ%erg?ll%_ggﬂgﬁgapi’ré?’et%ﬁg EJ‘H&(
fibrillat on LQ.. second pe. .t her eqf. at _i.S [ rst type of
fibrill at’g%‘ég%ﬂﬁsﬁoﬁ%é’@e‘c%hg%t %% SIETEY, &Iﬁbaeb'%dgpgy%}ﬁé M didtindae O
and 9:1, nore preferably between 3:7 and 7:3.. .The water-deconposabl e

1br ous. SFR D FAS T A IS 2 oM maBoF i on o (RS £ S Second
types of fibri]lat rayon, but may_cqntain.any other fibers in addition to
e tvo (HRRLs GF thedV ERs Fatgbpe rari it o e T, Sidni {pdih o and
fourth types_of fibrillated rafon, in addition to the first and second
types of ¥§ bPi PMat dftybiPrihleated rayen af jtheeSrraBfe WiRG: t NE%ri mary
fibers of all types of fibrillated 2 9 MAY 2003 ! 24 rayon have a length
falling HRles¥eigtedy AveEa9e Hhex ierdtfeAlshr bt ien iRyt bie KF
average fiber length distribution profile curve of the fibrillated rayon
and t her ieRbrAtaRd Nttt bl ated insyion KESFg 740 eRgt hiberakenmsh 1 nm
and extending fromthe primary fibers account for fromO0.1 to 65 ~ by

wei ght of the self-weight of the fibrillated rayon. Also preferably, all
types of fibrillated rayon to be used in the fibrous sheet have a degree of
beating of at nost 700 cc. The wat er-deconposabl e fibrous sheet of the
invention may contain any other fibers having a length of at nost 10 nm in
addition to the fibrillated rayon nenti oned above. In case where the
fibrous sheet is formed fromthe fibrillated rayon and such other fibers,

o o Y 1 - 3 . .



25 of water. More preferably, the other fibers are biodegradabl e f2HdAY. 2003
The bi odegradabl e fibers naturally deconpose by thensel ves when di sposed of
in the natural world. The fiber lengtigpof the other fibers for use herein
is meant to indicate the nean fiber length thereof . Further preferably,
the other fibers having a fiber length of at nost 10 mm have a length (in
ternms of the nmean fiber length) of at least 1 mm The other fibers for use
in the invention may be those of at |east one sort selected fromthe group
consisting of natural fibers apd chemical fibers. The natural fibers
"ot ude thdB ArdnfhE¥d /pePE BDCRBAS Soft WHRDER pib Hgdr viood ASURB. etc
; and al sgo thgse fromMnila henp, linter pulp, etc . These natural fibers
are bi pddgidadanl Ehecgelbpeelohted erderirage Hikek Hepatdy digdgdPrtdPR pul p,
and bl eached hard-wood kraft pulp, as having high dispersibility in water.
Al so usaﬂlfbnﬁgerﬁtSﬂer%YféfmléaﬁlmPEEr%orﬁ%‘ht%ét‘?‘ég}é‘n‘éﬁﬁtfe’epqﬁ Bengtds rayon,
etc.; synthetic fibers of polypropyl ene, polyvinyl alcohol, polyester,
pol yacr ylrange pifeh matx 1; mbicguegr adéidh-ebearematayerf spmwpdessyht baviimgpul p of
pol yet hyl ene, etc. O those, preferred is rayon, as being bi odegradabl e.
Furt her & gbingeataadtion ot ber5 bt degeggavesef poepared ad \neatier iaci d,
pol ycaprol actone, aliphatic polyesters such as pol ybutyl ene succi nat e,
pol yvi nylwedi cododiffelreagedegnass Nerdhessinarsay, Thay skilfewe ightted ,t han
t hose nenti oned above are usable herein so far as they are dispersible in
wat er.  @exdgey Fider26 likorgtithe ddsftir ibndd opul pf | tthededhas -blealkeat,i ng
preferably falls between 500 and 750 cc or so. If its degree of beating is
smal | er thidritlieatedvarayrst Wwasrianadfy4eie idefreledt irrange, tihlee didifexendgn f abric
conprising the pulp will have a paper-like norphol ogy, and will have a
rough fedibdyf lehawheer , Thesremgiteingdat@abragplictted ger gliiem igraphpper nost
limt of the defined range, the non-woven fabric conprising the pulp could
not have dtharinpcessary strength. In case where the water-deconposabl e
fibrous sheet of the invention is conposed of the first and second types of
fibrillated rayos are@énsuah ider2fibressbay-ngighteagt velragle Mikerl0 mm
the blend ratio of the fiber 1s such that the anbunt of the first type of

fibrill atshgwty @isity ilb@icn peod31¥ &F tMs Tibirliall adfed RaysaACHAe tiwee Oof
fibrillated rayon is from5 to 85 % by nmass and that of the other fibers is

from5 t ggpndedy gass ( ReQa¥ding ass dach@lsl the d¥&d asaddpr tag bl end

ratio of the fiber is such that the anmount of the first type of fibrillated

rayon is fgomidert Qeﬁgt‘i@sbbsfn@ﬁ@rtébaéh&i 1t b iﬁcpf'ﬂné.’l?&l!?{' fobrifd at ed

rayon is from1l0 to 70 % by mass and that of the other fibers is from10 to

70 % by BSfmarMeieelsed £ihkl fibiffl@té@@a?@d,%ﬁél_ﬁﬂlﬁréﬁnb@hih@a'i‘é‘eh t hat
the anobunt of the first type of fibrillated rayon is from20 to 60 % by

mass, thago0ff itfas $8AGRHs!YPEHIrddEhhhal ah &ﬁ&gga‘b% {sR SR dru ifYy % by

mass and that of the other fibers is from10 to % by nass. The f~ fibers
ment i onedy fOAYE 19E £s A BhEd sy dn T IO a1 P redit AP 3¢ om Siget  of
t e i nvention. For exanple, ey are fornmed into a fibrous” web through a

aper - makj P l4 ke, ~and fi I fibr ., furt her
pap Q‘“‘%q% Bfsted £ 1118 111 d¢GorfNd TR E@pgg zeﬁa_er ebfi@?% d

processe jets into a non-woven ric. s she of the
i nventio fds 5 (] erably,
the el g LTVEY Sk EyecpeFHary (AL AR cloR ey BroTHEr P En S0
inventio / j rger, 1t 1 n bear
wping | rSgieS e 62 At e S00: 0 o F end OrTeliar, Win  En SR R ay SR,
articles. If_its weight . mal] e an_t [ | i3t _of t efi ned
range, the s 8&t %%uggeﬁ%?\gagvei?'%%épneggsshsgor'{‘/gﬁ?gg?‘%en%ﬂﬁgI %0 %V\%ver,
its weight.is rger .than the upper t limt of_the defiped.ran t he
sheet w MG FEREFS S extrpdrbron de,pr rar VbR FE S AtORNEA L HEG K 1 of
human bodj es he ight, of the shegf is re.preferahbly f.rom30 ta 70
Qi i ATCSFLraehEs i o8t et dtPt Rk TrEeR e fdbETLEene th
desired, a_plurality of fihrous webs each having a ight of from15 to 25
Ginp o SOF hienebt MRAFE SHBEED | GOTGPAPEBOLBT S FhE MEbUS TSNS of (he
i nvention. The water-deconposabl e fibrous sheet of the invention may be
used direteli-weighted, peermgs ke depath digEripysdPnBkPhglBrMRess or
the like. The dry strength of the water-deconposable fibrous sheet could be
specifically increased ow ng to the hydrogen bonding at the OH groups

exi sting on the surfaces of the fibrillated rayon fibers in 2 g MAY 2003
28 the sheet. Wth the increase in the degree of fibrillation of rayon
fibers in the sheet, or that is, with the increase in the anount of

m crofibers therein, the surface area of the fibers constifuting the sheet
increases and the fiber-to-fiber bonding strength of hydrogen bonds in the

o, - o o



the mcrofibers is conparable to or larger than that of pulp, t so %ﬂ&f““ﬁﬁ@ﬂ
sheet strength is high. Depending on the hydrogen-bonding force of the

mi crofibers constituting the sheet, the deconposability in water of the
sheet could be well balanced with the nmechani cal strength thereof. The dry
strength of the sheet produced in a paper-making process is especially

hi gh. Even in the sheet produced in a paper-naking process, the mcrofibers
can be partly entangled, so that the wet strength of the sheet can be high.
For nore surely.ingcreasing its wet strength, the fibrouys sheet is

br of or ablAFAMNA HE FRIAPOTLENERA KRGS PADFRE MBINGRE Hhe T AeRaEDIO8y
formng a fibrous web, for exanple, in a wet process, followed b

subj ect i fdva mer-hgahien wayar +wat 8r Bt PEngoy r BargeprecirRelyi bwatidineb may
al so be prepared in a dry process, and may be subjected to water-jetting

t reat nentd regenhesvepst ghﬂngm%fét mdhthecppinasy Fibarsor dl vamp and

hi ghpressure water-jetting device. Through water-jetting treatnent, the

m crof i bdihe dangidi mf frhenphianggpriibensdr 09 MAY 2003 29 rayon in the

t hus- processed fibrous web are entangled with at | east either of other

m crofi bers andTeot hbatf effest ,t hbeefibridlesedngayba famgusegin the
fiber-to-fiber force therein, and the dry strength of the processed fibrous
web i ncr easentoemgis ddens ifyidyd gan -onen diavg nfgorthe  difi bietre 1engitdf pleaks. Even
t hough the hydrogen bonds therein are broken when the f fibrous web is

wett ed, tfieer thier ppsmaep fidadxrk ifi the keidyr il lgitedb ragoneigs bl Aaridi¢he

m crofibers therein are kept entangl ed. Through water-jetting treatnent,
the m crofidear $engthipeatifbacdre 6ibrheldtebniildmifhbamy.onEspkchatdyar e
entangled with other f fibers or mcrofibers. Accordingly, the
fiber-tangdfwraiIwctiie mifc AdEi s MRMeihd abriiendtdyiot) aeadsiy acagsed
through waterjetting treatnent differs fromthat of an ordi nary non-woven
spun | aceirf ald €ibRiMaehdt hey6ansdt tusentnf ther snweet Bov ar@rtht @get her by
t hensel ves. The details of water-jetting treatnent are described. A fibrous
web to berruwoeased 65 vy REss SORMeNYBUELVeRBHENGE RS FibyRe 16@-¢geyor
belt, and exposed to high-pressure water-jetting streans to such a degree
that the ydyfans applied thereto could pass fromits top surface to its
back surface. Through the water-jetting treatnent, the properties of the
non-woven fabri epebirabped 1akedcrapesdis dﬁP@}?&f@@ tSﬁF B MRy iy ithe
fibrous web to be processed, the pore dianeter of the jetting nozzle to be

used, the;dwmaarsef RFEs adbvile fet tﬂé!ﬁl%'%&'f%rén@fﬁ@ﬁ%fé, V'_‘Ql'y@?l the
fibrous web is processed wth 2 9 MAY 2003 " 30 the water-jetting streans

(processifg naed ifnh tdl‘%iﬁ{&}ﬂ} HedBNAS xﬁaﬂﬁxecx_c”%‘be)ﬁﬁfon{?ﬁ!é juged, etc.
After having been forned, it is "desirable that the fibrous web is directly
subj ecte = i t 1 tg]ﬁ“t i ! f i i fying

t he pr oc?si%%@?ﬁgﬁ%ﬂa?%rﬁ%ﬁgég% t e%?g{(g%sg\%\gﬁgﬁ%y ee%lsltr%lect ed to
wat er - j etgd Rt R L A i e ; dr i . r . e
st'rength ‘édtﬂger ela In vver%qaojfttgt’ ﬁgﬁ)we\%g?grsg%ggﬁg&éaﬁﬁgv#%%{%gﬁl of the
inventio al; S L 1. 5 imter e root
mean squ;l%&eﬂg%r%ﬂéeﬁ s?‘?gﬁgt |lnltﬁg£%§%§%é élll'srgsi': i(F)‘Iflm(' I@D) gﬁ %heatéq

non- wove i 0 e t ! 0 ir i .

t her eof . %‘gﬂé‘#%é]bmts%togp::}g{slﬂl%q'leegg%‘f%?%éggvﬁlrdz?ﬁgs e?lg%roe g{l@ z}s wet
strength).j i peli c t S_li stre of the
f fibr ousfi'si%]‘g‘ta]'aélﬁr?%\rg‘[ H%Fo%% teé'?%aittteég \]/'(/Ee‘ Sgt %nﬁ%%%%%ﬁ%{%g e tensile
= ongth OF S MRS kel LarchERoTPnERenstvARFRPFat e vater of 2.5
a length © S e o] I ATl te water of 2.5
times the mass the sheet into th sgeﬁt i ece, and_the thus-wetted sheet
pi e i s pull ed TR MRERE-CECSTRRSREIS, TiREOHEeS bR TErgiT PYRNLED f or
whi ch the chuck distance is 100 mm and_the stress rate js 100 .m m_n.
Hoviever , GHRERHRS thRUSL Hth SYPEPBELBFALAGEES THEOMBENGHLSH ERRIAIER he
criterion for the strength of the fibrous sheet, and the fibrous sheet of
the i nverRf drheEminame Tibausf@iis betyepry l2§onm and ¢ pdmp At the

substantially the same_as the wet strength thereof nmeasured in the manner
as above.P&dk @fhidscpgblfyweighteed, average fiber length distribution



29 W
strength of the fibrous sheet is at least 1.3 NN25 mm On the other EanAJ, 2003

it is also desirable that the fibrous sheet has high strength enough for
its use even in dry. Therefore, the dryy strength of the fibrous sheet is
preferably at least 3.4 NN25 nmin terns of the root nean 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. Al so
preferably, the water-deconposable fibrous sheet of the invention has a

degree of decqnposition in water of at st 300, seconds, re preferably at
oot 200 BEOEI CHYUR ARG Tresansipdn  pod 450 RRTARA. CYRE dBlr co of
deconposition_in water is neasured according to the test nethaod of JIS

P- 4501 t Hdbriddiadadesayre @dgmbdch thesyengyhait ths Brimgrrefipspér in
water. The outline of the paper degradation test nethod is described. A

pi ece of fiaHd sipetyeerdotpusapid Fibrpad thepeakiof hEsisRidmWigHEBA ng a
length of 10 cmand a width of 10 cmis put into a 300-m beaker filled
Wi t h 300 aversge orfidhehanyengtht edisirdbatiioned Ryrficiey wwakve rendr. The
revol ution speed of the rotor is 600 rpm The condition of the test piece
bei ng di dp@rsarqundyat Bhonghneenvaitopng dite farssr vepe aif fibgdddptieded tine
intervals, and the tinme until the test piece is finely dispersed is

measur ed.rayah efNMel 3031y ZhobwEiberst Hehelftibromsssheeat irad easusedi ng to
the nethod are nerely the criterion for the deconposability in water of the
fibrous dhheetstmamgtthewiny dus slieaticofof ibersivefit tha fikrbthaypeaodegr ee of
deconposition in water that is substantially the sanme as the data neasured
i n the mahinarildsataibyayofhamtke tihepwdhatrydedospoaal €hé miceofibeest of the
invention have a degree of deconposition in water and a degree of wet

st rengt h dfhahef sbcond thyipe blief tbef B 4€6d raaygas thelred naboor, tidethege of the
fibers constituting the sheet, the proportion of the fibers, the weight of
t he sheethamd vilen amliflibrvs @hesdd dls patcdught timdat wemtadcr with aheet may
be varied. For exanple, in case where the proportion of the second type of
fibrill atietgeymbuiit longeitdd Pl iled ivhreassd thie i anglicd i Eiphest , or
where the first and second types of fibrillated rayon in the fibrous sheet
are not hamledisareUedadi gt doserdiEaadt vne shtfetf HBEbMpaked imwarerot h have
an increased nunerical value indicating their degree of beating), the

wei ght ofyitifid idraibrsiRtide JRAUGRI, ahilsha sP RSN & N Gt cu@
water-jetting treatnment is reduced, whereby the fibrous sheet could have an

| ncreasedsHlegr oMtia TR FMMOH D typVRI€r i1t 10t i AR ot lsndirtengt h.
Even though not containing a binder,” the water deconposable fibrous sheet

of the inyadsHN GULHaRNE e EhelRate8-QEcHREBERBIE! # DBrdils WL and a
hi gh wet strength. However, in order to further increase the wet strength

of the of ¢nMAMFOPBion 3DritdiaUgi gReRENt A YL LTSPINPL £1 #Eed rayon
wat er - swel | abl e bi nder capable of binding fi'bers together nay be added to

the sheetor HaMifiG /Bt afigled® 2BRYRH Opr¥@iges, ! Nendi NAdGdrSfitd dirgsol ve or
swel | therein and therefore |lose its ffber-binding ability. The bi nder
usable h {0l fiar = |41 ~adlk
I S s e A i S S N Gt S S L YW

etc.; polyvi gﬂggl ; nodi fied pol yvinyl alcohols having a predeterm ned
anount Ofﬁ'é; %#?%#\IC cid group or a carboxyl group, etc. The anount of the

bi nd b dded i b . I I F
oxanpl e, ony anduCape Wik ERH°pRiRgky TRIbBES PRI LRE 100 iy e T
tituty [ fi { < WG t
cerengt h ¥ fEfateR A er AR s pRY R hd 3ol AEaRC) ST SRY S Ve
Accor di ngi%f addi n% such g s_ma.l I ; unts of g Itl)(%nder to t@% fi br.ouasrsheet
does not e FAREPT eFEoWTHF R bt FOFILHRISHESE. HRS Rff1erY
ter-soluple binder to th - fapric for the fib heet
ol oy abl BPETS AEE Gt e IR A LEhEg: e MRSSHSRISF ded era A8 Ll en
fabric through a silk screen. On the other hand, a ter-swel | abl e bi nder
may bo addh@WeF ERESRORRGRS thePBrWeREns FRBE L6ii A theet LPEPBRSHRRS | o

prepared in a paper-making process. Wiere a binder such as that nentioned
above i s wHykde low; but 1n case where the primary fibers are longer



to the fibrous sheet of the invention, an electrolyte such as a 29 MAY 2003
wat er - sol ubl e inorganic or organic salt may be added thereto 9 MAY 2003
34 along with the binder, whereby thegwet strength of the sheet could be

i ncreased nmuch nore. The inorganic salt includes, for exanple, sodium

sul fate, potassiumsulfate, zinc sulfate, zinc nitrate, potassium alum
sodi um chl ori de, alum nium sul fate, magnesi um sul fate, potassium chlori de,
sodi um car bonat e, sodi um hydr ogencar bonat e, anmoni um carbonate, etc.; and
the organic salt includes,_for exanple, sodi.um pyrrolidone-carboxyl ate,
sodi um citheRehe JRPeLTosh JchlH'%lPé,tnlE%GPéﬁfPFerfar %, th6tERLANd BRrRFat €,
sodi um | act ate, sodi um succi nate, potassium pantothenate, calciuml actate,
sodi um | #idH h@rddye desompoffeid ¥at@ney| OBeLhg| 98Bershasdy B €A&Ehi nder
it is preferably conmbined with a nonoval ent salt. Where a nodified or

- non- nodi Mhedepbhg pirdpary Eohers of thegegaondieyng addribyil jated sagenbl y
conbined with a nonovalent salt. In addition, where an alkyl cellulose is
used as thre Bonger, thap dhet mppegmosti Admdgnpdubtie def ibedaddadet att he
wat er - deconposabl e f fibrous sheet so as to further increase the strength
of the shédet . pHak addititdmal sebhbowetshted) udeyefageexfitbér, tepgthners of
a polynerizable acid anhydri de nononer with other conpbnoners, such as

( et h) acdyilsitar idsitd-ompebdifdleccurvesims thémeampaodyd £ dhec £dbruddnicedaci d
resins, etc. Preferably, the copolynmers are saponified with sodi um

hydr oxi deayori,hadt lomliyntthenati erofdbetrise badpallpoethepprimalclyy fibersg a
sodi um car boxyl ate noiety. Adding an am no acid derivative such as
rrimethylod whend ibr ilNatddkadyon ke ldheet entang1MAYwi@h3 eacBSoithetl, so
idesirabl e, as also enhancing the strength of the sheet. The

wat er - de@rMmafa P eindd iy ofsb&healipf bdefupvesti entanyleat wvaval byheent ai n
any ot her substances, without interfering wth the advantages of the

i nventi oEidedfs £X2FPES, ithemMBgcompbaiabidiYyobfsthbagtdtbus Fheledbiigi des,
preservatives, deodorants, noisturizers, alcohols such as ethanol,

pol yal coRgltersugl 2vpalpseri n, etc. As having good deconposability in water
and high wet strength, the water-deconposable fibrous sheet of the
invention is usaBkesal flkleilghteds GoerarRl ifGdkiron ehgthhaislkiri bk ilbwnan
bodi es including the private parts thereof, or as cleaning sheets for

toilets gydstReseaneehSrayén S bhodtRithe 8PgEheaNt e aRMiH ti es
for those applications, the sheet may previously contain water, sSurfactant,

al cohol, i viegs i RofilHehBn! ikGonMiGi® e tHR! HediRePPPSBaLE 1 hyPpes sheet

i
n
of the invention i1s, while berng previously wett'ed with |iquid detergent

and the | dfL,lAKAdaddnr PYBkLEraal xanb1883d che RLELL YN Rempged and

put on the market so fhat it is not spontaneously dried. On the other hand,

t he mterﬂ{gﬁgqsmmm WSy s&%&g&@m&ehs%%m%aﬁ&%ms who

have boug dry wat er-deconposabl e fibrous sheet may wet it with water
or |iqui 1Gal Since the water-deconposabl e fibrous sheet
oft the iﬁggﬁgggﬁgﬁgggﬁigﬁﬁagieéirength, and since it does not always

requi re addi ng binders and el ectrol ytes thereto, being 2 9 MAY 2003 ' 36
different from conventional water-deconposable fibrous sheets, it is highly
safe for its application to the skin. Accordingly, the fibrous sheet of the
invention is usable as the sheet conponent of .various water-deconposabl e
absorbent articles including, for exanple, sanitary napkins, panty |iners,
sanitary tanpons, disposable diapers, etc. For exanple, when the fibrous
sheet is perforated, it may be used as the top sheet for water-deconposable
absorbent articles. Even though having absorbed body discharge fluid, the
fibrous sheet could still maintain a predeterm ned | evel of wet strength,
and is therefore defornmed little during use. Wen the fibrous sheet is
conbined with any other fibers, it is usable as an absorbent |ayer, a
cushion | ayer, a back sheet, etc. If desired, the fibrous sheet of the
invention may be enbossed. Concretely, it nmay be enbossed under heat with a
smal | amount of water being added thereto, whereby the hydrogen bondi ng of
the f ibrillated rayon f fibers therein to each other and optionally to
other fibers, if any other fibers are contained therein, is augnented, and
the dry strength of the fibrous sheet is enhanced. If still desired, the
wat er deconposabl e fi brous sheet of the invention may have a nulti-|ayered
structure of which the top |ayer contains a | arger amount of fibrillated
rayon. EXAMPLES
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(*1)

length of the primary fibers in the beaten rayon falls between

2.4 mm and 3.4 mm; and with that having a fiber length of 4

mm, it falls between 3.4 mm and 4.4 mm.

With non-beaten rayon having a fiber length of 3 mm, the
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201" Ir i TishdohdHpelst 4 Beating Method| ~ FiberbergtR /1] SDegreg o YPY_ 20U Wdss Distibltion
Fibrillated and dtex of Non- Beating (cc) Fibers not Fiber Length of
Rayon beaten Rayon longer than 1.0 | Primary Fibers*2
mm (% by {% by mass)
mass)
mixer 5mm 600 4.06 63.80
1.7 dtex 400 22.49 47.25
200 35.95 32.77
100 41.76 22,72
6 mm 500 18.45 47.78
1.7 dtex 410 22.90 46.98
204 47.74 21.85
102 45.81 18.12
. 7mm 607 28.98 43.07
} 1.7 dtex 469 49.06 24.96
348 63.29 10.72
164 61.53 6.19
95 55.58 4.39
5mm 520 12.77
1.7 dtex 377 23.20
185 39.37
67 35.47

(*2) With non-beaten rayon having a fiber length of 5 mm, the
length of the primary fibers in the beaten rayon falls between
4.4 mm and 5.4 mm; With that having a fiber length of 6 mm,
it falls between 5.4 mm and 6.4 mm; and with that having a fiber

length of 7 mm, it falls between 6.4 mm and 7.2 mm.



From Table 3, it is understood that the water deconposable fibrous %%eﬁlgfysma
containing two different types of fibrillated rayon have hi gher wet

strength than those containing only ofge type of fibrillated rayon, and

i ncorporating such two different types of fibrillated rayon in the fibrous

sheets does not

| ower the deconposability of the sheets in water.

Exanpl e

B: 1 Fibers shown in Table 4 were sheeted by the use of a vat paper-nmaki ng
and processed with water jets of 30 kg/cnR to produce fibrous
The processing speed was 30 mimn., Th

machi ne,
sheets .

resulting fibrous sheets

were wetted with water in thd2Bafe2nanREPtABULH Exanple A These were
tested TQEcoRiMped: | BesbhdMethBE] FhbrEolgh 1| Obdgres boNgal | R5ks BifbukdrL €] ongation in
MD and , Fi df o deconpos algid dek ¥t N m@%gmg@Jhe—eLongaLkon—oi—each sanpl e
was meagur eghy@ccondi ng to Jll SydRe@hagen |Fi brous shefdesn j°”@b dPafi ve
Exanpl es were proguced i-nthe-sane naRner—as—-n- byas vhi ch was
used ei f{her one off FRREOPHRS" tlype™BF filbriltdSted|rayvon Phese wede tested in
the samg manner as herein. The '@ oftai 4 ara givnn1@§ Tablel4. ~9
MAY 2003 41 Table|4 1 Co. Ef. 1Co. Ex.| 2E83hplek 20 ree
beat en) 50 ~50 ~50|~nRayon (1.1 dtex x |5 @40 =40 40 B#pri||afed rayon
(1.7 dtéx x 3 nmm |Degree of |beating 185 cc®iQ ~15 ~Fi b/ ated fayon (1.7
dtex x § nm Degrée of beatilng 205 cc)l-10 338 11.18
~Wei ght ¢/ nz52. 8551. 3652. 28THi ckness 503%2516Q 5230k %%L.Leng.t_hl\l/ 25
M. 696.616. 73MD4.1927. 007. 04(n = 5) 4. 186. 6%¥8 704 a77 38xi343
.................. ... 4.796. 137. 50Ave; |=== === 8580y at jlon4. 83
0.096. 86 0.236.90|0.30Dry ellongation 4. BY5 545 860 ¢4 IN/ 25
‘. 766./395. 39CD4.{635. 045. 49(n 2™ 4, 205 388 044 135 g¥27 ~~ 4 —~ ~ -
~4. 335. 375. 18Ave. |~~~ ~~~~ 4.|1415\ %% 2dst anf®ard deviatiddf 230 370. 15Dry
el ongatilon CD$9. 9775.563. 27\Wet st rengtlhN. 281wy 1321 307 A76MD1.291. $62. 23(n
= 5)1.361.861.851.[331.841.85 ... Ave' ~. 229 20.96 ~~~St andar d
~~~~~~~~ - deviationl1.30 1. 32 0 . 02 91 11 20 7q 17.14
198 20.04
198 18.10
198 17.59
195 16.92
195 15.08
190 15.14
188 19.54
187 17.41
186 13.94
Table 1 shows the data from rayon having a fiber length
)

of 3 mm or 4 mm; and Table 2 shows the data from rayon having

a fiber length of 5 mm, 6 mm or 7 mm.

The rayon was beaten

in wet to different degrees of beating in a mixer or a refiner

(or in a

pulper).

The data in these Tables indicate the

self-weighted, average fiber length distribution of the fibers

of not longer than 1.0 mm, principally microfibers (that is,

the proportion of microfibers) and the self-weighted, average

fiber length distribution of the primary fibers of which the

length is near to the fiber length of the non-beaten rayon



0. 235188 1. 92 0 .12 7Vét el ongation ND-20. 7423. 824, 21vet 29 MAY 2003
strengt hN' 25 nmi. 361. 731. 45CDL. 551. 631. 61(n = 5)1.651.59'1.401. 501. 671. 66
~~~~~~~~~ 1.741.392. 26~Ave ~. ~~~~ ~~pp~~~~~~~ ~~~Standar d~~~~~~~~
deviationl . 5 6 0.1081. 6 0 0.0891. 6 8 0.235Wt el ongation

CD~31. 7127. 4129. 46Deconposability in water (dry sheets),
seconds284541Deconposability in water (wet sheets), seconds465848 2 9 MAY
2003 - 42 From Table 4, it is understood that the fibrous sheet of Exanple
has better deconposabjlity in water and higher strength than the fibrous
sheet s of( fedhiRgW I WRIERFANIZOf oM oft SR BAMHY 6#@'9?;&3‘%?”4%?‘?94 at ed
rayon. As is understood fromthe test data as above t he _wat er - deconposabl e
fibrous dHber dengkb PﬁVE@@|QﬁPTR%@B@%d”H§thﬂ6§§Eq repult ipgt ELrahd hi gh
strength, taking advantage of the tangling and/or hydrogen-bondin force of
the m cr @Micesecondi t¥reen®f r BPrhblated| mayaad r aJbe %ﬁ&aeuqﬁ

particular, the fibrous sheet of the invention contains first and second
types ofﬂmunmuuaﬂaﬁjﬂaﬁan1Qk&#ume@|hgrauthbeaemnq|nnwa|oh§eh axfd
therefore has high strength. The conbined types of fibrillated rayon in the
fibrous gledtedo twtgidet rgraplis oast he H#egsnpdsaln |7 ywhichashowothehe
sheet. Here, 'conprises/conprising’ when used in this specification is

t aken t o sgidGivei ghtedyr avemrageof ibeat bendelatdirsts; i buit soye o fSitlegss odir
conponent s but does not preclude the presence or addition of one or nore

ot her feathe eSibrilflegeyds , ragtaaps, conponents or groups thereof. Wile the

i nvention has been described in detail and with reference to specific
enbodi nent s t herFgof, the wabbleheisppar anteiretond shialtl ethel fitrse aypet hat

various changes and nodifications can be made therein without departing

fromthe spifibriandtedofgydebEsihich Zhe M gERGX 4Be\Wima sy Elibered is: 1.
A wat er - deconposabl e fi brous sheet conprising fibers containing fibrillated

rayon, theyfidpetivabad feapaRndyi 0gmddt theypéa RorsSitd selFraddgtrmdied fi ber
| ength and microfibers extending fromthe primary fibers; the fibrillated

rayon i nuihdyk a fikst tYeRgeh fidisitdidhed oryoprdevieg audeer eand
beati ng of at nost 700

therearound, is formed from non-beaten rayon having a fiber

length of from 2.0 to 4.5 mm or so, and that the second type

of fibrillated rayon, of which the length of the primary fibers

falls between4.5mmand 10.0 mm at the peak of its self-weighted,

average fiber length distribution profile curve and

} therearound, is formed from non-beaten rayon having a fiber
length of from 5 to 10.5 mm or so.

In the preferred samples of the first type of fibrillated

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

3 mm (in these, the self-weighted, average fiber length

distribution peak for the primary fibers in the beaten rayon

appears within a fiber length range of from 2.5 to 3 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.



cc, of which the length of the primary fibers falls between 1 s 1 128 way 2003
and 4.0 nm at the peak of its self-weighted, average fiber |ength
di'stribution profile curve, and a sect$hd type of fibrillated rayon having a
degree of beating of at nost 700 cc, of which the length of the primary
fiibers falls between 4.5 mmand 10.0 nm at the peak of its self-weighted,
average fiber length distribution profile curve, and the m crofibers
extending fromthe first and second types of fibrillated rayon being

ent angl e j nd/ .o I -b t t _ei.ther_ of other
m crof i bglros eyr%ﬁogﬁle%hgygﬁg‘gﬁgs. @%‘%ﬁe%ﬁgﬁleh%%%ggnﬁgs§bP8&P|e5r BlUs®sheet as
clainmed in_clai m% wherein tth .m'.q{)ofi€§rs havi a Ieng%hﬁg{ at nost 1 mm
in the firc&NGd SREMRPTYPRRL Jritih, PE) Hhe g It TS PRS0 .1 to
65 ~ by mass of the, self-weight, of the fibrillated rayon. 3. The,
wat er - de&aniBs'aﬁPa *‘?&r’kﬁf’f §’1%é7é'tnga?egpa ﬁ%ﬁepnt%laai‘iﬁ%r,ewfche%ﬁf‘ﬁi ns each
of the first and second t;(:ﬁl%z of 2 9 NAY 2003 44 fibrillated rayon in an
amount o fadt mosd 680cgqy Logermagt (jankt pBpreednks %3 F Ry RAESH br ous
sheet. 4. The wat er-deconposabl e fibrous sheet as clainmed in claim1, which
contains at |eadP 5he,s3mpdRs of Uidinsthdypenofi ddbxildaged savan nost 10
mm in addition to the fibrillated rayon. 5 . The water-deconposabl e f
fi brous fee@edafremapepdbeaten Hanon haniiag asfibeiodangidnofabmm (A8vi ng
been subjected to 1 water-jetting treatnent. 6. The water-deconposabl e
fibrous $heseashe gedddwedglitedn avexpigeh filbeyr dengsh dasirphpsdonaki ng
process. 7. The water-deconposabl e fibrous sheet as clainmed in claiml1,
wher ei n tHeakiégrdheprimagiekibers appepirsrwithied fabon Fendth bengeen 1. 1
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seconds. 10. The water-deconposabl e fibrous sheet as clainmed in

of the fibrillated rayon. However, in the samples having been

beaten in a pulper or a refiner, the microfibers account for
from 0.3 to 10 % by mass or so; and in those having been beaten
in a pulper or a refiner to a degree of beating of at most 600
cc, the lowermost limit of the microfibers is 0.5 % by mass.

Accordingly, in the first type of fibrillated rayon,
it is desirable that the microfibers having a 1length of at most
1 mm account for from 0.1 to 14.0 % by mass of the self-weight
of the first type of fibrillated rayon. Also preferably, in
the first type of fibrillai;ed rayon having a degree of beating
of smaller than 400 cc, the microfibers having a length of at
most 1 mm account for from 0.4 to 14 % by mass of the self-weight
of the first type of fibrillated rayon; and in that having a
degree of beating of from 400 cc to 700 cc, the microfibers

having a length of at most 1 mm account for from 0.1 to 4.0 %
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from non-beaten rayon having a fiber length of 7 mm (in these,
the self-weighted, average fiber length distribution peak for
the primary fibers appears within a fiber length range of from
6.5 to 7.0 mm), the microfibers having a length of at most 1
mm account for from 10 to 65 % by mass of the self-weight of
the fibrillated rayon. However, in the samples having been
beaten in a pulper or a refiner, the microfibers account for
from 3 to 50 % by mass or so; and in those having been beaten
in a pulper or a refiner to a degree of beating of at most 600
cc, the lowermost limit of the microfibers is 8 % by mass.

Accordingly, in the second type of fibrillated rayon,
it is desirable that the microfibers having a length of at most
1 mm account for from 0.3 to 65.0 % by mass of the self-weight
of the second type of fibrillated rayon. Also preferably, in
the second type of fibrillated rayon having a degree of beating
of smaller than 400 cc, the microfibers having a length of at
most 1 mm account for from 8 to 65 % by mass of the self-weight
of the second type of fibrillated rayon; and in that having
a degree of beating of from 400 cc to 700 cc, the microfibers
having a length of at most 1 mm account for from 0.3 to 50 %
by mass of the second type of fibrillated rayon.

The degree of beating of the first and second types of
fibrillated rayon preferred for use in the invention is

described. The degree of beating to give fibrillated rayon
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that shall have a lowered numerical value indicating its degree
of beating), the ratio of short fibers (including microfibers)
in self-weighted, average fiber length distribution of the
resulting fibrillated rayon will increase. In the invention,
the first and second types of fibrillated rayon both have a
) degree of beating of at most 700 cc. Fibrillated rayon having
a degree of beating of larger than 700 cc contains a small amount
of microfibers formed therein and therefore could not have a
strength necessary for fibrous sheets. More preferably, the
fibrillated rayon for use herein has a degree of beating of
at most 600 cc. These types of fibrillated rayon are preferred,
since the microfibers constituting them significantly enhance
the strength of the fibrous sheet that comprises them. Even
more preferably, the degree of beating is at most 400 cc. Even
when two types of fibrillated rayon having a degree of beating
of at most 200 cc, or even at most 100 cc (for example, 50 cc
or 0 cc) are used for sheet production, the water-decomposable
fibrous sheet produced and comprising them could have
well-balanced wet strength and decomposability in water.
Preferably, the degree of beating of the first type of
fibrillated rayon is smaller than that of the second type of

fibrillated rayon, or that is, the first type of fibrillated
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comprising the preferred types of fibrillated rayon without
detracting from the decomposability in water of the sheet.
The fineness of the first and second types of fibrillated
rayon in terms of denier is preferably from 1 to 7 d (denier),
that is, from 1.1 to 7.7 dtex or so. If their fineness is
smaller than the lowermost limit of the defined range, the
primary fibers of the fibrillated rayon will be too much
entangled, and the decomposability in water of the fibrous
sheet comprising themwill be poor. On the other hand, if their
fineness is larger than the uppermost 1limit of the defined range,
the formation of the fibrous sheet will be not good and, in
addition, the productivity thereof will be low. More
preferably, the fineness falls between 1.1 and 1.9 dtex.
Preferably, the fineness of the first type of
fibrillated rayon is the same as or smaller (finer) than that
of the second type of fibrillated rayon. The first type of
fibrillated rayon of the preferred case could serve more

effectively as a binder for fibers, thereby more highly

enhancing the strength of the fibrous sheet comprising the
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the decomposability in water of the sheet.

Also preferably, the blending amount of the first and
second types of fibrillated rayon to be in the fibrous sheet
of the invention is at least 3 % by mass of all fibers
constituting the fibrous sheet. More preferably, the amount
of the first type of fibrillated rayon therein is at least 5 %

by mass of all fibers constituting the fibrous sheet, and that

Sk,
ST

of the second type of fibrillated rayon therein is at least
5 $ by mass of all fibers constituting the fibrous sheet. Even
more preferably, each of the first and second types of
fibrillated rayon accounts for at least 10 % by mass of the
fibrous sheet.

In the fibrous sheet, it is desirable that the blend
ratio of the first type of fibrillated rayon to the second type
thereof, that is, the first type of fibrillated rayon:the
second type of fibrillated rayon falls between 1:9 and 9:1,
more preferably between 3:7 and 7:3.

The water-decomposable fibrous sheet of the invention
may be made from only the first and seconé'types of fibrillated
rayon, but may contain any other fibers in addition to the two
types of fibrillated rayon. For example, it may contain third
and fourth types of fibrillated rayon, in addition to the first
and second types of fibrillated rayon. In this case, it is

desirable that the primary fibers of all types of fibrillated



"10% & ()-"*H H5HEH7HBHOHX D, 4 /K& "10% & ()-"& "10% & ()-"& 29 MAY 2003
"10%8 & ()-"/KI?"& "10% & ()-"& "10% & () - " OH<HAHGHHHI HIHSY?, 4 / K&

"104 & ()-"& "10% & ()-"/KI ?"& "10% &4)-"& "10% & ()-"&

"109% & ()-"JHOHSHXH'H H HT: , 4 /& "10% & ()-"/KI ?"& "10% & ()-"&

"109% & ()-"& "10% & ()-"& "10% & ()-" HaH HnHsHyHzHi 9,4 // Kl ?" &

"10% & ()-"& "10% & ()-"& "10% & ()-"& "10% & ()-"&
"10% & ()-"zH{H Hy HHHHHST54 & "10% & ()-"& "10% & ()-"&& "10% & ()-" &&

1002 {Jedih WIRE {dogts AR g8 g SRR Sehas

"10@6&fc&éé&be"tkt*tttfjgéfghted, average fiber length distribution
profile curve of the fibrillated rayon and therearound, and
that the microfibers having a length of at most 1 mm and
extending from the primary fibers account for from 0.1 to 65 %
by weight of the self-weight of the fibrillated rayon. Also
preferably, all types of fibrillated rayon to be used in the

fibrous sheet have a degree of beating of at most 700 cc.

P
et

The water-decomposable fibrous sheet of the invention
may contain any other fibers having a length of at most 10 mm,
in addition to the fibrillated rayon mentioned above. 1In case
where the fibrous sheet is formed from the fibrillated rayon
and such other fibers, themicrofibers of the fibrillated rayon
could be entangled with the other fibers to thereby ensure the
strength of the sheet. The entangled microfibers and other
fibers are readily loosened when a large amount of water is
applied to the fibrous sheet, thereby ensuring the good
decomposability of the sheet in water.

Preferably, the other fibers having a length of at most
10 mm are well dispersible in water, or that is, water-
dispersible fibers are preferred for them. The dispersibility
in water referred to herein has the same meaning as the
decomposability in water, and is meant to indicate that the
fibers are dispersed well in water to thereby decompose the

sheet comprising them, when kept in contact with a large amount
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fibers. The biodegradable fibers naturally decompose by
themselves when disposed of in the natural world. The fiber
length of the other fibers for use herein is meant to indicate
the mean fiber length thereof. Further preferably, the other
fibers having a fiber length of at most 10 mm have a length
(in terms of the mean fiber length) of at least 1 mm.

The other fibers for use in the invention may be those

) of at least one sort selected from the group consisting of
natural fibers and chemical fibers. The natural fibers
include those from wood pulp such as soft wood pulp, hard wood
pulp, etc.; and also those from Manila hemp, linter pulp, etc.
These natural fibers are biodegradable. Of those, preferred
are bleached soft-wood kraft pulp, and bleached hard-wood kraft
pulp, as having high dispersibility in water. Also usable
herein are chemical fibers such as regenerated fibers of rayon,
etc.; synthetic fibers of polypropylene, polyvinyl alcohol,
polyester, polyacrylonitrile, etc.; biodegradable synthetic
fibers; synthetic pulp of polyethylene, etc. Of those,
preferred is rayon, as being biodegradable. Further usable
are still other biodegradable fibers of polylactic acid,
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.
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"0 & ()f?anl%s' %8{%%&,) 506‘ and 750 cc or so. If its degree of beating
is smaller than the lowermost limit of the defined range, the
non-woven fabric comprising the pulp will have a paper-like
morphology, andwill have a rough feel. If, however, its degree
of beating is larger than the uppermost limit of the defined
range, the non-woven fabric comprising the pulp could not have
the necessary strength.

In case where the water-decomposable fibrous sheet of
the invention is composed of the first and second types of
fibrillated rayon and such other fibers having a length of at
most 10 mm, the blend ratio of the fiber is such that the amount
of the first type of fibrillated rayon is from 5 to 85 % by
mass, that of the second type of fibrillated rayon is from 5
to 85 % by mass and that of the other fibers is from 5 to 85 %
by mass (100 % by mass in total). Preferably, the blend ratio
of the fiber is such that the amount of the first type of
fibrillated rayon is from 10 to 70 % by mass, that of the second
type of fibrillated rayon is from 10 to 70 % by mass and that
of the <->ther fibers is from 10 to 70 % by mass. More preferably,
the blend ratio of the fiber is such that the amount of the
first type of fibrillated rayon is from 20 to 60 % by mass,
that of the second type of fibrillated rayon is from 20 to 60 %
by mass and that of the other fibers is from 10 to 30 % by mass.

The fibers mentioned above are formed into the fibrous
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optionally the fibrous web is further processed with water jets
into a non-woven fabric. The fibrous sheet of the invention
may be any of such fibrous webs or non-woven fabrics.

Preferably, the weight (Metsuke) of the fibrous web for
the fibrous sheet of the invention falls between 20 and 100
g/m’, in order that the sheet can bear wiping in wet and is
favorable to the top sheet for absorbent articles. If its
weight is smaller than the lowermost 1limit of the defined range,
the sheet could not have the necessary wet strength. 1If,
however, its weight is larger than the uppermost limit of the
defined range, the sheet will be not flexible. In particular,
for application to the skin of human bodies, the weight of the
sheet is more preferably from 30 to 70 g/m?, in view of the
wet strength and the soft feel of the sheet. If desired, a
plurality of fibrous webs each having a weight of from 15 to
25 g/m? or so may be laminated and integrated to give the fibrous
sheet of the invention.

The water—decomposable'fibrous sheet of the invention
may be used directly after it has been produced in a wet
paper-making process or the like. The dry strength of the
water-decomposable fibrous sheet could be specifically
increased owing to the hydrogen bonding at the OH groups

existing on the surfaces of the fibrillated rayon fibers in
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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 and
not processed with water jets, the hydrogen-bonding force of
the microfibers is comparable to or larger than that of pulp,
so that 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 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 more surely increasing its wet strength, the fibrous
sheet is preferably in the form of a non-woven fabric that may
be produced by forming a fibrous web, for example, in a wet
process, followed by subjecting the fibrous web to water-
jetting  treatment. The fibrous web may also be prepared in
a dry process, and may be subjected to water-jetting treatment.
For water-jetting treatment, employed is an ordinary high-

pressure water-jetting device. Through water-jetting

treatment, the microfibers extending from the fibrillated
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increasing the tangling fiber-to-fiber force therein, and the
dry strength of the processed fibrous web increases owing to
the hydrogen-bonding force of the microfibers. Even though
the hydrogen bonds therein are broken when the fibrous web is
wetted, the fibrous web could still keep high wet strength as
the microfibers therein are kept entangled. Through
water-jetting treatment, the microfibers on the surfaces of
the fibrillated rayon fibers are entangled with other fibers
or microfibers. Accordingly, the fiber-tangling structure of
the non-woven fabric having been processed through water-
jetting treatment differs from that of an ordinary non-woven
spun lace fabric in which the constituent fibers are entangled
together by themselves.

The details of water-jetting treatment are described.
A fibrous web to be processed is put on a continuously moving,
mesh-type conveyor belt, and exposed to high-pressure
water-jetting streams to such a degree that the streams applied
thereto could pass from its top surface to its back surface.
Through the water-jetting treatment, the properties of the
non-woven fabric obtained are changed, depending on the weight
of the fibrous web to be processed, the pore diameter of the
jetting nozzle to be used, the number of pores of the jetting

nozzle, the speed at which the fibrous web is processed with
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formed, it is desirable that the fibrous web is directly
subjected to water-jetting treatment without being dried, for
simplifying the process for the treatment. However, the
fibrous web may be subjected to water-jetting treatment after
having been once dried.

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
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On the other hand, it is also desirable that the fibrous
sheet has high strength enough for its use even in dry.
Therefore, the dry strength of the fibrous sheet is preferably
at least 3.4 N/25 mm in terms of the root mean square of the
strength at break in themachine direction (MD) of the non-woven
fabric for the sheet and that in the cross direction (CD)
thereof.

Also preferably, the water-decomposable fibrous sheet
of the invention has a degree of decomposition in water of at
most 300 seconds, more 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 éut 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.
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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.
To make the water-decomposable fibrous sheet of the
invention have a degree of decomposition in water and a degree
of wet strength that fall within the preferred ranges noted
(-} above, the type of the fibers constituting the sheet, the
proportion of the fibers, the weight of the sheet, and the
conditions for water-jetting treatment for the sheet may be
varied. For example, incase where the proportion of the second
type of fibrillated rayon of longer fibers is increased in the
fibrous sheet, or where the first and second types of
fibrillated rayon in the fibrous sheet are not beaten so much
(that is, these types of fibrillated rayon both have an
increased numerical value indicating their degree of beating),
the weight of the fibrous sheet is reduced, or the processing
energy for water-jetting treatment is reduced, whereby the
fibrous sheet could have an increased.degreé of decomposition
in water and an increased wet strength.
Even though not containing a binder, the water-
decomposable fibrous sheet of the invention could have a high

degree of decomposition in water and a high wet strength.

However, in order to further increase the wet strength of the
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Having met a large amount of water, the binder shall dissolve
or swell therein and therefore lose its fiber-binding ability.
The binder usable herein includes, for example, carboxymethyl
cellulose; alkyl celluloses such as methyl cellulose, ethyl
cellulose, benzyl cellulose, etc.; polyvinyl alcohol;
modified polyvinyl alcohols having a predetermined amount of
a sulfonic acid group or a carboxyl group, etc. The amount
of the binder to be added to the fibrous sheet may be smaller
than usually. For example, only about 2 g of the binder,
relative to 100 g of the fibers constituting the fibrous sheet,
may be added to the sheet whereby the wet strength of the sheet
could be increased to a satisfactory degree. Accordingly,
adding such a small amount of a binder to the fibrous sheet
does not so much interfere with the safety of the sheet. To
add a water-soluble binder to the non-woven fabric for the
fibrous sheet, employable is a coating method of applying the
binder to the non-woven fabric through a silk screen. On the
other hand, a water-swellable binder may be added to the fibrous
web for the sheet while the fibrous web is prepared in a
paper-making process.

Where a binder such as that mentioned above is added
to the fibrous sheet of the invention, an electrolyte such as

a water-soluble inorganic or organic salt may be added thereto
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(f)o'xséxample, sodium sulfate, potassium sulfate, zinc sulfate,
zinc nitrate, potassium alum, sodium chloride, aluminium
sulfate, magnesium sulfate, potassium chloride, sodium
carbonate, sodium hydrogencarbonate, ammonium carbonate,
etc.; and the organic salt includes, for example, sodium
pyrrolidone-carboxylate, sodium citrate, potassium citrate,
sodium tartrate, potassium tartrate, sodium lactate, sodium
succinate, potassium pantothenate, calcium lactate, sodium
laurylsulfate, etc. Where an alkyl cellulose is used as the
binder, it is preferably combined with a monovalent salt.
Where a modified or non-modified polyvinyl alcohol is used as
the binder, it is preferably combined with a monovalent salt.

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

derivative such as trimethylglycine or the like to the sheet
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polyalcohols such as glycerin, etc.

As having good decomposability in water and high wet

-

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

Since the water-decomposable fibrous sheet of the
invention has high dry strength, and since it does not always

require adding binders and electrolytes thereto, being
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fibrous sheet is enhanced. 1If still desired, the water-
decomposable fibrous sheet of the invention may have a
multi-layered structure of which the top layer contains a
larger amount of fibrillated rayon.

EXAMPLES

The invention is described in more detail with reference
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*& ()-]1544a 1@@t&n€lf‘r}i nepRes ( CSE5T eg) ¢ \thesfiged-and sepondy<, (
t X<\ 10% 10%* & () -] 5\ 10%*& ()-]5\10%*& ()-]15\10%*& ()-]5\10%*& ()-]5\10
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}
Table 3 is that of the non-beaten rayon. The water-

decomposable fibrous sheets obtained herein were tested for
decomposability in water and wet strength, according to‘the
methods mentioned below.

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
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Fibrous sheets of Comparative Examples 1 and 2 were

produced in the same manner as in Examples, for which was used
either one of the two types of fibrillated rayon combined with

the pulp.
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%*& ()-]5\10%*& ()-15\10%*& ()-]5\ 10%*& ()-]5\ 10%*& ()-]5kON \ 10%* & (
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\ 10%* & (Dn theloske sgnngs\as0 e Bx4hp] 6\ALOV@h&'sE) webe 108at&d (fo1 Bryove* & ()
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%e*& ()-]5\10%*& ()-]15 Ot X<_kV<, (
\ 10%* & MD pndleve* &nhd) £ob\dee@iiBo4ab] b1 4P %t &/ddet 5 The elongation
| P4\ 10%* &' ()-]5\10%*& ()-]5\10%*& ()-]5\ 10%*& ()-]5\ 10%*& ()-]5\ 10%*
& ()-15\ bFeadh(3ahpl Xwas I¥Msu¥dd apbolaieg&to)Iis \PLaEsR ( FibToie%e* & () -
]5\ 10%* & ()-]5\10%*& ()-]5\ 10%*& ()-]5
" hLOt X<\shede's8s £ )cdnipalfaftei e Exanbl&8%ed e prodaced%bi &he)same indaner
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) - 5\ 10%&'s810) Exap D8 & foy-whidh wad Uk¥d\  0tRER dne bT_kle, fwo types

of fibrillated rayon. These were tested in the same manner

as herein. The data obtained are given in Table 4.
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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.
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. The water-decomposable fibrous sheet as ¢ alme in

claim 1, which is a non-woven fabric having been subjected to

} water-jetting treatment.

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

7. The water-decomposable fibrous sheet as claimed in
claim 1, wherein the degree of fineness of the fibrillated rayon
falls between 1.1 and 1.9 dtex.

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

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

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

11. The water-decomposable fibrous sheet as claimed in

claim 1, of which the dry strength is at least 3.4 N/25 mm.



