;e3e")\ (6(T"),FD(1 3 F E B 2003 FI BRI LLATED RAYON- CONTAI NING, {43 FEB 2003
WATER- DECOVPOSABLE FI BROUS SHEET BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON The present invention relates to a water-deconposa in by

sheet capabl e of being readily deconpbsed and di spersed in mQW@M"WW@ﬂMﬂW”re
precisely, it relates to a water-deconposable fibrous sheet havin L9
strength in dry and wet but capable of being readily deconposed in Water.
DESCRI PTI ON OF THE RELATED ART To wi pe the skin of human bodi es incl uding
the private parts thereof, or to clean toilets and thereabouts, used are

cl eani ng shddBRIMEATED RAKON-GONEAINEVen WABERDECQMPQSABRE sheets nust
be deconposable in water so that they could be directly disposed of in
toilets after their use. This HBRQUSSHEET hardly water deconposabl e

cl eaning sheets are disposed of in toilets after their use, they will take
a lot of time until they are deconposed and di spersed in septic tanks, or
wll clog the drainpipes around toilets. For easy and effective use, nmany
di sposabl e cl eani ng she@ACKGRAQWNBrOEdE BAYENAEONr e packaged whil e bei ng
wetted with a detergent chemcal or the |like, and are put on the market.
Such cl eBRHIIYy OFTEAEINVIENTIOAN e high strength in wet to such a degree that
they are well fit for wwping with them contai ning a detergent chem cal or
the like, but nDisd presdnt irleanemastaed 1o Maari-daddngfoshbiefibasis sie@papstle of in
toilets. For exanple, Japanese Patent Publication No. 24636/1995 discl oses

a wat er def bR $&dail d@h&ﬂgés@ﬂ and dispeRed M ivated TR S @FoR FrREIBERLYik relates
gr oup- havi ng, water-soluble binder, a netal ion and an organi c sol vent.

However, 4 HatBpldatorhsiRaMBdibtdiR sREQMAVing hi hlst%ngﬂﬁn%r;%&“%t sl upleirritate
t he skin Japanese Patent Lai d-Open No. 29%924/ 991 discl oses a

wat er decgpp@§ga[;gagi1fhm&ge@{nt\i,&g,e of polyvinyl alcohol-containing fibers
with an aqueous solution of boric acid infiltrated thereinto, and Japanese

Pat ent Lejrdc@PTIOR JPPALRELPRFED ARTOSes a wat er - deconposabl e napki n of

pol yvi nyl al cohol - cont ai ni ng non-woven fabric with a borate ion and a

resi stant to hest EndcRh BFBRE T RRs SRR Ring, B8, P Rert HHRH gh8  Dosa o
o onny PORBELATIS: B0 BN L HOTIANAR, SO Ly Q1S SR
PanLl o R T AT SRS R Sk AP 08 DRt e

i nvestig he™a

wat er - dego sgbl e f.i bxous .sheets nti oned_.above coul d.not be used as the
top sheetlton; dppgid Sh I IRINT SEr Theib.uE haTRE A ecpirey i fundhy aries,
contact with the skin for,a |ong,.period..of tinme, as .they contain a binder
and. an RTINS clempRandiy 8F Hibated SLiBanlat e e Ui P CeiHakp
228214/ 1997 di scl oses a water-degradapl e non-woven fahric hayi wet

st r engt h1grofitipgndothey 28 e‘ij’fﬁpﬁge‘ﬁﬂ‘?‘gélsﬂgé%‘h'ﬁ’eﬁpaﬁéﬂﬁiﬁi wat?lg °J°%§%F>- 813 5,
which is produced by mxing fibers having a length of from4 to 20 mMmmw th
pul p foI#BﬂEHP%V“@HFHﬁﬁﬂﬁng t hem t hrough treatnent with hi gh-pressure water
jets. Since the constituent fibers are entangled in it, the nonwven fabric
di scl osed has aF®juessy arkeffeciingeyss, mapy sipasabln gleanmegngheetbolasnwingsri c,
long fibers are entan%%gd t hrough hi gh-pressure water jet treatnent,

wher eby epplicatignsase packaged whilpbeing setied vitha desergens gbemigak e the likeslapdhi gh wet
strength. Therefore, according to the technique disclosed, it is difficult
to real i aee pwtlon-thamarkeed Sudhkdleansng, sheets emgt haentdghvatrengtil egwetdtasuth ay f or

t he non-woven fabric produced, and the nonwoven fabric produced is
unsui t abldegree tltht shysak well fitl fos lwipimigl veitls theet containing a detergent chemical or

the like, but must well decompose in water after they are disposed of in toilets.
For example, Japanese Patent Publication No. 24636/1995 discloses a water-
decomposable cleaning article that comprises a carboxyl group-having, water-soluble

binder, a metal ion and an organic solvent. However, the metal ion and the organic

RN
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13 F E B 2003 3 SUMARY OF THE | NVENTI ON The present invention is tof EBIAE
the problens in the prior art noted above, and its one object is to provide
a wat er-deconposabl e fi brous sheet which is well deconposed in water and
has high dry strength. Another object2of the invention is to provide a

wat er - deconposabl e fi brous sheet which has high wet strength to such a
degree that it is well usable in wet even though no binder is added
thereto. Still another object of the invention is to provide a

wat er - deconposabl e fi brous sheet which is safe for its application to the
skin. Spslventdmitaty theskin i nvention is to provide a water-deconposabl e
fibrous sheet, which conprises from3 %by mass to 100 % by nass of
fibrillated raylspagesepdiatingg Lard-Qaey Nber292824 187 cr disclossss extverteti ng
therefrom and fromO % by mass to 97 %b%/ mass of other fibers having a

| engt h oflecompesahle tlzaning agtide ofi pollyivisiyl alsehdlidontaining Eersayithhahaguemusegr ee of
beating of at nost 700 cc; the primary fibers have a length in a range of
from 1. 8somtioro ofOborm atidainfdtaktedf thewsgodiaad r JapandsenPatérer Eaifi:Opend Nat | east
the mcrofibers extending fromthe primary fibers of the fibrillated rayon
are ent an93®a8/Miod disxloske asvatendecomposdbds ngpkinmaf polyvingt alcohdlhentaimiag of i ber s
extending fromthe other primary fibers and the other fibers. The invention
i s al so hon{wodwn debréc weitlea- beammivis abd e fbidartsunates ee introdit&h thevdiptd ses from
3 % by mass to 100 % by nmass of fibrillated rayon conprising primary fibers

and m cr pfoweers pekivaiylialtohdlniermdt resBtanang heat) Bnd tHérdRyre e Swek Qtrérpthoddy mass
of other fibers having a length of at nost 10 mm and in which the primary

fibers hawe vatdraqigbipodabR CRAMIAEOhrticleOnd - theMWated-dboripbsableanifkak i9f mass
distribution thereof; the mcrofibers having a length of at nost 1 nm

account f@ertd @M Clod MghR. WR@_&'erHB?%arﬂfust\Oﬁeﬁ@écBm‘ﬁ?%%gﬂ at%tfrl)t?,en?arftiicf%@i | at ed

rayon; and at | east the mcrofibers extending fro F E Q200 4
primary tiher : highk | : : i one of
DU Tar Y iRy Sl L] hAF R WA At Wds ok aREh, one
fibers ag'g/egt\hk%t&lt [} thef #IJ?.er - Vil ol Rieh’ §#‘§t§o HBREGR! fhef {&Q%P-ldéc Shile

a to

descri bed nove are preferably nonwoven tics subjecte er Jjetting

ef er abl y . _ et et
shoet . wirilsSfiects REHGREAbLA o bt L RKISE o URNSLA L AR Bort o e
rayon CORRIIS!RE Bbh R Weol | PES: A00hall GERUPRIR 6L AL AIB MBI G and

fromO % Dby mass nass o i ber s havi

10 mm and in which the fibrillated rayon has a degree of beating of at
most 700 VY COpi ?)Flnflrgr%?dfainl%‘?cgo e a length in a range of from1.8 nmto

£ T P ORI T e S S P
AR I 9 L T SRR A S

is also to provide a water-dec osabl e fibrous sheet, whi.ch conprises from
3 % by ni¥Bat Hlepme@aoag;rd%@ 18 P ishdgprogyesd RIOHPRSTIPRS BRYIAGRY fi ber s
and m crofibers extending the_refrorP and fromO % by nass to 97 % by nass
of ot her langHepkiramA 2@ mmangtmpep falowess by f@tanﬁlfnga%enﬁ thramghdreatment pri nar y
fibers have a length in a range of from1l.8 nmto 10 mmat a peak of nass
di st ri butidrhighvpressre wakgs j9t.c r n¢hhesontipneny fihersargetangledain itnha non-mm
account for fromO0.1 to 65 % by nass of the self weight of the fibrillated
rayon; amvan fhiriesdisclosedvihas af glhiby sfeelxt d&tovavgr, finopnotieng ithermoy-wavsar s of
the fibrillated rayon are hydrogen bonded with at | east one of other
primary fatber bngdibesrarerentandled treughkhighgressurt maertjétareatrent, whéretnyr thef i ber s
and the other fibers. The water-deconposabl e fibrous sheets descri bed above
are pref avaiwovep fabdicqpedduced aoyldpeve swkianglapivelg digh wetstdehgth. CT&erefore,
preferably, the fibrillated rayon has 1 3 FE B 2003 5 a degree of

beati ng @tcorling@6 thed@bhrigue 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.



Naturally in dry and even in wet with water, the water- deconposable|§,q%p
sheet of the invention all the tinme keeps hlgh strength while it is use

a wper. In addition, when it is inmersed in a | arge anount of water after
used, it is readily deconposed Therefdre, after used, it can be di sposed of
intoilets, etc. Wiat is nore, the water-deconposable fibrous sheet of the
invention is conposed of materials not harnful to human bodies. Mre
specifically, in the water-deconposable fibrous sheet of the invention,
because the mcrofibers of the fibrillated rayon act to bind the fibers

t oget her, well bal anced d®UMNIABYDOFITHE INVEA(T#ONand strength are realized.
Wth the mcrofibers entangled with or hydrogen bonded with other fibers,

t he fibrous shéiie pewatirentivrgiy totsoreghé prdbierain thi hpeior hatnthtedvblsovekept i n
contact with a large anmount of water, the mcrofibers are separated from

t he ot hedndf itbens objued id ke pedvideca wirer-décbmpusabid €ibtouls Sshe@adhicyi idaggihposed in
water In particular, when the mcrofibers extending fromthe primary fibers

of the f&ﬁbh@bﬁhﬂdvh&&&hd&ﬁ@h@ﬁ@@ﬁﬁhﬁ@ﬂwﬂth at | east one of other prinmary
fibers, other mcrofibers extending fromthe other primary fibers and the

other fibers t MK 3B Joift WREIRY inkv&itldne té rp?&lid@&“watérf&c&mp@sfaﬁleaﬁlﬁoﬁi rongly
bound t oget her, and nDreover the dry strength of the sheet is increased

owi ng tOshTeBtewHDéﬂr&@%ﬁgt@&@ﬁbd’kﬁhgﬁpwe{ucﬁfa dddfeeThal 1id BRI usatie Gh Wiy dvagen
bondi ng may sonetines be canceled 1n a wet condition, but the sheet can

”a'”ta'WhBhQW%ih&ﬁggﬁg Ea%g)met because of the entanglenent of the

m crof i bers e ot when the water-deconposabl e fibrous sheet

of the inventi agf 3,5&58118@58' bP e RIS L0 pRARE! 3 RALNGRpRREAT. |- o

produced w tho ] ecti S Wat er | et g treatnmen

sheet hagblja ghhe%{ ﬁﬂ Sa&%%qﬁg?éﬁgﬁca%o egl% 168 of the mcrofibers. The

ntcroflbers can ex gen 1 3 F E B 2p03 G power as
h dth f [
R R
d d Il b t th
G B 50T SRR M SRR i SRbARGT,
eould he i.ncreased omnn ﬂ%o the ta ment qQf. th nLcroflbe iﬁt%n t he
i nvent i ofFIMaRYEters e miqrafibegs Ptga ram, jagf diom 8% py fass te; % less

than 4.5 mm mass_ di tr buti on t hereof and the fibrjllated
rayon ha®as aéaﬁstf@trs 3@&%@ easﬁvsﬂ%m @pst; iammyad e which ithe fbdllated) e ¢ hat

t he nlcroflbers having a |l ength of at nost 1 nm account for fromO0.5 to 15
% by nasEyes haha degree otepfgmg offat impst FPGer: thapEmarnfibers ey dengtlein? i mar y
fibers have a length of from2.5 mMmto less than 4.5 mmat a peak of nass
di st ri bufangpof fierebP mmdo dAanmabp iPrataelemasjuribution thergetjaad abreagidhie i ng of
from400 cc to 700 cc, it is desirable that the mcrofibers having a | ength
of at moBucrofibers gteading from the prnarny fiberssofythe fibrilatedofaypm are entengled ght  of
the fibrillated rayon. Wiere the primary fibers have a length of from4.5
mmto 7. %ithratdeashopeak other rmmrﬁﬁgcns; bibet oncrofibere skteadiagt fhemfthe other at ed
rayon has a degree of beating of smaller than 400 cc, it is desirable that
t he mi cr pifimbeyr fibannandihe atheefibeds. of at nost 1 mm account for from8 to 65 %
by mass of the self weight of the fibrillated rayon. Were the primary
fibers have a |Emginkemionfisabsodopravidé a watér-daromposabieefibroaf shees,swhich
distribution thereof and the fibrillated rayon has a degree of beating of
from 400c@aprises Tfdth 8 €6 by inasStodERmI %Y Bass bafibiiNgedrgioaicobprisinggrinigy a | engt h
of at nost 1 nm account for fromO0.3 to 50 % by nmass of the self melght of

the fibr fibérstafdl miens@Bers WkRNBink RerBfroMBAM frbRe % tlamessaologM@ty mdssdf~ 0.5 nm
at a peak of mass distribution thereof, it is desirable that the

m crof i bgihgr NBME Mavidg ael@ﬁ?édi ofht ﬁ‘tbst”ﬂﬁ&uml AN AGARMNthe Eﬁfnalfj A62Q hhvé 8 10 % by
mass of the self weight t he flbrlllated rayon E B 2003 7 Were

the pri rrPern b 1'nbdexraﬁ%§‘§f" ﬁoﬁlf @@ﬂé.@o qglm% a %ssadlﬁ?iﬁhtl&{ HEFEDT, the

dlstrlbutl her e ira nlcro bers aV|ng a length
of at no 4 Y, f f [ ht of
the fibr ?ﬁ?rg’fg%k?%&ggq\mﬁeém Oﬁhﬂ%%‘l lﬁrglrniL aqr(;éggtrfg \§/ne8alt tf’en t}sﬁ)g' X@ 0? mm
at a pea i i.0n thereo i,s desit,abl e th he

M crof s parCeRaY %ﬁf'%ﬁgtlhatst Sy G e e BEE P RBie B9 05 a5 6 by
mass of the self melght of the fibrillated rayon. Where the primary fibers
have a |l ength of 6 ~ 0.5 mm at a peak of nmass distribution thereof, it is
desirable that the mcrofibers having a length of at nost 1 mm account for
from5 to 50 % by mass of the self weight of the fibrillated rayon. Were
the primary fibers have a length of 7 ~ 0.5 mmat a peak of nmass
dlstrlbutlon thereof it |s de5|rable t hat the nlcroflbers haV|ng a Iength

Y o, o, o o, r Y . ~r— N7 o o o o



Preferably, the fibers having a length of at nost 10 nm are bi odegrllaa&ﬁ%ma
fibers. It is desirable that the biodegradable fibers are those of at |east
one sel ected 1 3 FEB 2003 8 fromthe group consisting of regenerated

cel lul ose, pulp, aliphatic polyesterst polyvinyl alcohol and coll agen.
Preferably, the basis weight of the water-deconposable fibrous sheet of the
invention falls between 20 and 100 g/ n2. Preferably, the degree of
deconposition in water of the fibrous sheet is at nost 200 seconds, as
measured according to JI'S P-4501. Preferably, the wet strength of the
fibrous ety fibersef thedibrillated rgyopangrantangledayighh py/least jpme f wther peimprn of t he
fibrous sheet is at |east 350 g/25 nm The invention also provides a

wat er - defiloerp asldsinaicfafibesextentingtfromitiecdtherqprpndrs éibefsrandhtle otberifiigerss by mass
(preferably, 5 to 100 % by mass) of fibrillated rayon of such that the
primary fibers Temnsitet-déedonmposabld ibmua shemgti¢scabed almve lard pteferdblymon- and from
0 to 97 % by nmass (preferably, 0 to 95 % by nass) of other fibers having a
| engt h ofvowdn fabdés sLbjecrad tanditertjéttihg trasinenbasi s wei ght of from 20 to 100
g/n2, a thickness of at least 0.2 nm a degree of deconposition in water in
a previously weAlseche di@dntio® s 1@Sprowds dvaderddeomposidld AbrduSsited SOHicRT at

nost 200 seconds, and a wet strength of at least 110 g/25 mm Preferably,
the vat egorigieRIPOEEDDELY MAKDISS| 0918l ridss bRAbiiNMBAtdyon compaisingpamvey fabric
havi ng been subjected to water jetting treatnent. It is bulky and has a

sof t feefiperPafd fli@BliNers eR@nding thdrb@bRdaddPy¥On (CANHL bdstibY % g hdRlpus sheet
has a degree of beating of at nobst 400 cc, and the fibrous sheet is

pr oducedqingr fbd8REJinERHedpeh BY Q_Crﬁés?-10%!5%&35%%&9&%#%%&%%“ NGS Fig.

1 is a magnified mcroscopic picture of one exanple of t

wat er decg, %@Meﬁtiﬁég ﬂLfﬁos?b@@Ec;QBebhﬁla-f HEQL W a fehth if alrind® & i cal
t Fg 1. he prifpaly by b E.%r

view of tie picture o : . 31s graph show ng
e ) St LI ket DRl E1 kAR Pl B e GBTOgLCr, 1
beeteD) B! B B o Y R8P R e SIS RGE T
of 1 ayonleg‘satv(;n%%tb Stfdt Sr{rrei\aer_y i aetrse,'\ "Sther microfibers extending from the other primary

fibers and the other fibers.

The invention is also to provide a water-decomposable fibrous sheet, which

comprises from 3 % by mass to 100 % by mass of fibrillated rayon comprising primary

fibers and microfibers extending therefrom, and from 0 % by mass to 97 % by mass of

other fibers having a length of at most 10 mm, and in which the primary fibers have a

length in a range of from 1.8 mm to 10 mm at a peak of mass distribution thereof; the

microfibers having a length of at most 1 mm account for from 0.1 to 65 % by mass of

the self-weight of the fibrillated rayon; and at least the microfibers extending from the

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

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

fibers.

The water-decomposable fibrous sheets described above are preferably

produced in a paper-making process. In this case, preferably, the fibrillated rayon has



Fig. 6 is a graph showing the mass distribution profile of the fibdr3 FEBg20M
of beaten rayon, for which rayon having a fiber length of 3 mm was beaten
inwt. Fig. 7 is a graph showing the nass distribution profile of the
fiber length of beaten rayon, for whi eh rayon having a fiber length of 4 nm
was beaten in wet. Fig. 8 is a graph showing the mass distribution profile
of the fiber Iength of beaten rayon, for which rayon having a fiber length
of 6 mMmwas beaten in wet. Fig. 9 is a graph showing the mass distribution
profile of the fiber length of beaten rayon, for which rayon having a fiber
| engt h oﬁfhgﬁﬁﬁﬁbﬁﬂwgéfégmpﬁ‘W@WF-Fig. 10 is a graph showi ng the mass
distribution profile of the fiber |ength of beaten rayon, for which rayon
having a fi ber Nawgally ifdrp angreyaasinyech ath wetendhe wategrdecomposatle §bEgdS showi ng
the relationshi p between the wet strength of the sheets prepared in Exanple
H and t hehetegf the ipverdion adipbs itimedkeephb repgthvyhiber it iy ededtasaewiper.vdnyi ng
degrees of beating rayon to give fibrillated rayon for the sheets.

DESCRI PTadiitior, WReiFBRREDvEMBSDIiNVENREORMPHE ONWENT| 2O6r Tised,f it bs irtdddyed rayon
for use in the invention is neant to indicate fibers of regenerated

cel | ul osdecaymsed avl mgefore) alfter fulsdat; iit kat bd disposat ef in ooiletd)atc.i sWhathsse wit h
m cr of i bers which are subm cron-si zed in thickness, having peeled and

ext endi ngndre athe Waeeral¢cdmpesableffiirbes gheenaf the finveation {sodonigosed obHmiaferialsed
rayon). Fig. 1 and Fig. 2 are a magnified m croscopic picture of one
exanpl e @bt hdierful td hAnanbBdiROO03 10 wat er - deconposabl e fi brous sheet of the
invention that conprises fibrillated rayon 1, rayon 4 and pulp 3, and its

graphi c view, rR/Rﬂ@@ﬁéc‘i’@al’ly:rhethéb@@ér_—déf:gtﬁiv@lsaﬂ)leaﬁhhﬁ sheeZof'@E ifefign ed from
a fibrous web that conprises those fibrillated rayon I, rayon 4 and pulp 3,

by subj egbifiSe ithe hitcréBb&s dfehé iffbgillhfe@abi®Nbet DSbihd thd Gberd BE&hdH Gvell2, 1t S
seen that mcrofibers 2 extend fromthe surface of the prinary fiber of the

Fibrill atgtintay 8ompoditli§Uinf @&@r 8hd QrEhAIAlYe TEHSOET alval helhididp®ers(rayon
4) is snmooth, while'that of the fibrillated rayon 1 is fibrillated to have

m crof | b?gginglgg gﬁ[lii@f] gtﬂggg?x?&ddeh Uit afnef! ﬁb@tg,dth%@@}fpshefztay@gucf%? ?‘@gr s of

fibrilla erent structures. I brillat

that t yp%ﬁr‘éﬁ‘élh.beoﬂrtﬁéj YERF harl P rwdl%lﬁ 2&2{ Ifhl Tot?\Yac'E”%ﬁ@:?a[‘ %g%écér}{o\g{t &?‘%ﬁg&“ the! @yON

while it has” absorbed wat er an wette ret ey may be

produced, . OfhpeXAR! &paRfdCk @n”@uet &h?r. HE&JQ,%nd’Ehe%i%Pe”%ﬁf riptdus" éh’égt [ayon in
i n TACRIRER, 48 S RMAE hod Tof *ba ing rayon in a pulper, a refiner, a

wat er

DRt oA P B, A ShE B S BRI, o
P, o0 BRI bR SE Y DR SHICHSEA bR by
SRR TR WA AT T NI IR
through the water jetting treatment, the fibers are strongly bound together, and
moreover, the dry strength of the sheet is increased owing to the hydrogen bonding
power of the microfibers. Such hydrogen bonding may sometimes be canceled in a
wet condition, but the sheet can maintain high strength even in wet because of the
entanglement of the microfibers.
On the other hand, when the water-decomposable fibrous sheet of the
invention is produced for example in a paper-making process i.e., produced without

subjecting it to water jetting treatment, the fibrous sheet has high strength owing to the

presence of the microfibers. The microfibers can exhibit the hydrogen bonding



Only the fibrillated rayon, or a conmbination of the fibrillated rar;gopEgryam
other fibers having a fiber length of at nost 10 mmis fornmed into a

fi brous web, and the resulting fibrous web is preferably subjected to water
jetting treatment or the like to be flornmed into the water-deconposabl e
fibrous sheet of the invention. In this process, the mcrofibers around the
surface of the fibrillated rayon are entangled with the other fibers or the
ot her mcrofibers. Therefore, the specifically-entangl ed structure of the
fibrous sheet of the invention differs fromthe structure of ordinary

spun- | acROWRSnatoresh fasbror cmoee than t dp.c aiks therefere, the Hbreusaskeet haargled
together. FromFig. 1 and Fig. 13 FEQ?2003 11 2, it is seen that the
m cr of i bealanced decoumpbsabrilityf inbyvatéd andestrengthonThe fibroue shezhtjiue gpraduced inee ot her
fibers (rayon 4 and fibrillated rayon 1 ), and the pulp 3 exists anong

t hose fimpesmaking procasamyll be brcedlestonstresgthiupgn ubeeinfa dnyidohdtied. r Eyen have a
|l ength falling between 1.8 nmand 10 mm (at a peak of nass distribution of
t he pri niar yudhi bkees) addiciohahgt the ofvet eemgth neowd fiebécseased r@fiagr &d tho herein
is neant to indicate the length of the primary fibers except the

m cr of i battangldmeem af ehendicrdfitiersnot the [ ength of the mcrofibers. If the

| ength of the primary fibers at a peak of nass distribution thereof is

| onger than thdndgé invRetismVaRre BRI prithdry fitees WiverlehS@r¢T thath 288 fn tdie
primary fibers will be entangled together, or the primary fibers will be

ent angl egdsyMhah 4t.5hﬁmthh@Eezfld Semass(dighibitich dBRoPEPh3)fibrfatddn@ydd AR T wat er
jetting treatnent. In that condition, the water-deconposability of the

non- V\Dveﬁbggé’@éf _Eea‘f‘iirl%lof RehaREOthan 900 1cBEit 9 B&irabRNHat thf nliBRALERHNiR o t he
primary fibers is shorter than the defined range, the mcrofibers could not

be ent a”ﬁhgﬂﬂ dfQt Hb.%ﬁ feih LEDudCRr $om b5 1595 %8G MRS ogh{ees‘éﬂi\i)eigﬁt Jek
non-woven fTabric wll be Tow Preferably, the’length of the rayon t?Jefore
beati ng {i@rlilllzﬁe(i) wgen 3 mMmmand 6 nm In other words, the length of the
primary fibers of the fibrillated rayon at a peak of nass distribution

of vh ot e pr ity PBapE) EGR g TRt Ay 4 g "
T SRR e
to e\r/rgd eg{)%‘émr@gg (e tt\fl)\?hsicﬁ’ 'i i‘f’e&aiéibgﬁg}& gﬁ",ﬁc{ @qeﬂs Q@é’fllgr Aﬂ%ef‘%lh(gf% Wéoéf of that

case, it.,is desiraple th t asi s i ght,.of .t.he_.nonswQven fabric is
control | b&“{‘&c%’é‘“g orﬁ'i%lf 8%(503/% /ﬁg’.y mass \f,;ﬁg‘g S lg'é"ée,‘gt}ttofp?r@,r\@@t d8¥hbl e to
reduce the pro ion of. the fibrillated. r n of which_the primary fibers
have a | engltoh ofvher BF‘mthGE‘?r,S hays %ie“ﬁg’s‘?y@‘@“%%y‘%g? “T'B%éﬁé’@?l%/i cally

t

7
define the fibril|ated raygn pabl e of being preferably used 13 ~EG®6
2003 12 Pfﬁm@ igt b\éﬁ'ﬁn @ﬁfeogew@ﬁwg{ﬁﬁ@'&edrfw%@%%gwé&bem pissmadlennal yze
the mass distribution of the primary fibers and the microfibers
const i t uthapgtd0nee. fif py desicableqthak Y miqeEbers daymgpe dength o ahapestrl MMAN t he
primary fibers. Therefored anal yzing the distribution of the fiber length
in the fpesopnt o E@my &iodd ‘@ by magsef thenselfweighinfdhe fibilatedhraypnt he prinary
fibers and the mcrofibers constituting the fibrillated rayon. Another
met hod of speci Wiheegl thg peigfarn fibers thaee & kengtidefdfrémish 3 mMnated Srmamaon aipsabased on
the degree of beating the fibrillated rayon (CSF; Canadi an Standard
Fr eenessdf mabedisaidstidn sheredfiandahe fibaflated rafont les o dégree bEbepting aff frrom- beat en,
non fibrillated rayon (CSF = 740 cc, fiber length 5 mm | .7 dtex), for
whi ch n #0Bcc ke 78Movyrit isndesirgble $habshd midrofibers hatihg arteggh @F at okt nm i n
non- beaten rayon is al nost concentrated in the fiber |ength range of 5 mm
1 nm or aeourdifor o (1836 60 % By ARAsD6S the Gelf-Felbhs oPMBTdFIlated Wefont 0 di | ~er ent
degrees, and the mass distribution of the beaten, fibrillated rayon was

anal yzed rel at i wihefeOtheNstifarkf ffeehadd HnghieBHBNS 0 SThn heaYehk ¥ miaka are
plotted to give the graph of Fig. 4. Rayon sanples having a concentration

of 075 WshibufiBAthESioith SRRAGE 1A thRRT bR X RgitfSE dithdsl mett, Lhe
mass distribution gave two peaks. Fromthis, theTibrirllated rayon for use
in the i | hgentd t 3 i fiLoar ngt h peak for
the. primacy o Berense 7p AOPRBY HeFEoffe PRI BBk TRl Ryl | Enoth
peak for the fibrillated mcrofibers. The fibrillated rayon for use herein
is prepared by beating rayon in wet, as in the above. If, being different
fromthis, rayon is beaten in an ordinary free-beating manner to pronote
its beating (so that the beaten rayon shall have a reduced nunerical val ue
indicating its degree of beating), it will be entirely pulverized into
smal | particles, as in Fig. 5. In that condition, nost of the rayon would

o " —— r o .



depends on both the original fiber length of the non-beaten rayon ahd fffe 2003
degree of beating of the fibrillated rayon. In reference to this, rayon
having a different fiber length of 3 fm 4 mMmm 6 nmor 7 mmwas beaten in
wet, and the mass distribution of the'beaten rayon relative to the varying
fiber length was anal yzed. The data were plotted to give the graphs of Fig.
6 to Fig. 9. O the beaten rayon sanples whose data are plotted as in the
graphs of Fig. 4 and Figs. 6 to 9, the mass distribution of the mcrofibers

havi ng a | engt f at nmost 1 dth ss. di st.ri bution of the primary
fibers whose |e S‘F‘i‘? 'i'thg mgnaqrytfg)?fsmvgrq Eﬁ" of glﬁ"ebjl WY £h Heak HE "H’g?l- beat en
rayon (buyt .. 1 3 F ~ ~ (003 aving varjed wthin a range of from-0.6 mm
to +0 4 fhtyribufien glegeat it Gesispide tat tsapistpnbats B 1 et t@‘r"é‘pLE‘“&)f Figs 6
to 9, inthe fibrillated rayon after beati_ngt, t he Ien%%th of the primry
fibers atcopupidakfrom higskd @ity massof theselweight ofithedibylistedeyenyaries 0.5 mm
0.3 mMm or -0.3 to +0.1 mm fromthe original Ien%éh of the ragon before
beating. ~ 3 Wheregthequignary fibgky bave-2 langily ek 5o OBetm Aya (eel ebtmaspnger
than 1.0 mMmm (% b mass2.4 to 3.4 nm (% b nass)3 Mmi7453. 36Q0. 334GA2. G
| 72. 8433dutribodon gepagit odesirgse tat the mRrafdenehpving alen@dafiahmogctymot | onger
than 1.O mm (' % by nmass)3 4 to 4 4 mm (% b mass)4 mi7453 7845. 666f 51
8555. 1944&3uiDie8 fiogR%h 3 To 82 50bHRA/df the sitdweiBi df7ths fib8Uated tayomgr ee of
Beating (cc)not longer than 1.0 mm
Where the primary fibers have a length of 6 £ 0.5 mm at a peak of mass
distribution thereof, it is desirable that the microfibers having a length of at most 1 mm
account for from 5 to 50 % by mass of the self-weight of the fibrillated rayon.
Where the primary fibers have a length of 7 £ 0.5 mm at a peak of mass
distribution thereof, it is desirable that the microfibers having a length of at most 1 mm
account for from 10 to 65 % by mass of the self-weight of the fibrillated rayon.
In the process of forming fibrillated rayon by beating rayon, the length of
primary fibers of the fibrillated rayon may sometimes varies to be shorter or longer due
to the beating process. In addition, the non-fibrillated rayon (rayon before beating)
per se has a deviation in length. Therefore, in the above, such variation and deviation
in fiber length has been taken into consideration. Where the length of the rayon
before beating is 3 mm, 4mm, 5 mm, 6 mm or 7mm, for example, the length of the
primary fibers at a peak of mass distribution thereof falls in the range of 3 + 0.5 mm, 4
+0.5mm,5+0.5mm, 6+ 0.5 mmor7+0.5 mm.
Where the ratio of the weight of the microfibers having a length of at most 1
mm to the self-weight of the fibrillated rayon is defined as described above, the
fineness of the fibrillated rayon is preferably from 1.2 to 1.9 dtex.
Preferably, the fibers having a length of at most 10 mm are biodegradable

fibers. It is desirable that the biodegradable fibers are those of at least one selected



(% b mss)4 4 to 5.4 mMm (% b mass)5 13 FEB 2003
mMmi7400. 976. 566004. 0G63. 8040022. 4947. 2520035. 9532. 771004 | 7622. 72 Degree
of Beating (cc)not |onger than 1.0 %(%b mass)5.4 to 6.4 M (% b nass6
mMv7404. |1 928. 6450018 4547. 784 LO22. 90 9820447.7421. 8510245. 811 8. 12 Degree
of Beating (cc)not longer than 1.0 mm (% by mass6.4 to 7.2 mm (% b mass7
m7322. 8334. 2960728. 9843. 0746949

0624. 9634863. 2910. 721 6461. 536. 199555. 584. 39 1 3 FEB 2003 16 Next, in

Table 1-2, the oportion qof the mcr bers hayin th of at m)st 1.0
i s gié%‘ﬁ,tp%‘g’Hpﬁa%ﬂmﬁé@ ressnerIRghelilass. PSP Jely s Py B havi 1o
a fineness of 1.7 dtex was beaten while varying the degree of beating step
by step #lfohohand eolfedi from 740 cc to 67 cc In Table 1-3, the proportion
of the mcrofibers having a length of at nost 1.0 nmis given, when rayon
havi ng an ori gififsferablydhe pasiyywricht ofé,thﬁﬁvatﬁadmmmgat&e fibraseBectof the 4 dt ex
was beaten while varying the degree of beating step by step in the range of
fr om 644ingentian faHs betweem2Qaneh 0 /ayon having an original fiber Iength of 3
nm and having a fineness of 1 7 dtex was beaten while varying the degree of
beating step byPrefeegbly,rthe ldegnea ndslcodmposttinsBewaier 16 the Bbrous sheetTabt e 1- 4,
the proportion of the mcrofibers having a length of at nost 1.0 nmis

gi ven, wmest 20Qysecoridayasgeasured aceprdial té Jisdh-4b@hgt h of 5 nmm and having a
fineness of 1.4 dtex was beaten while varying the degree of beating step by
step in the rarRyefecdbly, tharwbt/dreagthtaf tHe3fibroas stesetliswhastr ldY@i2hmwi. ng an
original fiber length of 5 mmand having a fineness of | .7 dtex was beaten
whi | e varyi ng tRrefegbly,ake dify sheagth g tikt faolly/stetEp at Radtl3601gAgamMOf from 695
cc to 186 cc. 1 3 FF QZ2003 17 TahlP 1-2 Degree of Beating (cc)l.Owmn or

less (% BY MASIhieA G ehemmabsd0pidvidéh 74 nater3deboRBosiBleB BBibus 7$héds witicahl P 1
- comprises from 3 to 100 % by mass (preferably, 5 to 100 % by mass) of fibrillated
rayon of such that the primary fibers constituting it have a length of from 1.8 to 10 mm,
and from O to 97 % by mass (preferably, 0 to 95 % by mass) of other fibers having a
length of at most 10 mm, and which has a basis weight of from 20 to 100 g/m’ a
thickness of at least 0.2 mm, a degree of decomposition in water in a previously wetted
condition as measured according to JIS P-4501 of at most 200 seconds, and a wet
strength of at least 110 g/25 mm.
Preferably, the water-decomposable fibrous sheet of the invention is a non-
woven fabric having been subjected to water-jetting treatment. It is bulky and has a
soft feel.
Preferably, the fibrillated rayon constituting the fibrous sheet has a degree of
beating of at most 400 cc, and the fibrous sheet is produced in a paper-making process.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a magnified microscopic picture of one example of the water-

decomposable fibrous sheet of the invention.

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



Dcgrce of Beating (cc)l Omor |ess (% BY MASS) Degree of Beating (¢@)¢ gm
or less (% BY MASS) 440. 576530. i66260. 465840 235950 404720 435G30 7835 (g
593mMm4800 713nm 7d3330 631 4dtex 407 O 69tex | 291 |

| 33520. 872591 . 253401 . 052121 . 542971 . 32 761 . 922411 . 391633. 6121 |1.77 Tahla~ 1
_d Degree of Beating (cc)(.Omm or |less (% BY MASS) Degree of Beating
(cc)l.Omor less (% BY MASS) 6761. 086950 476461. 06@251. 4963 | 2. 0852] 7.

| 75548. 4822920. 964337?. 3920017. L45mB39i 1.

| 85mm 9820. 041 . 4dt ex24221. 571 7dt ex19818.1018320. 431 981 7. 5916126. 551 9516. 921
3524. 3219S15. 0d1i90 &. 4 4repBsh@ving|thy assidis@8dubon profile of gheHitier Ber@@ipofig | n
Table 1-1, the data in the thick-lined boxes are of the fibrillated rayon
nost pr ed@rbaatenfrayoruse in the invention. Al so, the data in Tables 1-2, 1-3
and 1-4, exclusive of the data of one having a degree of beating of 740 cc
in Table 1-2, &g ofs 4 paphishowingahe echassigstribanish ppofeé ef tledfifenrengsie of n t he
invention. Here, the data in Tables 1-1 and 1-2 were obtained by beating
rayon w bdateh rayong ifor which aylonehadiaga fiver Taugttest 3 mnilwasbehtér 4 were obt ai ned by
beating rayon with a pul per or refiner used for massproduction. As in above

Tables, it is unges sdHrhphRBSWinBGhd BiaS BisBHRLIOR YrotHs BY tiRf fitidi denfitk bof | ber s
having a length of at nost 1 mmof the fibrillated rayon prepared by using

a pul perra?ﬁnh@xfihg'ﬁéerpﬁé@ﬂ@a%ed ess than that prepared by using a m xer.
However, the water-deconposabl e fibrous sheet of the invention may be

duced b [ M [ t
bt ain wel] bal Shcas haTEr qhobe BORAS, TRATRoTpKole R PMSeriBipgr! ner) 1o
f . i is f 3
A T e L S C R A

fibrillated - . ' ' i S, f 5 t
less than 4.5 o aiu? oRERnGirEIRE S bisiddoR BB R fiflr 1b 0000
e ™o B o B PR LDy M KB gr TP RNy o 0-S to 19
Rt i s N A

t he rayoP #efore gﬁathng is from3 gm to |.ess_than 5 (i. e., where the

| engt h oPeRHL AN RIar YhETSEED Hapine s et o & BPORHET & Wk of

diegtgri b8ti on taﬁﬁre f.vi s from2,5 to Iessbt.han 495% VEJIS aheoe tnﬁzs
degree of beati'l§ ?és?lgff’r"?’zfgbw&g & A58 dEtibytion mpfile ot erﬂﬁwthé’fa | engt h
of at nmost 1 rrmaccouEt for from O.éb%ﬁ?S %g?l mass of the self weight of

the fi br Pfatel ByoR.fobhichdaxapdavinga olof MYRPRHBFAUSKINGEE for beati ng

rayon, the upper. limt of 5 % by mass varies to abqut 3 %.Dby mass. If the
Y PP Fig. 10 1s a graph Sh(())Wl}llg the mass dlstrlbutrion progle of the 0ﬁbgr lengtﬁ of

beaten rayon, for which rayon having a fiber length of S mm was beaten in wet.

Fig. 11 is a graph showing the relationship between the wet strength of the
sheets prepared in Example H and the degree of decomposition thereof in water,
relative to varying degrees of beating rayon to give fibrillated rayon for the sheets.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

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
microfibers which are submicron-sized in thickness, having peeled and extending from
the surfaces of the primary fibers (of the fibrillated rayon).

Fig. 1 and Fig. 2 are a magnified microscopic picture of one example of the



3 F E B 2003 19 degree of beating is from400 cc to 600 cc, t he' Bowen 2009
imt of 0.1 %by mass varies to 0 2 % by mass. Still in those where the
ength of the rayon before beating |sl from5 mMmto 7 nm (i e., where the
| ength of the primary fibers of the fi Oori Il at ed rayon at a peak of mass
distribution thereof is from4.5 mMmto 7.5 nm) and where the degree of
beating is smaller than 400 cc, the mcrofibers having a |l ength of at npst
1 nmmaccount for from8 to 65 % by nass of the self weight of the

fibrillated ra per refiner .is tlng
ayon, tHa BBB%’H“H‘%S%W‘X’P‘%?“@/BWP Uit Beplipp 4 CBmQBBWt*%@F%%PO PG 1 and t he
lower limt SS varlest05%b in se wher e
the | engfaﬁ% al“ o paicﬁ%ﬂ@f%?@“b%‘&fv’ FPPLivef yomslg1 rﬁﬁ?‘?td’Q?% qnd k%)g 2 wher e
the length of th y fibers of thefl r|I ed rayon at a eak of mass
di St r1 bUPRBATCPREA 6 A ousveD é‘ahﬁ?‘f‘W‘SFSES a'ﬁiateaﬂéw bHaYdegPEe of
beating is from 400 cc to 700 cc,, the mcroflbers having.a | ength of at
most 1 nivlade SHsubieeting it denvates-ieting dreptmanks sAsin Fige lewrFige?.ghts SEnt he
fibrillated rayon. However, if a pulper or refiner is used for beating
rayon, tHat migsefibers fiextepd fimm w@@yrfm thepiimaryt fibesiobthe fitmillpgadyrayrsk. 1f t he
degree of beating is from400 cc to 600 cc, the lower limt of 0.3 % by
mass var Tbe serface of drylinans segentraied\asHuloss (tafien B) éf emneetd, whilgdbatwifethe t he
rayon before beating has a length of 3 mMfMm (i. e., where the primary fibers
of the ffibnildtedraebnrhisofibriliatel & harghivrafibes 2 theranoumdytasdllpsakedyfandas s
distribution thereof), the mcrofibers having a length of at nost 1 nm
account fthertwor ago®4 hnd dibiiDated bayondsismvedifférentseduttuvesi ght of the fibrill ated
rayon. However, if a pulper or refiner is used for beating rayon, the upper
limt of 10 % bpherdibsilluedi fberk Oofihhatt type¥chy brapsodubéd,t foe eegipte b6f beating
is less than 600 cc, the lower Iimt of 0.1 %by nass varies to 0.2 % by
mass. | nniebedfcalipepcting’ ayyon waflorie meaibsoghedasater| &iAgish sifl wetted. (i . e
where the 1 3 FEB 2003 20 primary fibers of the fibrillated rayon have
a | engt hoehcrétety, Ghéy iy Be ﬁroﬂﬁ@éﬁ Fbr BRSsplell sdcbidimt k0B hétR6®eF strohgl9

m crofi bers having a |length of at nost 1 mm account for from1 to 14 % by

nmass of memg@%,fonvmlv@!ﬂér ifRfa hiker, for Birhdthéd 6Cbdafin® PayolaNE \WaIper, d reinfthper or
refiner is used for beating rayon, the range varies to about 0.3 fo 10 % by

mass. | T pgufUdiRRé 119é (tthfné Q?JetJbéatH%exﬁetBQH) bedbre ecﬁﬂ;‘;’r{h@ﬂgrlltleﬁ@d PaST/éBee of

beating is less than C [Ffower |mt varies to 0.5 % by

t hose wh ere the
pr mary Tiepes b RRRr @%?‘?ﬁ?ﬁ%%““% %ﬁ‘g?h?d%“ ofing HEPLE &

eak of S e e r of at

moat 1 mucany gty MipRE b %?'Eﬁnz%a‘"& g@‘“ﬁéssé & ﬁﬁéi‘lé%‘gpf&gv%ﬁ?%Bf t he

fibri 11 aladhf Av0R. ﬁmwgrs&g gvﬂ.u LB8h, 8, Sibiohohenbge dyf ForbER N9,

rayon, e upper’lim ari e$ o &

Pae BS;ﬁaygﬁfitﬁ' §lso bR pHedifled b E'I"'sf?}g wef4h BBtharia SARIGE. D) o 3%;?5 the
o the 11 br i1 apul e dBiufey EB et combie '%011 Siyphg MGl R el L 0" °
di ib h f fib h f

acoount . FHFHASIHESE EUTIBRSY Hauast o o SCB e h Tlspus Hebf FE 141 at e

rayon. However, if a pulper_ or refiner is used for beating rayon, the range
varies t &esylsingifibgous ‘f’%b SProferp nBbacctad togvaiei-isBinadFeapragnt ﬁ’éFhei lskedgcbe for
beati ng rayon and the degree of beating is |less than 600 cc, the |ower

i mit valftpre@dtlatosth%voa}ern%@@mppwbiqwﬁb@u\mbﬁm of fibe inygatiomheflaibistseedsng has a
|l ength of 7 mMm e., where the primary fibers of the fibrillated rayon
have a | éhgymier bers arognd thensuaface opthglfibsillateddsrayen arerantamgledrwvithhtheaathgr, t he

m crofibers having a |l ength of at nost 1 nmm account for from 10 to 65 % by
mass of ffipersswrthe wdiegnticrofiberse Thérefdre,ahe dpecafjaally-artangledrstrucfuraoftieper or
refiner is used for beating rayon, the range varies to about 3 to 50 % by
mass. | f fibrousishdetFofEthd AO&RicAldiffetspfromother gfuchee of rdiamy $pun-lbeanomrmg rayon
and the degree of beating is less than 600 cc, the lower limt varies to 8
% by massvovéhEitrictwisere tel nsiftué FibeRi agé bntakh lécha)gmh@f of FroRr EighpyndBiga | engt h
of at nmost 1 mMmto the self weight of the flbrlllated rayon is defined as
descri bed above, the fineness of the fibrillated rayon is preferably from
1.2 to 1.9 dtex. The degree of beating of the fibrillated rayon preferred
for use in the

1
I
l e



invention is described. \Were beating rayon is pronoted (to give 3§ pephengs
fibrillated rayon that shall have a | owered nunerical value indicating its
degree of beating), the ratio of the mass distribution of short fibers
(including mcrofibers) will increasél In the invention, the fibrillated
rayon preferably has a degree of beating of at nost 700 cc. Fibrillated
rayon having a degree of beating of |arger than 700 cc could not have a
strength necessary for the vvater deconposabl e fi brous sheet of the

i nvention., More preferably e fibrillated rayon for use herein has a
degree & lvdéé@qrh@atotheattwt%@@rse?otroeed therfibrillatadgigyen | are ¢ppangledewith fheof ¢ he
fibrous sheet will be nore noticeable owing to the mcrofibers of the
fibrill ather fibgydayen 4 angh fityi lafesk repen 1)y ped ththp pexists agiong thaspdibeispr i | | at ed
rayon has a degree of beating of at nobst 400 cc. Even when fibrillated
rayon having a Thegrreearyf filtmes congitusingathenfiiillagbrayon fowe e bongtt fatlingg 100 cc
(for exanple, 50 cc or 0 cc) is used in producing it, the

wat er - ddwoweens hBl rermf adal d@sneHeet peakilof ﬂmveiistébdtiohmfatheqntimwy fdtergngt h and
deconposability in water. However, if fibrillated rayon havi ng been too
much bedllenefgthaf ey privaaiyriibess dso@fartedito rheckirc somennmes indadatevsthk lengtindf cat i ng
its degree of beating), for exanple that having a degree of being of 0 cc
i s used,tht heimagr fecrofexogitethef nkdrofihéronhérbdrougd) buienstheet lengthi b8 tigr oduct i on
will be ow. Therefore, it is desirable that the fibrous sheet conprises a

conbi natmipofiferd. haf thdlehgthaif ek praiany fifers Mad péakisf raid dodthBitioni therest | n this
case, the proportion of the fibrillated rayon is preferably at nost 30 %

nore pr ek g5k Yhan the Aefinéd FanglOrot 2l theMidrofdferSbut AISOthe! gHiRargibers t he
fiber length of the fibrillated rayon (before beating) is at nost 6 mm

mor e pr eygf @@éﬁar@emﬁg&hér BFthe iHin 49 FTLRE Wil ReatthliledOWith R dth& fileratt ed

rayon can be controll €d by varying ?he beating tinme and by selecting the

beat i ng S4 aﬁg ufpX TRk Ghe Yi’ﬂl%rbtfﬁ @Pjétﬁnéjﬁ%&gr% ntN B ﬂgiht?(%ndt ddie tﬁ%rre for

pr ocessi it t er'n may be suit determn To obtain the'fibrillated

rayon, f\%tereéé’é@%é)%s lﬂht 6’(“th9 én%ﬁ%@deﬂ' f6ri¢ PAPBe' pooP” O6RIHE Pitlel h?ndnl gr For

this, for exa have a rayon concentration o % and

thi s castt FREFAE ﬁ‘giﬂmﬁ @8;?1{8?%8?0% PRI RSH R o Pl Akt gl xer - 17
cor el at gl WL I S DRR e el 1 10 U6 el S TRANG LA 0T

bel ow. ave an"error secon e beati ng
time. Wer s_vari |nthe

e Low HF P%?iW[ﬁ oo il 62 é)it o a8l fie biging® @Qﬁygwegat.wgm S
= 700 f

Doatt o aEBiRE b itds. The OReth o et gt bRt ofh g iBlaiEd w9SRACE .

B i 5 i =3 B , 7 8

et el éea@&f é*@sg]figug@ﬁlpﬂghe%é@oeé@‘g@ i Beverna. SClﬁmtaﬁﬁtfo@ﬁlﬂhwgs deor o6

of beating = ere rayon (g ree, of beating, 740 er Iength 5
mm 1.7 dt ex) i ?‘5‘@ ftatlated rayonp wﬁ qﬁﬁhffopae‘@%ﬁ berp hayg & gtt’so 3 lgask above,
the data wl| be as follows: Beating time, 120 m nutes; degree of beating =

629 cc BRARMAY usedrand wherenihe fibsqus wé@rl%eﬂmct%btﬁ Wﬁ@rﬂ.ettz@ trggtmeRtk theiss
distribution of the fiber |length of the beaten rayon is as in Fig. 10. The
f i nenesspmaryhdibersoraf| thet ddpritlatedn raviont aviksbof edangled tpg preh ednbithe from 1
to 7 d (denier), that is, from1.1 to 7.7 dtex or so. If its fineness is
smal | er  décampobability in yvarerf EhodB8 adnpisingrtbemval e, lowhe Ippidentoyeviadder s of
the fibrillated rayon will be too nmuch entangl ed, and the deconposability
i n wat er thefreduntiohiibrtheidecingpesabelitypni wategof thewhedt diehdtaase, lif is desiraile ot her
hand, its fineness is |larger than the defined range, the formation of the
fibrous tHaetie bakislwdightruftthe acwlwaren fibficas doiitrslied tb be ap rdtid0 gh’t y Ik her eof
will be low The fiber length of the fibrillated rayon, the nass

di stri buthapBaskh@ieslbo dedimble/® re@udehfie F)k&iféﬁldfﬁél@ﬂl@ fibtilgted @gyoRneofolhibrat i ng
t hereof, and the fineness thereof will be suitably controlled, depending on

their daﬂﬁ rﬁﬁh@yﬂb@@%a%ﬂ'[br@fhéﬂ“‘ﬁmfrﬂ Qﬂohéé%t%dathﬁ)ét)mv mfaEke type of the
ot her flbers to" be blended with the fibrrliated rayon

wat er - deconpos F@Q% f ly the
fibrillated raf/tgér)tgp{) fl?éaﬂ ?eggﬁﬁ'ﬁ ﬁgrg?tdﬁgdot \SH'&%?%W;S %%{vgrﬁ)g a b nli;stgﬂ of at
nmost 10 mmin addltlon to the fibrillated rayon. In the water-deconposabl e
fibrous sheet conprising the fibrillated rayon and such other fibers, the
m crofibers of the fibrillated rayon will be well entangled with the other
fibers to ensure high strength of the sheet. The microfibers entangled with
the other fibers in the sheet will be released fromthemwhen a |arge
amount of wat er is given to the sheet and theref ore the sheet ea5|ly

o . A b1 o o, o, o



24 The other fibers for use in the invention my be those of at | 4 FEBE03
sort selected fromthe group consisting of natural fibers and chem cal
fibers. The natural fibers include those fromwod pulp such as soft wood
pul p, hard wood pul p, etc.; and al sol2hose from Manila henp, linter pulp,
etc. These natural fibers are biodegradable. O those, preferred are

bl eached soft-wood kraft pulp, and bl eached hard-wood kraft pul p, as having
hi gh dispersibility in water. Al so usable herein are chem cal fibers such
as regenerated fibers of rayon, etc.; synthetic fibers of polypropyl ene,

pol yvi nyin Becianentiong spiesmethodp gnayabe yamimexed; | Oneeiscto apgliete Hiealdhy e
synthetic fibers; synthetic pulp of polyethylene, etc. O those, preferred
i s rayondistsibutien afytheipsianagy sibetslaad thg migiefibars aenstituiing the fibrillaedeayon.

bi odegradabl e fi bers of polylactic acid, polycaprolactone, aliphatic

pol yest efhe guictofibsrspatey srydrethansthec primiry, fibotsyvi Hydrefates odmalyzingoltheaagen,

etc. Needl ess-to-say, any fibers other than those nentioned above are

usabl e hdisteibntisoof the fier tdngth arthe fibsated iripton dlarifieatthe masodistribetisodf wood
pul p, its degree of beating preferably falls between 500 and 700 cc or so.

I f its déhgrgemaf fileas iand the miwedfibers thwatituting theffimndbitadarayen. t Aaothenwoven
fabric conprising the pulp will have a paper-1ike norphol ogy, and will have
a rough inethod of kpechfivatly &efininghel dgereled Gbrillawt irn@niis bhsktd @@rthé dagret b def t ned
range, the sheet conprising the pulp could not have the necessary strength.

The wat epeagifig SRS A& faiybh QUSE; uaediaf StdnbgrdiFtvarts)on may be formed of only
the fibrillated rayon or a conbination of the fibrillated rayon and ot her

fibers having arfeengld AbtriBhtisPProflle BMthé TR eh&h! 8t indnMeatele nogponent s
is preferably such that the proportion of the fibrillated rayon is from3

to 100 %byiidtBssayBReCSRat740fcct fSer W s kiRer 3 die%?,ffBPﬂhﬁth: 97is Ydy nass,

nore preferably Such that the proportion of the tibrillated rayonis fromb5

to 100 % : S d; f £ ISl 0 95 ¢ nass,
?nbh%.'eaf ;/nt ;F'E‘j%h9 tlﬂé“?n,ﬁg N&&tribLB&] Sn n%Tn dedttn re%/rBlnl“é At

still nore er abl that the proportion of the fi ated rayon is

13~-~ : 0.9 ggﬁﬁ a of Lbers is
from 30 %&8@;3%% (gi/nf t?]lgsrﬂ sb ,§r %@315@1 rf)l}{%‘?éfg abl'y isgg}]ntl tB Eg?' t%ﬁe"h'g"r“op%?{“. %kgrgf t he
fibrilla r ' % t hat t er fibers
s 1 om Borgos SA°bhg! ITctd gebert deplaks BB netise dalon el 0T E
referred.to,as," " Metsuke") of the fihrqus eet of the invention falls

et ween SBFTIRS TEGGA wiaieg, e dh thF ARPERLMer Rghe The R ver . 11
its basig weight is snmall.er than.t.he defined ra . the sheet coul d not
have. t heHBGHEBANGT LIV IEERROr T84 b sahPled Fubdd GEFGHERY of ar ger

t han t he fined range, the sheet wll be not.flexible. .In particular, for
bppli cat P 140 HBSSENbreoPreRtig,ohaten Ty AOies: sAGdR i 4F hhahact | <
nore preferably from30 tq 70 _g/nR, i jew of the wet strength and the
soft f eeF“SHﬁ’“PHB 2aYfebYO PY3tS: ﬁ?@%%égﬁﬁbgﬁlﬁ% Y?X%r%\ﬁgs%% P INEPUBR used
directly after it _has been produced in a wet paper-mnmaking process or the

li ke. Theamae ddentified Asnephaying H}eog%erslﬁe@b Regky tar dhespriwany; Bbers € dhe n owi ng
to the entangled mcrofibers therein, and, in _addition, its dry strength
coul d befibrilated savgnataelf and thetfiver lopathaeak fosghelfibllated migrofibergyr oups exi sting
on the surfaces of the fibrillated rayon therein As the degree of beating

i ncreases, t hat Thesfibraléatedeayau fareyse deretthis preparast biblegasing nayosas eeet, asie sur f ace
area of the fibers increases, to thereby enhance the strength of the

hydr ogentlizoaimivag Hebeieg différbatr Somahisnmayengsibedtyn iimen @adinary freesbasting
strength, the fibrous sheet is preferably in the formof a non-woven fabric
t hat may nmaan@rtoguaedtelits beating (39 that thélbeaten rapdn sfallfhiabe alrédicedl numgical al one or
of fibrillated rayon conbined with other fibers, for exanple, in a wet
process, vhlak indieading)its defjee of bergingh) 6t Willbeosisirele pulverival iato nedll particles,eat ment .
The fibrous web referred to herein is nmeant to indicate a sheet as prepared
by sheet b@ith Bigf 5 br Biighabédition) mdYCEF the PEDAS O Bse tiEorlidiRAIfFoes Gampth. t Ut i ng
it are oriented in some degree in a predeterm ned direction. The fibrous
web may gis Q‘rééeoeﬁfeﬁ%%r@rfiié RotwRkiY the ScsheFofhB ARG ROR TESSse MeMBY be
subjected to water jetting treatnent. For the water jefting treatnent,

enpl oyed;lsyabn ordi nary high-pressure water jetting device. Through the
water jetting treatnment, the fibrous web is formed into a non-woven fabric
that is bulky as a whole and has a soft feel like cloth. In addition, the
non-woven fabric has a strong wet strength enough for its use, and when
kept in contact with a | arge anobunt of water after disposed of in toilets
and others, it well deconposes in water as the mcrofibers entangl ed
therein and even the fibers |oosely entangled therein cone untied while in
water. The details of the water jetting treatnment are described. The

Y




_{ 1.63 x jetting pressure (kgf/cn2 or Pa) x jetting flowrate 13 ¢
(nB/mn)}/processing speed (nMfmn), is from0.04 to 0.5 (kWnR) in° Gk 2003
treatment for one surface of the fibrous web, a favorable non-woven fabric
can be produced by sub j ecting the fiBbrous web to the water jetting
treatment once or repeated 2 to 6 tinmes. In this case, if the fibers are
entangl ed too nuch by repeating the water jetting treatnent nore, the
deconposability in water of the resulting non-woven fabric will be | owered.
Moreover, if the work 1 3 F E B 2003 27 done in one treatnent is |arger
than the defi ndteeprdig thet iato faf she micrgiibensdg the fibrildated rayon prgferied dont her
hand, the work done in one treatnent is smaller than the defined range, the
pr ocessedsenarthponeentippbit iix desiable thet theeminipfiBers extgndiagifram the grewry One or
both surfaces of the fibrous web may undergo the water jetting treatnent.
If the pﬁbﬁresﬁthngibcidia@ﬂtramndﬁevmgaldgwh\wgali w03t lymmf apeourd idrefro §- woven
fabrics could be obtained even though the work done does not fall within

t he pref®r 6&debyngess &ff therselfaweight bbdre filonllee rayoni sTHedibridlbted mpart t he
fibrous web is directly subjected to the water jetting treatnment w thout
bei ng drhadng fhermaphabgy yt thgt type naydeadsaihal byt beating eatomenta. degisefat , t he

fi brous web may be subjected to the water jetting treatnent after having
been oncmostr T®@dcc. Prwitk thd Fiyrillitbé ragone migs fibratis bhiesakould welt dedonigage in

wat er - deconposabl e fi brous sheet of the invention that contains water is at

| east 11Qraet 2hd @ould rhate arpiefefred ldegieco OF s@bngdthe thh@dﬁirill@tﬁdaiaﬂaﬂobﬂmt
multiplying the strength in the machine direction (MD) by that in the cross

di rect i ofype Gk redhBing! 0 eHah addoulisedk ab‘fromatélp Hio 35 589999 M befeissed to as
wet strength) is neant to indicate the tensile strength at break (gf) of

the fibrausndMgelomptisef thel BriMtyatiBers tot MBtHibILRAN Dok, ot GhERdRE lbn§ tensile
strength at bréak, 'a piece of the fibrous sheet having a width of 25 mm and

a length i g i efPYiatiod iahd 2o of 2.5
fi moe t NS o los Ty irg SQITHORASLT 1B prembbE RIS ahd oIS 0 sheet

\%imegﬁ 't ﬁ{ﬁ? ) e&s 'Ct'jtl%tsédse Infay! 6, %Slﬁﬁé}]ha%h% Eﬁmﬁﬁﬁﬁﬁ’&s af Trl%’\?ég{e%ghﬁgét%i N for

uc tance-il s e stress rate |

crivort of PR B LR BRARANET ARARE Sl Rl TR DO BNy 07

criterio e fi sheeét, the T1brous s%eet of
the i t] i | I f i, DI it h
L2, | IvePlfn f' i BE BRI Pl du' el %N RGCRR BfpficRs 't "o

d i .h b Vb bl t t st t f th
Tegeu 2ok Bhg AR 138 05", kB HAAEL) gl ST 1
hand, it i, I desi le.that .the fib heet .hi t h h
rand, L gl BRSSP 0L oA SIS RSP Srots

is preferably at Iea?t 3 terms of the root of the product

0. g/.25 . i
obt ai ned By ORAFR 13¥PY {13YoR ﬁ%fogetl?‘eéﬁﬁﬁ h“tgts MMeak in the nachine direction (MD)
by that in the gross direction (CD). _Al.so preferably, th
vat er - deconposa“b‘{lee njas, ﬂ&&%blgw&e?fcgﬁ ﬁ@é?qt@éwnow?%ég 9 @sgﬁlt@é lgpsth

deconposition in water of .at post 300 seconds, nore preferably at nost 200
seconds, deresds eBrhotly ther eriginglyfiber length of the ner-benten rayee andothe degeercdbl v at
nmost 100 seconds. The degree of deconposition in water is nmeasured according
to the tbeatingeefhibe fBrillated rryars 0 1lnt nggarencadiocthise sayon ehaygr & diffsrend fiher
degradation of toilet paper in water. The outline of the paper degradation
test met hangth of Hews rd bod 6 mmpiretmnovas heateminewetd eaxbihe asasb destiibution e sheet
of the invention having a length of 10 cmand a width of 10 cmis put into
a 300-m tliecbdaten faybh eclativd ko B@Ovarfingf fibewrlesgth hveasgedlymead er Theadataswerer ed
therein with a rotor. The revolution speed of the rotor is 600 rpm The
condi ti oplafedtdgiveelsd graplecss Higi @ Bigsper Oftheibaten r@fonisamphs winsepataal | y
observed, and the tine until the test piece is finely dispersed is

nmeasur ed ardploR¥@as it fie grabhs bhFse. MPasd!Fal. 8C00%, thagnds® distebutRinhethar e
nerely the criterion for the deconposability in water of the fibrous sheet,

and the fuiiBlofYers3AORE Ofengtiriaf VRN I Mm il thOtati SREBAHoP LS tHe drimsh toilets
and others wwth no problemso far as it has a degree of deconposition in

water th } I ; L i nner as
above. T?bﬁgivgﬁ?gﬁ?%%elfgb g%c%%g?glgﬁlgﬁﬁbgﬁgeﬁgﬂiﬁggtﬁqﬁﬁ %&énﬁﬁggﬁtﬂ?@n have a
degree of decomposition in water and a wet strength falling within the
preferred ranges noted above, the type of the fibers constituting the
sheet, the proportion of the fibers, the basis weight of the sheet, and the
conditions for the water jetting treatnent for the 1 3 FE E3 2003 29




sheet may be varied. For exanple, where fibrillated rayon of which gtpes 2003
primary fibers are long is used, or where fibrillated rayon not beaten so
much (that is, having an increased nunerical value indicating its degree of
beating) is used, the basis weight ofl4the non-woven fabric is reduced, or
the proportion of the fibrillated rayon is reduced, or the processing
energy for the water jetting treatnent is reduced, whereby the fibrous
sheet obtained coul d have an increased degree of deconposition in water and
an increased wet strength. On the other hand, where fibrillated rayon

havi ng beaingrvatedowithiana canggtofi somhA\A map 20 rre@dumen avergdyeancial Takde de
indicating its degree of beating) is used, the proportion of the
fibrilla@gdwrayon is increased or the basis weight of the nonwoven fabric
is increased to obtain the better results. Even though not containing a

bi nder, the watAs sededumptdeaphphsfaflfiigrié te et thoffibtiHeted mayemt dften beasingd have a
hi gh degree of deconposition in water and a high wet strength. However, in
or der t otheduengikrofithe paamey fihersvatta pdakeofgnhssadisttibetichefthe primanyefilsas ubl e or
wat er - swel | abl e bi nder capabl e of binding fibers together nmay be added to

t he sheetariehe0.bimget 0.3 aimides0.3f tor+0ek aiif)| fom ¢l Srigiaraiehgth of ehd tayose, al Kyl
cel lul oses such as nethyl cellul ose, ethyl cellulose, benzyl cellulose,
etc.; pobefsteheatisg.cohol ; nodified pol yvinyl alcohols having a predeterm ned
anount of a sulfonic group or a carboxyl group, etc. The anpunt of the

bi nder to be added to the sheet may be small. For exanple, only about 2 g
of the binder, relative to 100 g of the fibers constituting the sheet, may
be added to the sheet whereby the wet strength of the sheet could be nmuch

i ncreased. As being soluble or swellable in water, the binder dissolves or
swells in water when kept in contact with a | arge anount of water. To add

t he wat er-sol uble binder to the non-woven fabric, enployable is a coating
nmet hod of applying the binder to the non-woven fabric through a silk
screen. On the other hand, the water-swell able binder nay be added to the
fibrous web for the sheet while 'l 3 F EB 2003 30 the fibrous web is
prepared in a paper-making process. Wiere the binder is added to the

fi brous sheet of the invention, an electrolyte such as a water-soluble
inorganic ~ or organic salt may be added thereto along with the binder,
whereby the wet strength of the sheet could be increased nuch nore. The
inorganic salt includes, for exanple, sodiumsulfate, potassiumsulfate,
zinc sulfate, zinc nitrate, potassium alum sodiumchloride, alum nium

sul fate, magnesi um sul fate, potassium chloride, sodium carbonate, sodium
hydr ogencar bonat e, ammoni um car bonate, etc.; and the organic salt includes,
for exanple, sodium pyrrolidonecarboxylate, sodiumcitrate, potassium
citrate, sodiumtartrate, potassiumtartrate, sodiumlactate, sodium

succi nate, cal cium pantothenate, calciumlactate, sodiumlauryl sulfate,
etc. Wiere an alkyl cellulose is used as the binder, it is preferably

conbi ned with a nonoval ent salt. Where a nodified or non-nodified polyvinyl
al cohol is used as the binder, it is preferably conbined with a nonoval ent
salt. In addition, where an al kyl cellulose is used as the binder, any of
the foll ow ng conmpounds may be added to the water-deconposabl e fibrous
sheet so as to further increase the strength of the sheet. The additional
conpounds include, for exanple, copolyners of a polynerizable acid
anhydri de nononer with other conmononers, such as (nmeth)acrylic acid-malefic
acid resins, (neth)acrylic acid-fumaric acid resins, etc. Preferably, the
copol yners are saponified with sodi um hydroxide or the like into

wat er - sol ubl e copol yners partially having a sodi um carboxyl ate noi ety.
Addi ng an ami no acid derivative such as trinethylglycine or the like to the
sheet is also desirable, as also enhancing the strength of the sheet. To
ensure the desired degree of deconposition in water and the desired wet
strength as above, the water-deconposable fibrous sheet of the invention
may have a nufti-layered structure. For exanple, a first fibrous sheet

| ayer containing fibrillated 1 3 1= E E3 ~' 10~ 31 rayon but not subjected
to water jetting treatnment may underlie a second fibrous sheet |ayer
containing fibrillated rayon and having been subjected to water jetting
treatment to give one water-deconposabl e fibrous sheet. The sheet having
the two-|ayered structure could be nore bul ky and coul d have an increased
wet strength without lowering its deconposability in water One first

fi brous sheet |ayer may be sandw ched between two second fi brous sheet

| ayers to give one water-deconposabl e fibrous sheet having a three-I|ayered
| am nate structure. The water-deconposabl e fibrous sheet of the invention

L O . e o T I T L T S L T



The fibrous sheet of the invention my be enbossed. Were the fibrdhgtﬂﬁ%gma

is enbos

cont ai ne
will

sed under

d) will

heating after adding a snall
strength of the hydrogen bondi ng bet
(and between the fibrillated rayon fi
be increased. Therefore,

anount of water thereto,
en fibers of the fibrillated rayon
ers and the other fibers if
the fibrous sheet after enbossing
have a high dry strength. The fibrous sheet of this type is nore

t he

suitable for use as a wiper or for use as a sheet conponent constituting an

absorbent article. EXAMPLES The |nv¢ambqn1|s described in nore detail with
reference_to the followng Examples  whicg hoy are not - intended to
restrict|the scope of t he PoBtrentbeaine £ C’At"’"li%)%'h fi béfi’&m?‘tﬂm Ador di s
Japan) havi ng | engt h pf 4“”.‘§re *.‘:b‘:!!éué”"mia et T ere
vari ous types O i bril |ated atéun RrevH-Ae drz e ent eegrc s,és beat+HQg as
in Tabl el 2 bel ow. The f brilkagyd Fay-of—was qaou%ned wi-+h chiéary
nonfibri]lated rayon (1}+# dtei&h1'5 &) fibegwéeﬁgth B ﬁggsbteacted
sof t - woogd kraft pulp ( NBKP) Geapadian “tandanﬁﬁFfeeners, CShg 3616 €d4) and
for ned i rto—a—fibrous—web—accofdng—toa—wet—paper—rekirg—process—For which
was used a cylinder papernmaking machine. In this step, the blend ratio of
the fibe : j h—of fibrillated
rayon in| Tabl es i s neant t'&8[hAgiReas t hgo! lonsgr tagn f0pmmy 200%; 1§§gth of
rayon fibers before beap-rg—tridtrent- VWtﬁd&.gE%?ﬂg d.%eé;béﬁyét.!! on the
pl astic Wre, tﬁm1resul g fiﬂgous web—put—ena FHHAHHR SOREEYof VR | e
bei ng nojyed at the spee# indic&ged Ha—fabte 2}ﬂ;he i >
subj ected to water jettnrgtregtrent—uhder thﬁnconditioﬁ'“I""sgrdicated in
Tabl e 2,{ whereby the fipers coﬁﬁtitut.tg et Kﬁfﬁfjg%?r—~———
hi gh- pregsure water jetingde eyf;ceus it fUI tl%gtlcatllcllt vvqﬁ's?qm PP d wth
2000 nozztestrneter—eachhavitng—an—ort+ftce—drafreter—of—95mcrons—at
intervals of 0.5 mm between the adjacent nozzles, and the pressure of
jetting water——strears—appHiedtpthe—w h‘yas 40 “"f' Ha—Fable—3. In
that conflition, jetting|wa walp e %ea‘éfﬁpll &g ?'&erdjﬁg Ssd‘?‘"f ace o/“ﬁfg‘;; 4o that
it passep thI’OBI its baek an7 ce—The VVG.LCIoé\gCLLI AgTtreat f‘%l}g WS
r epeat ed| once agal n under—te me—conth l.I o™ ()FAL’ s vvaa63téb| ec-whHt h a
Yankee dfier to obtain g—waters; eCONPOY babte |2llw) ots—sfeet U|471}1§1| wovgn
fabric. This was then wetted Vﬂkdoll LUU —T et c35|9ye to—100 7 03I27E/IIE mags of
t he non-fwven fabric, ofwater 10()'”3 1 JsUULdl4lllq@ V\IdLEI-(JECUIH,(:thI e fli br ous
sheet waStestedfor Ttsdegree of deconmposTtT oM 71T Water_ana TtS_ wet
strength, accordlng to the nethods nentloned bel ow. The test for the

it L o t oact af
decorrpOS S3sigman Ly 1 II- \I\ISAI.C . P?eaun I}lg bnc"ér.ttha‘i’l'l.ountxﬁc’ T '-hskdfo &n,n cat ng t he
degree of degradability of ?%lf éper. 5q() §§gy, a p'eQ@thmE?e
wat er decpnposalplg, fi brofrs bllee’740lldVI ng|a ieng 15 of T0fTm arthgggs W Ot trjof 10
cmwas ppt into a 300-m DeaKe5001 HedTwth qggsni of [T omn- ex&,n,gngeu ter,
and stirfed therein wtf= rULper Tihe Tevol ubh gy SPEE] Of Tt g0t Or s 600
rpm Thejcondition of t Ty dT;gRgT Sed 1|1 Wat gfj g§as
macroscopi cal |y observe ana‘yﬁe TTE|UNTT I 45 tesSt [piece jas 11 netly _
di sper sed was mneasur ed (see The foftowi ng Tabte - the data are expressed in
seconds). The wet strength was neasured accordlng to t he test met hod
sti pul at gt—A—3+SP-81375—+=DBrt )ICCUI | ou ng a
width of {25 nmand a | eng t]l)tcg Tsflé,%u% Fl~ o(%etr{}mrf? g?dfg mn%e&g%, ed |both
in the machi ne;gikecti ofr U_VJ_L/})Z amd—T T the C3ppS di TECTTOIT 4G t he
use of al|Tensilon testef—for &w c—tirg uluu&mgkstanbt Was Jﬁt{nlllll ard t he
stress rate was |00 m g |ng{59sueugti| at L)‘Igtag.K (g—of Llﬁ%ﬁbl prlece
thus meagured indicat es [The WeggStTENgT TIET®YE (SEE [T Tomlﬁvvl ng Tjabl e -
the datajare expressed i 251 gimy - The Toot qisthe prjoduct ghgthe dgta in
MD and the data in CD w§iS obtaigged, T ngicatirgsgne negn val Ugzpf T he wet
strengt h Oof "The sanpie. The fTorous Sheers of conparative exanpres I and 2

were prepared in the same nanner as in Exanple A except that the

fibrillated rayon was not used.
A-3Com Exam | e 1Com Exam |l e 2Fibrill ated Rayon ( 1.5 d)Fi ber

Len4d m#

Table 2 Examle A-1Examle A-2Exam | e

m

md mMmd nmmDe of Beati n600 cc600 c¢c600 cc600 cc600 ccBl end RatioFibrill ated

Ra on5 %380 %0 % %Ra on |

. SdxSMBO0¥B80980Y80%’ 0%N\BI CP de ee of beatin

610 cc65 %0 % %0 %30Condition for Water-JettingPressure40 k cm-40 k
cm~40 k cnm240 k cm-40 k cm~Tr eat nent Nunber of



Re etitions22222S ed50 m m n50 mI mi n50 m m n50 m mM©B0 m m nBasi s Wi 3 IMER 2003
m~45. 045. 045. 045 045. OWet Strength (gl 25

mm) MD13616323595130CD13014920887115J CD x MD13315622191122Decom sition in
Wat er seconds958510595180 c~ mN O Ol6 1 3 F E B 2003 36 From Table 2, it
is seen that fibrillated rayon incorporated into the materdeconposable

fi brous sheets enhanced the wet strength of the sheets, as conpared with
the sheets not containing it, wthout detracting fromthe deconposability
thereof in water. This is because the entangl enment owing to the presence of
the m crofi ber N, innkablg b2, (thexpeaportionaef @ﬁn@ﬁeﬁ@etsr\@w adenethgf At of the
sheets, and in addition, the entanglement of the mcrofibers was readily
unti ed tosdghmm i given, Mhsaraydy kavingarhoregingd rfibgh lengthel Smeeard bpieg put in a
| arge anount of water. Fromthe data of A-3, it is understood that the

wat er - dex npresabf é.7f dtox ous bstterthilgsvagyiog thredesrpebibtating ytaprbyneteein and hi gh
wet strength, even not containing NBKP. Exanple B: Water-deconposabl e
fibrous thheetge ofefrempl4dper td67 wct hin Tabte 1rkntheprgwriion BK thepmecrgfibern t hi s
Exanpl e B, however, used were different types of fibrillated rayon each
havi ng dhdvirgy €lhgthagrae assot . Owatis piyen,ashénrayabhevite e bogmalliiteer fledgtious
sheets were tested in the sane nmanner as above for their deconposability in
wat er anef 3 igrnrandeiaviig & figikhess Diel 4laltex whi Bedied while \aryeg thaddgbd ef 3

Table 3 Exam | e B- 1Exam I e B-2Examle B-3Examle B-4Fibrillated Rayon ( 1.5
d) Fi ber bdanfg s1ep bg‘@ﬂe Bidpe f fRR6HM E0G 2CH0E) AdIMENGaYSOhALRY emnd

Rati oFi bril | at ed onl0 0/(10 %40 %d0Ra on | . SdxSMmB0YB80%30Y80YNBKP de of

beati n 6dsis56Q0éEen Tg@%ﬁ@mmthmg‘ arindhbar of) et dieg RUASSeatd?@hife CM-40 K
cm40 k cm 40 k cm~-Tr eat nent Nunber of Re etitions2222S d50 ml m n50 m m n50

n mb0 Wﬂgﬁ%%h@d ke BF b&athg ¢ 9&%5030%%3 B heQ¥Bie Stt frEABN &cHo2B3 cc. In
nm | vimL451 8816 1351491 51 x MD140 52176158Decorrp05| tion in Water

(seconds} 87 4 %F;E ?hﬂoﬁ df {sﬂh %Qroﬁblsrs%alau% aQeg%g%f %@mgg‘tal”@ hitn fs given,

Wat er - deconposa rous sheets were prépare sane manner’as in
when rayon having an original fiber length of 5 mm and having a ﬁneness of 1.4 dtex

was beaten while varying the degree of beating step by step in the range of from 676 cc
to 135 cc, and when rayon having an original fiber length of 5 mm and having a
fineness of 1.7 dtex was beaten while varying the degree of beating step by step in the

range of from 695 cc to 186 cc.



Example A. In this Exanple C, however, in preparation for f|br|IIat

rayon, used were different types of rayon having different fiber EgtE%B£@3
in Table 4 below. The fibrous sheets pf non-woven fabrics were tested in

t he sane manner as above for their deconposability in water and their wet
strength. A conparative sanple of a non-woven fabric was prepared in the
sane manner as in Exanple C. For this, however, in preparation for

f|br|II-t d . rayon, used was rayon having a length of 12 nm This was tested
in the FE—H obt ai ned are given in Table 4 Table
4 Exam|l e C 1Exa EOT?§E%§h1 o CG-4Com. Exam|eFibrillated

Rayon (] 1.5 d) A.b ki
cc600 gc6Qp,cc

a9.68 1 _on20 %20 %20 %20 %0Ra on
| . Sdx SBPYRQY Q‘VBO‘V@@%\IBKP de ofl25eat| nf, 610 cc50 %0 %0 %0
9%0Condi tion fof \atem? JettijngPressare40 k cm-40 k cm 40 k cm 40 k cm 40 k
cmi Tr egt ment Nunfoer _oft8Re et it i ons223222S |ed50 mf mi n50 m mi n50 m mMB0 m MmB0

m mBadi s Wei ht m 4557045. 045. 0455Q t Strength (g/25

m) MD1451882182 7430900135171 193741789~ X I\/D140179205257299Decorrposi tion
in Water seconds)60~ 71 ~98 ~148600< c~ .... cumNOO 1 3 F E B 2003 40
Fromtheiﬂgtlag of the corrpar ati ve sarrpl e, it is understood that t he
deconpgsabrtit h I“eet i et b I 81 ay-o
prepardd fromth i i C?S engt h of | greeo 8?“ modveé 10
nmis extrerrely e PR the sh S)
much. As oppose , ility i nlwat eré34f flbr%ui shept
of Exanple G 4, i rayodh*dised have a I isO&Yill
good. As in Exairrmle (592 wher OHrinmarly fibers|of th‘€2fl bri Iat edl4Y ayon
used arfe hLong, eet @€Buld have wel |l tbal anideéd st riengt ho sind
deconpdgsapjylt YL vvatB‘ér ar_a&7t he fj br[ r:l‘::fxat ed rayom to be use@lei s nof

beat en |t oo nmuch[ (so t4hat it [coul doémve a Iarge nureri cah val ug 1 ndi eating
its dedree of beatingp2and ifts blesd ratjo in prepari ngsthe sheet |ss
reduced. Exanplle D: Mg er - dgconpoggdl € Tf brous sheets mgre prigpar efis4 N the

same mgnner as {n Exagpl e AT this EXaml e D, 76 | [epar gy on for
fibrilljated raylon, Thg rayor| useciljpad afiber | epgtirofi3 md—tyrgbien
ratio df the fifers %§ed Wl valieﬁ as—in Table b i : —the
pr essure of —water—n—the—wat er—ettingtreatrent-was—var+et—as—n—Fable5
The fibrous sheets were tested in the same manner as above for their
decorrpo il |££y in water and their wet strength. The data obtai ned are
. . 5
grven | Degree of Beating 1.0mm or less Degree of Beating 1.0mm or less
(cc) (% BY MASS) (cc) (% BY MASS)
676 1.08 695 047
646 1.06 625 1.49
631 2.08 521 7.17
554 8.48 229 20.96
433 7.39 200 17.14
Smm 339 11.18 Smm 198 20.04
L4dtex 242 21.57 I 7dtex 198 18.10
183 20.43 198 17.59
161 26.55 195 16.92
135 24.32 195 15.08
190 15.14
188 19.54
187 17.41
186 13.94




Table 5 Ex. D-1Ex. D-2Ex. D-3Ex. D-4Ex. D-5Ex. D-6Ex. D-7Fibrill at 9c® REPoH0
(1.5 dFiber Len3 m8 mmB mB mB mMmB mB mmDe ee of Beati n400 cc400 cc400
cc400 cc400 cc400 cc400 ccBl end Rati 85 brillated Ra on20 %45 %45 %0 %5
%40 9% Ra on |.5dx5mMmR0% 5% 20%25%5%20Y25%N\BKP de of beatin 610 cc60 %60 %5
%5 %0 %0 % 0Condition for Water-JettingPressure30 k cn230 k cm30 k
cm-30 k ¢cn~30 k c¢m 30 k cm~30 k cmTreat ment Nunber of R etitions2222222S
ed30 MM n30 MmMn30 MM n30 MM nN30 M mMn30 M mn30 mM m nBasis Wei ht

TN Dp2019517305heEs e igﬁgﬁf%tltbq?&%e‘igﬁi‘%%%ﬁ%‘l%fé of e fibrillated rayon
MD200184168158] 59148139 ~1 ~82
j90 j78 yeY %fe%eﬁfef]jrfﬁ bBSCD?“i m‘g‘s’!@tﬂj@ggolégsodté éqsi gl%gf’e ﬂgodé@ohﬁosabl e

fibrous sheets were prepared in the same_nanner as in |l e A. The sheets
wer e con??ﬁ%‘b%"eo‘?*t o dataf apgdavige afﬁl%n?q ofheating gf 440 eqmrTehleﬂ -2,(498f | engt h
of starti n% [\é 5 mm degree of beating, 600 cc 30 % by mass of rayon
( 1.1 dte:dibrillgeed myerymast melerpd dorqussan dhepipventinn. ofergite dajadn Tablexanpl e A,
For the sheets of Exanples E-1 to E-4, the fibrillated rayon was prepared
by beati hd andd -2 wera ohiginedipbedtingweson wish a whkerhwide theidatadindiablesimit  beat i ng
machi nes. The waterjetting treatnent was effected tw ce, under a pressure
of 30 kgB/andyl-atwerepmbtanss by destuge chyoh 8iGh i prlper omrefiper ased fon masg; t he
fibrous sheets were tested for their strength and deconposability in water
i n the sproductomnerAsais ahbee/ ablés) itad dnderstopd thatithe pereakigedby emgs)ofiths
obtained in the manner nentioned bel ow. The breaking | ength was neasured
accor di nmidrofibére hteag arfaigilodf dtanodt Heminesfihé Ebsitlated gayonqirepangkby asinlg

paper boards stipulated in JI'S P-8113. Concretely, the breaking length is

r epr esenh gdlpey ot hefinep becwmesdedsahinltiat plpasdd Bigudign gtolixék MHowdveenke | e
strength (kgf)] x 1000/[(wi dth of test piece, 25 mm) x (basis weight of

test pi egater@etFmposhble EOFRATshbdt\oF thX BVBARSH mhy Be prdtRiced BY LikiAg a Ey\m@ (1.7
dtex; fiber |engt 5 m) as that for the sanples of Exanples l1to E-4

was freeohqRs GBoyaiskant rfikQERRAIE MrldaYdheVyafo Whbin iwelPlbak8cef wWd&-
wet -beaten, fibrillated rayon'in Exanples, to prepare corrpar ati ve non-woven

fabrics. dgga,% @hﬁ,ba:n@v;@gtr@,{g@h given in Tabl e 6. Table 6 Com. Ex 1 Com.
Ex 2E-1 E-2 Mode of Beati ng Rayonfree beati nwet

beat i nbeat er beafnethgg?%%rl’gd Iﬁ%egf\i'l{é% fh%flér%gﬂ gpﬁl’e?a))%'bemr%éﬁmé49 frofhls 343 139
342. 1Thi cknessmD 0.4S0. 4 450 4150 SDr yst rrenMD.

1877811061 163 10001 14D earrse ) oot RS,
1011 0D Ao 85 31 Est RN IR BOREED A nap PRI Bnh g

| e 1318 A1 45198 5 3kari196 QHRAS kR0 B R S SSABASRRAA A0crlt o7 160 2 W

at most 1 mm account for from 0.5 to 15 % by mass of the self-weight (total mass) of

the fibrillated rayon. However, if a pulper or refiner is used for beating rayon, the
upper limit of 15 % by mass varies to about 8 % by mass. In those where the length
of the rayon before beating is from 3 mm to less than 5 mm (i.e., where the length of
the primary fibers of the fibrillated rayon at a peak of mass distribution thereof is from
2.5 mm to less than 4.5 mm) and where the degree of beating is from 400 cc to 700 cc,
the microfibers having a length of at most 1 mm account for from 0.1 to 5 % by mass
of the self-weight of the fibrillated rayon. However, if a pulper or refiner is used for

beating rayon, the upper limit of 5 % by mass varies to about 3 % by mass. If the



wlmNOOZcQC "1 3 FEQ2~A- 44 As in Table 6, it is understood {Batgp 2003
using the wet-beaten, fibrillated rayon as in the Exanples of the

i nvention, but not the free-beaten raiéon as in the Conparative Exanpl es,

gi ve wat er - deconposabl e fi brous sheet's having hi gher wet strength,

especially in the CD direction, though the degree of deconposition in water
of the sheets is not so different fromthat of the sheets in the

Conpar ati ve Exanpl es. Exanple F. Wt er-deconposabl e fibrous sheets were

prepared . in th sane nner as in t e F,. however,
used wer BeIF§ b eéﬂpgtlsr;& %"ttﬁrﬁtogxrfﬁ%j%‘ﬁerh'é‘vltrﬁ)g O EX*@?EHFS Ya&is§ths, and
t he bl end ratio of the fibrillated rayon used was varied, as in Table 7.

The wat ef jétbb’lni‘i{fstreat rrent vvas effected twi ce, under a pressure of 30
kgf/cn2 at a speed of 30 Mmn In wet and in dry, the fibrous sheets of
non-woven fabri 2l Wetheswb@rédhfmpgtﬂlrf&the ByPR RgloFe beatingét BAFOSEW 1A Ty in
water in the sane manner as above. In addition, their fastness to rubbing
was measmedi ¢.nwhere thedength abthei prieryiheswof theefitriliated ayon at eusek 9§ was
measured according to the test nmethod for the abrasion resistance of
paper boanuss distributipn thetreod is fnom 4SS mn3BS muplandavhere thetdegeeerndhsatingient , a
pi ece of artificial |eather was attached to the circular arc area of the
rubbi ng smalhes than 43( ¢op thehmicsafiherehavang aldngthheftht omiso 1 tniive astowi fuy fpdmt f or m
and the sanpl e was rubbed under a | oad of 500 g applied thereto with the
sliding plta6hds by mess pf theakFdveigliterfdird fibrilidted ragdn.ar Hoglevanifiarpul@ddloe 7
Table 7 F-1F- 2F- 3F- 4F- SF- 6NBKP eat en60 %20 %60 %20 %60 %20Fi brill ated Rayon

(1.7 dt exeéfindeprsed @ir leantig Rgon,IheuipPerttid 0065 &) by madvARLI40 abdiiRe %on 1. 1
dtex x 5 MW Pressurek , tw ce303030303030W S dnml m n303030303030Basi s Wi

ht m-45. 189 nBAs, ahd2hd vet 4iti2dhs ok be are¥Parids60 532309 Md30 BdrARer3N bsd41D
Strenl vl D25 mmL08513661343154014361655D St r enCD25

W951141Q11%ﬂe41L@Q&36g3561618e9%696n Beford Wi me W ods 4 13t/ 6P 43 §1 8 Vhers! the_nCD25
mMmil2827S272493312686Decom siti on of D Sheet in

VGt er 530@%&@-917 WO RRARSORER M| fitrAMteH raP6h apheplakl Bf mass dlstrlbutlon
WAt er sec64 4123168>300>300Fast ness to Rubbi ng197nunber of

tO' to' %{‘/Slﬁllér@of%ﬁ%ﬁ?& RG5% th SHAD HATHRUERRS dddfed & Eéafnhgﬁsé&n%o]& to-a@ N QN

700 cc, the mlcroﬁbers having a length of at most 1 mm account for from 0.3 to 50 %
by mass of the self-weight of the fibrillated rayon. However, if a pulper or refiner is
used for beating rayon, the upper limit of 50 % by mass varies to about 20 % by mass.
If the degree of beating is from 400 cc to 600 cc, the lower limit of 0.3 % by mass
varies to 2 % by mass.

Moreover, in the preferred ranges where the rayon before beating has a
length of 3 mm (i.e., where the primary fibers of the fibrillated rayon have a length of 3
+ 0.5 mm at a peak of mass distribution thereof), the microfibers having a length of at
most 1 mm account for from 0.1 to 10 % by mass of the self-weight of the fibrillated
rayon. However, if a pulper or refiner is used for beating rayon, the upper limit of
10 % by mass varies to about 5 % by mass. If the degree of beating is less than 600
cc, the lower limit of 0.1 % by mass varies to 0.2 % by mass.

In those where the rayon before beating has a length of 4 mm (i.e , where the



46 As in F-1 and F-2, it is understood that, even though the startipg FER 2003
fibers for the fibrillated rayon therein have a length of 3 mm the
non-woven fabrics have relatively hi%h strength and their deconposition in
water i s good. The non-woven fabrics 8f that type coul d have higher
strength whil e keepi ng good deconposability in water when the anount of the
fibrillated rayon thereinis larger. On the other hand, as in F-5 and F-6,
it is difficult for the fibrous sheets of non-woven fabrics to have

wel | bal anced deconpgosabj || in water apd wet_ strepngth, when the starting
fibers {BNMANSTRFHPT ﬁneatjtbéﬂlta{eéyr@ﬁort h%‘fee‘i ngthef 4| Ghim apf ppa &Y, as a
result, the deconposability in water of the sheets is |owered_ in sone

degr ee. islEbptemiereod, thegicrofihery havings leagdrpfet most Emm aecosntiof fiof 1 i ber s
have a | ength of at nost 6 nm gives fibrous sheets having well -bal anced
deconposhhst 14 Vaby magmefethe sel-weesht of therfihrillatesiaverr. | Heoweverdf fipplper pat ed
rayon of which the starting fibers have a length of 7 nmor nore, the
fibrous wfisetis usethfaibeatieg rayos,abe datgewarieetd abioat 8dded Odédynpassabilfaty in
water and wet strength, so far as the anmount of the fibrillated rayon

t her ei n pperentuefibr anaset fer trating rayengind thef deghee dfibieatangsis d¢se ¢han 609 aceduced.
Exanpl e G Water-deconposabl e fibrous sheets were prepared in the sane
manner atheilowéndanipverids. tolond Ydbysmbssanpl e G however, used were different
types of fibrillated rayon having different degrees of beating, as in Table
8 bel ow. The wdinghogeatlicré thetraypai beftre bastingehdsactergth ofis aem (Ladehem the essur e
of 30 kgf/cnz at a speed of 30 mim n. The fibrous sheets of non-woven

fabrics pameryt fisdredf the il RyoRNAS a dngfthoy & = 0.8 nad dit tai gk of eas§ i br ous
sheets were tested for the KES tlexural strength. In the KES fl exure WARP

(B/ 2HB) , dkbﬁauﬁﬁtﬁé&%m METdfite?é RAVRg a 1dh@ &t sntist 26@n WoESant MrleldM VVI D)
and the KES surface FT (MUM VM, RPis the sane as MD and WEFT is as

CD. The yaliesB4igydtheatsind E@f.tvb%«waa{hetmgﬂa&%sr_ﬁ o2NdéW&ver, if a pulpeE B 2003
47 sheets having a larger value B are | ess erX|%Ie. (The data of the val ue

B are exprggmedid Jbeaméa@m%)raﬁ?@ t¥@lipiser B bPEs 0869 Imd B akibEr aRut

hysteresis, and the sheets having a larger value 2HB are | ess restorable.

(The dat 300 gRaal 4Padia’ 6 RERGCRSRAIB; SRl Y hodiget op the

friction coefficient; a e larger the val ue e poorer the
snoot hne . r h:Syi L el he friction coefficient
fIuctuat?%ﬁ@@é%g§§ﬁ@ﬁﬁ29S§g£€ﬁ§&§g d%v k??féﬁiga%%orer t he degree of

e e 3% anpd Baftkese Mo b BN Er phdh EABN D m (BOMhel tpe o
f b A 00 10de. fb i 4400 0 f b i 200

e i R A BB e P L0ES 8 Bt
42.942. 143.443 8 D.Hasi s .\W\i

hor st naon darrath the T BafEs havith  densth abmanos + graasesigh e fom

nmMD74114613 OD StrenCbh25 mB70101111281136Wet r enMVD2

mM21159 gﬁ?%@y mgss gﬁﬂwe%ﬁlm%ﬁ%ﬁ@@%gm& SHGwgEE it  pulper or
Strenll9. 49154. 95195. 99221. 00Decom sition in Water_of_D

Sheet sec 7¥ineB &ynheating &aonnthadpase vriepd it O stocts g7y meres Erexur e
WARPB. cml cn0. 3740. 4400. 5020, 5032HB~cm~/ cnD. 6761 , 0741 0741. 109KES Fl exure
VEEFTB. cmblpet o5rebingge gselden beasingpyanand the degispotsating 5dessabake) ey f ace
WARPM W0. 1400 1950 1540. 153MVD0. 1250. 1310. 1300. 125KES Sur f ace

WEFTM U0 tikgpwen B0, v208Dto1 % ¥\py/m2ss0200 6950 9071 075 J CJ '~I mN b O 4V -~
~r E a 2003 49 Fromthe data in Table 8, it is understood that the fibrous
sheet s pr oducedin thogxahek ¢ke alydn hefoee bpatidg Heco lepghadfi 1 inmy(iien whetetheand hi gh
wet strength. In particular, it is seen that the sheets of G4 and G5 are
good. Theridatyfibérstdiehafibollateed rayen Imve erlgigih afid + A& decanppeakioflmasg i n

wat er of wet sanples given in Table 8 are plotted relative to the varying
degr ees distfitraionnieredf) tthe nficrofibérs dheidg adymuh Ut &dnoaad mim decgunt Idr Sdvawi ng t he
graph of the data. FromFig. 11, it is seen that the wet strength of the

sanpl es Wago [H5FRYy, m¥EIT thé1gelf-Rxiht bP theefibrlRitéd Riybh.| aHBWevearyi@n pigerbeat en
nore (that is, the fibrillated rayon used had a smaller nunerical val ue

i ndi cat i g rdfiiRr M@@%meaaﬁ%waa) thE@NRPSVarieWtd dbJuEB €6 8098 bY Mdshie Eagree of
deconposition in water of the sanples prepared herein, it 1s seen that the
sanples in which the fibrillated rayon used was beaten nore to have a
nunerical value indicating the degree of beating of smaller than 400 cc
have a hi gher wet strength but have a | ower degree of deconposition in

wat er Accordingly, it is understood that the water-deconposable fibrous
sheets of the invention have the advantage of augmenting both the
deconposability in water and the wet strength, though the two properties,

o . o o, o, o .



Exanpl e H. \Wat er - deconposabl e fi brous sheets were prepared in the SR 2003
manner as in Exanple G and tested for their properties in the sane manlf:u%r
as above Apart fromthose, conparative fibrous sheets were prepared for
Conparative Exanples 1 to 3. PreciseRy, in Conparative Exanple 1, used was
rayon having a degree of beating of 740 cc and the fibrous sheet was
prepared in the sanme manner as in Exanple G and in Conparative Exanples 2
and 3, fibrillated rayon was not used. In those Conparative Exanples 2 and
3, the fibrous webs were subjected to water ~ 3 F E B 2003 50 jetting

t r eat menpulper ot eefiried ¢y used [foretiseatingraybn 44d Kgfdegrde aftbeatingy io ¢as shangst®peed of |5
m mn. The conparative fibrous sheets were also tested for their

proper ti s lowdtdingidlarieab 3i%9e4 ndse gi ven in Table 9 below Table 9

Com Ex. | H 1H 2H 3H 4Com Ex. 2Com Ex3NBKP eat en20 %20 %20 %20 %20 %60

Y80Fi bri | | at ed vRaMeREErafib oFeRs whight dBle ari&Qfibers i Xehgti¥demoft beatin
600 cc80de of beatin , 400 cc80de of beatin , 200 cc80de of beatin , 100

cc80Ra ol +d tRE QXIfXvers MO RABAR& Yion is defined as described above, the
ht m-42. 842. 544. 442. 040, 543. 446. 5Thi cl riessmmD. 4770. 3720. 3870. 3220 2870

©560. 66%&8%@6%@%%&? ﬁ%@&%&?é‘dﬁ%ﬁ%ﬂ?iél@?ﬁ&@“wﬁ
rMB87010611500188316036/2446Viet 'St renMD25 mil57176508540612139154Vét

StrenCD25 mMb62 5?%3%@@391@1&? 34050/ Hﬂm%{gé r%&n%ﬁ?e?erred for use in the

MM 021955085155461 comsrttion in
Sheet ssec> >300> 4 [ L] i r. 0f .
Sheet ss e@ggrgg)% 8 85%8‘8%)5 ﬁ%%%%géﬁﬁgghﬁeé{? E}g)téd](tm@k’% 2 B%atew,éfibnllated
WARPB. cml ¢cn®..1700. 4230. 7020. 4630 406--2HB..cmd /[ enD. 1670, 76 4
8170, 50a IRt B P et P Y8 BfBeadlisdded F beatit) the
309- - 2HB. cm~/ . 09660. 4470. 5780. 5790 393--KES Surface ...
ARPVE o8t 1 855 985180t O ATt (653 PRBIugie Moy ARG eBersases. Mkes
Sur face FTM U0. 160Q, 1700, 1580. 1540 .
T58. 0. 0V6E0 8GN Do 6 B OB BT Al adlesics ORBBHINGN3h MoSET 0% 1
titions117192814812Fast.ness. to Rubbin nber of etitions1179161379 cu
' NG dibsliated rgyen Ea\ﬂﬁ@@c@gw bqaﬂg%fi@ggs thap 10D GreRed ABbAR AL ¢ he
fi brous sheets containi ng a larger anount_of fibrillated rayon not beaten
so nuch $trengHuoecessarafqyehe matsrdeeempasablgditraes sheet algtheHavedigpee Mare peat i ng)
have a | ower degree of deconposition in water. In Exanple H, the sanples
H 3 and Preferpblycthgdibrillpigd saveadovesedepon hts 2 deggeq of bratieg obaidnewt 60Q £¢.engt h.
Therefore, when a | arger amount (for exanple, at |east 80 % by mass) of
fibrill afbelincegase i therstrepgthiof théy8broup shess vl et morej noticeabdie swinghlogthe o use
fibrillated rayon having a degree of beating of at nobst 200 cc. Exanple I:
Wat er - detaerpiberbl of thebfibuidatedhaayon @€ thatpprefrareddtype. t Most pieferghbhetheas in

fibrillated rayon has a degree of beating of at most 400 cc. Even when fibrillated

rayon having a degree of beating of at most 200 cc, or even at most 100 cc (for

example, 50 cc or O cc) is used in producing it, the water-decomposable fibrous sheet

could have well-balanced wet strength and decomposability in water.

However, if fibrillated rayon having been too much beaten (thereby having a

too much reduced numerical value indicating its degree of beating), for example that

having a degree of being of O cc is used, the degree of water filtration through the sheet

in its production will be low. Therefore, it is desirable that the fibrous sheet

comprises a combination of the fibrillated rayon of that type and other fibers. In this

case, the proportion of the fibrillated rayon is preferably at most 30 %, more preferably



Exanple G In this Exanple |, however, the anount of the fibrillat&d FeyQm3
added to the sheets varies, as in Table 10 below. In addition, in this
Exanple |, rayon (nonfibrillated rayon) was not added to the sheets. The

fi brous sheets of non-woven fabrics wBfe tested for their properties in the
same manner as above The conparative fibrous sheet (Conparative Exanpl e)
was prepared in the same manner as in Exanple Gto contain 3 % by nass of
fibrillated rayon. The data obtained are given in Table 10. Tabl e 10 Com
. Exl-11-21-31-41-SNBKP eat en97 9©S %93 %10 % %OFibrillated Ra on 1.7 dtex
X S mm de mestol0 Beéat Also, p@ffaldy) he¥Bbew ex@th 0 Shd/dbBaiBated sraywa (before

ht 2. 441. 942. 64S S44 143. 0Thi cknessm®. S120. 4900 4730 3920 3960. 382D

St r enN11 7Z2ating)lid 4i/thdst Blmnd hfdse pRBaatlg 2DmSkr em@D25
mMMHS78781029165616311697Wet St renNmR25 nmm678497S90617663Wet St r enCD25

MT618110SS79568621é [Rg M &fi Beafifig of théafiyillabéd Fyon can be controlled by varying
Sheeusec6966797173S7Deconposition in Water of Wt Sheeusec6774 j 9884 ~806b

UCu .~ tieNeRifg Whe ahd3by séie@ingOhd tratis ndand abk@ ek@mpld)viienbiaguis isheet s

containing at least 5 % by mass, but preferably at |east 7 % by mass of

fibrill atgdidna A miay andan ReprRise it lthdr¥ini tay8d UitaBR0ddthdlined'BtTSE r engt h
is satisfactory to sone degree Fromthe data obtained, in addition, it has

been Conf&gm%é 0810428 rhidH, TS e RGHE,Sa RQuIB USnNRE rh R s Prob&ddain NY
fibrillated rayon alone, but not containing non-fibrillated rayon, have a

. d h- H t' 1 , 1 . i
cons der ot I £ fRORG g e SRS b iR Y BEh coidepliibRYE D

consi der y hi stfengp wever IS seen e anount of
10111 SR AR s s RS AT | o B,
A T R S A T R
AT RER RS SRR T AR T
above. I:Oerrrcgrhoef ing&t SS(leJcro%Hg3 rf]gr’ thg bgz{}cynrébtleglepf W?l%rrer:p t gsraj}o%scto%ggntr:atign is varied,
the beating time in the mixer to attain the intended degree of beating shall vary.
Beating time, 2 minutes; degree of beating = 700 cc
Beating time, 3 minutes; degree of beating = 600 cc
Beating time, 4 minutes; degree of beating = 500 cc
Beating time, 5 minutes; degree of beating = 300 cc
Beating time, 7 to 8 minutes; degree of beating = 200 cc
Beating time, 8 to 10 minutes; degree of beating = 50 cc
Where rayon (degree of beating, 740 cc, fiber length, 5 mm; 1.7 dtex) is
beaten in a pulper in place of the mixer as in the above, the data will be as follows:
Beating time, 120 minutes; degree of beating = 629 cc
Beating time, 330 minutes; degree of beating = 237 cc
The mass distribution of the fiber length of the beaten rayon is as in Fig. 10.

The fineness of the fibrillated rayon in terms of denier is preferably from 1 to

7 d (denier), that is, from 1.1 to 7.7 dtex or so. If its fineness is smaller than the



The data obtained are given in Table 11. 1 3 F E Q2003 55 Table 113 FEB 2003
J-1J-2NBI CP (beaten)20 %20Fi brill ated Rayon (degree of beating) 200 cc)l 4
dt ex801 7 dtcx80Basis Wi tit4l GA5TI uckness0.3Q 37Dry

St rengt hMD20GAI ?G2201 9158G215G19?8AVEB080I 775St andar d Dev~at ~on50 91 35

1Br eaki ng Len h (m) 20001 577CD17431 8091 GG3l GG A91761AVEL 6851 755St andar d
DcmalUon38. 739 GBreaking Length (m1 &0l 560Wet

Suengt hVD733628607527578644639600St andard Devi ati on62. 448 4Breaki ng Len ~
(m614533CD629609(4952151458(697572St andar d Devi at.j on55. 634 0Br eaki ng Len
674508 DRI Jpigee the Rrimgiyelibesy opthshidhuiliaterbsper sl etpe much epangledof vt
Sheet s10798 ~ 3 F EB 2003 56 As in Table 11, there is found |ittle

di f f er endnsl the deerampasali Hiyos awsten afyhe fibigys sheepeampresinggit with ke low2 Ifcen t he
other hand, the sanples of J-1, to which was added finer fibrillated rayon
havi ng atheragher dand, jitsdineness inkatger thagtibe definedgangentheformation; o teer fibgous
strength. Accordingly, it is understood that using finer fibrillated rayon
havi ng aslesawilEbe fiotrpond esd,gn vdditibn, shoprodetteatyshéraef wil bei lgiver st rengt h,

wi t hout | owering the degree of deconposition in water of the sheets.

Exanpl e K.\t eFhedfien iggtiadf the fibhitlated rajomethe muess dispiitespian ekkreot rehevs ane
manner as in Exanple A In this Exanple K, however, the fibrous sheets were
made in e tenfipaplengbk thiegdegred06 beatingg Werefnaid shebfisaiesd tiiepeofiadlr b¢ et t i ng
treatment. The fibrous sheets were tested for their properties in the sane

manner aguigbBvéndolleéd; dependidiet theialat, Bedsopdttian bAthd-fibaidlatedatydig an@t hod,
there is no difference between the strength in 1V1D and that in CD. The
dat a obt giehgsk SHthe BiheENbérd tdlBdbInded with the fibrillated rayon.
The water-decomposable fibrous sheet of the invention may be made of only
the fibrillated rayon, but may contain any other fibers having a length of at most 10
mm in addition to the fibrillated rayon. In the water-decomposable fibrous sheet
comprising the fibrillated rayon and such other fibers, the microfibers of the fibrillated
rayon will be well entangled with the other fibers to ensure high strength of the sheet.
The microfibers entangled with the other fibers in the sheet will be released from them
when a large amount of water is given to the sheet, and therefore the sheet easily
decomposes in water.
As the other fibers having a length of at most 10 mm, preferred are those
well dispersible in water, that is, water-dispersible fibers. The 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 when kept in contact with a large
amount of water. More preferably, those other fibers are biodegradable fibers. The
biodegradable fibers naturally decompose by themselves when disposed of in the
natural world. The length of the other fibers for use herein is meant to indicate the
mean length thereof. The lower limit of the length (or mean length) of the other

fibers is preferably 1 mm or more.



1 3 FE B 2003 57 Table 12 Sam | e No. K-| K-2K-3NBKP (beaten)20 %0 3 FER. 2003
%20Fi brill ated Rayonde ree of beatin , 600 cc80( 1.7 dtex x 5 nn)de ree %?
bcaiin , 400 cc80do ree of beatin , 200 cc80Basis Wi |am 4G 544

b41. 7Thi cknessnmmlJ 2890 2G30. 194D Str &#g125 mv0 tt 0501 640Wt Stren h25
rrun99135253Deconposui on m Water of D Sheerssec>3005230Deconposition m

Wat er of Wt Shcet ssec>3004321Fastness to Rubbi ngnunber of repetitions53 ~5
1 3 FEB 2003 58 As in Table 12, the sanples through K-1 to K-3 all have
high dry strength, owing to the hydrogen bondi ng power of the mcrofibers
of the fibrill aTkdothay fibersifor askdirt thenpvértensaapbeshak df-a2 least oife 3othave hi gh
wet strength and good deconposability in water. Presumably, such high wet
st r engt hsélectedi frotroths tgreupgcdngdting ef nitachl figedrmtdchtmingl 6bent Ghe hinaral

m crofibers. Therefore, it is possible to obtain fibrous sheets having a

hi gh degfigersdhclddchapofibmivasod pulpvalichy asaod wead mdp,Haghwebd @alpt btchabth i n wet
and dry even in a paper-naking process not conprising a step of

wat er - j etalsb fosk fiRxi MRintla he@p ] diterdsulp et f i THesé hatiedl fibaxafe bis@eprhddbles W t hin
t he scope of the invention. However, when fibrillated rayon having been

nuch beaiggMhéde) predéradcard %Yéa@ﬁecﬂsmcﬂod A pulpaand Bledehddklirg Mdodkrhfie degree
of beating) is used in producing fibrous sheefs, it is desirable that the

anmount Ohufph &s bbbk Hléﬁ ?Q&ér@%ﬁﬁy iR Wieradogd, Eé?ibfehﬁ'ertallnbe{rg theRRGEFibersS

|Rcrease The sanp e o 1 has a om1degree o deconposition I n water. ]
T

salrr;I Iesog Gﬁﬁ%s%ﬁer e t%@éi‘ﬁ@r\ﬁhrﬁg{nraf@g %ﬂ%tlr ayon JF]taé/(ﬂgprgyf‘v‘l?]egjr e blegt |t ng
et hod, %ﬁoﬁﬁolh?st&sﬁﬁ"x SRERA LR dﬂ% UaiEpEhdic oy 9@%“(?@38%%

S .hEEt S i3 ft; g}r Fyeﬁlr etEEdB??l?oge,bé e?ehr%dt Fﬁ?g%ﬁ ﬁg %Ir%deéyadfi&em% he?f the

fibrous s qui€d cou |ncreas addltlon t he
wat er - deco osabl ubj d t Qo wat ettl t r eat ment
oy be. o %eaae ol B SR B s eb bl LG b AP Beb B, o

wat er jet r eat ment o forma anlnate struct.ur.e. h | am nat e sheet
coul d bedlPUisi BRSEET Fye t&a%?l&ytme g R P soaeeh et s vir e
pr epar ed he same nm s in Exanp t is fibrous _sheets
et o rmadeeless H’a?ﬂéf ﬁsypﬁp 5 01 BN mswwgragomfewg@sé?ew £ fafat er
jetting treatnent LPIS hand- paper maki ng mnet hod, 1 F E B 2003 59
used was 33t d%?é“%ﬂ§ WA nachi ne, and the resultlng squar e- shaped

sheets were drled vvlth rotary dryer. For fibrillated rayon, solvent-spun
cel lul ose fi ber §og 111.6780& weod n)p%verltsma@@rpfe)%wg PFQf?ﬁfilbldoﬁaHﬁ SetwesnriPOner e
f|br|IIated in a table mxer to ' have a degree of beatlng of 200 cc. Pulp
was beat @fdi70gcasfspnel itsglegesgeofbeging sesnpllep tanithe) definego@ngs theaen-
non-fibrillated rayon, rayon fibers ( 1.7 dtex, fiber length 5 nm were
used as twesenfabréc comprisingsihe Pttt gt hae & papter-dike srorpaelogy agdwill lRge at he
measurenent of the fibrous sheets in wet, the fibrous sheets were

i nfiltratredghwfeeh 250hqyyevien| itst degreg of b@iﬁin@ igflanghe thaastbe glefinérk rénger thes
sheets, of water, and then allowed to stand for 24 hours. The tearing

r esi st anchedtcoohpyismg shenpdps oowdd natkavedheecessady BreRghl 16 such that the

wat er - deconposabl e fi brous sheet thus prepared was cut into a piece having
a wdth of 25 nifharwhter-deeogpbsable fibfdussheaarnud thé inatide siiaydbdYorhded ofse of a
Tensilon tester, for which the chuck distance was 100 nm and the stress
rate was &Qottfmﬁmlmuté@ egyohlér 4 ebmBiMafign bRtkhe fibrilliked dayeh @id othepmidesed i n
g). Also, the degree of extension in wet was neasured. The data obtai ned

are gi VeravihgTARMEIWISE at md@blem#3 Here, the ratio of the components is preferably
such that the proportion of the fibrillated rayon is from 3 to 100 % by mass and that of
the other fibers is from 0 to 97 % by mass, more preferably such that the proportion of
the fibrillated rayon is from 5 to 100 % by mass and that of the other fibers is from O to

95 % by mass, still more preferably such that the proportion of the fibrillated rayon is



Conpar ati ve B 2003
Exanpl eExanpl e12345L- 1L- 2L- 3L- 4L- 5NBKPlOOWO%O%OWQ%\IBKPWO/@SO/@OO/(BOO):YB 4‘-%
on0%80%b 0%’ 0%4.00%-i bri |l | at ed Rayon3%%%10%20%30%Dr y

St rengt h( g/ 25mm) 2925191 81115602-Dry 86r engt h( g/ 25mm) 33553635385831592682W\ét
Strengt h(g/ 25m) 60836645- Wet St rengt h(g/ 25mm 102112125183201Degr ee of
Extension in Wet (99 1. 23 684. 387 76-Degree of Extension in Wt (9% 2.543. 423
354. 124. 68Deconposition in Water(sec)2721119-Deconposition in

Wat er (sec) 2018192630Tear i ng Resi stance in EXyég)102936133-Tearing

Resi st anfremrf or 3 %) iyl @mag0me3h&9fBRe other fibers is from 30 to 95 % by mass, most

Exanpl eL- 6L- 71-8L-9L-10L-11L-12L-13L-214L-15L-16L-17L-18L-19L- 20NBKP50%30%20
%4 090 98 OpELEYB0YB0Hibas the prdfiotior] dfathe dibrillated rayon is from 10 to 50 % by mass
Rayon50% 0%80%90%4.00%4.0%4.0%4.0%4.0%4. 094 0%80%% 0%’ 0990%Rayon- - - - - 10920%10960%80
%9 0% 0 Yo4ARBAATVRY yther fibers is from 50 to 90 % by mass.

Strengt h(g/ 25mr) 22511791162114991099258621171388969549438551674793879Wet

St rengt h( g/ 25MAIEs $28edB1Y2 28Rk 1wdig ROAMS orlay48d fel& D a0 aarsalee " p bf
Extension in Wet (% 6.297. 738 298. 117 893. 774. 415

327. 178. hd§ibfAik- sAed-ob 4t iabent ABEOBRGSER 2@Bnd 100 g/m?, in order that the sheet
WAt er (sec) 293129262921262927313233313231Tear i ng esi stance in

Dry(9) 17dahthedOwipife 95&%{9 195%3&656&&1@%11%%%1]&@%&1@ dEﬁned tange finEstie£003 61

As in Table 13, when the proportion of the non-fibrillated rayon was |00 %

the fibegsyfas KhvBelle x%e%QWett QRREME" 1f RohB&Rer ANk RAPEE REBK 'leﬂgernfﬁgnhOd and

therefore it was inpossible to forma fibrous sheet only frontthe

non- 11 D il kiRl FABNNEInESyiR o TRA e A5In' fhridifars RfiTlpBliLal BGROT A NO to

t he i nventi on, rous eet co for rre paper maki ng

et hod_eygp mﬁlgga hBaRL IR Qmmegdhb o e rs$réfgeé8ry e J0p % Thi s

fibrous a god deco engt h.

In addit] the ventjion have a hi gh degree of
extensio ah'c'1l i ﬁgt“éezrsgrﬁ%gq 3‘% giafﬁce ‘A‘EI‘l ef%‘?et it is seen that the

fib heet th t d b [t df

bl e Eree) g Weist ?Vc%ﬁa’bgﬂﬁ%igﬁq‘%% beaped fire %ﬂ%ﬂte*baa BEE i 1t he
h t of

vat or "?QS%QU?WWE%tPEEe S Riking Reocatsons: a(i%re %W%%’e SrBimgomels U es. The

S\ZE Zr obt egfe ?: lllll'}{‘lgl?% :gtrr]ﬁéltaﬁ) ﬁ)gvng'; t%éli)ﬁ-rggtlaﬁgléé Mﬁgrto%bers ttherme gar;%t ion of

addition, its dry strength could be increased owing to the hydrogen bonding at the OH

groups existing on the surfaces of the fibrillated rayon therein As the degree of
beating increases, that is, as the number of the microfibers increases, the surface area
of the fibers increases, to thereby enhance the strength of the hydrogen bonding
between fibers

For more surely increasing its wet strength, the fibrous sheet is preferably in
the form of a non-woven fabric that may be produced by forming a fibrous web of
fibrillated rayon alone or of fibrillated rayon combined with other fibers, for example,
in a wet process, followed by subjecting the fibrous web to water-jetting treatment.
The fibrous web referred to herein is meant to indicate a sheet as prepared by sheeting
a fibrous block in such a manner that the fibers constituting it are oriented in some

degree in a predetermined direction. The fibrous web may also be prepared in a dry



M3 M4 M 5NBKPI7905%90%80% 0% bri | | at ed Rayon3%G9d0%R0980%ry 13 FEB 2003
St rengt h( g/ 25mn) - 33553635385831592682Wet St rengt h

(9/ 25mm 1009296247367537565Degr ee of Extension in Wt (% 10093. 573. 395. 35
725 89Wet Strength (g/25mm) 2509402112825 83201Degr ce of Extension in

Vet (99 2509R2. 543. 423. 354. 124 68Wet St rengt h( g/ 25mm) 320%48526089102 c~ j GV
rn Ow 1 3 F E B 2003 63 As in Table 14, the water-deconposabl e fibrous
sheet of the invention can procure a relatively high wet strength even when
a | arge anount of water is contained. As will be understood fromthe data
gi ven hepreresaband mayhbe wiibiacthde nposeripiéing | tieasinents hdarr sthef watsejatitRgnt i on
have good deconposability in water and high wet strength, as contai ning
ftbrill atresimenty employed israe oodindsg rigli-prassue avagerretting slepice nailroughéhes and

t herefore capabl e of taking the advantage of the mcrofibers entangled with
fi bers awateoyettitgetireatingni; thgdibrausnuénig fpmvesrintol nnedwiovémnfabriashanis bulkse al so
understood fromthe Exanples, it is possible to nmake the water-deconposabl e
fi brous shaetl®looand hes arseénfeelolkéd aloeh. walhl addal can tleed nole eongro $abvicl hasya | n wat er
and wet strength by varying the fiber Iength and the fineness of the
fibrill ajteshgrvest atreribl eaduphrfor itdades andwhen kept iheomiue edith, a lahe aegmeef of
beating in preparing the fibrillated rayon, the blend ratios of the

fibrill awadr raf¢pdispostdobN e tbilddeand tothdte itNwelhalesbiapdsds i@nvdattmas RS s
wei ght of the sheets Mreover, when the fibrous sheet is used for w ping

oper at i OphicrOfcry LatanfRd NihefeR 1aRETveRTthe bekd BEdsklyatRengl@y Rer&iaNEohdIt O
contact with the surface to be wiped, the friction against the fibrous

sheet W |htidd8vRiRYn wHigr ef ore, the fibrous sheet of the invention is
excellent in durability. Wen subjected to water jetting treatnent, the

wat er - deconpos af|e&yehdiR gt ke %&?—'e”tti@%g&i’tﬁ}ehgé&% Heb @B ed OUTHe REroPWRLRY! Ky tO

have a soft feel. Even though not jected to water jetting treatnent but

pr epar edyliotn SXaTRh ol HRARCEARILBOLBE OGRS SipohliP (f IiIBYRs SR Shfeuoul d

have good deconpos teran t an rength. While the
inventio S rl I i j e . fic
ont S ARER 5 SR e e Ak B I ELRLIP ik B0
{Fom t ne b P ted na B R @GR R wO SR E Ty BEREH Yl o VPR 0, .
1. A watgr-.deconposabl e fibrous sheet., conpri.sing, from3 %b ss to 100 %
by mase. BPTE T FRERAPRUSHE SOBF DErh R A DY PPiss b o i er s

ext endi ng th refror}] and.fromp0 % by nass,to 97 % hy. mass of of her fibers
vt ng. PP e S e &%Z%ﬂse%a? BRRber af@or et (o] e Tzglsh e o
de\élreg o[c B.er‘%tin of at st _700 cc; the pri r}/f'lbers hav.egrzlen fh in a
ange. of e SPOR! At Bherfraps Ve ds Pregesindewithiths alRTPURE HERBSS : and
at | east the mcroéeidgers ext endi n? fromthe prinmary fibﬁrs of the

fibrill affgcessi)s s p eiht ahefl epmple.pvhan theauerkodoneto by Aertved fromrthe £ i pers,

ot her mcrofibers extending fromthe other primary fibers and the other
fibers. following formula:

Work done (kW/m?)

= {1.63 x jetting pressure (kgf/cm?® or Pa) x jetting flow rate (m*/min)}/processing

speed (m/min),
is from 0.04 to 0.5 (kW/m?) in one treatment for one surface of the fibrous web, a
favorable non-woven fabric can be produced by subjecting the fibrous web to the
water-jetting treatment once or repeated 2 to 6 times. In this case, if the fibers are
entangled too much by repeating the water-jetting treatment more, the decomposability

in water of the resulting non-woven fabric will be lowered. Moreover, if the work



2. The water-deconposabl e fibrous sheet as claimed in claiml, wherfed peh 03
primary fibers have a length of from2.5 mmto less than 4. S mmat a pea
of mass distribution thereof and the fibrillated rayon has a degree of
beating of smaller than 400 cc. 3. TR& water-deconposabl e fibrous sheet as
claimed in claim2, wherein the mcrofibers having a length of at nost 1 mm
account for fromO0.5 to 15 % by nass of the self weight of the fibrillated
rayon. 4. The water-deconposabl e fi brous sheet as clainmed in claim1,
wherein the primary fibers have a length of from2.5 mmto |less than 4.5 nm
at a peadonefin was sreatineht isdarigeothan ey dedined mahgehtheffibboud weh ady ibayhoskdnas a
degree of beating of from400 cc to 700 cc. 5. The water-deconposabl e

fi brous Bh&etheashet hahdiehe Worlcd@ierin 4ne Weathennistsheillet thanfthddsfmed awgeg a
| ength of at nost 1 mm account for fromO0.1 to 5 %by nmass of the self

wei ght  ofhe tphstebdeBmohlvad e faEIOEoul® notlHELYIRY €6 2 desitsindgedd. € Creldrteth sheet as
claimed in claiml, wherein 1 3 FEB 2003 65 the primary fibers have a

| engt h ofurfab&Mot. the Mibiods 7web rmaﬁtu@ef%ﬂkh@fwﬁasﬁttmgsTurehﬂmétn't.onIt hgs eof and
the fibrillated rayon has a degree of beating of smaller than 400 cc. 7.

The wat efrdasRERARARIRs fakd LRHEed Natbudy, favBiaBRInddlwelal Mfics WaGIEbe t he
m crofi bers having a |l ength of" at nost™1 mm account for from8 to 65 % by

T3, B ot BRI el - ocormosat

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

Preferably, the strength at break in wet of the water-decomposable fibrous
sheet of the invention that contains water is at least 110 g/25 mm in terms of the root of
the product obtained by multiplying the strength in the machine direction (MD) by that
in the cross direction (CD). The strength at break in wet (this is herein referred to as
wet strength) is meant to indicate the tensile strength at break (gf) of the fibrous sheet
in wet To obtain its wet strength in terms of the tensile strength at break, a piece of
the fibrous sheet having a width of 25 mm and a length of 150 mm is immersed in
water to thereby infiltrate water of 2.5 times the mass of the sheet into the sheet piece,
and the thus-wetted sheet piece is pulled until it is broken, by the use of a Tensilon
tester, for which the chuck distance is 100 mm and the stress rate is 100 mm/min.

However, the data thus measured according to the method are merely the
criterion for the strength of the fibrous sheet, and the fibrous sheet of the invention will
be comfortably used for wiping purposes so far as it has a strength that is substantially
the same as the wet strength thereof measured in the manner as above. More

preferably, the wet strength of the fibrous sheet is at least 130 g/25 mm.



the primary fibers have a length of from4.5 nmto 7.5 nmat a peak bf ERad3
distribution thereof and the fibrillated rayon has a degree of beating of
from400 cc to 700 cc. 9. The wat er-deconposabl e fi brous sheet as cl ai ned
inclaim8, wherein the mcrofibers Révi ng a length of at nost | nmm account
for fromO0.3 to 50 % by mass of the self weight of the fibrillated rayon.
10. The wat er-deconposabl e fibrous sheet as clained in claim1, wherein the
fibers having a length of at nost 10 mm are bi odegradable fibers. 11. The
wat er - deconposabl e fibrqus sheet as clainmed in_claim 1thsv¥ger ein the
r

bi odegr adabl e fPhiheothsrdand, ks also desirpllg dhat dhefibropg shesty &R StERNE oup

consi sting of regenerated_ cellul ose, pulp, aliphatic E‘(}I%(est ers, polyvinyl
al cohol ¢feuskdpr Hyase eyen imdey. wakherefanee difpdaasireasth of Bigslipueshest 1% aj ned
in claiml, of which the basis weight falls between 20 and 100 g/ n2. 13.
The wat epretesaidynso Jedst S850i &R2dusms He tarmgsofcthg ipedl of rihe [pagduct obtgiiedhbhas a
degree of deconposition in water of at nobst 200 seconds, as neasured
accor di nguitiplyingthe- stemgth avbreghen et machiee dirpaiwadMDJ by thaisn sheetosas
claimed in claiml, which has a wet strength of at |east 110 g/25 mm 1l a
F E 8 20@igecti6bn (6D).The wat er - deconposabl e fi brous sheet as clainmed in claim
1, which has a dry strength of at |east 350 g/25 mm 16. The
wat er - deconpos aklse ptéfetablys tiehesttr-decoalpasabibelfibrous kisdetoflthe ifivention hasa
non-woven fabric having been subjected to water jetting treatnent.

degree of decomposition in water of at most 300 seconds, more preferably at most 200

seconds, even more preferably at most 150 seconds, the most preferably at most100

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, 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 in water of the fibrous sheet, and the fibrous sheet of

the invention will be disposed of in flush toilets and others with no problem so far as it

has a degree of decomposition in water that is substantially the same as the data

measured in the manner as above.

To make the water-decomposable fibrous sheet of the invention have a
degree of decomposition in water and a wet strength falling within the preferred ranges

noted above, the type of the fibers constituting the sheet, the proportion of the fibers,

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



17. The water-deconposabl e fibrous sheet as clainmed in claim1, wherein the
fineness of the fibrillated rayon is from1.2 to 1.9 dtex. 18. Thd 3 FEB 2003
wat er - deconposabl e fibrous sheet as clainmed in claim1l, wherein the primry
fibers have a length of 3 ~ 0.5 nmm at%a peak of mass distribution thereof,
and the mcrofibers having a length of at nost 1 nmaccount for fromO0.1 to
10 % by mass of the self weight of the fibrillated rayon 19. The

wat er - deconposabl e fibrous sheet as clainmed in claim1l, wherein the primry
fibers have a length of 4 ~ 0.5 mmat a peak of mass distribution thereof,
and t he shieetr ofay by sarfialvi digr @xhwplygt whefe dibrittated rayonmofioducinthef primaryom 1 to
14 % by mass of the self weight of the fibrillated rayon. 20. The

wat er - defilmrpasdbhgisfused, on svheteefdiril ksedciagomeat beatealsainmch (thahsy kiving dre pri mary
fibers have a length of 5 ~ 0.5 mmat a peak of mass distribution thereof,
and t he inceasdd heneichbvdligindidatng ith degreavf bemsing)l isnavedahe badis tveight oHmM 0. 3 to
45 % by nmass of the self weight of the fibrillated rayon 21. The

wat er - dethe mpasadled fhbrx Busdsdededr e pedporidtiof thedibrillitel, raybie iseietudedde pri mary
fibers have a length of 6 ~ 0.5 mmat a peak of mass distribution thereof,

and the githe pfddesying &y, %mr thel wdreit iy tdatdiBfi lis fedi¥8daGEReBY tHeOfibrbn®m 5 to
SO % by mass of the selt weight of the fibrillated rayon. 22. The

wat er - desmemsahiea édulpd (Px'd% %heiﬁ&reas%dcae@réﬁeef idecshpdsiioh inV@fe?i dhdt iy primary
fibers have a |l ength of mm at a peak of mass distribution thereof,

and the fﬁbf%%@éd' é‘trs%rehgﬁﬁ' “@)nﬂhé %ﬂﬂlé RarRl whbrd B5illated Thy8S AAHRE bEAT mLEle 10 to
65 % by G/ mass of the self weight of thefibrillated

rayon. beaten (that is, having a reduced numerical value indicating its degree of beating) is
used, the proportion of the fibrillated rayon is increased or the basis weight of the non-
woven fabric is increased to obtain the better results.

Even though not containing a binder, the water-decomposable fibrous sheet
of the invention could have a high degree of decomposition in water and a high wet
strength. However, in order to further increase the wet strength of the sheet, a water-
soluble or water-swellable binder capable of binding fibers together may be added to
the sheet. The binder includes, for example, carboxymethyl cellulose; alkyl
celluloses such as methyl cellulose, ethyl cellulose, benzyl cellulose, etc.; polyvinyl
alcohol; modified polyvinyl alcohols having a predetermined amount of a sulfonic
group or a carboxyl group, etc. The amount of the binder to be added to the sheet
may be small. For example, only about 2 g of the binder, relative to 100 g of the
fibers constituting the sheet, may be added to the sheet whereby the wet strength of the
sheet could be much increased. As being soluble or swellable in water, the binder
dissolves or swells in water when kept in contact with a large amount of water. To
add the water-soluble binder to the non-woven fabric, employable is a coating method
of applying the binder to the non-woven fabric through a silk screen. On the other

hand, the water-swellable binder may be added to the fibrous web for the sheet while



23. A wat er-deconposabl e fibrous sheet, conprising from3 % by mass1 ?JEIBOE)U%
% by mass of fibrillated rayon conprising primary fibers and m crofibers
extending therefrom and fromO % by mass to 97 % by mass of other fibers
having a |l ength of at nost 10 mm wha@Pfein: the primary fibers have a |length
in arange of from1l 8 mMmmto 10 nm at a peak of mass distribution thereof;
the mcrofibers having a length of at nost 1 mmaccount for from0O 1 to 65
% by nmass of the self weight of the fibrillated rayon; and at |east the

m crofibers extending fromthe primary fibers of the fibrillated rayon are
ent angl etefibtdusarebl ie pstpaedan afpapdrimeakipg progess. f i bers, other microfi bers
extending fromthe other primary fibers and the other fibers. 24. The

wat er - deconpos aWherefthdbiader is hdddd tashefilbrione sheenoftthainveRfion, \ah eteetrolytdhe
primary fibers have a length of from2.5 mmto less than 4 5 mm at a peak

of mass gicktak iabwiteosolibleimegaridier bi@nici saltirhdyabesdded thétefdadlon: daltke of
beating of smaller than 400 cc. 25. The wat er-deconposabl e fi brous sheet as

clai med bid&! ahetedd, theiest &irendth &FThe sidek 2601 thaMchdsed Mt ibref @he DSt 1
mm account for fromO0.5 to 15 % by nmass of the self weight of the

fibrill afngebanRy@ik indRddd)SordifhipldessimASalihe, bblasaus iTRet 2@ wlfi.med in
claim 23, erein the primary fibers have a length of from2.5 mmto |ess

t han 4.5,; ¥a\i S St A i : i heidd.at ed
o o2t R AR ol A0 kAR ke

wat er - deg(?cgﬂﬁ,gﬁb Lﬁoii&?r gUa’iHﬁlhe&}bcﬂﬁteCl Sddied ihggxo%légtéﬁ*%)?m evm%gli'ogiutnpe

mcrofib ving a l'ength of at rrpét 1 mma fom to 5 % by
mes,of Sl L R o LB st iy B, % 2
primary éz{rggxry?atg,a\s/gdiﬁml gpr%eb p%[asgih%mcftlr'a%, r‘érgd}ucr)n 7tar§rapélj1 p%ttasgiu&e%(rtrg{e, mass
sodium lactate, sodium succinate, calcium pantothenate, calcium lactate, sodium
laurylsulfate, etc. Where an alkyl cellulose is used as the binder, it is preferably
combined with a monovalent salt. Where a modified or non-modified polyvinyl
alcohol is used as the binder, it is preferably combined with a monovalent salt.
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 is
also desirable, as also enhancing the strength of the sheet.
To ensure the desired degree of decomposition in water and the desired wet

strength as above, the water-decomposable fibrous sheet of the invention may have a

multi-layered structure. For example, a first fibrous sheet layer containing fibrillated



di stribution thereof and the fibrillated rayon has a degree of bea??ﬂas%ﬁﬂm
smal l er than 400 cc. 29. The wat er-deconposabl e fibrous sheet as clainmed in
claim 28, wherein the mcrofibers having a |l ength of at nbst 1 nm account
for from8 to 65 % by mass of the sel3l weight of the fibrillated rayon. 30.
The wat er - deconposabl e fibrous sheet as clainmed in claim23, wherein the
primary fibers have a length of from4.5 mmto 7.5 mmat a peak of nass
distribution thereof and the fibrillated rayon has a degree of beating of
from400 cc to 700 cc. 31. The water-deconposabl e fibrous sheet as clained
in clai nr8®n buh@pesubjdched toi eatatjeimgtrdatuemignay brelegieha sfcond fibosis sheatm
account for fromO0.3 to 50 % by nass of the self weight of the fibrillated
rayon. 3Zayefl bentumingy fittdavedpasabhed hating besershibictalstookaemedingnreatraémn 23,
wherein the fibers having a I ength of at nost 10 mm are bi odegradabl e

fibers. 33.givehendaiatdr-déesmppadrbiibrols Bhedts Theahedshavingl fiRdtvidlagb@dm 32,
wherei n the bi odegradable fibers are those of at |east one selected from

the groupuG&ORd SduldbeOmofs BRIRGT Aidedosl8! havk OfE incRidkdd watk | sileadthCwiRbtest er s,
pol yvi nyl al cohol and col | agen. 34. The wat er-deconposabl e Ti brous sheet as

clai med gl Ms28econlpodlbidy thevRasi sonei Rt ftbhs sHEWRGE: 2yand 100
g/ n2. 35. The wat er-deconposabl e fibrous sheet as clainmed in claim23,

whi ch ha%aﬁdvﬁ@ﬂédeﬁetﬁgergwwgﬁa Tﬁb%gi_sﬂgrﬁﬁ’gﬁﬁ'fs f g%k oD Nater! g&ﬁ?{&@ﬁl@ as

measured according to JI'S P-4501. 3 wat er=deconposab ous sheet

as clai Mg df GbQIVing a ik IiyerediatidatEst a3

The water-decomposable fibrous sheet of the invention may optionally
contain any other substances, without interfering with the advantages of the invention.
For example, it may contain any of surfactants, microbicides, preservatives, deodorants,
moisturizers, alcohols such as ethanol, polyalcohols such as glycerin, etc.

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

Since the water-decomposable fibrous sheet of the invention has high dry
strength, any binder or electrolyte may not be added thereto, being different from

conventional water-decomposable fibrous sheets. Therefore, the sheet of the



69 has a wet strength of at |east 110 g/25 nm 37. The wat er- deconpbSdifif 2003
fibrous sheet as clainmed in claim23, which has a dry strength of at |east
350 g/25 mm 38 The wat er-deconposabl e fibrous sheet as clainmed in claim
23, which is a non-woven fabric havi 8§ been subjected to water jetting
treatment. 39. The wat er-deconposabl e fibrous sheet as clained in claim?23,
wherein the fineness of the fibrillated rayon is from1l1l.2 to 1.9 dtex. 40.
The wat er - deconposabl e fibrous sheet as clainmed in claim23, wherein the
primary fibers have a length of 3 ~ 0.5 mmat a peak of mass distribution
t her eof ,inaerdionhs blyosafd dors ith appheptian| tenthe hskaf, atd soskble amtlecsiment f or
from0.1 to 10 % by nass of the self weight of the fibrillated rayon. 41.
The wat econtfemenpoSedrions fwdteredesompesbleasbsotbentmdicies indlading 2&r exti@pke| n t he
primary fibers have a length of 4 ~ 0.5 mmat a peak of mass distribution

t her eof , saahskytrapkifs qagfyl ks sividaryGnions idpdsabie diapeosdtc 1 Fanexamplent for
froml to 14 % by mass of the self weight of the fibrillated rayon. 42. The

wat er - degheheanbé if ipbrforateds hafiy BS uSddods g thp skdeffdn &aer-M&thbaam@e
primary fibers have a length of 5 ~ 0 5 nmat a peak of mass stribution

t her eof , aaBfheh&itidles OWHRRRe SIRR¥ ﬁgcoﬂlﬂn?é@l%ﬁh Qhy BthefFibbrs! it TugMEOROL T or
from0.3 to 45 % by nass of the self weight of ¥he fibrifllated rayon. 43.

The wat ef; AR6AHRRORHY gcughl;};rplg?ersglgggk gﬁgetcg@ med in claim23, wherein the
primary fibers have a | ength of mm at a peak of mass distribution

thereof, and th@wnﬁ&rogg P@e‘i%f%‘é“l nﬁor{ mt& 9{%1 @'?tsegos{vhjer fiGYNt for

from5to 50 % by mass of the sel wel ght I 11 at rayon. 44. The

vt er - deGaIPASaRb&sld BraUaGEua80 aflith TSl sFlBhVE Hardt LRI b

primry ave Nass St ribution

thereof, strength of the hydrogen bonding between fibers of the fibrillated rayon (and between

the fibrillated rayon fibers and the other fibers if contained) will be increased.
Therefore, the fibrous sheet after embossing will have a high dry strength. The
fibrous sheet of this type is more suitable for use as a wiper or for use as a sheet
component constituting an absorbent article.

EXAMPLES

The invention is described in more detail with reference to the following
Examples, which, however, are not intended to restrict the scope of the invention.
Example A:

Rayon fibers (from Acordis Japan) having a length of 4mm were fibrillated
in a mixer to prepare various types of fibrillated rayon having different degrees of
beating as in Table 2 below. The fibrillated rayon was combined with ordinary non-
fibrillated rayon (1.7 dtex (1.5 d), fiber length 5 mm) and bleached soft-wood kraft
pulp (NBKP) (Canadian Standard Freeness, CSF = 610 cc) and formed into a fibrous
web according to a wet paper-making process for which was used a cylinder paper-
making machine. In this step, the blend ratio of the fibers was varied in each

Example. The fiber length of fibrillated rayon in Tables is meant to indicate the



~ 3 F E B 2003 70 and the mcrofibers having a Iength of at nost 14mmgrp o3
account for from1l0 to 65 % by nass of the self weight of the fibrilla’%eé
rayon. 45. A water-deconposabl e fibrous sheet, conprising from3 % by nass
to 100 % by mass of fibrillated rayomd3conprising primary fibers and

m crofibers extending therefrom and ftomO % by mass to 97 % by mass of
other fibers having a length of at nost 10 mm wherein: the fibrillated
rayon has a degree of beating of at nost 700 cc; the primary fibers have a
|l ength in a range of from1.8 nmto 10 mm at a peak of nass distribution

t her eof ; leagl ofrayoadibiers bedoraibeatirig heitmerxt ending fromthe primary fibers of
the fibrillated rayon are hydrogen bonded with at | east one of other

primary fibers, wahb@belfigdrizdibhestl ex tirndasig vire thd fesulthd Gbrans webrpnt f i ber s
and the other fibers. 46. The water-deconposabl e fibrous sheet as cl ai ned

in clai A3 uiss Qofvdyde PWHIRIBLIHd RRKEd AR Seb@nadibated if mable22 Them t o
|l ess than 4.5 mmat a peak of nass distribution thereof and the fibrillated

rayon hagpRud&gh l%@as ?P%Q&@& kG a bR %r@e{tn&h%d@pﬁle%ndi@izn als88ndicated

wat er - deconposabl e rous sheet "as clained in claim46, wherein the

. fib : t 1. f 15 % b
rect S0 SO gl Byt FUsatly' ol Bsube 19 %

mass of e sel ted rayon.

vat er - degoipoSAtl feid sggg?ﬁhgﬁfe?mngg@ggﬁ%ég GHR B0 Roz AR R e

primry ve a rom ess than 4.5 mm at a peak

Deats me Bivibd BROLEERABREIS I AMictdS, de Riebu 06 s TN Mol e ABREEE O
the mcrofib a of at nost

15, 2 T8, ST Rt G R APBIRE LN P B

frbritl (fi}ne”iiabrléle %.Onln that condition, jetting water was applied to one surface of the web so
that it passes through its back surface. The water-jetting treatment was repeated once
again under the same condition. Next, this was dried with a Yankee drier to obtain a
water-decomposable fibrous sheet of non-woven fabric. This was then wetted with
250 g, relative to 100 g of the mass of the non-woven fabric, of water. The thus-
obtained water-decomposable fibrous sheet was tested for its degree of decomposition
in water and its wet strength, according to the methods mentioned below.

The test for the decomposability in water was based on the test of JIS P-4501
indicating the degree of degradability of toilet paper. Precisely, a piece of the water-
decomposable fibrous sheet having a length of 10 cm and a width of 10 cm was put
into a 300-ml beaker filled with 300 ml of ion-exchanged water, and stirred therein
with a rotor. The revolution speed of the rotor was 600 rpm. The condition of the
test piece being dispersed in water was macroscopically observed, and the time until
the test piece was finely 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 fibrous sheet having a width of 25 mm and a length of



NN

1 3 FE B 2003 71 50. The wat er-deconposabl e fi brous sheet as cl ai rred"?r‘i_ER
claim45, wherein the primary fibers have a length of from4.5 mMmto 7.5 mm
at a peak of mass distribution thereof and the fibrillated rayon has a
degree of beating of smaller than 4084cc. 51. The water-deconposabl e
fibrous sheet as clained in claim50, wherein the mcrofibers having a

| ength of at nmbst 1 mm account for from8 to 65 % by mass of the self

wei ght of the fibrillated rayon. 52. The wat er-deconposabl e fi brous sheet
as claimed in claim45, wherein the primary fibers have a I ength of from
4.5 mm t B507mm was @sted bpihdh thef machsse direction OMID)and iththeeodss airdctidng(GD)br i | | at ed
rayon has a degree of beating of from400 cc to 700 cc. 53. The

wat er - delgyotiipasabf & Tensiloo tissteshfoe twhich the ahunkdlistanee! vedsnh082nmahné tle streshe

m crofibers having a length of at nost 1 mm account for from0.3 to 50 % by
mass of tafewaeli00wRinghin. ofThehstrehithr atl bighle dgf) ayfahe tésé.pietbehus measured

wat er - deconposabl e fi brous sheet as clainmed in claim45, wherein the fibers

havi ng ajndRags theetitrei@e théfofM3cartRe RilRAIGHE Tdblel-aht id@rate eRfressédén
wat er - deconposabl e fi brous sheet as clainmed in claimb54, wherein the

bi odegr agabl @mf)i behs résteoft hfes?roqﬁcta&f t1Rag4ta QR MBE h&E tRd dhta O Ehewag oup
consisting of regenerated cellulose, pulp, aliphatic polyesters, polyvinyl

al cohol %ng@llhﬁg@c'ihg tﬁ@meIH@alW@B?fhqu&%ﬂP@gﬁﬁQkﬁle shpRUS sheet as cl ai ned
in claim45, of which the basis weight falls between 20 and 100 g/ nR. 57

The wat er - deconﬂ%sﬂﬂjoﬁs ShdM LS CEMPETaridS FxhAPIEY Adl &hdr8pfeparcdithGhe

same manner as in Example A, except that the fibrillated rayon was not used.



has a degree of deconposition in water of at nobst 200 seconds, as rMeRsgResis
according to JIS P-4501. 58. The water-deconposabl e fibrous sheet as
claimed in claim45, which 1 3 FEB 2003 72 has a wet strength of at

| east 110 g/ 25 mm 59. The wat er-decdnposabl e fi brous sheet as clained in
claim45, which has a dry strength of at |east 350 g/25 nm 60 The

wat er - deconposablerHihrous—sheet—asteta med in claim45, which is produced
in a paper- el briogess| 61. € r - deconposabl e fi brous sheet as
claimed in clidf wheeei n [ghe| fli pepess of the fibrillated rayon is from
1.2 to 1.9 dtjed §|Bps|SBeahat ¢E1glexjonmfssiabl e fibrous sheet as claimed in
cl ai m 45, \/\her"‘;%" e P Epar yotvpgrs—fave a length of 3 ~ 0.5 nmat a peak
of mass distr|ig tth¢¥eof ,|"and |t he| mi crof i bers having a | ength of at
nost 1 nm acc&y r {fiomo0.f1l|tp |10 Yojpby mass of the self weight of the
fibrillated ri@ay 3. [NE WAT erFdecoplosabl e fi brous sheet as clained in
cl ai m 45, whejrgi e pfi rary 1iEers; nalve a length of 4 ~ 0.5 mm at a peak
of mass di strjig \otr\],efﬁaof, hnd [t he] nii crofi bers having a |l ength of at
nost 1 nm acc rg&_r@hl D dsYhyl mass of the self weight of the
fibrillated r X |“TBe wageTr deconposabl e fibrous sheet as claimed in
cl ai m 45, wheragi e |pdTary fipars have a length of 5 ~ 0.5 nmat a peak
of mass di st r|4 tlher eof ,| and {the| ni crofi bers having a | ength of at
nost 1 nm accjoy r {fromO0.[3|tp (4% Poloy mass of the self weight of the
fibrillated r@ o
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. . . . 3 FEB 2003
65. The wat er-deconposabl e fi brous sheet as clainmed in claim45, wherein

the primary fibers have a length of 6 ~ 0.5 nmat a peak of mass
distribution thereof, and the mcrofibers having a length of at nost 1 nm
account for from5 to 50 % by mass of36the self weight of the fibrillated
rayon. 66. The water-deconposable fibrous sheet as clained in claim45,
wherein the primary fibers have a length of 7t 0.5 mmat a peak of nass
di stribution thereof, 1 3 FEB 2003 73 and the mcrofibers having a
length of at nost 1 nmaccount for from 10 to 65 % by mass of the self

wei ght of the flirpmi Tabde @ditriayseen they fikrillated rrayer tieperosaied intp ho yatetheet |
conprising from3 % by nmass to 100 % by mass of fibrillated rayon

conpr i si degopposabie/fibiobs sheetsrenhanced dlid wetr sreagthed dhadheethcaseomparedawith f rom 0 %
by mass to 97 % by mass of other fibers having a length of at nbst 10 nmm
wher ei n: thehshegts inotcynthinbey 8, hatheutadétmcyng fiom sher dengeposatiikitynthéredf mm t o 10
nm at a peak of mass distribution thereof; the mcrofibers having a | ength
of at nosmtet nThiadchecatsefthe ehtangheteit dwingZothdpresass obfthd tmécrefbdrs wei ght of
the fibrillated rayon; and at |east the mcrofibers extending fromthe
primary fhebftirillatdd tdyenfénbandedathedwetanesnger of hydsingey) dndnidestidiwidn) thé | east
one of other primary fibers, other mcrofibers extending fromthe other

primary githeilémenhitthe mitifibefsi WaY foadfiP unfibe tovaéRiiate @O ApOsaABd B datlpr ous
sheet as clained in claim67, wherein the primary fibers have a | ength of

from 2. 54iHgt (whed 82 Shédhderd put 1 BlrgfaRS@lt oPwab@s S Felind tHel dad bOR-3t q§ eof and
the fibrillated rayon has a degree of beating of smaller than 400 cc. 69.

The wat e[ 2405 ARRRhE WatLRUSmpSaBle ASrofs 3hd® thak ol ade%ﬁg@sam@ gyn the
m crofibers having a length of at nost 1 mmaccount for fromO0.5 to 15 % by

mass of LA 3Ad Eﬂgﬁﬂ?gr%@h’t&& B&tbédn{aling%. fgayon. /0. The

wat er - deconposa sheet as c din claim67, wherein
Example B:
Water-decomposable fibrous sheets were prepared in the same manner as in
Example A. In this Example B, however, used were different types of fibrillated
rayon each having different degrees of beating, as in Table 3 below. The fibrous
sheets were tested in the same manner as above for their decomposability in water and
their wet strength.

The data obtained are given in Table 3



the primary fibers have a length of from2.5 mnmto |ess than 4.5 nm} & ES 2003
peak of mass distribution thereof and the fibrillated rayon has a degree of
beating of from400 cc to 700 cc. 71. The wat er-deconposabl e fi brous sheet
as clainmed in claim70, wherein the3¥icrofibers having a length of at nost
1 mmaccount for fromO0.1 to 5 % by nass 1 3 FEB 2003 74 of the self

wei ght of the fibrillated rayon. 72. The water-deconposabl e fibrous sheet
as claimed in claim67, wherein the primary fibers have a |l ength of from
4.5 mMmmto 7.5 mmat a peak of nmass distribution thereof and the fibrillated
rayon has a degree of beating of smaller than 400 cc. 73. The

wat er - deconposabl e fi brous sheet as clainmed in claim72, wherein the

m crofi bers having a length of at nost 1 mm account for from8 to 65 % by
mass of the self weight of the fibrillated rayon. 74. The

wat er - deconppsplre {1 prioys shget ﬂ drainmed in claim67, wherein the
primary fibers| haye|a]ljengtht gf [ffgm|4)15 mmto 7.5 mm at a peak of nass
di stribution ﬁrgrg@\oa\gu@thegiobr I gt ¢d rayon has a degree of beating of
from 400 cc i'g QST S [BRe ThE NE[@Er|dgconposabl e fibrous sheet as clai med
in claim74, x’*rﬁFf“fﬁQ,ﬁiC&@Fibars having a length of at nbost 1 mm
account for {¥pm 0.8 1040 % Hy |rmps|s [of the self weight of the fibrillated
rayon. 76 The¢ Mwat @r{decionposihl ¢ filbriolis sheet as claimed in claim67,
wherein the fiperg hayiing a | gngt h off at nost 10 mm are bi odegradabl e
fibers. 2 &
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77. The wat er-deconposabl e fi brous sheet as clainmed in claim 76, wha rFei B 2003
t he bi odegradable ftbers are those of at |east one selected fromthe group
consi sting of regenerated cellul ose, pulp, aliphatic polyesters, polyvinyl
al cohol and col |l agen. 78. The wat er- @8conposabl e fi brous sheet as cl ai ned
in claim67, of which the basis weight falls between 20 and 100 g/ ne. 79.
The wat er - deconposabl e fi brous sheet as clained in claim®67, which has a
degree of deconposition in water of at nost 200 seconds, as neasured
according to JI'S P-4501. 1 3 FEB 2003 75 80. The wat er-deconposabl e
fibrous Bkewgle@s clainmed in claim67, which has a wet strength of at |east
110 g/25 mm 81. The water-deconposabl e fibrous sheet as clained in claim
67, which has avdiey-deéongpigibie dibraiis sheas iveBSPregar2d imvhe fihe mhgner as in

wat er - deconposabl e fi brous sheet as clainmed in claim67, which is produced

in a papekamBkiNg R dxEERampl8-C, THivevet ah ﬁq&%ﬁfﬂsﬁmftbrﬂlhhﬂqu?mﬁ hged as
claimed in claim67, wherein the fineness of the fibrillated rayon is from

1.2 to 1w8recalﬂ‘¥ren§l§'ﬁes-r Berayeh ﬁﬁvnﬂ%gm&ﬁme?leﬂlgﬁ%%ﬁ% yhsleY Bow! arped in
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cl aim 67 rmary bers e alength of 4t 0.5 mmat a peak

of mass distribytj, 42.%6 [pl&3F 7 1S WoSER AR Sabqbiifedtih SHOLERET at

nost 1 mm account rom Yy mass O wel g

fibrillag %gnerrag in Example C. For this, however, in preparation for fibrillated rayon, used

was rayon having a length of 12 mm. This was tested in the same manner as above.

The data obtained are given in Table 4
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Example C-2
4 mm
600 ¢c
20 %
30%
50 %

40 kgf/cm’
50 m/min
45.0
188
171
179
71

Table 4

2 mm
600 cc
20 %
30 %
50 %
40 kgf/cm’
50 m/min
450
145
135
140
60

Example C-1

Fiber Length
Degree of Beating
V(CD x MD)

Repetitions

Number of
Speed

Pressure
CD

NBKP (degree of beating; 610 cc)

Rayon (1.5 d x 5 mm)

Fibrillated Rayon

Fibrillated Rayon (1.5 d)
Condition for Water-Jetting
Treatment

Wet Strength (g/25 mm)
Decomposition in Water (seconds)

Basis Weight (g/m?)

Blend Ratio
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* - 27=@B} xavd iRt ot4lol i &l $doo] C Ak o BkaApead-a WHletdite @ln%]‘lhﬁeﬂsvoa] ca]cajc

a] ca] ca] cal cal ca] ca] ca] cajcalcalUcalc aUc a]ca]cajca B

#(] vakf- h’m'!f@lgﬁ f'%&? aalr@?dr% ﬁlecl?d#b&@ah& ]&ﬁl&ﬁdv%ﬂbélﬁtﬁélé&alél&ﬁgtﬁalﬂ caj ca

] ca] ca] c*a] ca] cal cal ca]ca

(WA Z[ ~zu fﬂ]ng)e%l ﬂ#’l ﬁ}&&%‘tﬁfi Cn?l: @'@}lﬁﬁ]e n'f%] pelicad isabredatal o8l call cal
c aUc a cal cajc” ca] cal] ca] caU| cal]caljcaJca
P WY $SP&EE: 1 "t vt ny cAXS dlL ca] cal]
ca] cal] ca 82 %é & 1 &ka hgiﬁ]( %]C}%XE)}’&%%%L)&"% %%gb? Jc%’i ?@%ﬁ%@ %%%‘t? call ca] c
ajJcal ca ) xRk Exkkxokx 1IUPWA2922373?73888~ytoje [U d] Ul c
a] ca] ca] g’é’% 8%1]’53}1 E%]‘) ‘3]%%&%‘85]“&%]‘188] ‘ééﬁ%‘&?‘g" a] caU] ca] caU ca] ca] c”a] caU] ca] ¢
ay] ca] cag; @]{2 albl] ca] caU] ca] ca 88888C;
==F=7?227?s70~ f55} 77?27?7?7?27?7?7?7. @aAdPBBBECCCCCzupkf a\ Vi d] UU] ca] ca] ca] ca] ca] ca] ca] ca
I'ca]ca] ca] ca] Cal’\?a%elnj‘l-é;eacl)r%pgéé'bfe fibrous sheets were prepared in the same manner as in

Example A. In this Example D, however, in preparation for fibrillated rayon, the

rayon used had a fiber length of 3 mm and the blend ratio of the fibers used was varied

as in Table 5  In addition, in this, the pressure of water in the water-jetting treatment

was varied as in Table 5. The fibrous sheets were tested in the same manner as above

for their decomposability in water and their wet strength.

The data obtained are given in Table 5.
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the starting rayon in wet, for which were used different beating machines. The water-
jetting treatment was effected twice, under a pressure of 30 kgf/cm? at a processing
speed of 30 m/min. In wet and in dry, the fibrous sheets were tested for their strength
and decomposability in water in the same manner as above. In addition, their
breaking length was obtained in the manner mentioned below.

The breaking length was measured according to the test method for the
tensile strength of paper and paperboards stipulated in JIS P-8113. Concretely, the
breaking length is represented by the following formula:

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

In Comparative Examples, the same starting rayon (1.7 dtex; fiber length, 5
mm) as that for the samples of Examples E-1 to E-4 was free-beaten, and the free-
beaten rayon was used in place of the wet-beaten, fibrillated rayon in Examples, to

prepare comparative non-woven fabrics.

The data obtained are given in Table 6.
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rubbing means A, while the sample was attached onto the sliding platform; and the

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

The data obtained are given in Table 7
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sheets having a larger value B are less flexible. (The data of the value B are
expressed in g-cm’’cm.) The value 2HB indicates the flexural hysteresis, and the
sheets having a larger value 2HB are less restorable. (The data of the value 2HB are
expressed in g-cm/cm.) MIU indicates the friction coefficient; and the larger the
value MIU is, the poorer the smoothness on the sheet surfaces is. MMD indicates the
friction coefficient fluctuation; and the larger the value MMD is, the poorer the degree
of smoothness is.

The data obtained are given in Table 8.
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numerical value indicating the degree of beating) However, with reference to the

degree of decomposition in water of the samples prepared herein, it is seen that the

samples in which the fibrillated rayon used was beaten more to have a numerical value

indicating the degree of beating of smaller than 400 cc have a higher wet strength but

have a lower degree of decomposition in water  Accordingly, it is understood that the

water-decomposable fibrous sheets of the invention have the advantage of augmenting

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

decomposability in water and wet strength of the sheets would be seemingly

contradictory to each other.

Example H:

Water-decomposable fibrous sheets were prepared in the same manner as in
Example G, and tested for their properties in the same manner as above
Apart from those, comparative fibrous sheets were prepared for Comparative
Examples 1 to 3. Precisely, in Comparative Example 1, used was rayon having a
degree of beating of 740 cc and the fibrous sheet was prepared in the same manner as

in Example G; and in Comparative Examples 2 and 3, fibrillated rayon was not used.

In those Comparative Examples 2 and 3, the fibrous webs were subjected to water-



k)| p% . 13 FEB 2003

0] 5~510% & () -] ~aei nsdD~510% ~510% & () - ~510% & () - ~510% & ()-~510% & (E- x

10% & ()-~5109% & () - sx}~w ; D~510% ~510% & ()-~510% & ()-G k )| p%

0| 5~510% & ()-~510% & ()-_?~510% ~510% & ()-~510% & ()-~510% & () - ~510% & (

)-~510% & ()-~510% & ()-wW ; ?~510% ~510% & ()-~510% & ()-§ k )| p%

0| 5~510% & ()-~510% & ()-_?~510% ~510% & ()-~510% & () -~510% & () - ~510% & (

)-~510% & ()-~510% & ()-w ; ?~510% ~510% & ()-~510% & ()-G k )| p%

0| 5~510% & () - ~510% & ()-cC~510% ~510% & () -~510% & ()-~510% & (z -~510% & (

) - ~510% Ktne. trsatpwpigtyige mdgrlgqqgfssnkre)qf Hbkeficm” at a processing speed of 15

0| 5~510% & () - ~510% & () - ~510% & () - ~510% & ()- dD~510%F k

) | ~510% &/myn. ~shigwogperative fiboeus shets-wernal®s teyted rabeigpOperBL0% & () -"& ./ 7D

~510% k )| p%

0| 5~510% &' () - ~Blindatgoltpined agogigen in-Fable09beow) - / 09=>AENH~510%3 k ) |

p%-510% & () -~510% & ()-~510% & ()-~510% & ()-~510% & ()-~510% & () - El MQUY_

H-510%3 k )|

p%-510% ~5109% & () - ~510% & ()-~510% & () -~510% & ()-~510% & () - YZ\ nvz|\ <H-5

10%G~510% & () -~510% & ()-~510% & ()-~510% & ()-& k )| p%

0| 5z} _?~510%5-510% & () - ~510% & ()-~510% & ()-~510% & () - ~510% & () - ~510% &

“O)-1T:-10: 27 10% & ()- 0?2 ' 10% & ()-) <10%: & ()-~510% & ()-G k' )| p%

0| 5T _bA10:  9'110%/: V& ()-3 9'110%z& ()-3 9 !110%:z& ()-3

F10%: z& ()-| '10%: z& ()-10:10: T{|} ~| obU410 F10%: & ()- 10R, R1OR RI1OR, R
"1109R, R& ()-- ~'110%:z& ()-- LS 110%/: V& ()-& LS ! 10%: z& ()-& L, 4510%;

& ()-510%; & ()-510%; & ()-510%; & ()-510%; & ()-510%; & () - 510%:;

& ()-}aE), 510%b; & ()-510%; & ()-b510%b; & () - %o



FEB 2003

13

.- o
.- .- S
g s§5 s. 8 3
§ 2 2 5 SS5 o SE€5. 3 4. <& -
e 9 ..l5..5 Sh3 o 100%MM 0 < .
_8 s - e < .. L DHO D D& ¥ .
sS85 - $§=-88 0 m o _ D HAO .~ AU
3380 1 SwadTg¥gs .S 8 P88 .. o o
233 L.k STHh3T8.,88C8 5858 B80T s S X
NMMOMZ SM_S&WAOI-KC;&%l%l&(O_m& o S 9 M
T 8o AT SR T b e e e S e e ST EwE B} sonmeda:
Crean Cynr 3+l Clabdf e 3868 232 oo .. ut T joqumu o Buqqmy 03 ssawsed
N o | R St R 1= a0 L SRt ISP S B i ke U
&m ,m_.m.(;mO% MM:SU&E& - I0yp - O ez 0 6] SAV B T3 ® T jomquu an Suiqqmy 03 ssowlsey
m0085.l".&,%0&m_00 S B> LIB6 -~ 16890 o —~ (130 o] —LE6e0_ot _ 159000 D NN
SReC ESETY SS9 O o L0, o DLI0D o o 095h b 7 LIS 09pMS ST
15A(_1Ur—1u5%\hl_omﬂ1u_m_ﬂu 1.1“0.0 . _lnumvo. 1%%%Ilnﬁﬁ§ %
R Pl = By ) B e SR S G T 00 g T . o5 Say
~ .m\_)(ﬂoxT\oo, F o~ 1 [ OIH | O[S BIt00 18 &LL0, 1o Pl § _195F8 & - MWM JUV M oBm
~- - — L ) P 7 e et § wo/,uIo-.
RS TBE IR Q= 1 €68 0 D|O L0~ | O BLED. - S :1@:9! —9960°0 n”u 4
P e CE BT E B BB b ere o IS L o= | ul) X oS em s 231 ST
. ~— I O - - . 1 | — .
$238% om&um%mmm&&ggg)mmmm%&ﬁﬁm%W%L;mw - g DAV A SO ST
Oddd .. [TOg IO = - II\D . K2 =N II\(\J
_klu5nu,l% {P@% Y/ Mm_ﬂw%mmmum&omﬁo_ﬂo _00£<- ~ 1| — 00k 3 o3 O 00Ex ~ 29§ S199US 19MA JO 1B U1 vonisodurong
Ay R 50505 et 1 % = T T o8 00t %5 S1500S A3 JO Jo1e ), U1 UONISOdWooed
FLULZ S AR ~ppld L ST [+ 40— O G O ~ - .0 va,?_Bo@nmw%& af 3 e
.1f5 5 &ar/u\ __l_n-dgﬁq _?_\ md\ul*un:_n:deO\_,MI )”‘E%El 1 __I_n_ﬂll N@ EE“N ﬂo
m : A UCO X o PO —~—~—0 — 1 0&%5\])\-@~\7Qu1 9% ﬂﬂ EE%N\W ao Q«mﬂgm M
OO)O..Ol/) | (L1 L3y < o Mol X = CETERREITY
o 8 g g [P B b & Wy 1y ST — YT T PR R X BN an 2
5&%&& o—pd —on0Z-03-0F= 6 .Im(dnJV(r(C(ng_(mMOmm EEwN\w @ Eﬂmgm d
e ..o =|.. @9...... 03l . = VH ..... =35 N N suang &d
eSS VN 5 s S SIS o gla o 0¥l 5 5 IS I8 2 L
o~ 0 oo 5_. o o~ O - e le) &_$hhx N g SSoWON Y,
'S o988k % B BSOS 4RSS, ( %%..@N_ S 3 s - RS
)mluAn_W55 [ (5Aﬁ§55A@b§1%\§)f N Yoy> o usidh > L, ¢ 7 : :
~— 1 (Juw T T T T T T oI & T2 1 1 1 1 1 HOA —~ e &b AEE%XXUHUF.—vﬂO%Nm
o : _ : : O3 % 0L~ C . %y ~l~~ e~ - - ~NO A ~~ A~~~ i |
P M)%&& FFF o ... P (0T ‘Funesq Jo 3P
- %4888 \.)10/.;& 0 20 Q0¥ ‘Bune9q JO 2IIPp .
* ,WCOMM%\O%N TS & 900 JunEsq Jo 5o159p (W g x Xaip £°T)
s e N B3 ' ¥ 99 0vL Suneeq Jo 33133p uodey paleuUqLy
L AOOIGIOI0I10 o Jom : 50 AN
A A AX.ONWJ §@HN|(\O(
s L 3 R AL
o (@] . -0 o .- i e m e i, am s ..:h&m&OOl\hl
PSS S S8 XSS SSSSS8888=-585SS8S8888888°°¥ v
£555850x585555855558005 (8555585855538 1y
0&&&&&0%505555%55555m15A555555%5%&wm%%0%
%%%%%%%y%%))))o))))OOnOOOOOOOOnOn%wnmw&m
N N N N N’ o — N N N’ T T ) 0 o -
TR BB BB SO RIS E DSBS NS BB ERES LS50




W (. 5510% & () - &8&&&' 4' i M +U510% & ()-510% & () - &5W 13 FEB 2003
W (.5510% & ()-510% & ()-510% & ()-4'5'8'9':';' < p: +USW

W (.5510% & ()-510% & ()-510% & ()-510% & ()-510% & ()-<' ="V WX ['\']'|P4
U510% & ()-510% & ()-510% & () -510% & )-510% & ()-510% & ()-510% & ()-]'

"Xy z' {1V 4U510% & ()-510% & ()-510% & ()-510% & ()-510% & () - 5W

W (LB~ qQB4U510% & () - (510% & ()-510% & () - 5W
W (.5510% & ()-510% & ()-''"'"'""" V: 4U510% & () - 5\W
W (.5510% & ()-510% & ()-510% & ()-510% & ()-''"'"' """ hHAUS109610% & () - 510%

& ()-510% & () ASH06abIq( 9,- B9 Ynderéipod 1bats e (brovs dHieetsr RDHMAG lrder - 510% &
510% & ()-510% & ()-510% & ()-5W , W (.5 """ ( (
014 UB 1 8ftosht pE SibOittated (Thydd 006 Beatdn Somyoh (to Shase Godagier) mbHdMaR Ve

(" (- (1-4U510% & () - 5W

. 551 09diiting-1bd B8Ar8S OF b&LAY) Bave) 2 EbaYbdBifep-of debdpdsit(oalin(WHRUS 18% & (510
" ()-510% & ()-510% & ()-510% & ()-510% & ()-510% & () -1 (J(RCU([ (_(d(nN. 4
% & ExampRYM&tHe) sdndfddé B-1 hnd HA0h&vE Iwebllianked JdebdMposability in water

5d(i (n(o(w(z( (M 4U510% & ()-510% & ()-510% & () - BW

. 5. 5§ 0vbet (shredekR %0 ‘&hér}efo(*%(\{ll(&(d 1&%&159%1& (JorS¥hmple, at least 80 % b

| 5510% & ()-510% & ()-510% & ()-5100% & ()-((((((1 24U510% 510% & () - 510

( ) - 511%5@)86f(ﬂbrﬁﬂa% &yén Is5t$Q>e/°1§‘tl(9 fiorbA941Rels) 1t(i§ GedifabRNo4se HBISed) - 510% &
510% & () -510% & () 510% &

5
5(%5%4%& ?’9“%510 & () - 5‘15%/5% ()- ((()3))d AU5W

5(5F0Yhfid ) - 510% & ()-510% & ()-510% & ()-510% & ()-)2)3)7):) =) @ hHAUS

(.

(.

(.
i é) actatss 100y Eahp by iotd st betyipdgontit dyy baré Bt © D) 11
ng g(g ? O/:A;‘% (é;g %12 ;ihg r(«%&’r@%%'\%%%i;’ %)2/0&% i Egv(@ezttﬁrhla?‘ﬁ{rayon added to
[ ool Sl élf)%%ofﬁ bl cHRdmdnbh. S Bk B IR ) )
W (. 5513‘%@@ 5”»0* 3%? Do 264 é@/&%ﬁcs éef%%/o %\(‘fﬂ) ﬁ@ws sheets of non-woven

W (55106 8 () STOVE (L B1006 8 (o tret e
w§ 551 @}af&“%ﬂ%i@tﬁ%’ ‘%é‘e%fmeﬁi%)'nﬁlfm&n@nn ) soh V). %% A B K NF T* hHASW
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same manner as in Example G to contain 3 % by mass of fibrillated rayon.

The data obtained are given in Table 10.
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The data obtained are given in Table 11.



t =y=~=====_?,510% ; & 510%; & ()- 510% ;& ()- 510% ;& ()- 510% ;& ()-1 $FE"] 203

& ()- 5109 ;& ()- =======jJ*,510%; & ()- 510% ;& ()- 510% ;& ()- 510%;
& ()- 510%:& ()- Ao )| p% 05=======* 510%A0 )| p% 05510% :& ()- 510%
& ()- 510%:& ()- 510%:& ()- =====>8hH, 510%\0 )510% : & ()- 510%: & ()-

510%; & ()- 510%; & ()- 510% ;& ()- 510%; & ()- > >>>>">#>] AYB10% ; & () -

Table 11
J-1 J-2
NBKP (beaten) 20 % 20 %
Fibrillated Rayon (degree of beating, 200 cc) I 4 dtex 80 %
1 7 dtex 80 %
Basis Weiglt 416 45
Thickness 0.36 037
Dry Strength MD 2064 1762
2019 1586
2156 1978
AVE 2080 1775
Standard 509 135 1
Deviation
Breaking 2000 1577
Length (m)
CD 1743 1809
1663 (696
1649 1761
AVE 1685 1755
Standard 38.7 396
Deviation
Breaking 1620 1560
Length (m)
Wet Strength MD 733 628
607 527
578 644
AVE 639 600
Standard 62.4 48 4
Deviation
Breaking 614 533
Length (m)
CD 629 609
649 521
514 586
AVE 597 572
Standard 55.6 340
Deviation
Breaking 574 508
Length (m)
Decomposition in Water of Dry Sheets 92 96
Decomposition in Water of Wet Sheets 107 98
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As in Table 11, there is found little difference in the decomposability in
water between J-1 and J-2. On the other hand, the samples of J-1, to which was
added finer fibrillated rayon having a smaller fineness, have higher dry strength and
higher wet strength. Accordingly, it is understood that using finer fibrillated rayon
having a smaller fineness gives fibrous sheets having higher strength, without lowering
the degree of decomposition in water of the sheets.
Example K.
Water-decomposable fibrous sheets were prepared in the same manner as in
Example A. In this Example K, however, the fibrous sheets were made in a hand-
papermaking method, and were not subjected to water-jetting treatment. The fibrous
sheets were tested for their properties in the same manner as above  Since the sheets
were made in a hand-papermaking method, there is no difference between the strength

in MD and that in CD.

The data obtained are given in Table 12.
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Table 12°

Sample No. K-1 K-2 K-3
NBKP (bcaten) 20 % 20 % 20 %
Fibrillated Rayon degree of beating, 600 cc 80 %
(1.7 dtex x 5 mm) degree of beating, 400 cc 80 %

degree of beating, 200 cc 80 %
Basis Weight g/m? 46 5 44 6 41.7
Thickness mm 0289 0 266 0.194
Dry Strength g/25 mm 701 1050 1640
Wet Strength g/25 mm 99 135 253
Dccomposttion tn Water of | sec >300 52 30
Dry Sheels
Decomposition in Water of | sec >300 43 21
Wet Sheets
Fastness to Rubbing number of repetitions 5 3 5
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As in Table 12, the samples through K-1 to K-3 all have high dry strength,
owing to the hydrogen bonding power of the microfibers of the fibrillated rayon. In
addition, the samples of K-2 and K-3 have high wet strength and good decomposability
in water. Presumably, such high wet strength is due to strong hydrogen boding and
entanglement of the microfibers. Therefore, it is possible to obtain fibrous sheets
» having a high degree of decomposition in water and having high strength both in wet
and dry even in a paper-making process not comprising a step of water-jetting
treatment, so far as the fibrillated rayon used falls within the scope of the invention.
However, when fibrillated rayon having been much beaten (therefore having a small
numerical value indicating the degree of beating) is used in producing fibrous sheets, it
is desirable that the amount of the fibrillated rayon to be added to the fibrous sheets is
increased. The sample of K-1 has a low degree of decomposition in water. This is
because the rayon not having been fibrillated much was used in the sample of K-1
Therefore, when fibrillated rayon having a degree of beating of 600 cc or so is used in
producing fibrous sheets in a paper-making method, the amount of the fibrillated rayon
to be added to the fibrous sheets is preferably reduced whereby the decomposability in
water of the fibrous sheets produced could be increased further more.
In addition, the water-decomposable fibrous sheet not subjected to water
jetting treatment may be combined with the water-decomposable fibrous sheet
subjected to water-jetting treatment to form a laminate structure. Such a laminate
sheet could bear wiping easily.
Example L:
Water-decomposable fibrous sheets were prepared in the same manner as in

Example K. That is, the fibrous sheets were made in a hand-papermaking method,

and were not subjected to water-jetting treatment. In this hand-papermaking method,
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the fibers could not be bound together in the hand-papermaking method, and therefore

it was impossible to form a fibrous sheet only from the non-fibrillated rayon  On the

other hand, as in the sample L-10 according to the invention, the fibrous sheet could be

formed in the hand-papermaking method even when the proportion of the fibrillated

rayon was 100 %. This fibrous sheet has a good decomposability in water and a high

wet strength.

In addition, the samples according to the invention have a high degree of

extension and a high tearing resistance = Therefore, it is seen that the fibrous sheet of

the invention is excellent in durability when used for wiping.

Example M:

Water-decomposable fibrous sheets were prepared in the same manner as in
Example L. In this Example M, however, the amount of water to be infiltrated into

the sheets were varied among the samples.

The data obtained are given in Table 14.
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As in Table 14, the water-decomposable fibrous sheet of the invention can
procure a relatively high wet strength even when a large amount of water is contained.

As will be understood from the data given hereinabove, the water-
decomposable fibrous sheets of the invention have good decomposability in water and
high wet strength, as containing fibrillated rayon with microfibers formed around its
primary fibers and therefore capable of taking the advantage of the microfibers
entangled with fibers and/or their hydrogen bonding power. In addition, as will be
also understood from the Examples, it is possible to make the water-decomposable
fibrous sheets of the invention have well-balanced decomposability in water and wet
strength by varying the fiber length and the fineness of the fibrillated rayon and other
fibers to be in the sheets, the degree of beating in preparing the fibrillated rayon, the
blend ratios of the fibrillated rayon and other fibers to be in the sheets, and the basis
weight of the sheets Moreover, when the fibrous sheet is used for wiping operation,
because the microfibers of the fibrillated rayon come into contact with the surface to be
wiped, the friction against the fibrous sheet will be low. Therefore, the fibrous sheet
of the invention is excellent in durability.

When subjected to water-jetting treatment, the water-decomposable fibrous
sheets of the invention could be more bulky to have a soft feel.

Even though not subjected to water-jetting treatment but prepared for
example in a papermaking process, the fibrous sheets could have good
decomposability in water and high wet and dry strength.

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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What is claimed is:

1. A water-decomposable fibrous sheet, comprising from 3 % by

mass to 100 % by mass of fibrillated rayon comprising primary fibers and microfibers

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

length of at most 10 mm, wherein:

the fibrillated rayon has a degree of beating of at most 700 cc; the primary
fibers have a length in a range of from 1.8 mm to 10 mm at a peak of mass distribution
thereof, and at least the microfibers extending from the primary fibers of the fibrillated
rayon are entangled with at least one of other primary fibers, other microfibers
extending from the other primary fibers and the other fibers.

2. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.

3. The water-decomposable fibrous sheet as claimed in claim 2, wherein
the microfibers having a length of at most 1 mm account for from 0.5 to 15 % by mass
of the self-weight of the fibrillated rayon.

4. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

5. The water-decomposable fibrous sheet as claimed in claim 4, wherein
the microfibers having a length of at most 1 mm account for from 0.1 to 5 % by mass

of the self-weight of the fibrillated rayon.

6. The water-decomposable fibrous sheet as claimed in claim 1, wherein
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the primary fibers have a length of from 4.5 mm to 75 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.

7. The water-decomposable fibrous sheet as claimed in claim 6, wherein
the microfibers having a length of at most 1 mm account for from 8 to 65 % by mass of
the self-weight of the fibrillated rayon.

8. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of from 4.5 mm to 7.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

9. The water-decomposable fibrous sheet as claimed in claim 8, wherein
the microfibers having a length of at most 1 mm account for from 0.3 to 50 % by mass
of the self-weight of the fibrillated rayon.

10. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the fibers having a length of at most 10 mm are biodegradable fibers.

11. The water-decomposable fibrous sheet as claimed in claim 10, wherein
the biodegradable fibers are those of at least one selected from the group consisting of
regenerated cellulose, pulp, aliphatic polyesters, polyvinyl alcohol and collagen.

12. The water-decomposable fibrous sheet as claimed in claim 1, of which
the basis weight falls between 20 and 100 g/m’.

13. The water-decomposable fibrous sheet as claimed in claim 1, which has
a degree of decomposition in water of at most 200 seconds, as measured according to
JIS P-4501.

14. The water-decomposable fibrous sheet as claimed in claim 1, which has

a wet strength of at least 110 g/25 mm.
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15. The water-decomposable fibrous sheet as claimed in claim 1, which has
a dry strength of at least 350 g/25 mm

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

17. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the fineness of the fibrillated rayon is from 1.2 to 1.9 dtex.

18. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of 3 +£ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.1 to 10 % by
mass of the self-weight of the fibrillated rayon

19. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of 4 +£ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 1 to 14 % by
mass of the self-weight of the fibrillated rayon.

20. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of 5 £ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.3 to 45 % by
mass of the self-weight of the fibrillated rayon

21. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of 6 £ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 5 to 50 % by
mass of the self-weight of the fibrillated rayon.

22. The water-decomposable fibrous sheet as claimed in claim 1, wherein
the primary fibers have a length of 7 + 0 5 mm at a peak of mass distribution thereof,

and the microfibers having a length of at most 1 mm account for from 10 to 65 % by
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H- th)e primary fibers have a length of from 2.5 mm to less than 4 5 mm at a peak of mass

distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.

25. The water-decomposable fibrous sheet as claimed in claim 24, wherein
the microfibers having a length of at most 1 mm account for from 0.5 to 15 % by mass
of the self-weight of the fibrillated rayon.

26 The water-decomposable fibrous sheet as claimed in claim 23, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

27. The water-decomposable fibrous sheet as claimed in claim 26, wherein
the microfibers having a length of at most 1 mm account for from 0.1 to 5 % by mass

of the self-weight of the fibrillated rayon.
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34. The water-decomposable fibrous sheet as claimed in claim 23, of which
the basis weight falls between 20 and 100 g/m’.

35. The water-decomposable fibrous sheet as claimed in claim 23, which
has a degree of decomposition in water of at most 200 seconds, as measured according
to JIS P-4501.

36. The water-decomposable fibrous sheet as claimed in claim 23, which
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the primary fibers have a length of 3 + 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.1 to 10 % by
mass of the self-weight of the fibrillated rayon.

41. The water-decomposable fibrous sheet as claimed in claim 23, wherein
the primary fibers have a length of 4 £ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 1 to 14 % by
mass of the self-weight of the fibrillated rayon.

42. The water-decomposable fibrous sheet as claimed in claim 23, wherein
the primary fibers have a length of 5 + 0 5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.3 to 45 % by
mass of the self-weight of the fibrillated rayon.

43. The water-decomposable fibrous sheet as claimed in claim 23, wherein
the primary fibers have a length of 6 + 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 5 to 50 % by
mass of the self-weight of the fibrillated rayon.

44. The water-decomposable fibrous sheet as claimed in claim 23, wherein

the primary fibers have a length of 7 + 0.5 mm at a peak of mass distribution thereof,
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100 % by mass of fibrillated rayon comprising primary fibers and microfibers
extending therefrom, and from 0 % by mass to 97 % by mass of other fibers having a
length of at most 10 mm, wherein:
the fibrillated rayon has a degree of beating of at most 700 cc; the primary
fibers have a length in a range of from 1.8 mm to 10 mm at a peak of mass distribution
thereof; and at least the microfibers extending from the primary fibers of the fibrillated
rayon are hydrogen bonded with at least one of other primary fibers, other microfibers
extending from the other primary fibers and the other fibers.
46. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.
47. The water-decomposable fibrous sheet as claimed in claim 46, wherein
the microfibers having a length of at most 1 mm account for from 0.5 to 15 % by mass
of the self-weight of the fibrillated rayon.
48. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass

distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to

700 cc.
49  The water-decomposable fibrous sheet as claimed in claim 48, wherein
the microfibers having a length of at most 1 mm account for from 0.1 to 5 % by mass

of the self-weight of the fibrillated rayon.
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Y 51. The water-decomposable fibrous sheet as claimed in claim 50, wherein

the microfibers having a length of at most 1 mm account for from 8 to 65 % by mass of

the self~-weight of the fibrillated rayon.

52. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of from 4.5 mm to 7.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

53. The water-decomposable fibrous sheet as claimed in claim 52, wherein
the microfibers having a length of at most 1 mm account for from 0.3 to 50 % by mass
of the self-weight of the fibrillated rayon.

54. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the fibers having a length of at most 10 mm are biodegradable fibers.

55. The water-decomposable fibrous sheet as claimed in claim 54, wherein
the biodegradable fibers are those of at least one selected from the group consisting of
regenerated cellulose, pulp, aliphatic polyesters, polyvinyl alcohol and collagen.

56. The water-decomposable fibrous sheet as claimed in claim 45, of which
the basis weight falls between 20 and 100 g/m’.

57 The water-decomposable fibrous sheet as claimed in claim 45, which
has a degree of decomposition in water of at most 200 seconds, as measured according

to JIS P-4501.

58. The water-decomposable fibrous sheet as claimed in claim 45, which
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61. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the fineness of the fibrillated rayon is from 1.2 to 1.9 dtex.

62. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of 3 £ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.1 to 10 % by
mass of the self-weight of the fibrillated rayon.

63. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of 4 = 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 1 to 14 % by
mass of the self-weight of the fibrillated rayon.

64. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of 5 & 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.3 to 45 % by
mass of the self-weight of the fibrillated rayon.

65. The water-decomposable fibrous sheet as claimed in claim 45, wherein
the primary fibers have a length of 6 + 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 5 to 50 % by
mass of the self-weight of the fibrillated rayon.

66. The water-decomposable fibrous sheet as claimed in claim 45, wherein

the primary fibers have a length of 7 £ 0.5 mm at a peak of mass distribution thereof,
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the primary fibers have a length in a range of from 1.8 mm to 10 mm at a
peak of mass distribution thereof, the microfibers having a length of at most 1 mm
account for from 0.1 to 65 % by mass of the self-weight of the fibrillated rayon; and at
least the microfibers extending from the primary fibers of the fibrillated rayon are
hydrogen bonded with at least one of other primary fibers, other microfibers extending
from the other primary fibers and the other fibers.

68. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.

69. The water-decomposable fibrous sheet as claimed in claim 68, wherein
the microfibers having a length of at most 1 mm account for from 0.5 to 15 % by mass
of the self-weight of the fibrillated rayon.

70. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of from 2.5 mm to less than 4.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

71. The water-decomposable fibrous sheet as claimed in claim 70, wherein

the microfibers having a length of at most 1 mm account for from 0.1 to 5 % by mass
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distribution thereof and the fibrillated rayon has a degree of beating of smaller than
400 cc.

73. The water-decomposable fibrous sheet as claimed in claim 72, wherein
the microfibers having a length of at most 1 mm account for from 8 to 65 % by mass of
the self-weight of the fibrillated rayon.

74. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of from 4.5 mm to 7.5 mm at a peak of mass
distribution thereof and the fibrillated rayon has a degree of beating of from 400 cc to
700 cc.

75. The water-decomposable fibrous sheet as claimed in claim 74, wherein
the microfibers having a length of at most 1 mm account for from 0.3 to 50 % by mass
of the self-weight of the fibrillated rayon.

76  The water-decomposable fibrous sheet as claimed in claim 67, wherein
the fibers having a length of at most 10 mm are biodegradable fibers.

77. The water-decomposable fibrous sheet as claimed in claim 76, wherein
the biodegradable fibers are those of at least one selected from the group consisting of
regenerated cellulose, pulp, aliphatic polyesters, polyvinyl alcohol and collagen.

78. The water-decomposable fibrous sheet as claimed in claim 67, of which
the basis weight falls between 20 and 100 g/m’.

79. The water-decomposable fibrous sheet as claimed in claim 67, which
has a degree of decomposition in water of at most 200 seconds, as measured according

to JIS P-4501.
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80. The water-decomposable fibrous sheet as claimed in claim 67, which
has a wet strength of at least 110 g/25 mm. 81. The water-decomposable
fibrous sheet as claimed in claim 67, which has a dry strength of at least 350 g/25 mm.

82. The water-decomposable fibrous sheet as claimed in claim 67, which is
produced in a paper-making process.

83. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the fineness of the fibrillated rayon is from 1.2 to 1.9 dtex.

84. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of 3 £ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.1 to 10 % by
mass of the self-weight of the fibrillated rayon.

85. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of 4 +£ 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 1 to 14 % by
mass of the self-weight of the fibrillated rayon.

86. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of 5 = 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 0.3 to 45 % by
mass of the self-weight of the fibrillated rayon.

87. The water-decomposable fibrous sheet as claimed in claim 67, wherein
the primary fibers have a length of 6 = 0.5 mm at a peak of mass distribution thereof,
and the microfibers having a length of at most 1 mm account for from 5 to 50 % by
mass of the self-weight of the fibrillated rayon.

88. The water-decomposable fibrous sheet as claimed in claim 67, wherein

the primary fibers have a length of 7 + 0.5 mm at a peak of mass distribution thereof,
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and 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

89. A water-decomposable fibrous sheet, comprising from 3 to 100 % by
mass of fibrillated rayon of such that primary fibers constituting it have a length of
from 1.8 to 10 mm, and from O to 97 % by mass of other fibers having a length of at
most 10 mm, and having;

a basis weight of from 20 to 100 g/m? a thickness of at least 0.2 mm, a
degree of decomposition in water in a previously wetted condition as measured
according to JIS P-4501 of at most 200 seconds, and a wet strength of at least 110 g/25

mm.



