28 June 2005 - 1 WATER-DI SI NTEGRATABLE SHEET AND MANUFACTURI NG METHOD
THEREOF BACKGROUND OF THE | NVENTION Field of the Invention 5 The present

invention relates to a water-disintegratable sheet which caQSQ@ng?ﬁaifor
cleaning article, toilet paper, topshegetjoL backsheet of absorben

article, packaging sheet for wapping absorbent article or the like, and a
met hod for nanufacturing the sanme. 10 Description of the Related Art Wt
sheets for m%%'ﬂalﬁﬂé"%&%%ﬁ SHEET AND MANURACTURING MREHRRTHEREOF
toilet papers to be used in dry condition are preferred to be

di si ntegratabl e (deconposable) in water. In absorbent articles such as
sanitary napkin, panty liner, 15 disposable diaper and the |ike, topsheet
for coveri ng BAfKARGYNDf fFe THE IDVENTION | ayer and backsheet for covering

the back face of the absorbent layer are preferred to be disintegratable

in water. MrRiglst ofpddicadinvgndti®@® s for w appi ng such absorbent articles

are also preferred to be disintegratable 20 in water. If

wat er - di sBnt egr at afilhe phesest dnyengdon rekalkces ppciwatsr-dipdptegrapable

di sposed of in flush toilet after use. \Wen the water-disintegratable

sheet is di spatseat ofhiigh fdanstbe cislest foracllgagdngnaunicde , whPatersPgPeEn

thereto in the flush toilet-25 or in a septic tank. Therefore, constituent
fi bers of thetopsiteat dirsihackpteedblof sheorbang dirspelsedPREXAdLEE, ShRgEeby
preventing the sheet fromfloating to stay in the septic tank.
for wrapping absorbent article or the like, and a method for
manufacturing the same.

10 Description of the Related Art

Wet sheets for wiping discharging parts (e.g., the anus)
of the body and toilet papers to be used in dry condition are
preferred to be disintegratable (decomposable) in water. In
absorbent articles such as sanitary napkin, panty liner,

15 disposable diaper and the like, topsheet for covering the top
face of absorbent layer and backsheet for covering the back
face of the absorbent layer are preferred to be disintegratable
in water. Moreover, packaging sheets for wrapping such
absorbent articles are also preferred to be disintegratable

20 in water.

If water-disintegratable sheets areused in such products,
they can be disposed of in flush toilet after use. When the
water-disintegratable sheet is disposed of in flush toilet,

a large amount of water is given thereto in the flush toilet

25 or in a septic tank. Therefore, constituent fibers of the

water-disintegratable sheet are dispersed in water, thereby

preventing the sheet from floating to stay in the septic tank.



28 June 2005 2 Water-disintegratable sheets of this kind are required to
mai ntain a certain strength in use and allow their constituent fibers to
di sperse when a | arge anount of water is given thereto. 5 | Soqugoé
i npart such characteristics, conventional , water-disintegratabl e sheets are
typically constructed such that a fiber structure in the form of nonwoven
fabric is given a binder for bonding the fibers, such as a water-sqluble
or mater-smelIabIéﬂﬁgﬁﬁnﬁéﬂinﬁﬁ?ﬁﬁﬁﬁ%ﬂﬁﬂﬁﬁﬁgt@r05 Waterkigyl ggeereguired
polyvinyl alcohol. In this water-disintegratable sheet, the sheet strength
i s obtained byotmaimteddr an agrtaidnd skirendih | 4 g&sgnodRe GFLAeH ethpdr
given thereto, the binder is dissolved or swollen to disconnect the
fibers. On theonshikuerihdf iBepanes «igkeass ndePa R Igoymosat 64 watexp.

11- 206611 (206611/1999) discloses water-disintegratable tissue paper
conpri si ng wat&rgivepetRexpieofi bers and microfibrillated cellulose. This
wat er -di si ntegratable tissue paper is manufactured by blending the
wat er - di s@ersi bl e ¥n berdemid timpat troi¢lordharacterdgtigses €onyeataenalai d
process, 20 followed by drying. In this water-disintegratable sheet, the
bondi ng st r engaheped ebntediea walbbe - shepkes sipr ¥R isls o APNFErusHest segh
through a hydrogen bondi ng power of the microfibrillated cellulose, and
when a | arge bhatm fdbexasbructyrgiefhehépsn®t neaweyenofahrbenkl 94 visdwer
is reduced to 25 disconnect the water-dispersible fibers. However, the
sheet cont ai nanginderwieerbewdimy ctloe fibers, such as a water-soluble or
water~swellable carboxyl methylcellulose or a water-soluble
10 polyvinyl alcohol. 1In this water-~disintegratable sheet, the
sheet strength is obtained by the binder in use, and when a
large amount of water is given thereto, the binder is dissolved
or swollen to disconnect the fibers.
On the other hand, Japanese Unexamined Patent Publication
15 No. 11~206611 (206611/1999) discloses water-disintegratable
tissue paper comprising water-dispersible fibers and
microfibrillated cellulose. This water-disintegratable
tissue paper is manufactured by blending the water~dispersible
fibers and themicrofibrillated cellulose in awet~laid process,
20 followed by drying. In this water-disintegratable sheet, the
bonding strength between the water-dispersible fibers can be
obtained through a hydrogen bonding = power of the
microfibrillated cellulose, and when a large amount of water
is given thereto, the hydrogen bonding power is reduced to
25 disconnect the water-dispersible fibers.

However, the sheet containing the water-soluble or

water-swellable binder needs an additional step of applying



wat er - swel | abl e bi nder needs an additional step of applying 28 June 2005 3
such bi nder, naking the production process conplicated. In addition, it is
not desirable that the sheet containing such binder is brou%twhgtz@o@i rect
contact with the skin of the human body. JfFspecially a

wat er - di si ntegratabl e sheet to be used in 5 wet condition such as wet
tissue is fornmed such that the foregoing water-disintegratable sheet is

i mpr egnat ed veeh abindemi dhadloindi Hie PRI Y tRrdansss PmRkiiated. In

di ssolving or swelling of the binder in wet condition. However, such

el ectrol yte iaddidienr ot dshaciudesirahdy bhatrihe sahert @MU RLIY SKRER. | n
the sheet disclosed in Japanese Unexam ned Patent Publication No.

11- 206611, onbimdeptischromght inte dbreet coindpaitsvitle thiepakin gfcthe hysan

t hrough the strong hydrogen bonding power of the mcrofibrillated _

cel lul ose, andodye Esphsrigilily ef wahersdeeintedgraealebe hasicigskedisqthdn
mcrofibrillated cellul ose present between the water- dispersible fibers.
Ther ef or e 5 t heekt chhdésdonf stich sreevetstisgvesdisvefornedhsueh dihatoidie i on
and the sheet surface is hard. Accordingly, when used as toilet paper, the
sheet gi ves hfiodeg@dngeebten-disimeegsetalsldgheetbiedmpreatidied ith Ssue
paper disclosed in the publication is inpregnated wwth a |liquid, the

hydr ogen bondlhguidscorbiiningtelextrehyty fonssuppredsoint rigsoderingeoaeen
the water-dispersible fibers. Therefore, the tissue paper can not 25 be
used in wet cowdiling bdcatkse bfinder womkweheatorstitaiggt.h. However, such

electrolyte is undesirable because it may be irritating to the
10 skin.

In the sheet disclosed in Japanese Unexamined Patent
Publication No. 11-206611, on the other hand, the water-
dispersible fibers are bonded through the strong hydrogen
bonding power of the microfibrillated cellulose, and the

15 density of the sheet is increased because of tﬁe
microfibrillated cellulose present between the water-
dispersible fibers. Therefore, the stiffness of the sheet is
excessively high in dry condition and the sheet surface is hard.
Accordingly, when used as toilet paper, the sheet gives hard

20 feeling to the user’s body.

Moreover, when the tissue paper disclosed in the
publication is impregnated with a liquid, the hydrogen bonding
is weakened to extremely lower the bonding power between the
water-dispersible fibers. Therefore, the tissue paper can not

25 be used in wet condition because of its weak sheet strength.

SUMMARY OF THE INVENTION



SUMVARY OF THE | NVENTI ON 28 June 2005 - 4 The present invention has been
wor ked out in view of the shortcomng in the prior art set forth above. It
is therefore an object of the present invention to provide Q%M?ter-

di si ntegratabl e sheet which can reduce stiffness and provide Y0P A% s and
in which strength and water-disintegratability can be easily bal anced, and
a method for manufacturing the sane. According to a first aspect of the
present invention, EhepEesenss snyvertion s be@nsVarked sbia sheert the
conprising water-dispersible fibers and mcrofibrillated cellulose, the

10 wat er - di speheriteningdmns theipigloy drdefehnkted: above -eath 6t fBeredore
provide high fiber density regions and |ow fiber density regions, the

hydr oent angl e@n wabdecti r $ihel epredrnt Bavegtipandedl PEOFAER ot h¥Atelrough
a hydrogen bondi ng power of the mcrofibrillated cellulose. 15 In the

wat er - di si nt egiainbperatriale thagte whisheaan radeae| vhif Here akk PEPYAAE ber
density regions and the low fiber density regions are repeatedly forned by
a water-j & SeEhnagntand| imoidyich REReRath dinshsfadicn-dipilpdegratabiilifyy
bonded through the hydrogen bondi ng power of the 20 micro fibrillated

cel l ul ose, theastie eagily balancedheand sareiwd feymeaRiasdyHasHeeSaBen be
sof tened. Moreover, since the sheet strength is obtained by bhoth the

hydr ogen bondi ng podggording heo ra ckigrdthragpente @ dihayragsentd iyention,
entangl enent with the water-jet treatnent, the sheet strength can be

mai nt ai ned 2theyenigherouddedi A wateroddistingegratable sheet comprising

water-dispersible fibers and microfibrillated cellulose, the

10 water—dispersiblefibersbeinghydroentangledabouteachother
to provide high fiber density regqgions and low fiber density
regions, the hydroentangled water-dispersible fibers being
bonded toc each other through a hydrogen bonding power of the
microfibrillated cellulose.

15 In the water-disintegratable sheet of the present
invention, since the high fiber density regions and the low
fiber density regions are repeatedly formed by a water-jet
treatment, although the water-dispersible fibers are firmly
bonded through the hydrogen bonding power of the

20 microfibrillated cellulose, the stiffness of the sheet can be
reduced and the sheet can be softened. Moreover, since the
sheet strength is obtained by both the hydrogen bonding power
of the microfibrillated cellulose and the entanglement with
the water~jet treatment, the sheet strength can be maintained

25 even when used in wet condition.

Preferably, the water-disintegratable sheet contains 70

to 95% by weight of water-dispersible fibers and 5 to 30% by



Preferably, the water-disintegratable sheet contains 70 to 95% by wei ght
of water-dispersible fibers and 5 to 30% by 28 June 2005 - 5 weight of
mcrofibrillated cellulose. In this case, the sheet strengt r& g]ng%%&%

wat er-di sintegratability can be easily balanced in both dry Sy
conditions. Preferably, the mcrofibrillTated cellul ose has a nean 5 fiber
|l ength of 0.3 to 1.5 nmmand a nean fiber dianmeter of 0.001 to O.1(err)m

I n this case,wéhghirofreitirdfibtnl Batedicedlodeskas In tHhdrsgeasey ftheeshees.
Al'so preferably, the mcrofibrillated cellulose has a viscosity of 1,000
to 10, 000 nPasirevigtle 2A%d byheeiwgitersidisimeigdatiabidtiey cehhulbeseeasiiiyxed
with 98% by 10 weight of water. In this case, the mcrofibrillated

cellul ose hdsabanieasd el mebowte kdms raret wet ssondiyidms .t he cel | ul ose nol ecul e,
t hereby exhibiting a strong hydrogen bondi ng power due to an OCH group on

the surface thereofprdherasdor 2, tideniicfibrdildpaiedi lled ulbekes haanabmehnr M y
bonded to increase the sheet 15 strength. Preferably, the sheet has an

aver age densifibefUaindgth o6roJEse 1/mamlard &/ fehn fiibdhidsameser dfe.001
stiffness of the sheet can be reduced and the sheet can be made soft. On

the other hapg, ot g owep &h%tc%eth&@ﬂ%@mméé d19haicaldl Ka@ 05

20 g/cm. Preferably, the mcrofibrillate ulose I's present nore in
the high fiber density regions than_in the Low fjber_. density.regi.ons. JIn
he vator - di S SHIG T e ake0r RHES RiRARIbh ihe TrsrtabEatatsd
fibers are gathered and

cellulose has a viscosity of 1,000 to 10,000 mPa - s, where 2%

by weight of microfibrillated cellulose is mixed with 98% by
10 weight of water. 1In this case, the microfibrillated cellulose

has a dense network structure similar to the cellulose molecule,

thereby exhibiting a strong hydrogen bonding power due to an

OH group on the surface thereof. Therefore, the water-

dispersible fibers can be firmly bonded to increase the sheet
15 strength.

Preferably, the sheet has an average density equal to
or less than 0.3 g/cm’. Inthis case, the stiffness of the sheet
can be reduced and the sheet can be made soft. On the other
hand, the lower limit of the average density is preferably 0.05

20 g/or’.

Preferably, the microfibrillated cellulose is present
more in the high fiber density regions than in the low fiber
-density regions. In the water-disintegqgratable sheet of the
invention, the water-dispersible fibers are gathered and

25 entangledmainly in the high fiber density regions. Inthecase
where the microfibrillated cellulose is collected in these high

fiber density regions, the water-dispersible fibers can be



25 entangl ed
the mcrofibr
regi ons, the
sufficiently
the mcrofibr

| oosely entangl ed. Therefore, the sheet strength can be naintained high. 5
Preferably, t$efibeientlyponsiad tofaandr ethavehrdudieichel kydpogerybandiagor

| ess than 10

exceeds 10 nmpovér ofit thedindpepfibréllatedrsehlilobe exenssifvehy watemgl ed

about each ot

mainly in the high fiber density regions. In the case where

il1lated cellulose is collected in these high fiber density
wat er - di spersi bl e fibers can be 28 June 2005 -

bonded to each other through the hydrogen bondiﬁ%“mﬁﬁ%BQSOf
illated cellulose even if the water- dispersible fibers are

mm and equal to or nore than 3 mm |If the fiber |length

her by water jets, thereby making it difficult for the

wat er - di sper sibspet®ibléefsbevshard smsaigh eentangbedr . Therafofépethe

| ength is bel
of the water
wat er - di spers
fi bers carb be
envi ronnent al

for 25 mmw d
with distille
preferably, t
and the tensi
the water -

10

15

20

25

ow 3 nm on the other hand, the strength due to entangl enent

shieshestibhgthi dan sbe ama hotabeedxdpethed. Preferably, the
I ble fibers are biodegradable fibers. In this case, the
15 bPoeiberablky, afherwakiepelismpardiblmtfdbens davet andgiber

pol lution. Preferably, the square root of the product of the
tensil e strehgogthnedbrhncd tde ltesmssithansfenyt Andne@inl std raomu@ rieo thanN

th, where the water-disintegratable sheet is 20 inpregnated
8 maat e f wine dibeei ésgtviexeeasishb@wyn, tle Wakeghedispesisible

he square root of the product of the tensile strength in MD

Etbers aengthbeneXfess svélpmntangles dbdot GEhmithedtby waltere
jets, thereby making it difficult for the water-dispersible
fibers to be disentangled inwater. If the fiber length is below
3 mm, on the other hand, the strength due to entanglement of
the water-dispersible fibers can not be expected.

Preferably, the water-dispersible fibers are
biodegradable fibers. In this case, the fibers can be
biodegraded after dispersion in water, preventing
environmental pollution.

Preferably, the square root of the product of the tensile
strength in MD and the tensile strength in CD is from 2 to 4
N for 25 mm width, where the water-disintegratable sheet is
impregnated with distilled water, which weighs twice as heavy
as the sheet. Also preferably, the square root of the product
of the tensile strength in MD and the tensile strength in CD
is from 4 to 13 N for 25 mm width, where the water-
disintegratable sheet is in dry condition. By setting the
sheet strength within such ranges, when used as a cleaning
article, the sheet can endure a frictional force imparted in

wiping operation. Ontheother hand, when used for an absorbent



di sintegratable sheet is in dry condition. By setting the 25 sheet strength
wi thin such ranges, when used as a cleaning article, the sheet can endure
a frictional force inparted in w ping operation. On the othe J’lan(l %\I/nen
used for an absorbent 28 June 2005 - 7_article, the sheet e

the entire shape of the product. According to a second aspect of the
present |nvent|on there is provided a nethod faor. manufacturing a water-
di si nt egr at ab*etEhkR¢ t@&rﬁiﬁ%ﬁ R8N MR taid) HRe RRtdreh RS Sitthe PradrStand
mcrofibrillated cellulose in a wet-laid process to obtain a fibrous web
containing the m crdfGrdinhitey %éPFBPQS%SP%CBrP%rH%tPr&S@t £5v8884-89 /

wei ght; applying water jets to the fibrous web to hydroentangle 10 the

wat er - di sper stBEES f iifer Pragddedear h MW afgrt PRBLRAYRUL IRy 4 bEWALEENSi ty
regions to which the water jets are applied and high fiber density regions
to which fibefssiotouerdit-alplen Shert | RPRYT HEMIFensi ty regi ons by the water
jets are gathered; and 15 drying the fibrous web to bond the

hydr oent arygl ed M/at@eféﬁlsfpﬁﬁ@ltlﬂredﬁswﬁlbéeeﬁé]ﬁeéﬂﬁeﬂF'I%-Pé'&élarbéll}r}é?-@éen
bondi ng power of the mcrofibrillated cellulose. According to the

wat er - di si nt egehtehPEe siBeta Waholaddubregesst ey ebtake Fr eSERECYHVERbI on,
the sheet which 20 is soft; strong and easily disintegratable in water can
be obt ai ned b?oﬁg"l‘h@-%ttlll%lW%%ﬂ%@lhﬁfﬁ%tcﬁuﬂb‘toﬁqe‘d’cr?éhlam%tcﬁfaﬁe

both wi dely used in the art.
to 30% by weight;

applying water jets to the fibrous web to hydroentangle
10 the water-dispersible fibers about each other and to provide
low fiber density regions to which the water jets are applied
and high fiber density regions to which fibers removed from
the low fiber density regions by the water jets are gathered;
and
15 drying the fibrous web to bond the hydreoentangled
water-dispersible fibers to each other through a hydrogen
bonding power of the microfibrillated cellulose.
According to the water-disintegratable sheet
manufacturing method of the present invention, the sheet which
20 is soft, strong and easily disintegratable in water can be
obtained by using wet-laid process and water-jet treatment
which are both widely used in the art.
Preferably, the microfibrillated cellulose has a mean

fiber length of 0.3 to 1.5 mm and a mean fiber diameter of 0.001

25 to0.lum. Alsopreferably, themicrofibrillatedcellulose has

a viscosity of 1,000 to 10,000 mPa ' s, where 2% by weight of

microfibrillated cellulose ismixed with 98% by weight of water.



Preferably, the mcrofibrillated cellulose has a nean fiber length of 0.3
to 1.5 mmand a nean fiber dianmeter of 0.001 25 to O0.1(err)m Also
preferably, the mcrofibrillated cellulose has a viscosity of_ 1 000 to

10, 000 nPas, where 2% by weight of microfghrillated cel | ul 0% J48° APQ%d
with 98% by wei ght of water. 8 - 28 June 2005 Preferably, a processing

energy of each water jet treatnent inparted to the fibrous b wth a
single row of wat e?r-%@raﬂb]z&'l e& RY 1% ERPFgYf( Saﬁget"ffmf% R&rms
and the water-jet treatnent is perfornmed 1 to 6 tinmes, 5 Bi sittin tt%e
processi ng eneFGItBENt n&RRTEPd | 8P theedihErEs wrehi KithcA PARGLE, TPKeC
wat er-di spersible fibers can be apprapriately entangl ed, naintaining the
sheet strengtHatﬁFgﬂmeJElquzr?gl%ér§ﬁgg1e§ciLPict'%tlis-néraf“s e Qnénnglf‘ ?‘ﬁ‘éi
wat er - di spersi ble fibers when a | arge, anount of water i jven. 10 BRI EF
DESCRI PTI ON CEN§HEa BRIAvI Rlestaeatpert el bexitinesh itd qsné%d?ﬁi%‘r st ood nore
fully from the detail ed description given hereinafter and fromthe
acconpanyihg draw nd% SPttHBdpricher PERCERBARI ENETSY tRE e Waket Jet

i nvention, which, however, should not be taken to be Ilimtative to the

i nvention, butr&RENERE whimmaurhranaes ukhe vaterdidignsnsiblentipers can
drawings: Fig. 1 is a top plan view schematically _ showng a 20 structure
of a water-di BEnRBRFaPEbRECLVcENtaAREbRE) nBadBtaABINGEEG SEFCtosTIFRItD

present invention in an enlarged scale;, Fig. 2 is a sectignal view taken
along |ine |1DREpRofdysifg use and facilitating disentanglement of the

water~dispersible fibers when a large amount of water is given.
10
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood more fully from
the detailed description given hereinafter and from the
accompanying drawings of the preferred embodiment of the
15 present invention, which, however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.
In the drawings:
Fig. 1 is a top plan view schematically showing a
20 structure of a water-disintegratable sheet according to one
embodiment of the present invention in an enlarged scale;
Fig. 2 is a sectional view taken along line II-II of Fig.
1;
Fig. 3 is a sectional view schematically showing a
25 water-jet treatment; and
Figs. 4A, 4B and 4C are sectional views showing exemplary

layered structures of water-disintegratable sheets.

LI



1; Fig. 3 is a sectional view schematically showing a 25 water-jet
treatnent; and Figs. 4A, 4B and 4C are sectional views show ng exenpl ary

| ayered structures of water-disintegratable sheets. 28 June ﬁ%&f g 5
DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present invent i orfowi''? “B&

di scussed hereinafter in detail in terns of the preferred enbodi nent
according to the 5 present invention with reference to the acconpanying
drawings. In the foll owi ng description, numerous specific details are set
forth in order to Provide a t horough understanding of the present

i nvention. | tDHPFRIBEIQH P UEHE RER E illed in the art that
the present invention may be practiced 10 without these specific details.
In other instance, TR® IRIGRART iswiendionevwald hetdbHpiasec nesednaiterodder
to avoi d unnecessary. obscurity of the present invention. Fig. 1 is a top
pl an vi ew schégbaitain wwm%tae prefertee onbedipent -afaqnftiay dcakhe
sheet according to one 15 enbodi ment of the present invention in an
enl ar ged stal Bregept invieptdonewithrgafapcane bR AR SPRIPIRBELRY ArRWdNgHi.g.
1; and Fig. 3 is a sectional view schematically showi ng a water-j et
treatment. Thé&nweherfelbowiegrdeser et MURGENS SPeaifdc fedrdls2ere s
formed by bl ending water-dispersible fibers and mcrofibrillated cellul ose
in a wet-|ai dSBE sh tig) prderatadprovigr a kaprousheeRdeEs tapding alp the
wat er-j et treatnent. )
present invention. It will be obvious, however, to those
skilled in the art that the present invention may be practiced
10 without these specific details. Inother instance, well-known
structure are not shown in detail in order to avoid unnecessary
obscurity of the present invention.
Fig. 1 is a top plan view schematically showing a
structure of a water-disintegratable sheet according to one
15 embodiment of the present invention in an enlarged scale; Fig.
2 is a sectional view taken along line II-II of Fig. 1l; and
Fig. 3 is a sectional view schematically showing a water-jet
treatment.
The water-disintegratable sheet 1 shown in Figs. 1 and
20 2 1is formed by blending water-dispersible fibers and
microfibrillated cellulose in a wet-laid process to form a web,
and then subjecting the web to a water-jet treatment.
The term “ water-dispersible fibers” as used herein
refers to fibers which can be dispersed in water, while keeping
25 their independent fibrous form. Preferably, the water-

dispersible fibers employed in the present invention are

biodegradable fibers which can be broken down in water or the




The term"” water-dispersible fibers" as used herein refers to fibers which
can be dispersed in water, while keeping 25 their independent fibrous

form Preferably, the water dispersible fibers enployed in trﬁl% pre?@?g
i nvention are Dbiodegradable fibers whichygan be broken down PG or
the 28 June 2005 - 10 like by bacteria. As the water-dispersible fibers,
use can be made of. chem cal fibers or natural fibers only, or a blend of
chemical fi be¥ke il bagkfmiafi bers. Chemical fibers include: 5 regenerated
fi bers such as rayon and acetate; and synthetic fibers such as

pol ypropyl ene fiberdS g yuahrehispepetRle BaPPES: e1SEi 58T PHiBIRPoRENL
synthetic fibers of _ polypropyl ene and pol yet hyl ene and bi conponent |,
synthetic fiPeemical fdibeashgr dirtuhfl Fdbgest ehly nawpdblerdaischapiGasé 10
wood pul p such, as conifer (softwood), pulp and hardwood pul p, abaca, linter
pul p, bamboo BiPPrand@NEndatURhg $HEKS § | befhenigads efaBRYSusdBCARE®E he
regenerated fibers and the natural fibers since they are bi odegradabl e.
The fi ber 3 enk@deRArated iathersisidr dslraydhansd agetatesr andr gEnyhegasl to
or less than 10 mm nore preferably equal to or less than 7 mm The | ower
limt of the filpe¥s| snghhaiss pqdyas ane3 fibers, t pelyeboylerpgiRbekceeds
10 mm the water-dispersible fibers are excessively entangled about each
ot her when subplresbex o Eitlsrget s bigrspaneifaki mynthediics | cfiberg t oof

mai ntain disintegratability in water or making it difficult to set
processi ng copelYPEPRYHENe @aderpplyethelgpenend bicomponent synthetic

fibers of polyethylene and polyester. Natural fibers include

10 wood pulp such as conifer (softwood) pulp and hardwood pulp,

abaca, linter pulp, bamboo pulp and kenaf. BAmong these fibers,

preferably used are the regenerated fibers and the natural
fibers since they are biodegradable.

The fiber length of the water-dispersible fibers is

15 preferably equal to or less than 10 mm, more preferably equal

to or less than 7 mm. The lower limit of the fiber length is

preferably 3 mm. If the fiber length exceeds 10 mm, the

water-dispersible fibers are excessively entangled about each

other when subjected to water jets, thereby making it difficult

20 to maintain disintegratability in water or making it difficult

to set processing conditions of a water-jet treatment

appropriately formaintainingdisintegratability inwater. If

the fiber length is less than 3 mm, on the other hand, it becomes

difficult for the water-dispersible fibers to entangle about

25 each other, thereby lowering the sheet strength due to the

entanglement as well as making it difficult to set processing

conditions of a water-jet treatment appropriately.



appropriately for maintaining disintegratability in water. If the fiber

|l ength is less than 3 mm on the other hand, it beconmes difficult for the
wat er -di spersible fibers to entangl e about 25 each other, th BeJ?JX E&ﬁri ng
the sheet strength due to the entangl enepy as wel | as maki n?i B cult
to set processing conditions of a water-jet treatnent appropriately. 28
June 2005 - 11 The fineness of the water-dispersible fibers is .
preferably from 0. 5Bn®0 Einerpss. el dhe haatsiegbishensible IAReIFi bdss
are hardly disentangled in water because they are excessively thin, .

t hereby det er PEREEFABLVafRM B -§5stat 2ob sty 4 | Belompble fedbydilAigt
limt, the water- dispersible fibers are hardly entangl ed about each other
when subj ect ERet fihp¥grajethanddyadisentapgded eRcEakey PSLAnIR e Reeby
| owering the strength of the water-disintegratable sheet. If the fibers
are excessi veP¥CERFeRkelYpr eobBin,/t he TDeXREEt suPAEE1BEASABY roulyRter-

t hereby deteriorating the hand (feel). For the water-dispersible fibers,
it is preferrédsiptegrahabidibn. ashbore r bhenépregaingpdisifnd thgnwegenul p
as the natural fibers. The conifer pulf itself has a hydrogen bonding 15
power due to GASPRE§LBLE BiPerfe ager hardly mievtglepadeydr eaghriher phen
conifer pulp has a nean fiber length as small as 1.0 to 4.5 mm fiber

di spersi on wi Fpb3egEedatopurtebnictdrefaisy) they athigxIesfivehdhicke
wat er - di si ntegratable sheet is given to a |arge anmount of water, thereby
facilitating h@rngdilwmréggaﬂ:g@n sgrengéhs pdettheTha t@ImidigLigratable
referred to _

P sheet. If the fibers are excessively thick, moreover, the

10 sheet surface becomes rough, thereby deteriorating the hand
(feel).

For the water-dispersible fibers, it 1s preferred to
blend rayon as the regenerated fibers and conifer pulp as the
natural fibers. The conifer pulp itself has a hydrogen bonding

15 power due to an OH group on the surface thereof. Moreover, since
the conifer pulp has a mean fiber length as small as 1.0 to
4.5 mm, fiber dispersion will start at portions containing the
conifer pulp when the water-disintegratable sheet is given to
a large amount of water, thereby facilitating the

20 disintegration of the sheet. The conifer pulp is preferred to
have a Canadian Standard Freeness (CSF) of 400cc to 750cc
(measured value based on JIS P-8121). If the CSF is less than
400cc, i.e., the pulp is excessively beaten, the hand of the
nonwoven fabric will deteriorate. More preferred range of the

25 CSF is from 500cc to 750cc. As the conifer pulp, preferably
used is conifer bleached kraft pulp (NBKP).

The term “ microfibrillated cellulose” as used herein



have a Canadi an Standard Freeness (CSF) of 400cc to 750cc (neasured val ue
based on JIS P-8121). If the CSF is less than 400cc, i.e., the pulp is
excessively beaten, the hand of the nonwoven fabric wll detzg(rjj orgb Mor e
preferred range of the 25 CSF is from 500¢6 Lo 750cc. As the i &%ulp,
preferably wused is conifer bl eached kraft pulp (NBKP). The term™
mcrofibrillated cellul ose"_as used herein 28 June 2005 12 refers to

cel | ul ose conkfhBFedFuRGLbBAPER FUHHILSH apdrhgaten to %%%mmmflbrll-
mcrofibrillated cellul ose can be produced, for exanple y_enpl oyi ng pul p
as a startingShahdrieyot %#Jo]rarﬁqucﬁléﬁéeﬁﬁl Ca‘hﬁ@nRHPQBFeBr o@%@xtaﬁ@ll&
under condition of an aqueous 5 suspension, and extrenely beating it while
suppressing chY eRPIRHING PEAPa3E ¢ 8 REELRGMatEYlad c PEFERFILRt2 #PESHAd ose
is given the shape of _an elongated fiber. In the present invention, it is
preferred thaReEhenigah PHoSeSEeigiaraio t ARdeRi COPTEArR AfdaRePIWESYE | s
0.3 to 1.5 mand the nean fiber 10_diameter thereof is 0.001 tqg 0.19m
The ni crofl br FHFRERE1EBY | AREsEXLKERESY| BRRFLNGs 14 Whidee SUPREEEENGs Sl e
fiber. Since the surface area of the mcrofibrillated cellulose is about
190 times t haRlBRIpkARer akhe dAraSTicy-i | Theatiew ihdd ataed exhiplesa 1s
strong hydrogen 15 bondi ng power due to an OH group on the surface thereof,
by drying it9&Veeithshehapeofan efpeoated dibsti-| | hp §Bed€qulﬁfl¥sbn"?‘fl§é‘l’¥l has
a dense network structure simlar to the cellul ose nolecule.

subj ected to &Cwadér- p&e ?Fé&@neﬁhatth§hen|@ﬁéﬂlbnﬂqeﬁteée@SFPuI8§e|ﬁﬂﬁﬂf

I s entangl ed. Moreover, _the
microfibrillated cellulose is 0.3 to 1.5 mm and the mean fiber

10 diameter thereof is 0.001 to 0.1tim.

Themicrofibrillated cellulose (microfibril) is aminute,
water-inscluble fiber. Since the surface area of the
microfibrillated cellulose is about 190 times that of pulp,
the microfibriilated cellulose can exhibit a strong hydrogen

15 bonding power due to an OH group on the surface thereof, by
drying it after once wetted. The microfibrillated cellulose
itself has a dense network structure similar to the cellulose
molecule. When subjected to a water-jet treatment, the
microfibrillated cellulose itself is entangled. Moreover, the

20 microfibrillated cellulose enters the entangled interface
between the water-dispersible fibers entangled through the
water-jet treatment, to further increase the bonding strength
between the entangled water—disPersible fibers.

The microfibrillated cellulose is insoluble in water,

25 and is in paste form having a viscosity when it is mixed with
water. The microfibrillated cellulose employed in the present

invention is preferred to have a viscosity of 1,000 to 10,000



20 mcrofibrillated cellul ose enters the entangled interface between the
wat er - di spersi ble fibers entangled through the water-jet treatnent, to
further increase the bonding strength between the entangled 05

wat er - di spersible fibers. The mcrofibrillgted cellulose is i s 6’Pu%?e
water, 25 and is in paste formhaving a viscosity when it is mxed with
water. The mcrofibrillated cellul ose enployed in the present invention is
preferred to mPaesawiexeddt by wight000 mierdd@ibRa128 tédreIAG0wselBs miRads,
where 2% by weight of mcrofibrillated cellulose is m xed vvith 98% by

wei ght of di p r Vi Ity
is from4, Ooé&%gﬁg%%\?%gsﬂg#h%%%gg:to |br:VP]5§?£d£§g(I§l ose hccgk\?ll1 ngﬁtggg

viscosity w thin_such 5 e .has a nean fiber; di ter, af abgut 00 to
010 m” ThePEREPbnIY: PSRy . St by AT BeB0grRPR = “he
water-dlsper5|ble fibers to effect the function of strongly bond| ng the
wat er - di sper sibFEOf ibei blayed tcehufeterhaoiy fdie puiaos iy Mdithin gach
viscosity was deternmined at 25 C using a type B visconeter, wherein the

rotor nunfer wasgd, hasdat heanotfilbenadiaspend of abdoat wasoBOtbpm.llmm.
addi tion, the hydrogen bondi ng power for bonding the water-dispersible

fibers can berjaceegsed by egphowdditer 18nE o{ddiidd alindecehbul asp haw ng

a higher water refentivity. e mcro fi r|I ated ¢ se enployed I n the

resent inv d v, 4
250% accordi ﬁg&?g?ﬂ\%\ﬂégﬁ%ﬁ&Pfa%ﬂé?Pﬁnﬁo i (%51%1% eﬂ%}d% dh VUt erohigly

bonding the water-dispersible flbers by its hydrogen bonding

power.
10 Here, the viscosity was determined at 25 °C using a type

B viscometer, wherein the rotor number was 4, and the rotational
speed of rotor was 30 rpm.

In addition, the hydrogen bonding power for bonding the
water-dispersible fibers can be increased by employing

15 microfibrillated cellulose having a higher water retentivity.
The microfibrillated cellulose employed in the present
invention is preferred to have a water retentivity of at least
250% according to JAPAN TAPPI Paper and Pulp Test Method No.
26.

20 In the present invention, the water-disintegratable
sheet preferably contains 70-95% by weight of water-
dispersible fibers and 5-30% by weight of microfibrillated
cellulose. If the content of the microfibrillated cellulose
is less than 5% by weight, it is difficult to provide sufficient

25 sheet strength due to hydrogen bonding of the microfibrillated

cellulose. If the content of the microfibrillated cellulose



26. 20 In the present invention, the water-disintegratable sheet
preferably contains 70-95% by wei ght of water- dispersible fibers and 5-30%
by weight of mcrofibrillated cellulose. If the content of t € ne 20
mcrofibrillated cellulose is less than pgoby weight, it is <ditTFPPEUR to
provi de sufficient 25 sheet strength due to hydrogen bondi ng of the
mcrofibrillated cellulose. If the content of the micro fibrillated

cel | ul ose 28 SFfREd080% - by, web@dodstBeuLEpenesghtof t ket bdergs OHf thee
blend of the water-dispersible fibers and the mcrofibrillated cellul ose
i s decr eased. WatRF-stgiRerSikRele thidasisedmd $heomdegolfabsidlatesr 6831WESeNn a
wet-laid process, it is difficult to uniformy 5 distribute the

wat er - di sper sih| ée¢rersed andTheeefoxer oWhen| F?/l-at bdend 148 oserned olRftdud t he
fibrous web. The water-disintegratable sheet of the present invention can
be nanuf act urbtbrEaus geboil a2 THe-haidprpcesersiblis Aipéiguikd-q Hepiformly
mcrofibrillated 10 cellulose blended in water are fed onto a wire of a
cylinder Snoudiserikutg re BBOI ngvakezndisperséblposi thiihers hera®¥ t oth8rm
a fibrous web on the wire fromthe blended material. Here, the term"
wire" as usedtig¢rehidorbklafsichFedeii kaierthyausthery: the £ilkgomsc@fbeyor bel t
of plastic or netal wires coated with a 15 plastic material. After a
fibrous web 1A in WewWatpe-daséntapspbablelshest peitdepresert invention
mcrofibrillated cellul ose are blended, is thus formed on a wire 10, jets
of water are @Pplheddnwmeikineed as follows.

The water-dispersible fibers and the microfibrillated
10 cellulose blended in water are fed onto a wire of a cylinder
mould or a wire moving in an inclined position, thereby to form
a fibrous web on the wire from the blended material. Here, the
term ¥ wire” as used in the foregoing web forming refers to
a mesh conveyor belt of plastic or metal wires coated with a

15 plastic material.

After a fibrous web 1A in which the water-dispersible
fibers and the microfibrillated cellulose are blended, is thus
formed on a wire 10, jets of water are applied from water-
jet nozzles 11 to the fibrous web 1A, as shown in Fig. 3. At

20 this time, preferably, the fibrous web 1A is drawn to the wire
10 by sucking air on the side opposite from the nozzles 11,
as indicated at 12.

In such water-jet treatment, processing conditions are

preferably set to appropriately entangle the water-dispersible
25 fibers about each other so that the sheet strength and the
water-disintegratability of the water-disintegratable sheet

1 can be well-balanced. To this end, it is preferred that the



jet nozzles 11 to the fibrous web 1A, as shown in Fig. 3. At 20 this tine,
preferably, the fibrous web 1A is drawn to the wire 10 by sucking air on
the side opposite fromthe nozzles 11, as indicated at 12. @@Hggoos

wat er-jet treatnent, processing conditigng are preferably s 0
appropriately entangl e the water-dispersi Fe 25 fibers about each other so
that the sheet strength and the water-disintegratability of the )

wat er - di si nt egpbhenblet speales1lbawhicehwre ayaaageddin thetgpreasehdrectipa
preferred that the 28 June 2005 15 water-jet nozzles 11, which are
arranged in theDyragsshpiwrecin dig.( Gh) haveshponpzihe Rlipmatehqfe 73 vez2RE
dianeter of 75 to 120 am and an arrangenent pitch of 0.3 to 2 mMmin CD. It

shoul d be not ggn tied dd driverayenaige FERichIdCID .i3n+6D2 mi Snskel.l , the
wat er-jet nozzles can be arranged such that nozzles adjacent to each other

0 CD are stagger edri e lie yaGhig e iRt 0Ny f VL AL Rl XY L3Pl L

each other as viewed rom the arrangenent pi I's large, on

ach ot her a5 vi i Srrafgerent prech IACD (s 1arge.
10 bot h 11 nagr PR Ruete; atAb e il b o e R B RS e

us st aggere over I'appi an

nozzies thus, abhg9ed Jd3aRiar e, debiinach @514 b Sl sragicaba PERb Rcrind he

case where the nozzl €s-are staggered, as set € arrangement
itch f LLeh ] t | '

Bach 1 ot he EPSPLbhl (ADT A8 o A8 SVETOZRn UIP ] 2 Ryt

wat er -] et ”OZfES@&;}%. StRIOfL %ﬁnrﬁ%egﬁeﬂit%tﬂ c 8L S UG Shabie IdTRR tO

the fibrous we processi ng e
hand, the nozzles can be aligned in CD. 1In this specification,

10 both the nozzles thus staggered in MD without overlapping and
the nozzles thus aligned in CD are defined as a single row of
nozzles. In the case where the nozzles are staggered, as set
forth above, the arrangement pitch refers to a pitch assuming
that the nozzles are aligned in CD.

15 Each time the water-jet treatment is performed with the
single row of water-jet nozzles 11 staggered or aligned, water
jets preferably impart to the fibrous web 1A a processing energy
of 0.05 to 0.5 kw/m’. The water-jet treatment with such
water~jet nozzles 11 is performed on the fibrous web 1A 1 to

20 6 times, preferably 2 to 4 times.

If the nozzle diameter of the water-jet nozzles 11 is
below the foregoing limit, there is a possibility of clogging
the nozzles. If it exceeds fhe foregoing limit, it is difficult
to adjust the processing energy within the foregoing range.

25 TIf the arrangement pitch of the nozzles is less than the
foregoing limit, on the other hand, the processing energy per

unit area of the fibrous web 1A is increased, so that it becomes



of 0.05 to 0.5 kw/n2. The water-jet treatnent with such water-jet nozzles
11 is perforned on the fibrous web 1A 1 to 20 6 tines, preferably 2 to 4
times. If the nozzle dianmeter of the water-jet nozzles 11 is 8belr“(a)\ﬁ/ 6%1e
foregoing limt, there is a possibility o% cl ogging the noz A& PO ¢
exceeds the foregoing limt, it is diffic Pt= to adj ust the processing
energy within the foregoing range. 25 If the arrangenent pitch of the
nozzl es is | edsffhanlt heo daimegoimdgpuilmaf whe tdleeadt.nedfhandexcheds the
processing energy per unit area of the fibrous web 1A is increased, so
that it becontesr@@oimmel 2006, thé6dedirkll cfl terittamyliereniin dofil khef whher-
sheet. If it exceeds the foregoing limt, the degree of entangl enent of
the water- didpsperdileldi feberss 1nwdoeeresy tdmt thatf isifEfhicsdieet sheet
strength can not be obtained. In this case, noreover, it is 5 inpossible to
provi de the s$ee¢ngih canuaoiditef ebdadaedn denstiiys cae t heatresofameds @b t he
sheet is reduced. Fig. 1 schematically shows the structure of the
wat er - di siSnt eimpdswilel s hegirdy iafd the Shigexct Bch mach ki fifiEremdgeein densatggnt .
Wth water jets being applied fromthe water-jet 10 nozzles 11, the
wat er - di si nt ego athat esshiemtsd 08 fheovsltest wid hredwgidns 3 extending in the
machi ne direction (MD). Fibers in the region 3 are noved in CD by the
processi ng energy dfighe 1 watchemaeticalAy ashewsl tthdetstmamtadjeacerft thegi ons
3 and 3, there are fornmed high fiber density regions 2, to which the
fibers 15 noveatéredis heteqraionsl S shicklt 1 laftsat subjetisedte gt hated-jet
Moreover, in each region 3, low fiber density regions 4

treatment. With water jets being applied from the water-jet

10 nozzles 11, the water-disintegratable sheet 1 is provided with
regions 3 extending in the machine direction (MD). Fibers in
the region 3 are moved in CD by the processing energy of the
water jets. As aresult, betweenadjacent regions 3 and 3, there
are formed high fiber density regions 2, to which the fibers

15 moved from the regions 3 with the water jets are gathered.
Moreover, in each region 3, low fiber density regions 4
alternate in MD with high fiber density regions 5 connecting
adjacent high fiber density regions 2 and 2 to each other. The
fiber density is higher in the regions 2 and 5 than in the regions

20 4. The fiber density of the regions 2 may be either higher or
lower than that of the regions 5. The difference in density
between the regions 2 and 5 depends on the network pattern of
the wire 10, the processing 'enercjy of the water-jet treatment,
the fiber length and so on.

25 The arrangement pitch of the high density regions 2 in
CD coincides with the foregoing arrangement pitch of the

water-jet nozzles 11. Therefore, the arrangement pitch of the



alternate in MD with high fiber density regions 5 connecting adjacent high
fiber density regions 2 and 2 to each other. The fiber density is higher
in the regions 2 and 5 than in the regions 20 4. The fi ber dg&g;%g 85 t he
regions 2 may be either higher or |ower {fan that of the regioHs g.f%he
difference in density between the regions 2 and 5 depends on the network

pattern of the wire 10, the,processing energy of the materb]et treat nent,
the fiber |erp®h ARNSHoFeHUSnmhe 4Ry GRgeFeht PiXDERMe Onidghodéndhey
regions 2 in CD coipcides with the foregoing arrangenent pitc¢ch of {he

wat er-j et nozzl es Mithrheher ypgerrgetarignidaiiv ptiehvaterndieBeyankleoos
- 17 high depsity regions 2 in CDis in a range fromQ.3 tog 2 mm Wth
the wat er - j etEiPe%ES e MQvRd it SR dinghefsifploat thiepaegigne fotdd Maiebyand
MD fromthe regions 3 _and mainl ent angl ed about each other in the high
fiber densityCRe}fdhed Rbpwh@ash praey spotherhighiddbadedemsddy rs9aPns
entangl ed about each other and enters the interface between the

wat er - di sper s# bpedf pperEhe Haierofjibril hated egelilelese he ahgPepntangled
treatnent, the mcro fibrillated cellul ose tends to assenble in the
portions indidk@ed fach i athey. 2nd SRR t ithes 1nterfaee | Hedm@sionthso
side portions of the individual high fiber density regions 2 and 5. Mre
speci fi cal | y, "ahe¥rdispeirsikiml £1bersi ondese t Wath &l inressuEdoEelth®l ose
tends to assenble nore on the side close to the.wire 10 in the thickness
direction of%dkershekitreptaastor &hey nicrpéibriblated il kelosn Jendsstes

present nore in the regions 2 and 5 than in the regions 4. .
assemble in the portions indicatedat 6 inFig. 2. Suchportions

10 6 are located on two side portions of the individual high fiber
density regions 2 and 5. More specifically, in the individual
portions 6, the microfibrillated cellulose tends to assemble
more on the side close to the wire 10 in the thickness direction
of the sheet. Therefore, the microfibrillated cellulose is

15 present more in the regions 2 and 5 than in the regions 4.

After the water-jet treatment, the hydroentangled web
is dried. In the water-disintegratable sheet 1 after dried,
the microfibrillated cellulose exhibits a strong hydrogen
bonding power due to the OH group on the surface thereof, to

20 firmly bond the water-dispersible fibers to each other.

For the water-disintegratable sheet 1, it is preferred
to blend 70 to 95% by weight of water-dispersible fibers and
5 to 30% by weight of microfibrillated cellulose. The basis
weight of the water-disintegratable sheet 1 is 10 to 100 g/m?,

25 preferably 30 to 80 g/m’. If the basis weight is less than the
foregoing limit, the strength of the water-disintegratable

sheet 1 is lowered, so that it can not exhibit a sufficient



After the water-jet treatnment, the hydroentangled web is dried. In the
wat er - di si ntegratable sheet 1 after dried, the mcrofibrillated cellulose
exhibits a strong hydrogen bonding power due to the OH grou%ﬁOﬁ t%\ 5
surface thereof, to 20 firmy bond the watgr-dispersible fib <403 & h
other. For the water-disintegratable sheet 1, it is preferred to blend 70
to 95% by wei ght of water-dispersible fibers and_5 to 30% by wei ght, of
microfibril | afeHeRgEh WhseuseHaahasrieaningfrioickn EoRN R 1Y SPSES§LNabl e
sheet 1 is 10 to 100 g/nR, 25 preferably 30 to 80 g/nR2. If the basis weight
i s | ess than @Heoprshpelyeirnbackshect e ant albsrEbert atdcle or a packaging
wat er-di sintegratable sheet 1 is lowered, so that it _can not exhibit a
sufficient 285haAt LUOIrappimg airabgprbopeRilsiilies AfctearRaRisameidhd f or
W pi ng operation, a topsheet or backsheet of an absorbent article or a
packagi ng  she¥feeds \ippfegeanindsdipdse dehe creftnessh@hathe Watgat
exceeds the foregoing limt, the softness of the water- s disintegratable
sheet 1 i detéfiniggratabBlessheengl the geberieraeedonditi ons of the
water-jet treatnment as set forth above, the average density of the |
wat er - di si nt egr at abBPg 8@bteind thf proeessing mondipiaieafdhe agemieh 0. 3
to 0.05 g/cm. The average density is nore 10 preferably equal to or |ess
than 0.2 g/ ni trgatmeptefsr ARy Botih abover Itdes averade 18eBFHEY Phe Uh&ier
limt of the average density is nore preferably 0.08 g/m. By setting the
aver age densi vpteprdABANERErfbakYei PRceinhecar Hee s3¢% fhiddsln & |
provide the water-disintegratable sheet 1 with a soft feeling. .

range from 0.3 to 0.05 g/cm’. The average density is more

10 preferably equal to or less than 0.2 g/m’, most preferably equal
toor less than0.15g/m>. The lower 1imit of the averagedensity
is more preferably 0.08 g/m’. By setting the average density
within the foregoing range, the stiffness is lowered to provide
the water-disintegratable sheet 1 with a soft feeling.

15 In the water-disintegratable sheet 1, the entanglement
of the water-dispersible fibers also contributes to the sheet
strength, in addition to the hydrogen bonding through the
microfibrillated cellulose. Therefore, even inwet condition,
the sheet strength can be maintained. When the water-

20 disintegratable sheet 1 is impregnated with distilled water
which weighs twice as heavy as the sheet, the square root of
the product of the tensile strength in MD and the tensile
strength in CD is from 2 to 4 N for 25 mm width (details of
the measuring method will be found in the following Examples

25 as well as other various characteristics). When the water-
disintegratable sheet 1 is in dry condition, the square root

of the product of the tensile strength in MD and the tensile



15 In the water-disintegratable sheet 1, the entanglenent of the
wat er - di spersible fibers also contributes to the sheet strength, in
addition to the hydrogen bonding through the mcrofibrill at%ﬁﬁl IZH(l) se.
Therefore, even in wet condition, the ghegt strength can be Tl Nt & ned.
When the water 20 disintegratable sheet 1 1s inpregnated with distilled
water which weighs twice as heavy as the sheet, the square root of the
product of thet¥ergthclrt@Rnif KExom MD tthd 3 HE fathAT ém $t3ddigth in CD i s
from2 to 4 Nfor 25 mmw dth (details of the nmeasuring nmethod wll be
found in the fol |l oWhen Ehenpteerodisintigrgratablse Rbeetay Wbish can exhibit
characteristics). Wen the water- disintegratable sheet 1 is in drﬁ

condi tion, thetsenake raopothiwetheanst shtcaditionsessi setstesikht AbPHeND

and the tensile 28 June 2005 19 strength in CDis from4 to 13 N for 25

mm wi dt h. Whehs tdtspesed -aff sim@edlashbteitatednd ghven & dipugehiapionnt of

strength in both wet and dry conditions as set forth above, is disposed of

in a flusl® tovaberahn gheehlush stqilethvuntinfa Hapdtiser tank h&hel hydregenet
or in a septic tank, the hydrogen bonding power of the microfibrillated
cel l ul ose i s heagéngdeowpd @hecthmtmrcrykideridilsted iasddailase dissuenkegedd,

so that the fibers are dispersed in water. The water-di sintegratabl e sheet

1 thus obtai neaditsie vetprefléspeysibladfibersyarerdiBantangied abPlthat sheal
to or less than 100 seconds. On the other hand, it is preferred to have
stiffness withihensrangeddsprarsed olly watems neasured by the cantil ever
method in dry condition. _ )

The water-disintegratable sheet 1 thus obtained is

10 preferred to have a water-disintegratability equal to or less
than 100 seconds. On the other hand, it is preferred to have
a stiffness within a range of 4.5 to 7 mm, as measured by the
cantilever method in dry condition.

In the water-disintegratable sheet 1, the sheet strength

15 and the water-disintegratability can be well-balanced as set
forth above even without adding any water-soluble or
water-swellable binder. However, 1f the sheet strength is
required to be further increased depending on applications of
the water-disintegratable sheet 1, it is possible to apply a

20 binder such as carboxyl methylcellulose or polyvinyl alcohol
onto the sheet surface.

When the water-disintegratable sheet 1 is used as a
cleaning article such as wet tissue or wet wipe, the liquid
to be impregnated into the water-disintegratable sheet 1 may

25 contain a surfactant, a disinfectant, a preservative, an
alcohol, a perfume material and the like, according to demand.

The water-disintegratable sheet 1 may be of asingle layer



In the water-disintegratable sheet 1, the sheet strength 15 and the

wat er-di sintegratability can be well-bal anced as set forth above even

wi t hout addi ng any water-soluble or water-swellable binder. FQMﬁvgaosif
the sheet strength is required to be further increased deperfrlgih'ge n
applications of the water-disintegratabl® sheet 1, it is possible to apply
a 20 bi nder such as carboxyl rethylcellul ose or polyvinyl alcohol onto the
sheet surf acestifgmuiteher watel t ik saydegtatabliee slependingonapgl dsatiions.
cleaning article such as wet tissue or wet wipe, the liquid to be

| npregnat ed i @ddee ofatae- futthtegyeradtensheet, la mhiywsAS fdbrbaksnwab is
surfactant, a disinfectant, a preservative, an alcohol, a perfune nateri al

and the |ike, famst dmaHeo wdewnng. of Thegwed ein i sigtd-Qgridl plroeesbgeand any
be of a single layer - ------------ 28 June 2005 20 _ structure or a

mul ti-layer sdecmidirisiopendrely Do Sephed adn otlse firstastbobus eeb in a
multi-layer structure, a first fibrous web is fornmed on the wire 10 of

Fig. 3 inbsa wetdbdili praeksss. asdch opecabiboi i iy aupeasied,s iffonsedssaryhe
first fibrous web in a 5 wet-laid process. Such operation is repeated, if

necessary, tio fformwa multi-layer stiusiuralfibboasseb. ThakSt fidyuwimeneb
IS subjected to the water-jet treatnent. Here, the individual fibrous webs

may be fornedig ramijdcteda® 1w efdttdr 4 Jjetiredhtrltmvnat er - di spersi bl e fibers
and the 10 microfibrillated cellulose are blended. In an alternative, it
i's possible to forrHae ¢heMDh&i{idioUF W%l wabs gy Bleefidrmed £rom the
same material in which the water-dispersible fibers and the
10 microfibrillated cellulose are blended. In an alternative, it
is possible to form one or more fibrous webs from the blend
of the water-dispersible fibers and the microfibrillated
cellulose and to form the remaining fibrous web{(s) from the
water-dispersible fibers only. 1In another alternative, the
15 content of the microfibrillated cellulose may be different for
different fibrous webs.

For instance, Fig. 4A shows a water-disintegratable sheet
1B inwhich one layer 21 contains themicrofibrillatedcellulose
and the other layer 22 exhibits its sheet strength mainly by

20 the entanglement of the water-dispersible fibers. On theother
hand, Fig. 4B shows a water-disintegratable sheet 1D in which
an intermediate layer 23 exhibits its sheet strength mainly
by the entanglement of the water~dispersible fibers and both
top and back layers 24 and 25 contain the microfibrillated

25 cellulose to increase the surface strength of the sheet. On

the other hand, Fig. 4C shows a water-disintegratable sheet

1E in which only an intermediate layer 26 contains the



of the water-dispersible fibers and the mcrofibrillated cellulose and to
formthe remaining fibrous web(s) fromthe water-dispersible fibers only.
In another alternative, the 15 content of the mcrofibrillat ﬁn‘ﬁél Hﬂ) se
may be different for different fibrous \/\%gs For instance, Fig. E\ shows a
wat er - di si ntegratabl e sheet 1B in which one | ayer 21 contains the
mcrofibrillated cellulose and the other |ayer 22 exhibits its sheet
st rengt h mai mhjchyf Pior i heaeed oedllatoste ahdtdeehwaopranid Haakslbyersidjeand On
the other hand, Fig. 4B shows a water-disintegratable sheet 1D in which
an internedi a@ |lameer sk¥eaghhbned inzisheetbyst thegt énbanglgmemly tdfe the
ent angl enent of the water-dispersible fibers and both top and back | ayers
24 and 25 convaterthespecsidledriibetsed 25 cel lul ose to increase the surface
strength of the sheet. On the other hand, Fig. 4C shows a
wat er - di si nt egr at abiees seeth miEtinlaperhsonigtured Mederediistiatiegyetabde
contains the 28 June 2005 - 21 mcrofibrillated cellul ose and both top
and back |sayesbe@¥s andin28 wiriebhst rangt heast neing y Inyethe eonbajhsnetheof
the water-dispersible fibers. Even such nulti-layer structured
wat er - di si nt egiatrabieriblzbedcel ludosk haatul fHasiermnanbaytrncobhaicthetrhe
mcrofibrillated cellulose in a sufficient anount and the other |ayer(s)
consi sts of thayay(spernbasdstd wii etheli dpdrekehtenglele s ter-cdsparnsd bl lee
mcrofibrillated cellulose in a smaller anobunt, can maintain the sheet
strength as afinbers.orMientaihariges hlcandibtidiawetierellnlpsenint hemafldert he
fi ber dispersion can be

amount, canmaintain the sheet strength as awhole. Whena large

10 amount of water is given thereto, the fiber dispersion can be
started in the layer(s) containing no or a small amount of
microfibrillated cellulose, thereby making it possible to

enhance the water-disintegratability of the entire sheet.

15 EXAMPLES
The following are examples of the present invention.
However, it is to be understood that the present invention
should not be limited to the examples.
(WATER-DISPERSIBLE FIBER)

20 Conifer bleached kraft pulp (NBKP) beaten with a pulper
to set the Canadian Standard Freeness (CSF) to 740 cc and rayon
having a fineness of 1.1 dtex and a mean fiber length of 5 mm
(tradename *“ CORONA” commercially available from Daiwabo
Rayon, Japan) were blended for use.

25 {MICROFIBRILLATED CELLULOSE)

Microfibrillated cellulose commercially available from

Daicel Chemical Industries, Ltd., Japan under tradename



started in the layer(s) containing no or a small anount of

mcrofibrillated cellulose, thereby naking it possible to enhance the

wat er-di sintegratability of the entire sheet. 15 EXAVPLES Thg f.alLaw ng
are exanpl es of the present invention. _ ver, it is to be inder §t ood
that the present invention should not belTimted to the exanpl es.

(WATER- DI SPERSI BLE FI BER) 20 Conifer bl eached kraft pul p (NBKP) beaten with
a pul per to SEELINSHaf4d] @9C Stapair d vRsedifesh ( (B s t @igxofabradatagon
having a fineness of 1.1 dtex and a nean fiber length of 5 nm (tradename "
CORONA" conmetellnlgsawis abitaineshbBabaabing Reyhm, tQ apare fddbrdlbhawded f or
use. 25 (M CROFI BRI LLATED CELLULOSE) Mcro fibrillated cellul ose

comerci al |y avwedmldibdr diamBabeedf @ydtcal. oingust r waen htmixtuepat arder
tradenane 28 June 2005 - 22 CELLI SH KY-100G type" was used. This

m crofibrill Pt gl b ' ] finRr |
having a ma:%fﬁ; %g?h%ltaa]?mﬁt&g\rﬁ%o%fl %216%&? %%d 0¥e?§%ib€\%e%pgn§ i)t rgfegfdr%%bkby
wei ght of omicro fibrillated cellul ose and 98% b i ght, of~5 distilled
wat ot vas 3 or st i el dan LoRRedo Rl BOATHERS Y At PSP oo,
4) having a rotor rotational speed of 30 rpm the viscosity was 6,000
nPas. (Fl BROUB WEBjomekendirartadi ¥per 4} Bavindér sotind rekabdendt ismdad gifed
10 cellul ose were blended in a wet-laid process to prepare fibrous
30 rpm, the viscosity was 6,000 mPa - s.

(FIBROUS WEB)
The water-dispersible fibers and the microfibrillated
10 cellulose were blended in a wet-laid process to prepare fibrous
webs for Comparative Examples 1 to 7 and Examples 1 to 5. The
blending ratios (% by weight) of NBKP, rayon and
microfibrillated cellulose are found in Table 1.
The wet-laid process was such that materials were
15 suspended in water to a concentration of 0.02% by weight, and
collected to from a fibrous web having a size of 25 x 25 cm
onto a papermaking 90 mesh wire.
( COMPARATIVE EXAMPLE)

For Comparative Examples 1 to 6 of Table 1, the fibrous
20 webs thus formed into a size of 25 x 25 cm were dried at 150 °C

for 90 seconds by means of a rotary drum dryer, without subjected
to a water-jet treatment.
For Comparative Example 7, on the other hand, the fibrous
web containing no microfibrillated cellulose (see Table 1) was
25 subjected to a water-jet treatment, which is the same as that

for Example, in wet condition after formation.



webs for conparative Exanples 1 to 7 and Exanples 1 to 5. The bl ending
rati os (% by weight) of NBKP, rayon and mcrofibrillated cellul ose are
found in Table 1. The wet-laid process was such that materi alc?% %?
suspended in water to a concentration of 02% by wei ght, an co ec% ed to
froma fibrous web having a size of 25 X Tm onto a papernmaki ng 90 nesh
w re. (COVPARATI VE EXAMPLE) For Conparative Exanples 1 to 6 of Table 1, the
fibrous 20 waANPLBE) fornmed into a size of 25 x 25 cmwere dried at 150 C
for 90 seconds by neans of a rotary drumdryer, wi thout subjected to a

wat er -j et treat nentEod-8xafpipar httové Exadflor TomparahevetBwampiland,) ,t ke
fibrous web containing no mcrofibrillated cellul ose (see Table 1) was 25
subj ect ed t o Ribwbhes -yelis taffatmeitrmathionh it d fae siaeeods 26hat 25f om &=napl e,
in wet condition after formation. 28 June 2005 - 23 (EXAMPLE) For

Exanpl es 1 totfedtoedl worh Corparcl iwat dxx dwlliseted tfirem Wwabesugjewehozalésr
formation into a size of 25 x 25 cmwere treated with jets of water

del i ver ed5f r obn wetteten@it imirz | @hebnofz e diaaedieti ohthéheattarzie: doapkesr of
the water-jet nozzles was 100 ,um and three rows of water-jet nozzles

were arrangedgad rld\Dmh n a%aCEhkew Péwéﬂﬁvfct}atbtae VRl gbzd Bls RREAE 88 r¥Rked

arranged at a pitch o .5 mmin CD. |brous web was noved in at a

specd of 30 mfip, 10,308 L0 PGB R oL &y 4L USR8 MEFELE A

at a pitch of 0.5 mm in CD.
The fibrous web was moved in MD at a speed of 30 m/min
10 and the hydraulic pressure from each nozzle was set at 3,920
kPa, so that the processing energy given to the fibrous web
from the three rows of water-jet nozzles was 0.4 kw/m’.

After the water-jet treatment, the fibrous webs were
dried at 150 °C for 90 seconds by means of a rotary drum dryer,

157 to obtain water-disintegratable sheets.
(MEASURING METHOD)
(1) BASIS WEIGHT, THICKNESS AND DENSITY OF SHEET
According to specified conditions described in

” Humidity Conditioning and Standard State for Test” of JIS
20 P-8111, the temperature was set at 20+2 °C and the relative

humidity was set at 652 %. After standing in such environment
for at least 30 minutes, the basis weight, thickness and density
were measured for the individual sheets.
(2) WATER-DISINTEGRATABILITY

25 The water-disintegratability was measured according to
the test method described in ¥ 4.5 Easiness of Disentanglement”

of # Toilet Paper” of JIS P-4501. However, it should be noted



kPa, so that the processing energy given to the fibrous web fromthe three
rows of water-jet nozzles was 0.4 kw nR2. After the water-jet treatnent, the
fibrous webs were dried at 150 C for 90 seconds by neans of at 5drum
dryer, 15 to obtain mater-disintegrataplg sheet s. (NEASURIN@?NE (1)
BASI S VEI GHT, THI CKNESS AND DENSI TY OF SH %T According to specified
conditions described in Humdity Conditioning and Standard State for Test"

of JIS 20 P-Bhat theechestpdigaucd whe sempie wos eehnat tHe ¥ dhemveand
hum dity was set at 652 % After standing in such environnent for at |east
30 minutes, thblpasampleivas pPuthilskeeddOand deakeryfihbed widds AW Mloett he
i ndi vidual sheets. (2) WATER- DI SI NTEGRATABI LI TY 25 The o
wat er - di si nt egpatrakthangedasatrins ficdd anasbbyi B§iryginghe TR stighhay was
described in" 4.5 Easiness of Disentanglenent” of " Toilet Paper" of JIS
P- 4501. Howeveerfprmedouitd beroinegersallinsozedional peghaf ¢detkhapm,size
of the sanple was set at 10 x 10 cm_ and this sanple was put in a 300 ni
beaker fil3 edanfittthesgempllecin therkexkemmgsdvivually obisleswed by detiermiing.
The stirring was performed with a rotor set at a rotational speed of 60010
rpm 5 and t hthedmmerequihed fogkehe sanpliestiallig coppieiedy dd sdat@grated t he
time required for the sanple to be conpletely disintegrated since the
stirring was sinfeddhe stigrdngdias mtegrtedabi I'i ¥yteridinipresalcalonl 1’
second time scale (sec) in Table 1. (3) DRY STRENGTH
is expressed on the second time scale (sec) in Table 1.
(3) DRY STRENGTH
10 The sheets for Comparative Examples and Examples in dry
condition were cut to form rectangular samples, of which the
short side was 25 mm and the long side was 150 mm, and then
allowed to stand for at least 30 minutes in the same environment
as that for measuring the basis weight, thickness and density.
15 Thereafter, the short sides of the sample were held by chucks
of a Tensilon tester. With an initial chuck-to-chuck distance
set at 100 mm, the sample was stretched at a tensile rate of
100 mm/min. The maximum load measured by the tester was
determined as a measured value. For respective Comparative
20 Examples and Examples, a sample having its long side extending
along MD of the sheet and a sample having its long side extending
along CD of the sheet were prepared and tested as set forth
above, in which the square root of {(measured valued in MD)
X {measured value in CD)} was determined as a dry strength.
25 Other test conditions were based on JIS P-8135.
(4) WET STRENGTH

For respective Comparative Examples and Examples, a 25



10 The sheets for Conparative Exanples and Exanples in dry condition were
cut to formrectangul ar sanples, of which the short side was 25 mmand the
| ong side was 150 nm and then allowed to stand for at Iea.st2 i% ﬁ@ées in
the sanme environment as that for neasuri g t he basis weight, & IPERARSs and
density. 15 Thereafter, the short sides of“the sanple were held by chucks
of a Tensilon tester. Wth an initial chuck-to-chuck distance set at 100
mm t he sanpl®x Mk mst semphedhatimg tidissilbegratde afxte@ingraiibng Mihe fimtkienum
| oad nmeasured by the tester was determ ned as a neasured val ue. For
respective Cospeettame a2Q@5Exabhpd esn sachpbeahpléag atsabhqmie shiald egtiens ihgng
side extending along MD of the sheet and a sanple having its |ong side
extendi ng al abgn@€0Dob £ tthe sheet wsarecppeppredd iapd dgestted wsts et stdiflled
above, in which the square root of {(neasured valued in MD) x (neasured
val ue in CD))waksr deh exnviawechres twidey ther eadyht of5tlie heamplest se@ldid iions
were based on JI'S P-8135. (4) WET STRENGTH For respective Conparative
Exanpl es d@nd &xplpglst¢dic cbdp, 28ndund 1204k €6 stahbl for sadplimuhavi g ians

| ong side extending along MD of the sheet and a 25 x 150 mm sanpl e havi ng

its long sideegyipohsgt & 9042 @D, oftdieSAG8E, WRECs SRS Glrel FRESYBRIE
with distilled water in an amount twi ce the wei ght of the sanple, sealed

0,7 Dot ol B A PUE: R 5 R £ RgREY B e co E RERERRTRY, ©
tsgﬁafgnreog?ngfﬁ? ‘fﬁ%ggtﬁ‘? §£{}2Ff}§§ ﬂ th té‘%q%%%eséég{]%tfq{(ﬁleasu' CQ vtariued
' in MD) x (measured value in CD)} was determined as a wet
10 strength.
(5) STIFFNESS
For respective Comparative Examples and Examples, a
sample having a short side (25 mm) extending along CD of the
sheet and a long side (150 mm) extending along MD of the sheet
15 was prepared, and after standing in the same environment as
that for measuring the basis weight and so on, tested according
to “ 8.19 stiffness (Cantilever Method: Method A)” of JIS
L-1096. 1Inthis test, the individual sample was tested for both
sides. The square root of the product of the value measured
20 with one side of the sample directed upward and the value
measured with the other side directed upward was determined

as a measured value.

Table 1 shows the individual measured values.



in MD) x (measured value in CD)} was determ ned as a wet 10 strength. (5)
STI FFNESS For respective Conparative Exanples and Exanples, a sanple
having a short side (25 nm extending along CD of the sheet&%qﬂ 8 b@¥

side (150 mm extending along MD of the ;? et 15 was prepare and

standing in the sane environnent as that measuring the basis melght
and so on, tested according to " 8.19 Stlffness (Cantil ever Method: Method
A" of JIS L-1096. In this test, the Tadilei dual sanple was tested for both
sides. The square root of the product of the value neasured 20 with one

side of the [sanple directed upward| &md t héomsal L€°mrre ipme ed A}F‘Imhsthémbt hefr
si de di rect egpypwerd—was—determnetos ab—alledsqiiay ' ows—t he

. . . 70 as g A
i ndi vi dual BShe otV idai®fy: ZBedune 2005 26 T gl e 1| Com Com Cdm Conj
Com Com Bx- 11thx*5m@ Raxen 3 EX. 4| ¥X. 5|BEX. 6 |3RBKP 7@ 65 580 50 48940
H-pa— 740 )11 dt e Smm-Ravon—30-30—-3 330—30
(Degree of ptRg: 1T§ 5 dt-ek*5mm Rayon—30-306—-3 %uu 3036 38
Mcrofibrill gﬁh,§§ 0 25 30 "eIIulose Bagi's weight 9/m40.0 .0 4D.0
40.0 40.0 40[Hieis[hendness ngln’lZ P4dl2 O] 24 00. Jkole IIf 40.80 [Bensi ffywogy cni
0.33 0.33 0.36. 036 0.36 040
Thickness i mm 0.12 .12 0.11 0.11 0.11 0.10
Density ‘ig/cm’ 0.33 0.33 0.36 0.36 0.36 0.40
Water ! sec 5 25 38 58 86 91
Disintegratability :
Dry strength y N/25mm | 6.42 14.9 31.% 37.7 40.3 43.1
‘ Wet strength éN/ZSmm 0.69 1.53 i1.98 2,38 2.46 2.64
2 Stiffness o 6.5 8.1 1z.6 [13.2 |ii.s [12.8
Com. Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Ex. 7
NBEP 70 65 55 50 45 40
(Degree of Beating: 740ce)
1.1 dtex*5mm Rayon 30 30 30 30 30 30
'Microfibrillated - 5 is 20 25 30
cellulose
Basis weight ' g/mt 40.0 40.0 40,0 40.0 40.0 40.0
Thickness ' mm 0.42 0.41 0.40 0.39 0.39 0.38
Density T g/om’ 0.0952 | 0.0976 0.10 0.1026 0.1026 0.1053
Water \ Bec 9 29 45 63 9] 95
Disintegratability !
Dry strength i N/25mm 1 1.39 4.17 .11 11.63 11.86 12.96
Wet strength éN/25mm 0.93 2,17 2.95 3.55 3.68 3.93
Stiffness o 1.2 7.3 5.3 5.5 5.7 6.1




Water sec 5 25 38 58 86 91 Dis into ratabilit Dry strength N 25mm 6. 42
14.9 31.9 37.7 40.3 43.1 Wet strength NN25rmm 0.69 1.53 1.98 2.38 2.46 2.64
Stiffness 6.5 8.1 12.6 13.2 11.6 12.8 Com Ex. 1 Ex. 2 Ex.2 % ﬁx a Ex. 5
Ex. 7 NBKP 70 65 55 50 45 40 (Degree of Beatin : 740cc) 1.1 4t 40% 2098 Rayon
30 30 30 30 30 30 Mcrofibrillated - 5 15 20 25 30 cellul ose Basis wei ght
g/ m40.0 40.0 40.0 40.0 40.0 40.0  Thickness mm 0.42 0.41 0.40 0.39 0.39
0.38 Density g/ cniA®hggieen deyeribed abovgaslnthereterrgdsinfgosatabdeg 29
45 63 91 95 Disinte ratabilit Dry strength 14/25mm 1.39 4.17 9.11 11.63
11.86 12.96 weeekiqlefherpressmminventionz phesheeirsirgggghgss obtipingess
mm4.2 4.8 5.3 5.5 5.7 6.1 28 June 2005 27 As has been descri bed _above,
in the water-HYsbatBgtheabydrospaebopfiingeppresent itheeMicawfibrdldpsed
strength is obtained by both the h{drogen bondi ng power of the
m crofibrill atgdluteseandsehanatanglencahgfcmavaserrdasparsibie fddessnl e
fibers. 5 Mdreover, when a | arge amount of water is given thereto, the
wat er - di si-nt efPEEAVEE, skkeR & dmnge @noumtegifavatier nised vrenijdereto, the
water-disintegratable sheet can be disintegrated in water due
to weakening of the hydrogen bonding power and disentanglement
of the fibers. Therefore, the sheet strength and the
water-disintegratability can be easily balanced. Inaddition,

10 the sheet can exhibit a sufficient strength even when used in
wet condition.

Moreover, with the high fiber density regions and the
low fiber density regions being formed therein, the sheet has
a low stiffness as a whole and the sheet surface is also soft.

15 Therefore, when used as a cleaning article such as wet tissue,
soft feeling can be provided to the touch. When used as a
topsheet or backsheet of an absorbent article or a packaging
sheet for wrapping the absorbent article, on the other hand,
the entire product can be made soft due to softness of the sheet.

20 Although the present invention has been illustrated and
described with respect to exemplary embodiment thereof, it
should be understood by those skilled in the art that the
foregoing and various other changes, omission and additions
may be made therein and thereto, without departing from the

25 spirit and scope of the present invention. Therefore, the

present invention should not be understood as limited to the

specific embodiment set out above but to include all possible



to weakeni ng of the hydrogen bondi ng power and di sentangl enment of the
fibers. Therefore, the sheet strength and the water-disintegratability can
be easily balanced. in addition, 10 the sheet can exhibit a S h{lCIﬁ&%
strength even when used in wet condition,,Mreover, with t he?2riUgR Y ber
density regions and the |low fiber densTty regions being forned thereln,
the sheet has a low stiffness as a whole and the sheet surface is al so
soft. 15 Theretpdinggish wisisth sanabel emhpdjedrwithin susicops werompasaed
soft feeling can be provided to the touch. Wen used as a topsheet or
backsheet of amd sspuvedentatherkeefovibhpeekpeithgo theefedburersgipiond the
absorbent article, on the other hand, the entire product can be made soft
due to softne%hﬁcﬂPE¢KﬂQdmﬂﬁaim5}/chough the present invention has been
illustrated and described with respect to exenplary enbodi nent thereof, it
- shoul d be understood by those skilled in the art that the foregoing and
various other changes, om ssion and additions nay be made therein and
thereto, without departing fromthe 25 spirit and scope of the present

i nvention. Therefore, the present invention should not be understood as
limted to the specific enbodi nent set out above but to include al
possi bl e 28 June 2005 28 - enbodi nents which can be enbodied within a
scope enconpassed and equival ent thereof with respect to the feature set
out in the appended clains. 28 June 2005 - 29



et e e

VWHAT IS CLAIMED IS: 1. A water-disintegratable sheet conprising 70 to 95%
by weight of water-dispersible fibers having a fiber length equal to or
| ess than 10 nmand 5 to 30% by weight of mcrofibrillated 5:&ghkg5@ﬁ?
having a nean fiber length of 0.3 to 1.5 mmand a nean fi ber anmeter of
0.00> to 0.1 am the water-dispersible _fpbers including conifer pulp and
rayon and hydroent angl ed about each other to provide high fiber density

regi ons and | i ber {ty.regions, the hydroentangl ed
mater-disperéﬁ%é% Bgﬁgwgﬁgﬁgbé?hg bonded to each other through a hydrogen
bondi ng power, of the mcrofibrillated cellyl ose, wherei,n t he has an
average densily equzglw"f%elf)'rch%s%tef% -3 %y%cog‘pﬁéﬁ@%\gﬁg%f) %%%1 Yo
100 g/n2, a water-disintegratability equal to.or_ less_than 100 seconds, 15
2ot Hnese HEHSBE S Yakat TRLaPFFIEL dibes BAYLRS & T3000 ToRat GAuAL

wi dt h of 25 and a dry strength of 4 to 13 Nfor the width of 25 mm 2.
A et er - di o1 NERGRALEEP b LD THE 06k (i RS Y HEARRE 10T THG SaiaEai drga
mcrofibrillated cellulose has a viscosity of 1,000 to 10, 000nPdS, where 2%
by wei ght 2of FELIBEPERi PAGIRG 241930 JSEPeY SLeR%AY Afi O 089 Hy WaTyRPD R

water. 3. A water-disintegratable sheet as set forth in claiml1, 25
wher ei n t he nreanfiirdér dismgterl ¢fil00HDL sopd ke, Mohe waterheli spegls ibllser
density regions than in the low fi ber density regions. 28 June 2005 - 30

4. A water-di sipéegiacabienglenti s S€lp hatithydh ShdhPatoenthfeba ddtit
sheet is conposed of two or nore |ayers betweén
each other to provide high fiber density regions and low fiber
density regions, the hydroentangled water-dispersible fibers
10 being bonded to each other through a hydrogen bonding power
of the microfibrillated cellulose, wherein
the sheet has an average density equal to or less than
0.3 g/cm’, a basis weight of 10 to 100 g/m’, a
water-disintegratability equal to or less than 100 seconds,
15 a stiffness of 4.5 to 7 mm when dry, a wet strength of 2 to

4 N for a width of 25 mm, and a dry strength of 4 to 13 N for

the width of 25 mm.

2. A water-disintegratable sheet as set forth in claim 1,

20 wherein themicrofibrillated cellulose has a viscosityof 1,000
to010,000mPa * S, where2%byweightofmicrofibrillatedcellulose

is mixed with 98% by weight of water.

3. A water-disintegratable sheet as set forth in claim 1,
25 wherein the microfibrillated cellulose is present more in the

high fiber density regions than in the low fiber density regions.



which the mcrofibrillated cellul ose content differs. 5 5. A nethod f or
manuf acturing a water-disintegratable sheet conprising: blending 70 to 95%
by wei ght of water-dispersible fibers including conifer pulgmqmdegaﬁgn and
5to 30% by weight of mcrofibrillated cellul ose having a nean I'? ey

| ength of 0.3 10 to 1.5 nun and a nean Li hegr _di aneter of 0.001 to 0.1
(errymin a wet-laid process to obtain a fibrous web; applying water jets
to the fibrous web to hydroentangle the water-dispersible fibers about
each other and*to pzf\d’(ﬁ%/eer‘ IR TasER2 BpeedgRsnset ot HRTR N1 1 AR
jets are applied 15 and high fiper density regions to which fibers renoved
from the | oW PFPhEFPdERS ¥ %glr%rgow%% Uatero [ oL Ipuets ptvesy
drying the fibyous web to bond the hzdroentangled wat er - di spersi ble fibers

to each ot her VRhfBubhe arhGaP bR L bated nerhiy rentene dikkF S brill ated

cel lul ose, wherein the sheet has an average density equal to or | ess than
0.3 g/cnB, a basis weight of 10 to 100 g/n2, a water-disintegratability
equal to or less than 100 seconds, a stiffness of 4.5 to 7 nmwhen dry, a
wet strength of 2 tbmefhedfepmapufpgtiréingmwakeraddsingegratabhgiahest 4
to 13 Nfor the width of 25 nmm 28 June 2005 - 31 6. A

wat er - di si nt e§PEPABP&NYReet - manuf acturing nethod as set forth in claimb5,

wherein the mcrofibrillated cellul ose has a viscosity of 1,000 to 10,000
nPas, where 2% by weighfing 70 to 95% by weight of water-dispersible fibers

including conifer pulp and rayon and 5 to 30% by weight of

microfibrillated cellulose having a mean fiber length of 0.3
10 to 1.5 mm and a mean fiber diameter of 0.001 to 0.1 #m in a

wet-laid process to obtain a fibrous web;
applying water jets to the fibrous web to hydroentangle
the water-dispersible fibers about each other and to provide
low fiber density regions to which the water jets are applied
15 and high fiber density regions to which fibers removed from
the low fiber density regions by the water jets are gathered;
and
drying the fibrous web to bond the hydroentangled
water-dispersible fibers to each other through a hydrogen
20 bonding power of the microfibrillated cellulose, wherein
the sheet has an average density equal to or less than
0.3 g/cm’, a basis weight of 10 to 100 g/m’, a
water-disintegratability equal to or less than 100 seconds,
a stiffness of 4.5 to 7 mm when dry, a wet strength of 2 to
25 4 N for a width of 25 mm, and a dry strength of 4 to 13 N for

the width of 25 mm.



of mcrofibrillated cellulose is mxed with 98% by weight of 5 water. 7. A
wat er - di si nt egr atabl e sheet manufacturing nethod as set forth in claimb,

wherein a processing energy of each water et treatnent inpazrc?tﬁlqe%goé he
fibrous web with a single row 10 of water-jet nozzles arranged i n S

fromO0.05 to 0.5 kwn2 and the water-jet 3tlreatnment is perforned 1 to 6
tinmes. 8. A water-disintegratable sheet manufacturing nethod as set forth

propared ih aouet - 1A I b babet bR LER, fes AR il 1
cel lul ose conggpteaPeh! Al L1k ot B8 RhEEETHh "One hPLLSEiMEP 1ated cellulose

has a viscosity of 1,000 to 10,000 mPa - s, where 2% by weight

of microfibrillated cellulose is mixed with 98% by weight of

5 water.

7. A water-disintegratable sheet manufacturing method as
set forth in claim 5, wherein a processing enerqgy of each water
jet treatment imparted to the fibrous web with a single row
10 of water-jet nozzles arranged in CD is from 0.05 to 0.5 kw/m’

and the water-jet treatment is performed 1 to 6 times.

8. A water-disintegratable sheet manufacturing method as
set forthinclaim5, whereinbefore applyingwater jets, another
15 fibrous web is prepared in a wet-laid process to have adifferent

microfibrillated cellulose content and laid on the preceding

fibrous web.



