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200202774-6 13 MAY 2002 WAT, ARBLE EET AND MANUFACTURI NG
“oVETHOD THEREOF BACK\GRQJND OF EE}% ﬁ/may E Fi d of the tnvention The

resent invention relgtes to a mater-dﬂs3nMEp abl e sheet -
used for cleaning artscl e, toilet paper, topsz@gt or backs“mmmIﬁlﬂmmmﬂmﬁm3
absorbent article, packaging sheet for wappi ng absorbent artielas@r the

| i ke, and a nethod for manufacturing fhé Sane. Description of the Rel ated
Art Wet sheets for wi ping discharging parts (e.g., the anus) of the body
and toi | etWAPER+BISINTEGRATABLE SHEET RND IMANURAETURING METHOD THRREOF

di si ntegratabl e (deconposable) in water. In absorbent artiectes—sueh-as- --
sanitary napkin, panty |iner, disposable diaper and the |ik for
covering the top face of absorbent |ayer and backsheet forﬂmmwmﬁm@ﬂmﬂm&
back face BACKRAROUHDsOF Bt INgyBTI@f e preferred to be disintegratable

wat er. Moreover, packaging sheets for wapping such absorbent a2l es are
al so pref efrdd ©d bee diiaftdgratable in water. |f water-disintegratable
sheets are used in such products, they can be disposed of in flush toilet
after use. When THePTSRRET LN EITHCBJRALEBP & Oshate ) €igilsppgrrr &l s she9tush
toilet, a |arge _anpunt of wa Ss. given.thereto. in the flush toilet or in

Ter i
a septic Ygﬁ1 .C?ﬂe?%f5¥§{f85n§{?%q} h 2FFbety 6Plﬂﬁ5 9@&%5*—&???5?%@fﬁiable
[sheet are, LapREsRa A MBLAL art NETEPY. ALBIRYHAEC BT 30BEEA{ LRM IR0t T O

to stay In e septic
article or the like, and a method for manufacturing the same.

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
tobe disintegratable (decomposable) inwater. 1In absorbent articles
such as sanitary napkin, panty liner, 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 inwater. Moreover, packaging sheets for wrapping
such absorbent articles are also preferred to be disintegratable in
water.

If water-disintegratable sheets are used 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 i1s given thereto in the flush toilet or in a septic
tank. Therefore, constituent fibers of the water—dis;ntegratable
7sheet are dispersed in water, thereby preventing the sheet from
floating to stay in the septic tank.

Water-disintegratable sheets of this kind are required to
maintain a certain strength in use and allow their constituent fibers

to disperse when a large amount of water is given thereto.



"Water - di si ntegratabl e sheets of this kind are required to maintain a
“certain strength in use and allow their constituent fibers to disperse
.'vvhen a large amobunt of water is given thereto. - 2 In order to inpart such
characteristics, conventional water-disintegratable sheets are typically
constructed such that a fiber struct grg in the formof nonwoven fabric is
given a binder for bonding the fibers,Such as a water-soluble
orwat er-swel | abl e carboxyl nethylcellul ose or a water-sol ubl e pol yvi nyl
al cohol . In thislnwaréerdisi nttegeat alluehshelsiradtiegisheet, stooenghhidml
obtained by the binder in use, and when a | arge anmount of water is given
thereto, YaHEDPAGErtIFrafiadd6l ¥RRPIGr 2sdtirdFat &Y dicdedaneted thwehf Fher 2. On

t he ot her hand, Japanese,K Unexam ned Patent Publication No. 11-206611
(206611/ 1 erdFEE‘F%%‘? Wt B SR REpHtCTsRet iR Fet pFERT & OIPAREI TR

wat er - di spersi.ble.fibers and mi.crofibrillated cellul ose. .. This
wat er - di s%n%ngdggﬁggl fg%teirgéEélcggﬁgrwaﬁtserﬁﬁ%glfkglce[ U S4By sﬁqleéﬁa%)jr]%caf%oé(yl

ter-di i i d_t 1 cL of i 'Io n | inna ts-laid
wat er - di sparsihke fibers apd, Egtﬁ}‘%cﬂdbqre' éJ ated,cel Lulgss in 1M<§he

process, followed by drying. In this water-disintegratable sheet

bondi ng stwanrgtAibehWepn dane et &, dic sped i 8t £4 A 1 6akh 1 226,001 @i ied
t hrough a hydrogen bondi ng power of the mcrofibrillated cellulose, and

when a | argiemcenount ued, waldewhes giMamet BRoeto,oft hate Ayt egernbonsiang ,powner
is reduced to disconnect the water-dispersible fibers. However, the sheet
cont ai ni ngthehéindeerisolissiodved onatverllswetd ablssobnadertimeeddean. addi ti onal
step of applying such binder, making the production process conpli cated.
In addition, it 95ThBOthGEshFHb| éaranaset WeesirdardcRaheaitnP i)l isuchobitwder i s
B bR e e oL maToD. B Expenial 1 =

comprising water-dispersible fibers andmicrofibrillated cellulose.

This water-disintegratable tissue paper is manufactured by blending

the water-dispersible fibers and the microfibrillated cellulose in

awet-laidprocess, followedbydrying. Inthiswater-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 disconnect the water-dispersible

fibers.

However, the sheet <containing the water-soluble or
water-swellablebinder needsanadditional stepof applying éuch binder,
making the production process complicated. In addition, it is not
desirable that the sheet containing such binder is brought into direct
contact with the skin of the human body. Especially a
water-disintegratable sheet to be used in wet condition such as wet
tissue is formed such that the foregoing water-disintegratable sheet
is impregnated with a liquid containing electrolyte for suppressing

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

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



tissue is fornmed such that the foregoing water-disintegratable sheet is
"inpregnated with a liquid containing electrolyte for suppressing
dlssoIV|ng or swelling of the binder in wet condition. However, such
'electrolyte is undesirable because it may be irritating to the skin. - 3
In the sheet disclosed in Japanese Unexgnlned Pat ent Publication No.
11- 206611, on the other hand, the water~dispersible fibers are bonded
t hrough the strong hydrogen bondi ng power of the mcrofibrillated
cel l ul ose, and thetidestsiatydicficliohedshdepahsse tioseasedd faeeatsabdf cdthien
mcrofibrillated cellul ose present between the water-dispersible fibers.
Ther ef or e,Na-hé 1s2P$$ hesonothe [pghshekand,s thexerssi-débyehs ghld fideys cordi ti on
and the sheet surface is hard. Accordingly, when used as toilet paper, the

sheet gi vé¥MW&Ad FBEPTAY ‘ffbetrﬁetr@@@r' BYBBRHEN MBCSGHEE, BRESE t IRf tidsue

di scl at nate th al d, the
E?g(ra(r)gelnsgogssng |s£€\%a% IS%Q)&W%%?HEW et © ?ﬁg bsﬁ}‘?&ltnljgsqg%%‘?asﬁéjt ween
the wvater-dispersily e fd bgr rofiﬂ%l?égétﬁee%TS éssesue S!%%T |5&$‘$C 3 not e used

in wet condition because Its reng t

| NVENTI ON ﬂt%rp6§§§@§51ﬂl\ée@§b@f‘s ha@h@%f@rgﬁg sQ':!Efﬁé‘sé”o?V\{:lgg SBQQ
shortcoming in the prior art set forth above. I's therefore an o%ject of

t he preser&xde&%eﬂélpnhigh[ﬂhOWEQecan&Eﬂfﬁh-dhalBB@géﬁﬁéﬂﬂé%r$BeétlsVﬁHﬁH] can
reduce stiffness and provide softness and in which strength and

wat er - di sixtaegdahaby ] whgnoaredes easilky depleanced saaek girethedd fofling
manuf acturing the same. According to a first aspect of the present
i nventi on,ta kéeeuses’ privdvded a wat er - di si nt egr at abl e sheet conpri si ng

wat er - di spersi ble fibers and mcrofibrillated cellul ose, the
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 be used in wet condition because

of its weak sheet strength.

SUMMARY OF THE INVENTION

The present invention has been worked out in view of the
shortcoming in the prior art set forthabove. It isthereforeanobject
of the present invention to provide a water-disintegratable sheet
which can reduce stiffness and provide softness and in which strength
and water-disintegratability can be easily balanced, and a method
for manufacturing the same.

According to a first aspect of the present invention, there
is provided a water-disintegratable sheet comprising
water-dispersible fibers and microfibrillated cellulose, the
water-dispersible fibers being hydroentangled about each other to
provide high fiber density regions and low fiber density regions,
the hydroentangledwater-dispersible fibers beingbonded toeach other

through a hydrogen bonding power of the microfibrillated cellulose.



‘water-di spersible fibers being hydroentangl ed about each other to provide
"high fiber density regions and |low fiber density regions, the
'hydroentangled wat er - di spersi bl e fibers being bonded to each other through
a hydrogen bondi ng power of the mcrofibrillated cellulose. - 4 1In the

wat er - di si ntegrat abl e sheet of the present invention, since the high fiber
density regions and the |ow fi ber denS|@y regions are repeatedly forned by
a water-jet treatnment, although the water-dispersible fibers are firmy
bonded t hrough t]h”ethydﬁadgﬁﬁdibbmtﬁg’}@tpb\hersmzfett be theCppésditd haéeelion,
cellulose, the stiffness of the sheet can be reduced and the sheet can be
sof t ened. Moty highkifhber hassheergsonengd hiesl obf Bierede iy thot g tdre

hydr ogen bondi ng power of the mcrofibrillated cellul ose and the

ent angl emeghte \/\Hﬂ’ﬁatteﬁéyvva’i%rrmejdetbyt reatdEAtTIehet spEte st r e#g‘m?u@én e

mai nt ai ned even when thﬁ? g wet condltlon Pref erabl y,
wat er - di si‘ft'&gr &%ﬁ%?lés et l(? ﬁPaiaﬁE $HTPhY deepdasy t\ﬂéPdH’P B’Fe hydrogen

wat er - di SpDe({n%flpll CobhdEI* %ﬁ fS%%19¥a%%cli %het 1(1)1 osg) Ctrlrloe]cI tgr Iflfrlleaé[sedof

cel | ul ose case, Stien

wat er - di snmeegh@g@baald % géau&ed eag| La/e Q@Je@@cgyn'a% hgeh.gry. angrél@er,

conditions. Preferably, the mcrofibrillated cellul ose has a nean |ber

| ength of inZet @hd. Shdvv ahdeagtRans fdpbRet ned aELREn0Ehd. Rk o4yenOndndiM
this case, the mcrofibrillated cellulose has a | arge surface area. &

pr ef er abl ypduee pif ctiod inbirdrlolfabetll celddukespuhas andi sEOSértitangbmdn 0L tho
10,000 nPa s, where 2% by weight of mcrofibrillated cellulose is m xed
Wit h 98% byhenwpghr-oft waeetnenty tthesskeste stirhrgtinicanobe brdilntat edd cstdnul ose
has a dense network structure simlar to the cellul ose nolecule, thereby
exh|b|t|ngﬂéﬂbPFSﬁgl%Yﬁﬂbg€ﬁdbéhﬂﬁng power due to an OH group on the

surface thereof. q§reL?
Prefera y,thewater disintegratable sheet contains 70 to 95%

by weight of water-dispersible fibers and 5 to 30% by weight of
microfibrillated cellulose. 1In this case, the sheet strength and the
water-disintegratability can be easily balanced in both dry and wet
conditions.

Preferably, the microfibrillated cellulose has a mean fiber
length of 0.3 to 1.5 mm and a mean fiber diameter of 0.001 to 0.1
m. In this case, themicrofibrillated cellulose has a large surface
area. Alsopreferably, themicrofibrillatedcellulosehasaviscosity

of 1,000 to 10,000 mPa s, where 2% by weight of microfibrillated

cellulose is mixed with 98% by weight of water. In 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
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



Wwat er - di spersible fibers can be firmy bonded to increase the sheet
strength. Preferably, the sheet has an average density equal to or |ess

of han 0.3 g/cnB. In this case, the stiffness of the sheet can be reduced 5
and the sheet can be nmade soft. On the other hand, the lower Iimt of the
average density is preferably 0.05 g/cnB. Preferably, the mcrofibrillated
cellulose is present nore in the high Pi ber density regions than in the

| ow fiber density regions. |In the water-disintegratable sheet of the

i nventi on,artcheéhewstieart- dbsper siabkesdfither sn athe gahdemaddanthenbasgl eduinmi nl y
in the high fiber density regions. In the case where the mcrofibrillated
cel | ul ose 9% td6| peetragk idenshéegelhinte feirbbly derfsd oy cmégi ons, the

wat er - di spersible fibers can be sufficiently bonded to each other through
t he hydrogen borndiSfGrpbher tof Rifrofitbrdttrdd ral st asel i upsseentepentfint he
wat er - di sptg{]s'hbl e f.hber are Iooselétar;t angl ed.. Therefore, . the sheet
strength cal BEIW&RERITTER “hY JiT I PPErDARLHS TR HE Wt R~ B8 S s FBY €S -ber s
have a fi I t u ta 0 than 10 and equal to. or more than
3 mm If the '?‘%ge?’altggg?#ler%ceé{er lgg%e mﬁah?%te V\%/?[e&%&i sparSPbt ¥ i bés wil

be excess\jaa\"d:elr)Ld@Q%@-f@ilkﬁ% %QBQES%gQEHQ£e(?yan\9@EgéaJ& 53] mTBIEﬁFLgb:yn maki ng

it difficult for the water-dispersibl’e fibers to sentangled in water.
If the fibergH engéh desishel W3 oRBl af Lhe Qlshernhdandne the Stk s8Rt fhedue to
ent angl enent of the water-dispersible fibers can not be expected.

Pr ef er abl ygeltlg owat ¢5- dbsherisidlian faheeeshagie bilwdegtaadabbere§ides,s.ten this
case, the fibers can be biodegraded after dispersion in water, preventing
envi r onnerMaierpdii bpef v lePfaber abtan beheutfidremtigobonded ke productheaf t he

tensile strength in MD and the tensile strength in CDis from2 to 4 N for
through the hydrogen bonding power of the microfibrillated cellulose

t

evenifthewater—dispersiblefibersarelooselyentangled. Therefore,
the sheet strength can be maintained high. |

Preferably, the water-dispersible fibers have a fiber length
equal to or less than 10 mm and equal to or more than 3 mm. If the
fiber length exceeds 10 mm, the water-dispersible fibers will be
excessively entangled about each other by water jets, thereby making
it difficult for the water-dispersible fibers to be disentangled in
water. Ifthefiberlengthisbelow3mm, ontheother hand, the strength
due toentanglement of thewater-dispersible fiberscannot be expected.

Preferably, the water-dispersible fibers are biodegradable
fibers. 1In 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 isindry condition. By setting



25 mMm wi dt h, where the water-disintegratable sheet is inpregnated wth
“distilled water, which weighs tw ce as heavy as the sheet. Also
.preferably, the square root of the product of the tensile strength in M
and the tensile strength in CDis from4 to 13 Nfor 25 mmw dth, where

t he wat er-di sintegratable sheet is in dry condition. By setting - 6 the
sheet strength within such ranges, whén®used as a cl eani ng article, the
sheet can endure a frictional force inparted in w ping operation. On the
ot her handthenese tusederfauh var: hdlbsordherdngaist, intle@, udehiea ssheetaghiy anBidtedi n t he
entire shape of the product. According to a second aspect of the present

i nvent i on,ththekeet £an mnevirdedfai ¢istmed Forcenammaracturn ngpang operation.
wat er - di si nt egr at abl e sheet conprising: blending water-dispersible fibers
and micr of%FﬁFlO&‘th@& hard 1 PeRe s Bomel- #RIFHFREcasE 316 obtaishear f9a8r ous
web cont ainpiir}ga.t hg m crtofi bril| at eéj t%e' I ul&ze in an anmount of 5 to 30% by
wei ght; agBiyIAG waters 1 er€ £8°v Rt iBFoRSCHED t o hydroent angl e t he
wat er - di sper si bl i u C rovide | ow.fiber density
regions to whi ch%%)gg\%éﬁe?obﬁe%%g%}%ag%%ﬁ e%ngrﬁ%%rgégx%ijb%vrent 8Rsi ¥y *Fegi ons

to which fidersyiemyed thb@mdrhieah oW fhRehq densid:y a1 580E s, Y 1Lhg Mat er
jets are glat ﬁer%d; and dryi ng thaé fi bcrous (\glveb torboﬁa theé%ydroent zf\r%gcl ed

wat er - di speimgirbksen§t bers to each other through a hydrogen bonding power of

the mcrofibrillated cellul ose. According to the water-disintegratable

sheet manuf act urilegdinmet hedtof-dilsgpeps gisbnt fiibeent | amd trhershepti W | S

soft, strong and easily disintegratable in water can be obtained by using

wet -1 ai d frideesseahtl aveerlid preeasIreint ovhd&h aafébboth webdebytardyeidgi n t he

art. the microfibrillated cellulose in an amount of 5 to 30% by weight;

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 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 bonding
power of the microfibrillated cellulose.

According to the water-disintegratable sheet manufacturing
method of the present invention, the sheet which 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 to 0.1
m. Alsopreferably, themicrofibrillated 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 water.



Preferably, the mcrofibrillated cellulose has a nean fiber Ilength of 0.3
"to 1.5 mmand a nean fiber dianeter of 0.001 to 0.1 m Also preferably,
the mcrofibrillated cellul ose has a viscosity of 1,000 to 10,000 nPa s,
“where 2% by wei ght of nmicrofibrillated cellulose is mixed with 98% by

wei ght of water. a 7 Preferably, a pro&fssing energy of each water jet
treatment inparted to the fibrous web With a single row of water-jet
nozzles arranged in CDis from0.05 to 0.5 kw n2 and the water-jet
treatment s perdfedfiemedly, to Gockreing Bynesgytd Ngachewpt @c e ngeenergy of
the water jet treatnment wthin such ranges, the water-dispersible fibers
can be app¥otitédery thenfahygeed wepaihtainisagtheosheét watamerigthndd glesdur i ng
use and faC|I|tat|n di sent angl ement of the, water-di spersible fibers when
a large arbuhft"96f Wéa rl? serimvgno5 BRI &P BESERRPTIO OFCTHE DRAVENES TThe

pr esent |nvent|%n wi | gerstood nore fully fromthe detailed
descrlptlon é)ven ﬂ%?elné? 3RY from t he acconpanying draw ngs of the

pref et red embod {PAL 0l o N PLESE0L 1 IV AALLGD. 0 ML 6N, LiPURKEL o Should ot

be taken to be Iimtativ elnve ion are for xlanalon and

under st and}ing i@ yen +dhdde g(ea-\\@éf&s—-dlgbgrsg-bie 815 AOPaPbaRy ¥>'rg¥vrlately
schematically showing a structure of a water-disintegratable sheet

accordi ng drixoneeepbadieainly thee presentcidn@nt idRh anngnlagaddscal e;
Fig. 2 is a sectional viewtaken along line Il-11 of Fig. 1; Fig. 3is a
sectional faeWwisehématdicanitynghewtmg o wat evatjeat-dispens iRt ;fiadds when

a large amount of water is given.

BKIEF 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 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 schématically showing a 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 water-jet
treatment; and

Figs. 4A, 4Band 4Care sectional views showing exemplary layered

structures of water-disintegratable sheets.



‘Flgs 4A, 4B and 4C are sectional views show ng exenplary | ayered
"structures of water-disintegratable sheets. 8 - DESCRI PTI ON OF THE
_PREFERRED EMBCDI MENT The present invention will be discussed hereinafter in
detail in ternms of the preferred enbodi nent according to the present
invention wth reference to the acconpgnying drawi ngs. In the foll ow ng
description, nunmerous specific detailsS dré set forth in order to provide a
t hor ough under standi ng of the present invention. It will be obvious,
however, tRESIRISEICKI OF etiiE PREABRRED HMBADIMRNT present invention may be
practlced wi thout these specific details. In other instance, well-known
structure are nothsheepeithigeeriion nibk @erdlirwsddlenmn@éessamyd@ttHdUrl ty
of the present invention. Fig. 1 is a top plan view schematically showi ng a
structure “b?e%m%%féPeBFgfﬁf%%ﬁ%ﬂ%ﬂﬂ%@e§ﬁé§F°é€b%ﬁH?ﬁ@eﬁﬁeéﬁ@téﬁﬁ%@¢W§ht of

t he present nvqptlon in an_enlarged scal e; s_a sectional view

t aken al on§ ﬁh 1P e OFOFFGe Nt 3 = o b é“?¥qag§ectFBnéPevﬁé%}OWlng
schenat | caéésvcﬁgfagwgn IO Sl L o B PR R

sheet 1 shown i forme endi ng' wat bersi

fibers and, m&f&j‘dhhrddelr%ftsgdﬁ@&klehg §e5@n@lmné i3hd pf@&?ﬁsbé 8b$ o5qo,a web,
and then subjecting the web to a water-jet treatment. The t

"wat er - di speresicll, etd itheks” sﬁﬁiﬂéaeﬂnrﬁﬂéehﬁtrﬂ%ﬁﬁrﬁhé(%regbggrﬁhdMﬂEQBnQﬁH} be

di spersed in water, while keeping their independent fibrous form

Pr ef er abl yRe tdrecnated- di sipertsitlesef sbec 5f isnpleayedsi n It kehpresestandy,enti on
are bi odegradable fjbers which can be broken down in water or the |ike by
bacteri a. &Litfgovat eErd¢spe sinsl exdti sdoyn dsedesni beimadedof themmcal

fibers or natural fibers only, or a blend of chem cal fibers and natural
unnecessary obscurity of the present invention.

;

Fig. 1 is a top plan view schematically showing a structure
of a water—diéintegratable 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; and Fig. 3 is a sectional view
schematically showing a water-jet treatment.

The water-disintegratable sheet 1 shown in Figs. 1 and 2 is
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
fiberswhich canbe dispersed inwater, while keeping 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 like by bacteria.

As the water-dispersible fibers, use can be made of chemical
fibers or natural fibersonly, or ablend of chemical fibers and natural
fibers. Chemical fibers include: regenerated fibers such as rayon
and acetate; and synthetic fibers such as polypropylene fibers,

polyethylene fibers, polyester fibers, bicomponent synthetic fibers



fibers. Chemical fibers include: regenerated fibers such as rayon and
“acetate; and synthetic fibers such as pol ypropylene fibers, polyethylene
fibers, polyester fibers, biconponent synthetic fibers 9 of polypropyl ene
and pol yet hyl ene and bi conponent synthetic fibers of polyethylene and
pol yester. Natural fibers include wood §u|p such as conifer (softwood)
pul p and hardwood pul p, abaca, |inter pdlp, banboo pulp and kenaf. Anong
these fibers, preferably used are the regenerated fibers and the natural
fibers sincle roheyrapel dricodedradaeicbyldiee anidbieicdmgrgiehtofyddetic fibers
wat er-di spersible fibers is preferably equal to or less than 10 mm nore
pr ef er abl yokegohyethy lene| axkpe hggstey . niathire L fovver s |iingiltdefwobheo flipberch engt h
is preferably 3 nm If the fiber length exceeds 10 mm the
wat er - di spEt SBHEeFi bR werd) BRERSIIA/ BRydeeRhmyiled abrir: ddekestbiekP when

subjected to water.jets,, there making it . difficult to maintain

di si nt egr at 4B It“f/l}ig r‘—f‘r\?fak%?afe‘or%% ﬁb‘eg? %ibfefrismﬁ’fe G 38&Y Bitassi vy

condi tions, gf..a, 1L8ks A 2PPHORI ately for maintaining

di si nt egrat at inl%i }[élgglgrfl gg%_er@%ﬁ% H?E% % g{eh? e%éjtch_tlhs 7] e_gﬂs%j t ﬁja_ dm*rll ‘on the
other- hand, it begOPBSer %MmHkttgfecwattel}&_d\ﬂ%@fhgﬁﬂ%pﬂﬁégl s L-DeE Sa19,

ent angl e about each other, thereby |Iowering the sheet strength due to the

ent angl emedjualasovet 11633 BRkL NP inkn, dhdfd ket o SLlePROCES I MNTe69Ndidr ONS
of a water-jet treatnent appropriately. The fineness of the

wat er - di spémmi.bl Bhd ilperes L smipr efferrabl fidaromenfthhi s @rbofbrabtex.3 Bel owt he
foregoing limt, the fibers are hardly disentangled in water because they
are excesstielfibeni Aenghereineeddet 8r iwr atingravgtedi st sittdgr 4ibdrs iane
Above the foregoing limt, the water-dispersible fibers are hardly

ent angl ed ngﬁgh DREFLeMIERUE AFECcR Eip T BhomsEPIpeted becmise iHey are

%fgf?hygl% eérgelrbgrﬂal‘%]%lgnegggggqltjfﬁ_\]{:\%{thg:% }nglenggirnegggPntoggrtatggbility in water
or making it difficult to set processing conditions of a water-jet
treatment appropriately formaintaining disintegratability in water.
If the fiber length is less than 3 mm, on the other hand, it becomes
difficult for the water-dispersible fibers to entangle about 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.

The fineness of the water-dispersible fibers is preferably from
0.55 to 5.5 dtex. Below the foregoing limit, the fibers are hardly
disentangled in water because they are excessively thin, thereby
deteriorating water—-disintegratability. Above the foregoing limit,
the water-dispersible fibers are hardly entangled about each other
when subjectedtowater jetsbecause theyareexcessivelythick, thereby
lowering the strength of the water-disintegratable sheet. If the
fibers are excessively thick, moreover, the sheet surface becomes
rough, thereby deteriorating the hand (feel).

For the water-dispersible fibers, it ispreferred toblend rayon

as the regenerated fibers and conifer pulp as the natural fibers.



Tibers are excessively thick, noreover, the sheet surface becones rough,

" thereby deteriorating the hand (feel). For the water-dispersible fibers, it
|s preferred to blend rayon as the regenerated fibers and conifer pulp as
“he natural fibers. 10 The conifer pulp itself has a hydrogen bonding
power due to an OH group on the surface thereof. Mreover, since the
conifer pulp has a nean fiber Iength‘ég)shall as 1.0 to 4.5 nm fiber

di spersion will start at portions containing the conifer pulp when the

wat er - di si Tieegroatidabt epslhedtt ses f ghaen hgdackat gonaltaynpoesr Watkeke iheseby
facilitating the disintegration of the sheet. The conifer pulp is
preferred QEPqQaQE13“C§H3ﬂ$%htSEaﬂdérdMEreQWQSSSQGSFyﬂnﬁcdﬂﬂﬁn:polﬁaﬂnn
(measured val ue based on JIS P-8121) . If the CSF is |ess than 400cc, i.e.
. the pul [P FE3BxTReS Vengtihesat ¥l Re hdhllo - 3 A, fdmrRoveisHesioe Wil |
deterloratq: EPretpreferred range of the CSF is from500cc to 750cc. As

t he conlfeﬁ Pl p,2%pr SEFABIY u§ Ht?%P%%%anﬁe bI€R¢hRE kPaFR ‘WA (NBKP) .

The t £ Il ul [ | | ul
commi nut ec anrobégt“é%éfg&%?%?Sr*ﬁ%c?ie. 59Er TSl S RrErbT P EvRF P b bEF IR i ose
can be prQQHQQQtaE9£gQ%%ﬁHE§1n95;ﬁﬂﬂbﬂybﬁ hePYlBe A5 %hétégglfyg E@i rlal

perform ng a special nechani cal process ereto under conditio

agqueous SUSEERSIreR,t ok £X0aeaBk ¥n @Qﬁﬁ&lé‘ﬂi FebeNdYd @C§MpQEQ%@EE’9:oC%Oc@ ong
fiber axis direction. The mcrofibrillated cellulose is given the shape of

an el ongat eckafsiubbed. vallue bhdweedpoesEst PiaIeanti org thé dsy ps ebesrednt hadcd, he
mean fiber length of the mcrofibrillated cellulose is 0.3 to 1.5 mm and
t he- mean fiiser thi ambbdrs ¢hegssdfvely Ba@@h, ttheOhdndro f Tive ndomwofdnbfabdiat ed
cellulose (microfibril) is a mnute, water-insoluble fiber. Since the
surface ar®dlofietfeltfidteof | ¥7i9 Paeégrred range of the 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 refers
to cellulose comminuted and beaten to near microfibril. Such
microfibrillated cellulose can be produced, for example, by employing
pulp as a starting material, performing a special mechanical process
theretounder conditionof anaqueous suspension, andextremeliybeating
it while suppressing cut along fiber axis direction. The
microfibrillated cellulose is given the shape of an elongated fiber.
In the present invention, it is preferred that the mean fiber length

of the microfibrillated cellulose is 0.3 to 1.5 mm and the mean fiber

diameter thereof is 0.001 to 0.1 m.

The microfibrillated cellulose {(microfibril) is a minute,
water-insoluble fiber. Sincethesurfaceareaofthemicrofibrillated
cellulose is about 190 times that of pulp, the microfibrillated
cellulose can exhibit a strong hydrogen 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



‘cellulose is about 190 tinmes that of pulp, the mcrofibrillated cellul ose
‘can exhibit a strong hydrogen bondi ng power due to an OH group on the
surface thereof, by drying it after once wetted. The mcrofibrillated
cellulose itself has a dense network structure - 11 simlar to the
cel l ul ose nol ecul e. When subjected to ﬁkmater-jet treatment, the
mcrofibrillated cellulose itself is e %hbled. Mor eover, the
mcrofibrillated cellulose enters the entangled interface between the

wat er - di sperwiligire thi bee scaanitudngk edo tdmdiegh Whemn swatect¢@ttd meabtentjet o
further increase the bonding strength between the entangl ed

wat er - di spersitBreet i bées nithefibeibfqted |dedtladoeel Labose is ensahatdd in
water, and is in paste formhaving a viscosity when it is mxed with

wat er . 'Thé”OWﬁQYFéfiH?YﬂI%&%ﬁ??ﬁ?FP&E?Eﬁ?ieﬁﬁi%ﬂ&ﬂfq NS Spr esenenF#vERd on i s
preferred to have a viscosity of 1,000 to.. 10,000 nPa s, ere 2% by wei ght
of i cr of i BHI9 T EC S TErEll e T ST 8 bT i eggl%}eo%f %ﬁﬁ}ﬁ%&th%ﬂu@m%d
wat er int ' ' ' 0, 000 to
000 mPa & hd ti Grofi bry 1 ared her o seehanr aotfe Syr ehad foHiti

such rangecfiasend afgadg fudrer--diiapet ein1ef rabBeps. 0.001 to 0.1 m Therefore,
it can enter the entangled interface of the water-dispersible fibers to

effect the functTionmetrstiongiptbansingiotbei svahesr @ spensidle ,f hheris by
its hydrogen bondi ng power. Here, the viscosity was determ ned at 25 using
a type B i seoret Eeym iheiepna tthescoet by whembér wasnikedandth hetreat attrenal
speed of rotor was 30 rpm In addition, the hydrogen bonding power for
bondi ng t Helcipdierldl afre stllalpspersptarehelll ndreasedeby enpeoyiarg is
mcrofibrillated cellulose having a higher water retentivity. The
m crofi bripidicededetd hpuser enproyedy iof 1 HE PpresehtOliOnvntsi,onhé¢xe 2% by
weight of microfibrillated cellulose is mixed with 98% by weight of
distilled water into paste form. More preferably, the viscosity is
from 4,000 to 8,000 mPa s. The microfibrillated cellulose having
the viscosity within such range has a mean fiber diameter of about

0.001 to 0.1 m. Therefore, it can enter the entangled interface of

thewater-dispersible fibers toeffect the functionof stronglybonding
the water-dispersible fibers by its hydrogen bonding power.

Here, the viscosity was determined at 25 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
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.

In the present invention, the water-disintegratable sheet

preferably contains 70-95% by weight of water-dispersible fibers and



‘preferred to have a water retentivity of at |east 250% according to JAPAN
" TAPPI Paper and Pulp Test Method No. 26. In the present invention, the

wat er-di si ntegratabl e sheet preferably contains 70-95% by wei ght of
wat er -di spersible fibers and 12 5-30% by wei ght of mcrofibrillated
cellulose. If the content of the mcrofjbrillated cellulose is |ess than
5% by weight, it is difficult to provi sufficient sheet strength due to
hydrogen bonding of the mcrofibrillated cellulose. If the content of the
ni crof i bri$t¥i*edy weébhulodsel @xdéedsl B%dye eilghte,. theths eenesst off dihe
blend of the water-dispersible fibers and the mcrofibrillated cellul ose
is decred&JeCcrofTﬁé%é%?eéi CohEh a3l bILeAd thanfBr redeiiahe, atfihAo6Eiowls in a
wet - | ai d process, is difficult to uniformy distribute the

wat er - di spe? §|r8f’é ‘Flsblérfécéﬁ‘at Sﬁ‘@eh IR ?‘Featt@dh%%‘lqgﬁino%‘é“dlt”r?r slgHsut t he

fi brous weIp heet resent invention can

t b
be manuf act ucrré) bm@;fﬁe e \%a?er - §p%orr§tlel9 Egr‘%lcafﬁ(flf)ﬁéllated
m crof i bri éélqtqusecgkéé’g&s%obl qu/?éjldhr% W@B%I %e esgd?gnéhe %len otOfthe

cylinder nould or a wire noving In an’inc p05| I on thereb to forma

fibrous welandibgevsiied remdhe hlended aBdLIdiak11 Her &y &Qﬁ&l%rs@ " T e”
as used in the foregoing web formng refers to a nesh conveyor belt of

pl astic orderatealsedi r ehecedbv ed, widdh an®lASdC i st &miedl ind tLerriarbibrays web
| Ain which the water-dispersible fibers and the mcrofibrillated

cel l ul ose &re bBeented pirscehsis iftol pedi ol cudtwie emnli@pringy siicfc rdaties aree
applied fromwater-jet nozzles 11 to the fibrous web |IA, as shown in Fig.
3. At thi swétq%dlﬁp%%%%ltﬂ y fibere fam oughenemicAcF b irldwteto thblwiase 10 by

sucki ng ai I Elhe side _opposite fromthe nozzles 11, as indicated at 12.
hroug out the fibrous web.

The water-disintegratable sheet of the present invention can
be manufactured as follows.

The water-dispersible fibers and the microfibrillated
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 ceanveyor belt of
plastic or metal wires coated with a 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 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 fibers
about each other SO that the. sheet strength and the
water-disintegratability of the water-disintegratable sheet 1 can

be well-pbalanced. To this end, it is preferred that the water-jet



I'n such water-jet treatnent, processing conditions are preferably set to
“appropriately entangle the water-dispersible fibers about each other so
that the sheet strength and the water-disintegratability of the

wat er - di si ntegratabl e sheet 1 can be well-balanced. To this end, it is
preferred that the water-jet - 13 nozz]Jes 11, which are arranged in the
cross direction (CD) as showmn in Fig. 3, have a nozzle dianeter of 75 to
120 mand an arrangenent pitch of 0.3 to 2 nmin CD. It should be noted
that if theezalegngemeitichi aeh arma@ded sins g Icrosshei mwatteionj €CD)nezzsesican be
arranged such that nozzles adjacent to each other in CD are staggered in

t he machi nen diipecid bAVE NDpoanke doamaper @fel) ap W@ hmeachantdreangsmentewed
fromM. |f the arrangement pitch in CDis |large, on the other hand, the
nozzl es camityér alfi §nédto it m@Dinl @Dt hi s specification, both the nozzles thus
staggered in MD w thout overlapping and the nozzles thus aligned in CD are
defined as a sihgFeopbhwemotggdAhes. i1 nhe¢ hersagenanicp e dthen K0ziA esalr.e

staggered, as set forth above, the arrangement gltch refers to a pitch
assumi ng  tHat2tRE Iz 2PEs et Eanl P%r?édapﬁe@ﬁucléa Pt ingEzL pe %ﬁataéﬁnf €to
t r eat nent | S }pe or ned row of water nozzl es

et
staggered Ot a Fghed, \%/g!taerre Sétaggfﬁ% érna[)h?/ macﬁ'ﬂ)ﬁ?tdltrj(?cttﬁgnffb@r oﬁ%d\ﬁé’o 1A a
processi ng,gnef, g)flggi »Pth15e5? cfI}W/ o2, . ew he (YRt alis ) et treatment wit hC such
orne he' T iA}f £678 ¢T e

wat er-jet nozzles 11 1s per on t I brous web

preferabl yp 2 d0ifd ¢b MBS1atde t B AOZZBdi RURE EEROT d N8 WL 8f Yell ) es 11
is below the foregoing Ii mt, there is a possibility of clogging

nozzles. if cot excerds stpléelffﬂéﬂgﬂjrﬂgbcbtﬁnthe ndz 218 s0t . fd GUéégé&oﬁ@huﬁ t he
processing energy within the foregoing range. If the arrangenent pitch of
t he nozzl esitit®utesset happinigeahdregonngzleégnthpsoal tdredot hetd hakddefined

asasinglerowofnozzles. Intﬁecasewherethenozzlesarestaggered,

as set forth above, the arrangement pitch refers to a pitch assuming

that the nozzles are aligned in CD.

Each time the water-jet treatment is performed with the single
rowofwater—jetnozzles1lstaggeredoraligned,waterjetspréferably
impart to the fibroﬁs 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 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 the foregoing limit, it is difficult to adjust the
processingenergywithinthe foregoingrange. Ifthearrangementpitch
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 difficult to maintain bulk of the sheet. TIf it
exceeds the foregoing limit, the degree of entanglement of the

water-dispersible fibers is lowered, so that sufficient sheet strength

cannotbeobtained. Inthiscase, moreover, itisimpossible toprovide



‘t he” processing energy per unit area of the fibrous web 1A is increased, so
"that it becones difficult to maintain bulk of the sheet. If it exceeds the
foregoing limt, the degree of entanglenent of the water-dispersible
fibers is lowered, so that sufficient sheet strength can not be obtai ned.
In this case, noreover, it is irrpossi_blf to provide - 14 the sheet with
much difference in density, so that sof hess of the sheet is reduced. Fig.
1 schematically shows the structure of the water-disintegratable sheet 1
after subj &t etieed vheh watchrdj eferenceat metsnsivWi hsovaher setndsei ng appl i ed
fromthe water-jet nozzles 11, the water-disintegratable sheet 1 is
provi ded WRIEY égi sAduzd ext endi ng in the machine direction (MD) . Fibers
in the region 3 arge rri)ved in CD by _the processing energy of the water

be

jets. As a resullt? \Aeéﬁh‘érﬂ?%lccé’rjrtlyr eqil6is 3 @d ?t%%ﬂléear ©ff orti&d hi gh

fiber densjly V\/mchtefbers ved rmtere|0n53vv|th
t he wat er Ej}teetrsdgrgeggg aletraeg reeegvgr étereac’(l:l Eﬁ% F‘f’)wwf‘ %’é?Jecfensity

regions 4 aldarpate iy MM Qjcgl%etﬂlg gpqefgﬁliir)émr% ﬁg§e§—]neocnﬁg%£ie@g

adj acent high fiber density regl ons to each ot

density isihi gher wlalﬂeth@liﬁgﬂe@mﬁtgbﬂéldsr@etthan kNpt e dLROIARS degildhies Fi ber
density of the regions 2 nay be either higher or |ower than that of the

regi ons 5.exflemddinfyf or eneenddnidensi tacthehwea .t heibe@ oA he2radiithrb3depends
on the network pattern of the wire 10, the processing energy of the

wat er - j et st keriD, by hdef piyeresiséngtdneagd o0 tba.waklee perangdsentepilch of
the high density regions 2 in CD coincides with the foregoi ng arrangenent
pitch of tkPFet‘ﬂﬁ&f‘e?d]aé%enﬁorz%lé@s 3 endthekle ot aretivengd bwgedrmr geneityof the

hi gh denS|t |on52 inarange from0.3 to 2 mm Wth the
wat er - j %/gr ment© ”‘Emghmg?eef“lk&‘?ﬁsp@?‘é?%%éoﬁtﬁér’ée%}roéls 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 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
energy of the water-jet treatment, the fiber length and so on.

The arrangement pitch of the high density regions 2 in CD
coincideswith the foregoingarrangement pitchof thewater-jetnozzles
11. Therefore, the arrangement pitch of the high density regions 2
in CD is in a range from 0.3 to 2 mm.

With the water-jet treatment, the water-dispersible fibers are
moved in CD and MD from the regions 3 and mainly entangled about each
other in the high fiber density regions 2 and 5. The microfibrillated
cellulose is also entangled about each other and enters the interface
between the water-dispersible fibers. Here, with the pressure of the
water-jet treatment, themicrofibrillated cellulose tends to assemble

in the portions indicated at 6 in Fig. 2. Such portions 6 are located



st

‘noved in CD and MD fromthe regions 3 and mainly entangl ed about each
~other in the high fiber density regions 2 and 5. The mcrofibrillated
.cellulose is also entangl ed about each other and enters the interface

bet ween the water-dispersible fibers. Here, with the pressure of the
water-j et treatnent, the mcrofibrillated cellulose tends to assenble in
the portions indicated at 6 in Fig. 2. ch portions 6 are located - 15 on
two side portions of the individual high fiber density regions 2 and 5.
More speci¥i dalol yide nPatidonadp§i thealingoridomls b ght figberaamefiitlpr kédatred
cellulose tends to assenble nore on the side close to the wire 10 in the

t hi ckness i §%tt? on Hra Peshdéral her ¥F otlte indeifbel oPPbidnsatted the

cel | ul ose Lsrpregeni nDQf iﬂ tpe regions 2 and_ 5 than in the regions 4.
After the Tat'€rPati 1%t fBAEU e CRYAT Jont STIYE TRES 08 RS edde $1P%he

wat er - di si S 1 af ter dried, the mcrofjbrillated _cellul ose
exhi bi t's éﬂiﬁggﬁéﬂﬁigpogﬁﬁﬁfoﬁg}%%“fﬁm%%relﬁfQPoogh%“Tf#%?%Up%B8ﬁeﬁ?ﬁ?’
surface t hﬁ{eeﬁicrcgpikjﬂirlrﬁa}fegoé&lttlli%sgvai'[se'i)'rgﬁérpt,eqn%grgl S5 ft#'xgefégdiotng g%%%

other. For the water-disintegratable sheet 1, it is preferre l'end 70

to 95% by wweirght iaf tmateysidnspersi ble fibers and 5 to 30% by wei ght of
mcrofibrillated cellulose. The basis weight of the water-disintegratable
sheet 1 is 10 t ARG Wlen@stpr-gherakhyn@ft t en8Aydgberkandfl eihevhiasisi agi ght
is less than the foregoing lim i=., the strength of the
wat er - di si it St v ol slisheeegatab llegheesd, a &@ rtddted, tthean arotf ibexhidyidd a
sufficient strength when used as a cleaning article for w ping operation,
a topsheetCOrl BIERSHELP BT 2aft WSO EIRTeRMRINE g Rewes dieckagha@Hshear f or
wr appi ng an sorbent article. |f the basis _weight exceeds the foregoing
O%gg? FREE 5P Y S B -fdirg‘ilﬁtbé)d‘rda{:%%lwgt%é%’tSF_’Lelisslbdét Efigreat ed.

limt, the
' 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 Dbasis weight of the
water-disintegratable sheet 1 is 10 to 100 g/m?, preferably 30 to 80

g/m?.

Ifthebasisweight is less thanthe foregoing limit, the strength
of the water-disintegratable sheet 1 is lowered, so that it can not
exhibit a sufficient strength when used as a cleaning article for
wiping operation, a topsheet or backsheet of an absorbent article
or a packaging sheet for wrapping an absorbent article. If the basis
weight exceeds the foregoing 1limit, the softness of the
water-disintegratable sheet 1 is deteriorated.

By setting the processing conditions of the water-jet treatment
as set forth above, the average density of the water-disintegratable
sheet 1 can be set within a preferred range from 0.3 to 0.05 g/cm’.
The average density is more preferably equal to or less than 0.2 g/m’,
most preferably equal to or less than 0.15 g/m’. The lower limit of

the average density is more preferably 0.08 g/m’. By setting the

average density within the foregoing range, the stiffness is lowered



‘By setting the processing conditions of the water-jet treatnent as set
" forth above, the average density of the water-disint.egratable sheet 1 can
.be set within a preferred range from0.3 to 0.05 g/cnB. The average
density is nore preferably equal to or less than 0.2 g/nB, nost preferably
equal to or less than 0.15 g/nB. The lower limt of the average density is
nore preferably 0.08 g/ n8. By setting_t]h “average density within the
foregoing range, the stiffness is lowered - 16 to provide the
wat er - di si # eeatabl eheshegteriding ity raohblé edldatgl withtheoft feeling.
wat er - di si ntegratabl e sheet 1, the entangl ement of the water-dispersible
fi bers al so cont¥t bheestes-theligtrasatebiersdelt §nthadditenohetent hé thedr ogen
bondi ng through the mcrofibrillated cellulose. Therefore, even in wet

condi ti on, 1% “SHERET SN GtRCERA L SBELIRETAPRF PR dC WRIShERE Side@gthdiins |

nt egr at abl .Sheet 1 is inpregnate j.th distilled water which weighs

twi ce as haeagjvlffl§§ the eegFYg‘? £ g%ﬁfh &9 ot(ﬁroblpk‘t H&Cproduret 18F e a%nsi | e
strength i t LLe o Skl [ - 0.4 N for 25 nmm
wi dt h (det%billwsglg? gf hreﬁ ﬁ%ﬁ?ﬁ%%hg gP&eﬁ%pvﬁong@e&f’ogﬁgrguh%e%hsetr€8|gfgvﬁaﬁg

Exanpl es ase Wl dtA%9e0l heynotaf i ONst e £RALAREES I SLdAS) she NEDS timﬁregnated
wat er-di si ntegratable sheet 1 is in dry condition, the square root of the

product ofwitredtensiled shrengihich weMphangdvitcheat ensivheastdrengtBeiN @GR i S
from4 to 13 Nfor 25 mmw dth. Wen the water-disintegratable sheet 1°

whi ch can sxfsireitootse i engrhofincthof khagtenantle dryecoridi b MOns1dasheseéndiaret h
above, is disposed of in a flush toilet and given a | arge anmount of water
in the fl ustFengsPIi@CHEsitFoR SepLiNfenRR il thy tadged sisdndige poweimaof t he
mcrofibrillated cellulose is weakened and the water-dispersible fibers
are di sent™Aged’ 9Pt At e AR Hepeld o4fBY §repet &2 as s Ikdtsep thepearious
wat er - di si ntegratabl e. sheet 1 thus ohtained.is preferre to_have a
wat er - di si f aegrcgfeabls?ﬁs ‘eqUa nttltr){eo‘?a eers"rélfﬁré?‘leglpr(ﬁfa SEoHfEt 1 1s indry

condition, 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.

When the water-disintegratable sheet 1 which can exhibit
strength in both wet and dry conditions as set forth above, is disposed
of in a flush toilet and given a large amount of water in the flush
toilet or in a septic tank, the hydrogen bonding power of the-
miérofibrillated cellulose is weakened and the water-dispersible
fibers are disentangled, so that the fibers are dispersed in water.

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

is possible to apply a binder such as carboxyl methylcellulose or



"On the other hand, it is preferred to have a stiffness wthin a range of
4.5 to 7 mm as neasured by the cantilever nmethod in dry condition. In the
«wat er - di si ntegratabl e sheet 1, the sheet strength and the
wat er-di sintegratability can be well-bal anced as set forth above even
wi t hout addi ng any wat er-sol ubl e or vvat}re{-smel | abl e bi nder. However, if

h

the sheet strength is required to be f ler increased depending on

applications of the water-disintegratable sheet 1, it s possible to apply
a bi nder serlyvdgydapboxydl metthytoeldhdesseunfads. - pol yvi nyl al cohol onto
the sheet surface. Wen the water-disintegratable sheet 1 is used as a

cl eaning articl®®uERe a8 tRer It FiRtRIGrtakee Wgse, 1the useduid at oldening

i npregnated i rlto t he water-di sintegratable sheet 1 nay contain a :
sur f act ant®™ & “*§i S¥Tt 86t 'Hrt FLASPT LeVVatiive: Wif Al QoHbIEO ke pBPEEWRA Rt eri al
and the |jke cording.to_demand. .The wat er-disintegratable sheet 1 may
be of a .siir#g}ldet gy‘garters'?jﬁﬁtl: u?%raorkrébéenﬁﬁ)% ﬁa&?@f Cs%tﬁgpu? esucféﬁéﬁﬂ?’h'g on
applicati Ocﬁligsinlf@_ctgﬁ-@,ea rééﬂée:v@ﬂlig/é; la%ygfc regfuﬂ’?‘efm E%El;i leguc eV\Bb IS

truc [
formed on the wire 10 of Fig. 3 in a wet qﬁlé)ild %Pocess, and a sécon
fibrous welxd,saterpeohpnd benbhgst fibrous web in a wet-laid process. Such
operation is repeated, If necessary, to forma nulti-layer structured
fibrous web. Thi®nd ivareusdineintieyratbbpeet Gtbdto 1t hey Wt &5 F jsets ihfeat I
Here, the individual fibrous webs may be forned fromthe sane material in
whi ch t he statuerttugespersibl g flialyer sstandtihe deapecdohy bm hpat echtcehkul ase are
bl ended. In an alternative, it is possible to formone or nore fibrous
webs fromtHe BfeHif 8P 1Ehelaxpat 6Fdfsper spbf st bepeoumneebhies formed on
mcrofibril]lated c #I u}fos.e and.to formthe renmaining fibrous web(s) from
the wat er -diSpersi b 2% i'8¢rs> bhId WSt landtHecessr efiatd VECOPRel Horftent of

the m CI’Of‘LQ{ iilsI gcgremded on the first fibrous web in a wet-laid process. Such
operation is repeated, if necessary, to formamulti-layer structured
fibrousweb. This fibrousweb is subjectedtothewater-jet treatment.

Here, the individual fibrous webs may be formed from the same
material in which the water-dispersible fibers and the
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. In another alternative, the content of the microfibrillated
cellulose may be different for different fibrous weéebs.

For instance, Fig. 4A shows a water-disintegratable sheet 1B
in which one layer 21 contains the microfibrillated cellulose and
the other layer 22 exhibits its sheet strength mainly by the
entanglement of the water-dispersible fibers. Onthe other 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 cellulose to increase the surface



“cellulose may be different for different fibrous webs. For instance, Fig.
.4A shows a water-disintegratable sheet 1B in which one |layer 21 contains
¢the mcrofibrillated cellulose and the other layer 22 exhibits its sheet
strength mainly by the entanglenent of the water-dispersible fibers. On
the other hand, Fig. 4B shows a water-djsintegratable sheet 1D in which an
internediate |layer 23 exhibits its shek strength mainly by the

entangl enent of the water-dispersible fibers and both top and back | ayers
24 and 25 stemmoahn datheting csbeebri | 0at echecebthdoskand | Aty cage tshewsursd ace
18 strength of the sheet. On the other hand, Fig. 4C shows a

wat er - di si'fiEFratabrecgirda leEshertwAEchn otiighasnneer etk mteslipgsyetaye26
contains the mcrofibril]ated cellul ose and both top and back | ayers 27
and 28 ar & SEPRIRPTEHETIRATIP T b 2 1S et laHGIseReR Bt tapeand back layers
wat er -di spersible.fibers. Even suchpulti-layer structure

"ol ogit 4Bl 878 Strg?gtﬁﬁn%% P [Rasthong"t SISt Sinstthe

wat er - di si'nt egrat abl e sheet

mcrofibrillated;cellulpse ¢;i0,.2 sufficient amount and the other layer(s)
consi sts of the hydroentangled water-dispersible fibers or contains the

microfibrillatedelJudhesa tiin1 dysAgd + &5t 20RAL e r CAs ITRIALAL AL 1 e shaet
strength as a whole. Wien a | arge anount of water is given thereto, 'the

fiber di spar shobohcanlbessicakt Bfyd i cbhtal @y ehé )i GO B DI THEd0 ce DT u B seal |
anount of mcrofibrillated cellul ose, thereby making it possible to
enhance t hi wat enf fii siantegratuabi lantly the thideentlaper sheetons EXAVRIFES hEhe
follow ng are exanples of the present invention. However, it is to be
under st ood*¥HEENtARI pr@sente tenveitnads ibhsul df ilstrsbe ¥ i tasditatiost hethe
exanpl es. (WATER- DI SPERS| BLE FI BER)

microfibrillatedcellulose in a smaller amount, canmaintain the sheet
strength as a whole. When a large 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.

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)

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 amean fiber length of 5mm (tradename “CORONA”
commercially available from Daiwabo Rayon, Japan) were blended for
use.
(MICROFIBRILLATED CELLULOSE)

Microfibrillated cellulose commercially available from Daicel
Chemical Industries, Ltd., Japan under tradename “CELLISH KY-100G

type” was used. This microfibrillated cellulose was obtained by



“Coni fer bl eached kraft pulp (NBKP) beaten with a pul per to set the
".Canadi an Standard Freeness (CSF) to 740 cc and rayon-having a fineness of
¢l. 1 dtex and a nean fiber length of 5 mm (tradenane "CORONA" commercially
avai |l abl e from Dai wabo Rayon, Japan) were bl ended for use.
(M CROFI BRI LLATED CELLULGCSE) Nlcrofibfiiiated cellul ose commercially
avai l abl e from Daicel Chem cal Industri®es, Ltd., Japan under tradenane
"CELLI SH KY- 100G type" was used. This mcrofibrillated cellul ose was
obt ai ned byedEihg pbénttingipubpiboi Mhavahgbaihedravfiihgr adimeatefri berawhanet er
of about 0.01 m Wen a mxture of 2% by weight of mcro fibrillated
cel | ul ose 0 ard M9.8%hyn weriightirefofditsiby vk eghtwat ed cvasi yrannmedeanrd 1Measss ed at
25 wusing a type B visconeter (rotor No. 4) having a rotor rotationa

speed of 30hd PBY ByhReVHISCRS d¥s14a9 8. .00Q NP8 ForhEh BROUS. VEB)-4THE 25

wat er -di spersible fibers and the mcrofibrillated cellulose were bl ended

|0 a et @l GhPhoess § G iRIERaEe: I NQUSNYeDs 0 GoImalal) v Exalples 1

to 7 and Exanpl es ending ratios (% by weight) o rayon

and i crof idudd Lat ed sl uhose; -ase; found nodablg 1 The wet-laid process
I al d V :

was such that materials were suspend In water to a concentration of 0.02
% by meighEFléﬁg%scwggpcted to from a fibrous web having a size of 25 x 25
cmonto a papermaking 90 nesh wre. (COVPARATI VE EXAMPLE) For Conparative

Exanples 1 to G_ﬁﬁe'TQQE@rldi&55%§¥b@%0u§iﬂg¥§s ahhuscfor ned J g, 2 51igg of 25
X 25 cmwere dried at 150 for 90 seconds

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 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 webs
thus formed into a size of 25 x 25 cm were dried at 150 for 90 seconds

by means of a rotary drum dryer, without subjected to a water-jet
Lreatment.

For Comparative Example 7, on the other hand, the fibrous web
containing no microfibrillated cellulose (see Table 1) was subjected
to a water—-jet treatment, which is the same as that for Example, in
wet condition after formation.

(EXAMPLE)

For Examples 1 to 5 (and for Comparative Example 7), the fibrous

webs after formation into a size of 25 x 25 cm were treated with jets

of waterdelivered fromwater-jet nozzles inwet condition. Thenozzle



by means of a rotary drumdryer, w thout subjected to a water-jet

treatnment. For Conparative Exanple 7, on the other hand, the fibrous web
g¢containing no mcrofibrillated cellul ose (see Table 1) was subjected to a
water-jet treatnment, which is the sanme as that for Exanple, in wet
condition after formation. (EXANPLE)__&g%_Exaanes 1to5 (and for
Conparative Exanple 7) , the fibrous s after formation into a size of
25 x 25 cmwere treated with jets of water delivered frommvater-jet nozzles
in wet condlidriearr cEhtenazzlre;@0nodt paiar10f o, heydwaireeroek otQzzkesjyas 100
m and three rows of water-jet nozzles were arranged in MD, in each row of

whiCh, thendiﬂﬂﬂéﬂéﬂedEEﬁ&b@&inWﬁLQh@éé@FQQQoﬁhh@pHiEﬁ@w@%e@— e@ﬂ%iflégl The
fi brous web was noved in MD at a speed of 30 nmimn and the ydraulic

pressure fweam eachnpedzdte avastsetofit0 .J 9RA0ikRep. so that the processing
energy given to the fibrous web fromthe three rows of water-jet nozzles
was 0.4 kw n2. Afitefibheusvaebrwjemoveednéntat & hpefeidbe HBd wetisn wedetidr i ed
at 150 for 90 seconds by nmeans of a rotary drumdryer, to obtain

wat er - di si MEGHALabPESSHES £ rop MERASURIORGL VETHODE t( 2F BAXI (S MREl GBT, that

THI CKNESS rND DENSI TY OF SHEET According tq specified conditions described
in "Huni di'ty® PEBHETTThiISAG T M P St 48 r HrsttdPECR B Re SEOBf lesPhg e 12 O%the

t enper at ur g SE and_the relative humdity was set at 652 %
Af ter standfﬁgifn?éﬁc O%ﬁ%%srg%ﬁegt4f§¥ Mat least 30 minutes, the basis

wei ght, thickn LLy-uer e - indivi I .
o) SIRTER b1 o NGSA ANEhARRILLY; YER2BASH SUnl &1 drBs VL EHalar eSS

150 for 90 seconds by means of a rotary drum dryer, to obtain
water-disintegratable sheets.
(MEASURING METHOD)
(1) BASIS WEIGHT, THICKNESS AND DENSITY OF SHEET

According to specified conditions described in “Humidity
ConditioningandStandardState for Test” of JISP-8111, the temperature

was set at 20x2 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
Thewater-disintegratabilitywasmeasuredaccording to the test
methoddescribedin“4.5Easiness of Disentanglement” of “Toilet Paper”
of JIS P-4501. However, it should be noted that the sheet size of
the sample was set at 10 x 10 cm, and this sample was put in a 300
ml beaker filled with 300 ml of ion-exchanged water, followed by
stirring. The stirring was performedwith a rotor set at a rotational
speed of 600210 rpm, and the sample in the beaker was visually observed
to determine the time required for the sample to be completely
disintegrated since the stirring was started.

“Water—disintegratability”iSexpressedonthesecondtimescale(sec)



*The water-disintegratability was neasured according to the test nethod
.described in"4.5 Easiness of Disentanglenent” of "Toilet Paper"” of JIS
.P-4501. However, it should be noted that the sheet size of the sanple was
set at 10 x 10 cm and this sanple was put in a 300 m beaker filled with
300 m of ion-exchanged water, foll ow_e%i;y_ stirring. The stirring was
performed with a rotor set at a rotati |  speed of 60010 rpm and the
sanple in the beaker was visually observed to determne the tinme required
for the sahpl’@tlé be conpletely disintegrated since the stirring was
started. "Water-disintegratability” is expressed on the second tine scale
(sec) 21 -‘%hn Dﬁé’bﬁ@RﬁNG%B) DRY STRENGTH The sheets for Conparative Exanpl es
and Exanples in dr condifti on were cut to formrectangul ar sanpl es, of

which the short SIHESHES T35 PRAAALT THE 181G SE S *ABR L 50N ARY cangt tiren
[ dt f | t 30, m t i t i nt t hat
For “measuriag the baide uSPThpdidh BomBLet At SRREhTh e S Gar (6 o

for measuring the basi's weig 58°3

short sidess .af shhe.samplg wene hel Ci5*é)ymﬁhu£lé% tgnlf%natanmd QR LESLE e WD

an initial chuck-to-chuck distance set at 1 e sanpl e was stretched

at  a tensdd aekate3’0fniR A Al he HigeMX, MUANL2d ; TBASUY %rb)ﬁeggﬁritr%st er
was determ ned as a neasured value. For respective Conparative Exanples

and Exanpl@s; bas sanpl ghthavhhekridss drangess gy .extiendiargeal ang si2+0of: dhe
sheet and a sanple having its long side extending along CD of the sheet
wer e prepariethangmrksvere hsldey dhockh odoVensilonwidstler .t el raiei tieat of
(nmeasured valued in MD) x (nmeasured value in CD) } was determned as a dry
strengt h. Y tPeshueHfdistrBAS IR @ thhdRam, 0N |SSMPle1®5s S(t4) t VETd SERENGTH

a tensile rate of 100 mm/min. The maximum load measured by the tester
was determined as a measured value. For respective Comparative
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. Other test conditions were based
on JIS P-8135.
(4) WET STRENGTH

For respective Comparative Examples and Examples, a 25 x 150
mm sample having its long side extending along MD of the sheet and
a 25 x 150 mm sample having its long side extending along CD of the
sheet were prepared, impregnated with distilled water in an amount
twice the.weight of the sample, sealed in a plastic bag, and allowed
to stand for 24 hours in an environment of 20+2 . Thereafter, the
samples were taken out and immediately tested in the same manner as
that for measuring the dry strength, in which the square root of

{ (measured valued in MD) x (measured value in CD)} was determined

as a wet strength.



*For' respective Conparative Exanples and Exanples, a 25 x 150 mm sanple
“.having its long side extending along MD of the sheet and a 25 x 150 mm
gsanple having its long side extending along CD of the sheet were prepared,
inpregnated with distilled water in an anount tw ce the weight of the
sanple, sealed in a plastic bag, and allowed to stand for 24 hours in an
environment of 202 . Thereafter, the ~ [ es were taken out and
i medi ately tested in the same nanner as that for neasuring the dry
strength, (D WTIERNERS square root of {(measured valued in MD) x (neasured
value in CD)} was determined as a wet strength. 22 - (5) STIFFNESS For
respective Conpaf@t itFSPERARY? eommid aExanpleiplassang| Bxatideisnga asshoet - si de
(25 mMm e t endi ng éonaﬂqg;lD of the sheet and a Iong side (150 mm) extending
aI ong MD o a"tlﬁ@ ha&t* dﬁréﬁér’@ﬂ) e&‘ﬁ&ndé?‘i’ el ggahli p§ ‘ihr? sheesard a

[ t ht d
aceor aing 128118 QP PNCER el PLoar Uit o - Mt noa: Ay oPara | B¢
L-1096. | naﬁgyrsst{ﬁﬁrngtﬂ?thgg h%l}l%l 8&%@615%% tﬁ%trﬁ asfu%lng th SI deS The

square root of the product of t fue msasure one “si of* t'e

sanpl e di recited dpwassl @dcbheeyal AR rdTBESUS e Wist Btlf‘]_ené)stsh@baﬁtg o fl eCt ed
upward was determ ned as a neasured val ue. Table shows the i ndividua

measur ed wedthesi: Met2d3d-A)Fabk e1% 106 Comn t@olrﬁtébcm tl@ﬁth@mualE%amél;LeEX- 2
Ex. 3 Ex. 4 Ex. 5 Ex. 6 NBKP 70 65 55 50 45 40
was tested for both sides. The square root of the product of the value
measured 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.



~“(Degree of Beating: 740cc) 1.1 dtex*5nm Rayon 30 30 30 30 30 30

“Mcrofibrillated - 5 15 20 25 30 <cellul ose Basis weight g/m40.0 40.0 40.0
¢40.0 40.0 40.0 Thickness mm 0.12 0.12 0.11 0.11 0.11 0.10 Density g/cm
0.33 0.33 0.36 0.36 0.36 0.40 Water sec 5 25 38 58 86 91
Disintegratability Dry strength N 25mm 6.42 14.9 31.9 37.7 40.3 43.1 Wt
strength NV 25rm 0.69 1.53 1.98 2. 38 7. 4 7.64 Stiffness nm6.5 8.1 12.6
13.2 11.6 12.8 Com Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 7 NBKP 70 65 55 50
45 40 (Degree of Beating: 740cc) 1. Tadiex®5mm Rayon 30 30 30 30 30 30

Mcrofibrillated - 5 15 20 25 30 cellulose Basis wight g/ m40.0 40.0 40.0
40.0 40.Q0 40.0 Thickness nmm 0. 4pCqr-41 | GodQ 0ﬁ®9-0.39m0.3EC0@ensﬂky-8/:m
0.095 0. 097 6-+0—0-1020-1020-1p8-216.6%6°3  Marbr Bbc'9 39- 45 £%-01 95
Di si nt egrababidi 4 sDrast rengsh | N 25mpn’l. 39 [£717 o 11 11./63 11. 88 12. %6
Wt strength dNexdsam &h,/88 2. 17 z.aa)d.b?3d.b6 B0Y3  pEo TTNEST H 2 4,8
5.3 5.5 76.19%
Microfibrillated - 5 15 20 25 30
cellulose
Basis weight ' g/m? 40.0 40.0 40.0 40.0 40.0 40.0
Thickness " mm 0.12 0.12 0.11 0.11 0.11 0.10
Density i g/em’ 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 31.9 37.7 40.3 43.1
Wet strength ' N/25mm | 0.69 1.53 1.98 2.38 2.46 2.64
Stiffness " mm 6.5 8.1 12.6 13.2 11.6 12.8
Com. Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Ex. 7
NBKP 70 65 55 50 45 40
(Degree of Beating: 740cc)
1.1 dtex*5mm Rayon 30 30 30 30 30 30
Microfibrillated - 5 15 20 25 30
cellulose
Basis weight T g/m? 40.0 40.0 40.0 40.0 40.0 40.0
Thickness T 0.42 [0.41 [0.40 |0.39 |0.39 |0.38
Density T g/cm’ 0.095 0.097 0.10 0.102 0.102 0.105
2 6 6 6 3
Water Isec 5 29 15 63 CH 95
Disintegratability
Dry strength ¢ N/25mm | 1.39 4.17 9.11 11.63 11.86 12.96
Wet strength §N/25mm 0.93 2.17 2.95 3.55 3.68 3.93
Stiffness - | mm 4.2 4.8 5.3 5.5 5.7 6.1




24 * As has been descri bed above, in the water-disintegratable sheet of the
“present invention, the sheet strength is obtained by both the hydrogen
¢bondi ng power of the mcrofibrillated cellul ose and the entanglenent of
t he water-dispersible fibers. Mreover, when a |arge anmpbunt of water is
given thereto, the mater-disintegratabI% sheet can be disintegrated in
wat er due to weakeni ng of the hydrogen %hﬂing power and di sent angl enent
of the fibers. Therefore, the sheet strength and the
wat er - di si nt egr atabas beyn danchbebahshdwe bal aneedtetnliadditbboatablicehsheet
can exhibit a sufficient strength even when used in wet condition.
Nor eover, @f thetRie Senghitvaeriodensia yheeyissnsnan ishebtaowet hepotHertsi ty
regions being formed therein, the sheet has a |ow stiffness as a whole and

the sheet S{fO4E8 PEAISD RYMAT OfhérerBierohibed ikt ol lalepeamihigtharticl e

such as we IS of.t..feeling can be .provided to the touch. en used
as a tops h%’arét{angr%%ﬁg% Sheedt “('ﬁtezi% déﬁg%rr%leﬁéte %/labr i%¢l e Oorreoé'eﬁag%ﬁﬁian Heet

for wrappi ng, 1he .absor bents amﬁ'&e&@o,tbﬁ% g{ﬂ%r -pﬁgg%égp%et%g&!er&{ertoduct

can be made soft due to softness of the s resen

invention haspbesRihtbysddat edwandr qdese hbad Wnkh  eSPaGH E Q- EXERP RS Y
enbodi nent thereof, it should be understood by those skilled in the art

that the foswegaimiaretuayiousnt ©f hey £ danrgesThardrsskPnnaRdeaddt téons may
be made therein and thereto, wthout departing fromthe spirit and scope
of the prezehthd wwern-iddsintdhereforie tytche bpreesehy beheerdd.onIshdaldiaqot be
understood as |imted to the specific enbodi mrent set out above but to

i ncl ude al hHESSEBD| 82N iiodiifent suidhicdenE apt IRNGRbedFed At hisadair ctrre
enconpassed and . equival ent thereof with respect to the feature set out in
the appended ¢4 ms.

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. 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.

Although the present invention has been illustrated and
described with respect to exemplary embodiment thereof, it should
beunderstoodbythoseskilledintheértthattheforegoingandvarious
other changes, omission and additions may be made therein and thereto,
without departing from the 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
embodiments which can be embodied within a scope encompassed and
equivalent thereof with respect to the feature set out in the appended

claims.



"1 25 - WHAT IS CLAIMED IS: 1. A water-disintegratable sheet conprising

water-dispersible fibers and mcro fibrillated cellul ose, the

¢wat er - di spersi bl e fibers being hydroentangl ed about each other to provide
hi gh fiber density regions and |ow fiber density regions, the
hydr oent angl ed wat er-di spersible fibgrf bei ng bonded to each other through
a hydrogen bondi ng power of the m crof Brillated cellulose. 2. A

wat er - di si ntegratabl e sheet as set forth in claiml1l, which contains 70 to
95% by wei ¥HT g5 ®abEYERiKpersible fibers and 5 to 30% by wei ght of
mcrofibrillated cellul ose. 3. A water-disintegratable sheet as set forth
in claimi1l- wherkitrtaheipietFiaiabilpasbel e fdmpiréséntas e umsdare f Higrld engt h
of 0.3 to %%§ mm and a pean fiber diameter of 0.001 to 0.1 m_ 4. A

wat er - di si Jteegtrsa?%%f“é%ﬂggfr%sla%fi FOrIhOF Ry CPSi A TR R BF 8F fiLb iengibers
mcrofibrillate as._a . .viscosi of 1,000 .t0.10, 000 a s, where
2% by wei g%l%gf Q%&%%ﬁ %%ﬁlepa%beo T8 %Ioétéléritso ﬁikQ‘éJddPW%[lﬁg %g%rbgg’i}\%]it@’ht of

water. 5. Agvaier-dhsi nigegratghl.e aaﬁgit@s Ise%&okgrthtwoﬁg@'grpg%amghggde;\“

t he sheet has an average density equal to or Tess than

Water-diSiWﬁﬁﬁﬁuaﬁ@béﬁsﬁﬁﬂﬁfiﬁékéﬁﬁiJd%&ﬂbédﬂxﬁéé@ﬁ%@heﬂ%ﬁ%éﬂdﬁ51hydrogen
themcrofibrillated cellul ose ispresentnore in the high fiber density
regi ons t hamdimgt hewéow ff ither mdensf ibrinagkoasceluld6e. 7. A

wat er - di si ntegratabl e sheet as set forth in claiml1, wherein the

wat er - di spersi bl e fibers have a fiber length equal to or |ess

2. A water-disintegratable sheet as set forth in claim 1, which
contains 70 to 95% by weight of water-dispersible fibers and 5 to

30% by weight of microfibrillated cellulose.

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

the microfibrillated cellulose has a mean fiber length of 0.3 to 1.5

mm and a mean- fiber diameter of 0.001 to 0.1 m.

4, A water-disintegratable sheet as set forth in claim 1, wherein

the microfibrillated 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 water.

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

the sheet has an average density equal to or less than 0.3 g/cm’.

6. A water-disintegratable sheet as set forth in claim 1, wherein
themicrofibrillatedcelluloseispresentmoreinthehigh fiberdensity

regions than in the low fiber density regions.



“than 10 nm 8. A water-disintegratable sheet as set forth in claiml,
Wherein the water-dispersible fibers are biodegradable fibers. 9. A
twat er - di si ntegrat abl e sheet as set forth in claiml, wherein the square
root of the product of the tensile strength in MD and the tensile strength
in CDis from2 to 4 Nfor 25 mmw dth, g\,here the water-dis integratable
sheet is inpregnated with distilled wat e , which weighs twice as heavy as
the sheet. 10. A water-disintegratable sheet as set forth in claiml,
wherein the squaretepodisomteheapaokicheof ashett £msit énstleengt hwhérddn and
the tensile strength in CDis from4 to 13 N for 25 mmw dth, where the
wat er - di si Htegitdtabfesrheeb les fiper agendi it 1engtA emtdlodof or less
manuf acturing a water-di sintegratable sheet conprising: blending
wat er - di sp@f Bi%e™i bers and microfibrillated cellulose in a wet-I|aid
process to obtain a fibrous web containing the mcrofibrillated cellul ose
in an anount of 5 to 30% by weight; applying water jets to the fibrous web

to hydroen angl eAuQ@erwselrn-t@5§99£§£40g§ﬁ§éc EQ[ 2, (PO ‘fﬁ%*la%f&erw nd to

provide low fiber density regions to e water jets ar€ applied and

hi gh fiberthdensktydl §3:0n9160 bt eh fibgk sasemiedef komihe | ow fiber
density regions by the water jets are gathered; and drying the fibrous web

to bond the hydroentangled 27 water-dispersible fibers to each other

t hrough a hydrogen bonding power of the mcrofibrillated cellul ose. 12. A
wat er - di siht egr &t abter shisgintegnafactaishegt petdeadf@asgetnfartif 1,0 whetainm 11,
wherein the mcrofibrillated cellul ose has a nean fiber Ilength of 0.3 to

1.5 nm and-3¢ FEAATY iNeelt @f ametRrodfctooDGhet persille strength in MD and the

tensile strength in CD is from 2 to 4 N for 25 mm width, where the
water-disintegratablesheet is impregnatedwithdistilledwater, which

weighs twice as heavy as the sheet.

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

11. A method for manufacturing a water-disintegratable sheet
comprising:

blending water-dispersible fibers and microfibrillated
cellulose in a wet-laid process to obtain a fibrous web containing
the microfibrillated cellulose in an amount of 5 to 30% by weight;

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 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



"M 13. A water-disintegratable sheet nmanufacturing nmethod as set forth in
Zclaim1l1l, wherein the mcrofibrillated cellulose has a viscosity of 1,000
qto 10,000 nmPa s, where 2% by weight of mcrofibrillated cellulose is mxed
with 98% by wei ght of water. 14. Awater-disintegratable sheet manufacturing
met hod as set forth in claim1ll, wherein a processing energy of each water
jet treatnent inparted to the fibrous @web with a si ngl e row of water-jet
nozzles arranged in CDis from0.05 to 0.5 kw n2 and the water-jet

treat nent watemeribpenetblle tfob6rbi teach other through a hydrogen bonding

power of the microfibrillated cellulose.

12. Awater-disintegratable sheetmanufacturingmethodas set forth
in claim 11, wherein the microfibrillated cellulose has a mean fiber

length of 0.3 to 1.5 mm and a mean fiber diameter of 0.001 to 0.1

m.

13. Awater-disintegratable sheet manufacturingmethodas set forth

in claim 11, wherein the microfibrillated 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 water.

14. Awater-disintegratable sheetmanufacturingmethodas set forth
in claim 11, wherein a processing energy of each water jet treatment
imparted to the fibrous web with a single row 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.



