SPECI ElI CATI ON WATER- DI SI NTEGRABLE SHEET HAVI NG Bl ODEGRADABI LI TY
FI ELD OF THE I NVENTION 5 The present invention relates to a
water-d|5|ntegrable sheet havi ng bi odegradability for use in
appiications i ncluding wet wi pers for cleaning donestic articles such
as wet wipers for cleaning toilets, and wet w pers for cl eansi ng
human bodies as represented by those for anal 10 cleansing, the '
wat er - di si nt egrabl e sheet being such that it i s di sposable as waste in
a flush toilet or the like and yet hag good hand (softness).
BACKGROUND OF THE | NVENTI ON Hi therto, various techni ques have
been proposed for 15 provision of a disposable sheet material capable of
bei ng washed away in a flush toilet, nore specifically a water-

di si nt egrabl e paper of the type whSEBCIEECAZEONa soft - wood pul p nass
and a water-sol ubl e bi nder éCNC PVA or the |ike % with which the -
constituent parts ONATRR-RESENBEEBARGEESSHEET HAVINGuREOCPEGRARABILASY

descri bed in Japanese Patent Application Lai d- Open Publication Nos.
2- 154095, 2-229295, and 3- 167400). Also, a nunber of disclosures have

been made with respect _to mﬁges usi ng such a sheet material, as
descri bed FIELD OF THE INVENTION

5 The present invention relates to a water-disintegrable
sheet having biodegradability for wuse in appligatibns
including wet wipefs for cleaning domestic articles such as
wet wipers for cleaning toilets, and wet wipers for
cleansing human bodies as represented by those for anal

10 cleansing, the water—disintegrable sheet being such that it
is disposable as waste in a flush toilet or the like and yet
has good hand (softness).

BACKGROUND OF THE INVENTION
Hitherto, various techniques have been proposed for

15 provision of a disposable sheet material capable of beiné
washed awéy in a flush toilet, more specificaily a water-
disintegrable paper of the type which includes a soft-wood
pulp mass and a water—soluble binder (CMC, PVA or the like)
with which the constituent parts of the wood pulp mass are

20 bound together {(as described in Japanese Patent.Application
Laid-Open Bublication Nos. 2-154095, 2-229295, and 3-
167400). Also, a number of disclosures have been made with
respect to wipes using such a sheet material, as described
in Japanese Patent Application Laid-Open Nos. 2-149237, 3-

25 182218, énd 3-292924.



I n Japanese Patent Application Laid-Open Nos. 2-149237, 3- 25 182218, and
3-292924. -2 - W t h
such wat er - di si nt egrabl e paper and w pes using such a paper materi al
it-is expected that they, after having been flushed away with water in
a flush toilet, can be biologically treated to a satisfactory extent
in a septic 5 tank and/or in a sewage disposal plant, because their main
‘conmponent material is a soft-wood pul p. However, a sheet conpri sed
chiefly of a soft-wood pulp is a materi a Xxrown . commonly as paper and
I's not softer than a nonwoven fabric fornmed froma synthetic fiber
mat eri al . Therefore, the 10 sheet feels less confortable to the hand or
skin. Al though . the sheet possesses good hydrophilic and water
“absorption pr 8t juch jwates-di shutearalte PARETI A0k FIRAS ORRYi on
the sheet tends to collapse as its fiber conponents | ose t heir | npact
resili.ence, b&UsY BhPaPEF dMterigls d&| l§t?w?%pt% thag Fﬁ@ysk?ﬁ?e%ﬂaa‘{h%ng in
such a condition the sheet tends . to be advers affected in respect
of softness, &fen flushed: pypyr adith evabethi lledaoffeiﬁy stollet, can st
f

L s widely Known L0 88, 3Rt leld Ok acrory 'S LS AN ST 2108, 8
5 tank and/or in a sewage dispoSal plant, because their main
component material is a soft-wood pulb. However, a sheet
comprised chiefly of a soft-wood pulp is a material known
commonly as paper and is not softer than a nonwoven fabric_
formed from a synthetic fiber material. Therefore, the

10 sheet feels less comfortable to the hand or skin. Although
| the sheet possesses good hydrophilic and water absorption
properties, it has disadvantages that in its wet condition

the sheet tends to collapse as its fiber components lose
their impact resilience, being thus liahle to feel sticky

15 to the skin, and that in such a condition the sheet tends
to be adversely affected in respect of softness, an

essential feature required of wipes.

Whilst, it is widely known to use a wet-laid nonwoven

fabric containing a synthetic fiber material (such as PE

20 (polyethylene), PP (polypropylene), or PET
(polyethyleneterepythalate)) to provide non-water-disposable
wipes. When used in applications such as wipes and sanitary
materials, a nonwoven fabric comprising such a synthetic
fiber feels softer than paper and exhibits moré comfortable

25 hand.  However, the trouble with such a méterial is that the



20 (pol yet hyl ene), PP( pol ypr opyl ene), or . PET

(pol yethyl enet erepyt hal ate)) to provi de non-wat er - di sposabl e W pes.
When used in applications such as w pes and sanitary materials, a
nonwoven fabric conprising such a synthetic fiber feels softer than
paper and exhibits nore confortable 25 hand. However, the trouble with
such a material is that the - 3 -
material is non-biodegradable in a septic tank and/or in a sewage

di sposal plant. This fact [eads to an i-pprtant probl em such as a
noti ceabl e increase in the volune of solid residues. 5 As such,
recently, a water-disposable sheet including a bi odegradabl e fi ber

mat eri al has been proposed as descri bed in Japanese Patent Application
Lai d- Open No. material ¥gggen-himeagradalnke tianchi sepioic thankPandf dr GoenaNo.
7- 70896 i-s such that the sheet is conprised nerely of a 10

bi odegr adabl e sgadfetdtspodet BAaNL-bi Nders afrct t hepdpolte, an impleetanbt
meet the need for a sheet capable of sufficient absorption of an

i mpregnat i ng $BoMEBnSHARr2$ A QQtd ceallpr dacrease figy tﬁ@bwpiameo%f ofohidet

wi per. In addition, the sheet has - much poorer tensile strength as
conpar ed Wit h &HARIRSonal 15 sheets of the type conprised of a pulp

conponent and a bi nder, whi ch neans t hat roduct +usi n he. sheet is
Ofnp g’ As such, recently, a water-dfg oségfé sheeg including

a. biodegradable fiber material has been proposed as
described in Japanese Patent Application Laid-Open No. 7~
70896. However, the teaching of the JP Laid-Open No. 7-
_70896 is such that the sheet is comprised merely of a
10 biodegradable synthetic fiber and a binder and, therefore,
doés not meet.the need for a sheet capable of sufficient
absorption of an impregnating solution thereinto as required
for fabrication of a wet wiper. In addition, the sheet has
much poorer tensile strength as compared with conventional
15 sheets of the type comprised of a pulp component and a
binder, which means that a product using the sheet is of
insufficient strength.
DISCLOSURE OF THE INVENTION
The present invention- is directed toward solving
20 aforesaid problems with the prior art and, therefore, it is
a primary object of the invention to provide a water-
disintégrable sheet having biodegradability which possesses
a given degree of tensile strength and good softness,
éoupled with a required degree of liquid absorbency, and

25 still has some biodegradation property such that the sheet



i nsuf fi ci ent strength. DI SCLOSURE OF THE | NVENTI ON The
present. invention is directed toward solving 20 aforesaid problens with
the prior art and, therefore, it is a primary object of the invention
to provide a water- di si nt egrabl e sheet havi ng bi odegradability which
possesses a given degree of tensile strength and good softness,
coupled with a required degree of |iquid absorbency, and 25 still has
sone bi odegradati on property such that the sheet

- 4 - .. can be flushed in a flush tokl gt-w thout involving any
appreci abl e increase in the volune of solid residues in a septic tank
and/or in a sewage disposal plant and is therefore suitable for use in
the formof a wet wiper in 5 particular. _In accordance with the
present invent¢am, bg vddiughed in @ sikisdyr hpléekhedithipaf ngnvolving any

bi odegradability is provi ded whi ch conprises one or nore Kinds of

bi odegr adabl e appEfeiakle increpspsinghbeokelvrenpfesrilidsrepiduesr an a
fibers and/or 10 regenerated fibers, all the fibers being bound together
by a bi ndeepkigh BRE/ BENdithg aposerad® Hennsader PhARE Fnd ~is

substantially |ost in water,. Accor di ng %o the_invention, a .
bi odegr adabl e gpﬁ{ﬁgpgg suitable for use in the form of a wet wiper in

5 particular.

In accordance with the present invention, a water-
disintegrable sheet having biodegradability 1is provided
which.comprises one or more kinds of biodegradable synthetic
fibers, and one or more kinds of natural fibers and/or

10 regenerated fibers, all the fibers being bound together by
a binder such that the binding power of the binder will be
substantially lost in water.

According to the invention, a biodegradable synthetic
fiber of hydrophobic nature is blended with a natural fiber

15 and/or a regeneratéd fiber in optimum proportions, whereby
the sheet, without losing the required liquid absorbency,
can retain some bulkiness and good softness in ifs liquid
absorbed condition so that the sheet can exhibit excellent
performance quality by which it is rendered particularly

20 suitable for use in such an application as wet wiper.
Further, according to the invention, the biodegradable
synthetic fiber and the natural fiber and/or regenerated
fiber are bound together by a binder whése binding power
will be substantially lost in water. Therefore, when the

25 sheet in the form of a wet wiper is discarded. into water in



fi ber ‘of hydrophobic nature is blended with a natural fiber 15 and/or a.

regenerated fiber in optinmmproportions, whereby t he sheet, w thout

| osing the required |iquid absorbency, can retain sonme bul ki ness and
good softness in its liquid absorbed condition so that the sheet can
exhi bit excel |l ent performance quality by which it is rendered
particularly 20 suitable for use in such an application as wet w per.
Further, according to the invention, the biodegradable synt hetic fiber
and the natural fiber and/or regenerated- 5 - fiber are bound together by a
bi nder whose bi ndi ng power will be substantially lost in water.

Therefore, when the 25 sheet in the formof a wet w per is discarded into
water in’ - a flush

toilet after useflusfe pbhrlyrakhdr eu$¢be’¢h%n]@i@%%gradgb3—a‘at fiihersapdr thad/ or
regenerated fiber are instantly |oosely separated and are subsequently
bi odegr aded i makuw@dt fdbeangnd/or ragenergtedybifeeriadastankhy. LR8PV Or €,
t he di sposal of 5 the sheet will not give rise to _any, appreciable
increase in Sepanatequanei ?Qeo?u}%ﬁﬂq"&"rg‘éé’i bigdsgraded’in s fAePR&CpFasknt
| puenti on, each biodegtadabl ¢, SYOLRE i fun. o HyREDebEer STRRLAEepEbaF: ot
pot yester BOl WIR! et 011 2HSR' GARSUTSL %8y apBraURhET0La8thRlR 18
| the quantity of solid residues.
In the present invention, each biodegradable synthetic

fiber is compriséd of a thermoplastic polymer and, for such

a polymer, a hydrophobic aliphatic polyester polymer is

10 advantageously used. Examples of aliphatic polyeéter
polymers include poly (a-hydroxy acid), such as polyglycol
acid or polylactic acid, and copolymer of constituent
repeating units of such polymer. Also enumerated as
examples of such polyester polymers are (i) poly (w-

15 hydroxyalkanoate), sucﬁ as poly({e-caprolactone) or poly(B-
propiolactone); (ii) poly(B-hydroxyalkanoate), such as
poly-3—hydroxypfopionate, poly-3-hydroxybutylate, poly-3-
hydroxycaprolate, poly—3-hydroxyheptan§ate, or poly-3-
hydroxyoctaﬁoate; and (iii) copolymer of constituent

20 repeating units of such polymer and constituent.repeating
units of poly~3-hydroxyvalerate or poly-4~hydroxybutylate.
Polycondensates of dglycol and dicarboxylic acid are also
useful for the presentx purpose, including for example

polyethylene oxalate, polyethylene succinate, polyethylene

25 adipate, polyethylene azelate, polybutylene oxalate,



pol yner,s include pol y(a-hydroxy acid), such as polyglycol acid or
polylactic acid, and copol ymer of constituent repeating units of such
pol ymer. Al so enunerat ed as exanpl es of such pol yester polyners are
(i) poly([err]- 15 hydroxyal kanoate), such as pol y(e-caprol actone) or
poly([err]- propi ol actone); (ii) poly([err]-hydroxyal kanoate), such
as pol y- 3- hydr oxypr opi onat e, pol y- 3- hydr oxybutyl'ate, poly- 3-

hydr oxycaprol ate, poly-3-hydroxyheptanoate, or poly-3-

hydr oxyoct anoate; and (iii) copolynmer of-censtituent 20 repeating units

of such polynmer and constituent repeating uni ts of
pol y- 3- hydr oxyval erate or pol y-4-hydroxybutyl at e. Pol ycondensat es" of
glycol and dicarboxylic acid are also useful for the present purpose,

i ncl udi ng for RXafpyitylene specipakgi em@lmutﬁ%@nepedy@@ﬁweﬁ@lyhéma&p@

pol yet hyl ene 25 adipate pol yet hyl ene azel ate, | ene oxal at e,
-6 - potShAfaee nBos vbex MR Y ey sebGFekes a&?%‘tﬁ??e&éb’}b%?ﬂéﬁ@r
sebacat e, pol yhexanet hyl ene_sebacat e, pol yneopentyl oxal ate,

copol ymer of cInhSFARAUYRET 8h PRyt tHANts TePeaRyNeF upkEgeOL anypeifyﬁbfe§e 5
In the present invention, especially preferred polyner of the above
enuner at ed pol ChP e (1) pol yet hyl ene succinate; (2) a copol yner

pol yester gn whi ch ftrQEe present invention, especially preferred polymer

of the above enumerated polymers are (1) polyethylene
succinate; (2) a copolymer polyester -in which ethyleﬁe
succinate is copolymerized with butylene succinate, butylene
adipate, or butylene sebacate, and in which the molar

10 percentage of thé ethylene succinate in the total copolymer
is 65 mole % or more; (3) a polylactid-acid—based polymer
having a melting point.of 100 °C or more; (4) polybutylene
succinate; and (5) a copolymer polyeéter-in which butylene
succinate is copolymerized with ethylene succinate, butylene

15 adipate, or butylene sebacate, and in which the molar
lpercentage of the butylene succinate in the total copolymer

is 65 mole % or more, because these polymers have high heat
resistance, high spinnability, and good biodegradability.
With particular reference to the copolymer of ethyiene

20 succinate and the copolymer of butylene succinate of the
foregoing polymers, it is noted that if the molar percentage

of the ethylene succinate.or of the butylene succinate,
whichever the case may be, in the total copolymer is less
than 65 mole %, the copolymer has a low melting point and

25 filaments spun from the copolymer have poor spinnability,



succinate is copol ynerized with butyl ene succinate, butyl ene adi pat e,
or. butyl ene sebacate, and in which the nolar 10 percentage of the

et hyl ene succinate in the total copol yner is 65 nmole %or nore; (3) a
pol yl actic aci d-based pol yner having a nelting point of 100 [err]C or
nore; (4) polybutyl ene succi nate; and (5) a copolyner polyester in

whi ch butyl ene succinate is copolynerized with ethyl ene succi nate,
butylene 15 adipate, or butylene sebacate, and in which the nolar
percentage of the butylene succinate in the total copol yner - 1s 65 nole
% or nore, because these polynmers have high heat resi stance, high
spinnability, and good bi odegradability. Wth particular

reference to the copol yner of ethylene 20 succinate and the copol ynmer of
but yl ene succieeer tioudr the coépokgoenghpsl goedshbipodegsadabétititat if the
nmol ar per cent age of the ethylene succinate or of the butylene .
succi nat e, whi Eeveelyhactiseanbg-basednpohymest &6 popbeyablyi suchss
than 65 nole % the copol yner has a Iom/nelting point and 25 filanments
spun from t he EafoltheepoBamerpbsr ospi ardprtedyfrom the group consisting

- 7 - even though the_copo!gner has good bi odegradability.

The pol yl acti coﬁcﬁQi-YHg);ééC‘p'éFyﬁ%% s golaridrdBriisuaRid) » at apolNmegofner
is one selected fromthe group consisting . of pon£E>Iactic acid),
pon(L-Iac?iC %E;ayplg ggﬁg|?ﬁgfyﬂiactlc acid, a Copdlymer of D-lactic

acid and hydroxycarboxylic .acid, and a copolymer of L-lactic

acid and hydroxycarboxylic acid, the polymer having a

melting pbint of 100 °C or more, or a-blend of these

polymers. In the case where polylactic acid-based polymer

10 1is a copolymer of lactic acid and hydroxycarboxylic acid,

examples of such polymer are glycolic acid, hydroxybutyric

acid, hydroxyvaleric acid, hydroxypentanoic acid,

hydroxycafdic acid, hydroxyheptoic acid, and hydroxyoctoic
acid.

15 A blend of plural kinds of polymers selected from those

individually having biodegradability may also be employed.

The thermoplastic polymer which constitutes the

biodegradable synthetic fiber has good spinnability and

enables production of filaments to have good characteristic

20 features, if it has a number-average molecular weight of

about 20,000 or more, preferably 40,000 or more, more

preferably.G0,000 or more. In order that the polymer may

have a greater degree of polymerization, the polymer may be

one such that it has been chain-extended with a small amount

25 of diisocyanate, tetracarboxylic acid dianhydride, or the



5 D-ldctic acid and L-lactic acid, a copolymer of D-lactic - acid and

hydr oxycar boxylic acid, and a copol yner of L-lactic acid and

hydr oxycar boxylic acid, the polymer having a melting point of 100
[err]C or nore, or a blend of these polynmers. In the case where
pol yl actic acid-based polynmer 10 1is a copolymer of lactic acid and
hydr oxycar boxyl i ¢ aci d, exanpl es of such polyner are glycolic acid,
hydr oxybut yric aci d, hydr oxyval eri c aci d, hydr oxypent anoi ¢
acid, - hydr oxycaroi ¢ aci d, hydroxyheptg@i ¢ acid, and hydroxyoctoic
acid. 15 A bl end of plural kinds of polyners selected fromthose
I ndi vi dual Il y having bi odegradability may al so be enpl oyed. The
t her mopl astic pol ymer which constitutes the bi odegradabl e synthetic
fi ber has goodlEfgnnability and enabl es production of filanments to

have good characteristic 20 features, if it has a nunper-average

nol ecul ar wei ght ofThe najygad Fdbeoo afyd mpengyatied abihenosbovldr hasee,
nor e preferably 60,000 or nmore. In order -that the polymer may
have a great erdeRGr el BidholaraTLANRGON anche 996y méPPERPNBAL retgpEiench
that it has been chain-extended with a spall amunt 25 _of diisocyanate,
t et r acar boxyl i €@RRR idvankegiFaely drrquhdhe standpoints of such fegtures,

5 preferred examples of the natural fiber are pulp, cotton,
ramie, hemp, flax and the.like. For the regenerated fiber,
viscose rayon, cuprammonium rayon, solvent spun rayon, and
cellulose acetate, especially a cellulose acetate having a
degree of substitution of not more than 2.0, are preferred.

10 While these fibers may be advantageously used, from the
standpoint of cost consideration for a disposable product,
the use of pulp is preferred. ‘A blend of plural kinds of
natural fibers and/or regenerated fibers may also be used.

The weight ratio of the biodegradable synthetic fiber

15 to the natural fiber and/or regenerated fiber is preferably
within the range of (biodegradable synthetic fiber) /
(natural fiber and/or regenerated fiber) = 20/80 - 75/25.
If the proportion.of the biodegradable synthetic fiber is
iower than this range, the resulting sheet is likely to have

20 less favorable hand in respect of softness and bulkiness.
If the proportion of the biodegradable fiber is excessively
larger than the foregoing range, the proportion of the
natural fiber and/or regenerated fiber is reduced so much
with the result that while the sheet has greater flexibility

25 and softer and more bulky hand on one hand, it may have



The natural fiber and regenerated fiber should have good liquid

absor bency and good inpregnant retention .  capability, basically from

t he standpoints of such features, 5 preferred exanples of the natural
fiber are pulp, cotton, ram e, henp, flax and the |like. For the
regenerated fiber, Vi scose rayon, cuprammoni um rayon, solvent spun
rayon, and cellul ose acetate, especially a cellulose acetate having a
‘degree of substitution of not nore than 2.0, are preferred. 10 Wile
these fibers may be advant ageously used,-fgomthe st andpoi nt of cost
consideration for a di sposabl e product, the use of pulp is preferred.
A bl end of plural kinds of natural fibers and/or regenerated fibers
may al so be used. The weight ratio of the bi odegradable synthetic
fiber 15 toJto’veemamn%\ile|wemmo¢nr*é@%r@tla%dham®erth@ pheetrading

wi thin the range of (blodegradable synthetic fiber) / (natural fiber
and/ or regenergted Ypbidigly by et W@F%@ﬁary ab$@r?$kpxr5%6rW%BﬂSof t he

bi odegradabl e synthetic fiber is ower. than this range, the resulting
sheet is likely to Beamplespof] Eégd%%*%ﬂﬁvel Eerobindieg piqrespigofikess and
bul ki ness. I f the proportion Qf the biqodegradable fiber is_excessively
| arger than tfﬁPQQHhﬁﬁoPﬁﬁ Bgﬁg% a??ﬂacﬁi&§§r9?6hvéﬁquﬁy sodiupaplgdpateper
and/ or regﬁnerated flbetF i s reduced so Wi the resujt that while
the sheet Ras GragARNER exyWM i 194855 g%md s%??%?a%ndgﬁﬂre BEARYChaHt™on

one hand, it nqgrrageenan, galactomannan, gelatin, casein, albumin,

pullulan, polyethjlene oxide, polyvinyl alcohol, viscose,

polyvinyl ethyl ether, - sodium polyacrylate, sodium

polymethacrylate, polyacrylamide, hydroxylated derivative

10 of polyacrylic acid, polyvinylpyrrolidone / vinylpyrrolidone

vinyl acetate copolymer, carboxyethyl cellulose or salt
thereof, and carboxymethyl cellulose or salt thereof. |

These'bindefs need not necessarily be water soluble as

long as they are such that the adhesivity of the binder will

15 .be substantially lost when the sheet is flushed in water.

Binders having water—sweil characteristics or

aquadegradability may also be used for the purpose of the

invention.

In order to supplement the strength of the sheet, it

20 is possible to heat the sheet itself to cause the

biodegradable 'synthetic fibér to be melted so that

individual fiber components are thermally fusion bonded

together. It is noted, however, that such thermal fusion

bonding should be 1limited to the extent that the

25 dispersibility of the sheet in flush water is not seriously



-9 - . | ower tensile strength on the other hand, the sheet being

t hus, unl.ikely to neet necessary absorbency for w pes. Exanpl es of
bi nders useful for binding aforesaid fibers t oget her include starch or
its derivatives, sodiumalginate, 5 tragacanth gum guar gum xanthan gum
arabi c gum carrageenan, gal actomannan, gel atin, casein, albumn,
pul I ul an, pol yethyl ene oxi de, polyvinyl alcohol, viscose, - pol yvi nyl

et hyl ether, sodi um pol yacrylate, sodium. pol ynmet hacryl at e,

pol yacryl am de, hydroxyl ated derivative -1Q0 ef polyacrylic acid,

pol yvi nyl pyrrolidone / vinyl pyrrolidone vi nyl acetate copol yner,

car boxyet hyl cellul ose or salt t hereof, and carboxynet hyl cellul ose or
salt thereof. These bi nders need not necessarily be water soluble
as | ong asimprirede such that the adhesivity of the binder will 15
be substantially |ost mhen the sheet is flushed in water. Bi nders

havi ng wat er - swel 9f Bﬁaré@@@ﬁ:ﬂﬁﬂ%ﬂeraQﬁd bln%ﬁ%%deg?%ﬁﬁ%FYW?FhMﬁy
al so be used for the purpose of n.order .to

suppl enent t he %erlé%’tsﬁ gndt ﬁ%k%%%’é? m?Fal 2®alFsth%6§§f bl 8ndt 6°dﬁ8§t sadke
sheet itself use |ode r adabl thetic

melted so tha‘?fo car. qXNH?%?F}i%a?e:‘fJi oﬁéﬁférﬁg ‘f’h@PnEPPy?P:E%Pb’ﬁng
bonded q@gper s not ed ver,, that_ such th

bondi ng sholl d W44 (APE ?oafﬁecemﬁﬂ Y& PPRELY poohaRE BREARREE] Bk he

sheet in flush d%%8£r5f090£os rlo%%g%ted 1nstantly upon the sheet being

flushed in water; microbial treatment or biodegradation of
the sheet fragments in a sewage disposal plént; and
economical cost. Further, after individual fibers have been
10 bound together with such alkaline.metal salt or sodium salt,
that is, during and after the stage of sheet fabrication,
. a polyvalent metal-containing solution may be added to
thereby produce a polyvalent metal salt of carboxymethyl
cellulose éo as to provide for improvement in sheet

15 stréngth.

The required amount of binder may vary according to the
type of binder, kinds of fibers to be used, and mixing
proportions of the fibers, but is usually preferably 1% or
more but not more than 30 % of the total weight of the

20 sheet. If the proportion of the binder is lgss than 1 %,
the binder cannot fully exhibit its binding function. If
the proportion is more than 30 %, the sheet, as made into
a wet wiper, feels hard and may not satisfactorily function
as a wiper, and .in addition the sheet is no longer

25 attractive in economical aspect.



- 10 - . | mpai r ed. O the above enunerated binders;

car boxyiret hyl cellul ose and al kaline netal salt thereof, and sodi um
sal t of carboxynet hyl cellul ose are preferred when the following 5
three aspects are considered, nanely, sheet separation and di sper si on
to be effected instantly upon the sheet being flushed in water;

m crobi al treatnent or biodegradation of the sheet fragnents in a
sewage di sposal plant; and econom cal cost. Further, after individual
fi bers have been 10 bound together w t$h such al kaline netal salt or

sodi um sal t, that is, during and after the stage of sheet fabrication,
a polyval ent netal -containing solution may be added to t her eby produce
a polyvalent netal salt of carboxynethyl cellul ose so as to provide
for inmprovenment in Epgetheibabrsicahypn. of sheets imhaceegdpneg wWibdnthes

bi nder may vary according-to the, = type of binder, kinds of fibers to be
used, and ni xi BEesent iFVeRsirnenit ofs tprefigusble, teuempkoyisuganyepitdioaadpl v
1 %or nore but not nore than 30 % of the total weight of the _20
sheet. |f the Pebpbad ingthed phempnrfartpsipgspapranby #31ing a spsasild@st
“cannot fully exhibit its bindipg functhfn.,lf the proportion_is nore
_than 30 % theP3PREMAINRFECINRY Fourdriniar RAPEr, MRS AT SYHd NAF not

satisfactorily function
5 ypaper machine. For example, according to the wet-lay

method, biodegradable cut fibers and pulp material are
uniformly dispef&ed in a water medium containing a suitabie
amount of binder, and the so dispersed stock is passed
sequentially th:ough the stages of paper making,

10 dehydration, and drying, being thus finally made into a
sheet form.

However, it is not'intended_that-the fabrication of
sheets be made according to the foregoing method, but other
method may be suitably employed such that a web.produced by

15 a dry method, such as carding process or air laid process,
is subjected to spraying of an aqueous binder solution.

For fabrication of a wet wiper using the sheet of the
present invention, the sheet is impregnated with a cleaning
fluid containing organic solvents, such as surfactant and

20- alcohol, disinfectant, antibacterial agent, bacteriostat,
pH adjustor, abrasive, colorant, viscosity bodying agent,
moisturizer, perfume, and/or deodorizer. Instead of using
a cleaning fluid containing the foregoing ingredients, it
is possible to add particular components directly into the

25 sheet when the sheet is being fabricated or after the sheet



as a wper, and in addition the sheet is no longer 25 attractive in
eceonom cal aspect. For the fabrication of sheets in
accordance with the - present invention, it is preferable to enploy a
conventi onal wet -1 ay nmet hod of manufacturing paper by using a

so-cal |l ed paper machi ne such as Fourdrinier paper nmachine or cylinder
5 paper nmachi ne. For exanple, according to the wet-I|ay nmet hod,

bi odegradabl e cut fibers and pulp material are uniformy dispersed in
a water nedium containing a suitable - @podnt of binder, and the so

di spersed stock is passed sequentially through the stages of

paper nmaking, 10 dehydration, and drying, being thus finally nade into a
sheet form However, it i-s not intended that the fabrication of
sheet s be nmade iscdabdilisgtiesi-t he foregoi ng net hod, but ot her met hod may
be suitably enpl oyed such that a web produced by 15 a dry nethod, such as
carding process or dinr Itiid predkss the watenygeramble spPrest ndaving

aqueous bi nder solution. For fabrication of a wet w per using the
sheet of the blodagradabiiliyentaforbha Hnvanddon PITFRTIFMIIWL N I9f Eness
cl eani ng fluid containing organic solvents, such as surfactant and 20

al cohol , di si nf@& Bagh AHItiFhaRSaRengenthigh@%s ikpihtbasic properties

5 required for wet wipers, and has advantages that the sheet
.18 separated and dispersed in water promptly upon the sheet,
after use, being flushed in water in a flush toilet or the
like, and that since the sheet is finally subjected to
biodegradation by microorganisms and the like in a septic

10 tank and/or in wastewater treatment facilities, the sheet
' involves no possibility of producing any'large quantity of :
sludge (solid content). Therefore, the sheet of the
invention is suitable for use in -such applications as
pfoducté which can be flushed in a flush toilet, or more
15 specifically sanitary articles including disposable diapers,
sanitary pads and liners, and wet wipers such as for anal
cleansing for babies and old persons and for cleaning

toilets' seats.

20 DESCRIPTION OF THE EMBODIMENTS
Next, the invention will be described in further detail
on the basis of the following examples. It is understood,
however, that the present invention is in no way limited to
these examples. In the folloﬁing examples, various

25 characteristic values were determined according to the



pH adjustor, abrasive, colorant, viscosity bodying agent, ~ noi sturi zer,
perfune, and/or deodorizer. |Instead of using a cleaning fluid
containing the foregoing ingredients, it is possible to add particul ar
conponents directly into the 25 sheet when the sheet is being fabricated
or after the sheet: _ - 12 - IS
fabri cat ed. In this way, the water separable sheet having

bi odegradability of the invention possesses good softness and hi gh

i qui d absorbency, which are both basic-pngperties 5 required for wet

w pers, and has advantages that the sheet i s separated and di spersed
in water pronptly upon the sheet, after use, being flushed in water in
a flush toilet or the like, and that since the sheet is finally

subj ected to follQWknﬂxﬁ%ﬁkuaE#pmnmeﬁhﬁ%@rganlsns and the I|ke in a septic
10 tank and/or |n mastemater treatnent facilities, the s i nvol ves
no possi bil it yda dilgd i LAEY mﬁ@@l@bllltY'§ﬂU§gefl%%%$¢dln
content). Therefore the sheet of the invention is suitable for use
in such aerrﬁﬁﬁQﬁk products whi ch can be flushed in a flush
toilet, or nore 98e0|f|c i}sanltary articles including disposable

di apers, sani tIot‘F p&ds3 & hetistegnglass vﬁ’%‘f%‘: sWeR Reursd adqP

cl eansin or s and o rsons . and for a
9 E mfﬁﬁealter o eenfged water, ng Qhegbeaker was stirred

at 600 rpm by means of a magnetic stirrer ("CONSTANT TORQUE
' MAGMIX STIRRER" made by Mitamura Riken Kogyo Inc.). A disc
type rotor (35 mm dia., 12 mm thick; "STAR HEAD" magnetic
stir bar) was used in this connection. A specimen cut to

10 10 cm by 10 cm was placed into the so stirred water, and
observation was made to check how fast the specimen was
loosened, on the following criteria.

Good separability in water O: where the specimen was
reduced to small pieces within 100 sec.

15 Poor separability in water X: where a time period of
100 sec. or more was required until the specimen was reduced
to small pieces.

Compressive fesilienge (g}
A specimen having a width (warpwise) of 50 mm and a

20 length (weftwise) of 100 mm was rolled weftwise into a
cylihdrical shape, and the so rolled specimen was compressed
warpwise by using a tensile strength tester ("Tensilon™
UTM-4-1-100", made by Toyoc Baldwin) at a compression rate
of 50 mm/min. A maximum compressive strength value

25 measured was taken as compressive resilience (g). The



toilets' seats. 20 DESCRI PTI ON OF THE EMBODI MENTS Next, the

invention will be described in further detail on the basis of the

foll owing exanples. It is understood, however, that the present
invention is in no way limted to t hese exanpl es. In the

followi ng exanples, various 25 characteristic values were determ ned
according to the - 13 -

fol |l owi ng eval uati on net hods. : Water disintegrability (disintegrability
when flushed in wat er) Itolé 300-mlliliter glass beaker
was poured 300 5 mlliliter of deionized water, and the beaker was stirred
at 600 rpm by neans of a magnetic stirrer ("CCNSTANT TORQUE MAGM X

STI RRER' nade by Mtanura R ken Kogyo Inc.). type rotor (35 mm

di a., ‘12 nm t hhéghersthr MeABe Asgn bﬁchafdersﬁbﬁ ﬁgﬁﬁtw§§eﬂ§bd inthis
connectlon A specinmen cut to 10 10 cmby 10 cmwas placed into the so
stirred water, Wgﬁ§£—§9§969§8E¥aﬁm@ﬁ was made to check how fast the specinen
105 ater oSl Anobhe hoLl MG ST 4 16 ey e R Do
sec. was drawn at a distance of 5 mm from a shorter side of the
5 specimen. A portion of the specimen which extends from the
shorter side to the marked line was put into distilled water
from above and was allowed to stand for one minute. Then,
the height of watér rise in the specimen was measured, and
the measured value was taken as water absorbency (mm). The
10 higher the value, the more is the specimen liable to absorb
water.
Biodegradability
The aerobic biodegradability of each .specimen was
measured in accordance with JIS-K-6950. Upon lapse of 28
15 days after the start of the biodegradability test, the
degree of biodegradation (%) was measured with respect to
the specimen, the measurement being taken as
biodegradability. The sludge used in the test was a
domestic wastewater sludge from a septic tank at a
20 prefectural housing Complex, Shimeno, Osaka, Japan.
Tehs'le strengt 5 mm width
Measureﬁent was made in accordance with a method
specified in JIS-L-1096A. Ten specimen, each of 150 mm in
length and 25 mm in width, were prepared, and by using a

25 constant stretch type tensile strength tester (model UTM-4-



15 . Poor separability in water X: where a tinme period of 100 sec.
or .nore.was required until the specimen was reduced . to small pieces.
Conpressive resilience (Q) A speci men having a wi dth (warpw se)
of 50 mMmand a 20 Ilength (weftw se) of 100 mmwas rolled weftwise into a
cylindrical shape, and the so rolled speci nen was conpressed war pw se
by using a tensile strength tester ("Tensilon" UTM 4- 1- 100", nmde by
Toyo Bal dwin) at a conpression rate ~of 50 nm mn. A maxi mum
conpressive strength value 25 neasuredigas taken as: conpressive
resilience (9). The - 14 -

hi gher the value is, the harder the sheet feels. Wat er absor bency (mm
- A specinmen was cut to 120 x 15 nm and a marked |ine was drawn at a

di stance of 5 AmlOPenmtadshbint Joys daldwitte emchspnsaimen wapartnesichsdt he
speci men whi ch extends fromthe shorter side to the nmarked |ine was
put into disti bVekehdd eglamped Atoprabbienantdhas Anastd arpet ftP fadhe

m hute. Then, the height of water rise in the specinmen was neasured,
and the nmokbgFedalad \EEERESh srRER af IRt@Y MBS dibdrih (Gipectirns 1of

hi gher the value, the nore is the specinmen liable to absorb
the specimen. The average of maximum breaking load values

5 (g/25 mm width) obtained was taken as the basis for
evaluation. |
EXAMPLE 1
Short cut fibers having a fiber fineness of 2 denier
and a fiber length of 5 mm were produced ‘using polybutylene
10  succinate resin. Specifically, the polybutylene succinate.
resin was melt spun into filaments through a circular
spinneret at a spinning temperature of 180 °C and at a mass
outflow rate of 0.55 g/min from each orifice. The filaments
were quenched and then treated with a finishing lubricant,
15 and were taken up as an undrafted filament tow on a draft
roll at a take-up rate of 1,000 m/ﬁin. The undrafted
filament tow was drafted by a known drafting machine at a
draft ratio of 2.6 to a filament fineness of 2 denier.. This
2-denier filament was cut into fibers having a fiber length
20 of 5 mm;

Subsequently, mixing of soft wood (coniferous) pulp /
aforesaid polybutylene succinate fiber.of 5 mm in fiber
length / sodium salt of carboxymethyl cellulose {(made by
Nichirin Chemical Industries Ltd.; DS =0.40, pH = 6.5) was

25 made in a dry weight ratio of 24 / 70 / 6, and a sheet was



wat er. . Bi odegradability The aerobi c bi odegradability of each
speci nren was nmeasured i n accordance with JIS-K-6950. Upon | apse of 28
15 days after the start of the biodegradability test, the degree of
bi odegradation (% was neasured with respect to t he speci nmen, t he
measur enment bei ng t aken as bi odegradability. The sl udge used
in the test was a donesti c wastewater sludge froma septic tank at a
20 prefectural housing conpl ex, Shineno, GCsaka, Japan. Tensil e
strength (g/25 mm w dt h) Measw et was made i n accordance with
a met hod specified in JI S-L-1096A. Ten specinen, each of 150 mmin

l ength and 25 mMmin wdth, were prepared, and by using a 25 constant
stretch type tensile strength tester (npdel UTM 4-

- 15 - 1pnpticedh Eopy theyBirhNERi Y, cBRLAYSREcAnERCHABIYL AL Sheat

by being clanped at positions 100 nm spaced apart from each ot her, at
a stretch rat ghing dmpRenby nKyagalgifidds Keg¥oofo-» Ltd e adgearrerdinge
aver age of maxi mum breaking | oad val ues 5 (g/25 mm wi dt h) . obtai ned was
taken as the Has yetf process. o P aiqtopheet wag ¢ i a rotary dryer

(made by Kumagai Riki Kogyo Co., Ltd.) at a temperature of
5 85 °C for 100 sec. As a result, a sheet having a weight per
unit area of 40 g/m® was obtained. Characteristics of the

sheef is shown in Table 1.



Short cut fibers having a fiber fineness of 2 denier
| ength of 5 nm were produced using pol ybutyl ene

Speci fically,

filanments through a circular
180 [err]C and at a nass

The fil anents
| ubri cant,
rol |

drafted by a known drafting machine at a

t he pol ybutyl ene succi nate

10

Fhdaurdr af t ed

draft

and a

fiber

succi nate resin.

resin was nelt spun into

spi nneret at a spinning tenperature of
outflowrate of 0.55 g/mn fromeach orifice.
wer e quenched and then treated with a finishing

15 and were taken up as an undrafted filament tow on a draft
at a take-up rate of 1,000 m m n.

filanment tow was

ratio of 2.6 to a

filament fineness of 2 denier.. This 2-denier filanment was cut into
fibers having a fi h 20 of 5 M Subseguenthy, m xing
of soft wood (coniflergus) jul p af orepai d pollybutyl epe succijnate fi ber
of 5 nmin fiber lengg h / dlUﬁ]%? | of Barboxyffet hyl ¢l ljul ose (nade
by Ni chirin ¢hé§ical | ndust nji es df; DS .40, pH = 6.5) |was 25
made in a dry melgh%—fa%FaL6f424" 76——6|—ant—a-{sheet—y
- 16 - producéd,2r0n1.he nixture by prplqying a recgangular sheet
machi ne (nmade by Ky n%agﬁ ki K9gyo Cop, Ltd.)ﬁ.aqd acgdrgding o | to a wet
process. The wet sheef wasjdried ifn a rotpry drygr (pade by |Kumagai
Ri ki NMW)QL,LHFTﬂrH“eWm%ﬂH€Of
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5 85 Jerr]Cfor 100 sec. As a result, a sheet having a wei ght per

unit area of 40 g/nferr] was obtained. Characteristics of the sheet is
shown in Table 1. - 17 - Jerr]

- 18 - EXAMPLE 2 A mxture weight ratio different from
that i n EXAMPLE 1 was used. More specifically, the mxture ratio of

sof t wood pul p /- polybutyl ene succinate fiber of 5 mmfiber 5 Ilength
/ sodium salt of carboxynethyl cellul ose was changed to 47 / 47 /| 6 in
dry weight ratio. In other respects, - qgperation was carried out in the

same way as in EXAMPLE 1 to obtain a sheet. Characteristics of the
.sheet thus :

EXAMPLE 2
Amixture weight ratio different from that in EXAM?LE
1 was used. More specifically, the mixture ratio of soft
wood pulp / polybutylene succinate fiber of 5 mm fiber
5 leng£h / sodium salt of carboxymethyl cellulose was changed
to 47 / 47 / 6 in dry weight ratio. 1In other respects,
operation was carried out in the same way as in EXAMPLE 1
to obtain a sheet. Characteristics of the sheet thus
obtained are shown in Table 1.
10 EXAMPLE 3 |
A mixture weight ratio different from that in EXAMPLE
1 was used. More specifically, the mixture ratio of soft
wood pulp / polybutylene succinate fiber of 5 mm fiber
-length /-sodium salt of carboxymethyl cellulose was changed
'15 to 70 / 24 / 6 in dry weight ratio. In other respects,
operation was carried out in the same way as in EXAMPLE 1
to obtain a sheet. Chéracteristics of the sheet thus
obtained are shown in Table 1. |
EXAMPLE 4
20 A change from EXAMPLE 1 was made in the mixture weight
ratio of pulp to biodegradable syntheﬁic fiber. More
specifically, the mixture ratio of soft wood. pulp /
polybutylene succinate fiber of 5 mm fiber length / sodium
salt of carboxymethyl cellulose was changed to 14 / 80 / 6

25 in 'dry weight ratio. In other respects, operation was



obt ai ned are shown in Table 1. 10 EXAWPLE 3 A m xture wei ght
ratjo different fromthat in EXAMPLE 1 was used. More specifically,
the m xture ratio of soft wood pul p / pol ybutyl ene succinate fiber of
5 nmm fi ber |l ength / sodium salt of carboxynethyl cellul ose was changed
15 to 70/ 24/ 6 in dry weight ratio. |In other respects, - operation
was carried out in the same way as in EXAMPLE -1 ~to obtain a sheet.
Characteristics of the sheet thus obt ai ned are shown in Table 1.
EXAMPLE 4 20 A change from EXAMPLE 119 was made in the m xture wei ght
ratio of pulp to biodegradable synthetic fiber. Mor e specifically,
the m xture ratio of soft wood pulp / pol ybutyl ene succinate fiber of
5 mmfiber length [ sodium salt of carboxynethyl cellul ose was,changed

to 14 / 80 / GCaESleﬁno&Fy¥ﬂa§ﬁﬁ FHLF oVY PR dth ct stOopRFEEPOR was
- 19 - carried Qut in the, sa as MPLE 1 to btaln a
sheet . Charactﬁ??§?1céﬂ@FaFﬁgr%ﬁEé?s %%qxﬁbﬁgﬁﬁgd Pe arq FREAE e

1. EXANPLE 5 g A change from EXAMPLE 1 was nade in the m xture
wei gh Table 1. -
gnht
EXAMPLE 5
5 A change from EXAMPLE 1 was made in the mixture weight

ratio of pu-lp' to biodegradable synthetic fiber. More
specifically, the mixture ratio of soft wood pulp /
polybutylene succinate fiber of 5 mm fiber length / sodium
salt of carboxymethyl cellulose was changed to 80 / 14 / 6

10 in dry weight ratio. In other respects, operation was
carried out in the same way as in EXAMPLE 1 to obtain a
sheet. Characteristics of the sheet thus obtained are shown
in Table 1.
EXAMPLE 6

15 In this EXAMPLE, the proportion of the binder in the
total mixture weight was changed so that the proportion was
smaller than that in EXAMPLE 2. More specifically, the
mixture ratio of soft wood pulp / polybutylene succinate
fiber of 5 mm fiber length / sodium salt of carboxymethyl

20 cellulose was changed to 49 / 49 / 2 in dry weight ratio.
In otheér respects, operation was carried out in the same way
as in EXAMPLE 2 to obtain a sheet. Characteristics of the
sheet thus obtained are shown in Table.l.
EXAMPLE 7

25 In this EXAMPLE, the proportion of the binder in the



rati o of pdlp t o bi odegradabl e synthetic fiber. Mor e specifically,

the mxture ratio of soft wood pulp / pol ybutyl ene succinate fiber of
5 mmfiber length / sodium salt of carboxynmethyl cellul ose was changed
to 80/ 14/ 6 10 in dry weight ratio. In other respects, operation was
carried out in the sane way as in EXAMPLE 1 to obtain a sheet .
Characteristics of the sheet thus obtained are shown I n Table 1.
EXAMPLE 6 15 In this EXAMPLE, the proportion of the binder in the
total m xture weight was changed so that-t2& -proportion was smal | er
than that in EXAMPLE 2. More specifically, the m xture ratio of soft
wood pul p / pol ybutyl ene succi nate fiber of 5 mMmfiber length / sodium

salt of carboxynet hyl

yl, 20 cellul ose s ch ed to 49/ 49 / 2 .in dr
wei ght ratio. otal mixfure WPéQB_Ec‘t’%?V@t?é}gﬁa] R \R&‘?tc&rhlei PFORNE IR fESsame
Shoet thus obt AFRERE e ath ot nifaREVELE £ LRins SpeéSefeallf,  ing s
P00 o M PgRERERORelie BE Gt BaRELR {oPPRYPUENRSBRoRYFE R s
- fiber of 5 mm fiber length /_sodium salt of carboxymethyl
5 cellulose was éhanged to 35 / 35 / 30 in dry weight ratio.
In other respects, operation was carried out in the same way
as in EXAMPLE 2 to obtain a sheet. Characteristics of the
sheet thus obtained are shown in Tablé 1.
EXAMPLE 8

10 In this EXAMPLE, the proportion of the binder in the
total mixture weight.was changed from that in EXAMPLE 2.
More specifically, the mixture ratio of soft wood pulp /
polybutylene succinate fiber of 5 mm fiber length / sodium
salt of carboxymethyl cellulose was Changed to 32.5/32.5/

15 35 in dry weight ratio. In other respects, operation was
carried out in thé same way as in EXAMPLE 1 to obtain a
sheet. Charaéteristics of the sheet thus obtained are shown
in Table 1.

EXAMPLE 9.

20 The biodegradable synthetic fiber used in EXAMPLE 1 was
changed to a copolymer. Specifically, short cut.fibers
having a fiber fineness of 2 denier and a fiber length of
5 mm were produced using a copolymer resin of butylene
succinate / butylerne adipate (copolYmer molar ratio: 80 /

25 20). More particularly, the butylene succinate / butylene



larger . than that in EXAMPLE 2. More specifically, the m xture ratio
of . soft. wood pul p / pol ybutyl ene succi nate fiber of 5 nmfiber |ength

/ sodium salt of carboxynethyl 5 cellulose was changed to 35/ 35/ 30

in dry wei ght
t he sane way

EXAMPLE,

ratio. In other respects, operation was carried out in

as in EXAMPLE 2 to obtain a sheet. Characteristics of the
sheet thus obtained are shown in Table 1. EXAMPLE 8 10 In this

the proportion of the binder in the total m xture wei ght was
changed fromthat in EXAVMPLE 2. More Slpecifically, the mxture ratio

of soft wood pulp / pol ybut yl ene succinate fiber of 5 mmfiber |length
[/ sodi um
35 in dry weight ratio. |n other respects, operation was carried out
in the sane wa§dHeatieh coRaWReEr 1redinhias medt spunsheke fidmmeadsethsongd of
t he sheet thus obtained are shown in Table 1. - EXAMPLE 9 20

The bi odegr adabl €+

copol ymer.

Specifically, short cut fibers ) avin fi her fineness of
2 denier and aa‘f"i%é?aqser?g‘ttﬁi(%\" rate %tt rﬂneﬁrkeaémﬁpoga%ogﬁ RF & 1€6p0l YA

resin of butyl

80 /

25  20).
5

10

salt of carboxynethyl cellul ose was changed to 32.5/32.5/

SHEF SPANPLERE Rlsdd SR NBAgPEERerpiire of dipligldand a

15

EA e TeAR Sofghe R 1S SHRREHEeERRC B, el

lubricant, and were taken up as an undrafted filament tow
on a draft roll at a take—ﬁp rate of 1000 m/min. Then, the
undrafted filament tow was drafted by a known drafting
machine at a draft ratio of 2.4 to a filament fineness of
2 denier. This 2-denier filament was cut into fibers having
a fiber length of 5 mm.

Subsequently, mixing of soft wood pulp / aforesaid

butylene succinate / butylene adipate copolymer fiber of 5

15

20

25

mm in fiber length / sodium salt of carboxymethyl cellﬁlose
(made by Nichirin Chemical Industries Ltd.; DS =0.40, pH =
6.5) was made in a dry weight ratio of 47 / 47 / 6, and a
sheet was produced from the mixture by employing a
rectangular sheet machine (made by Kumagai Riki Kogyo Co.,
Ltd.) and according to a wet process. The wet sheet was
dried in a rotary dryer (made by Kumagaili Riki Kogyo Co.,
Ltd.) at a temperature of 85 °C for 100 sec. As a result,
a sheet having a weight per unit area of 40 g/m®> was
obtained. Characteristics of the sheet is shown in Tablé
1.

EXAMPLE 10

The type and molar ratio of biodegradable copolymer



- 21 - . adi pate copolynmer resin was nelt spun into filanments through
a circul ar spinneret at a spinning tenperature of 160 [err]C and at a
mass outflow rate of 0.51 g/mn fromeach orifice. The filaments were
guenched and then treated with a finish 5 lubricant, and were taken up as
an undrafted filanment tow on a draft roll at atake-up rate of 1000
mmn. Then, the undrafted filanment tow was drafted by a known
drafting machine at a draft ratio of 2.4 to a filament fineness of

2 denier. This 2-denier filanment was cut- i2ete fibers having 10 a fiber
length of 5 mm Subsequently, m xing of soft wood pulp /

af oresai d butyl ene succinate / butyl ene adi pate copol yner fiber of 5
mmin fiber length / sodiumsalt of carboxynethyl cellulose made by
Ni chirin memmthmt@@@ru\dereosm@m prpe thoses, by @%MB&&; Pr a
dry weight ratio of 47 / 47 |/ 6, and sheet was produced fromthe
mxture by enpiRSFHGIGALlY: FheFangwr afl%ﬁééth%%ﬁgn‘é E#ﬁﬁé binRofE§aPIRi ki
Kogyo Co. Ltd,) and_ according to a rocess. The wet sheet was
dried in a rot%f@e%ﬁ?%ra?ﬁaﬂefh?ekuhﬁﬁﬁﬁhFP%l N@@yﬂe€ﬁ pr°éeceét83}nataa
tenperature of 85 [err]C for, 100_s As a res sheet, havin

wei ght per uni¥ORPLYMEE APHhiefr ?Wﬁ%§tlc a%HEa/mﬁYdQ9ﬁ¥§ﬁH¥9%%t?Eé of

e et ke LS et cpafiner 70 P OTEE AreBarticur 10y YRR

L-lactic acid / hydroxycaproic acid copolymer resin was melt

spun into filaments through a circular spinneret at a

spinning temperature of 200 °C and at a mass outflow rate

of 0.57 g/min from each orifice. The filaments were

10 quenched and then treated with a finishing lubricant, and

were taken up as.an undrafted filament tow on a draft roll

at a take-up rate of 1,000 m/min. Then, the undrafted

filament tow was drafted by aiknown drafting machine at a

draft ratio of 2.7 to a filament fineness of 2 denier.

15 This 2-denier filament was cut into fibers having a fiber
length of 5 mm.

Subsequehtly, mixing of soft wood pulp / aforesaid L-

lactic acid / hydroxycaproic acid copolymer fiber of 5 mm

in fiber length / sodium salt of carboxymethyl cellulose

20 (made by Nichirin Chemicai Industries Ltd.; DS =0.40, pH =

6.5) was made in a dry weight ratio of 47 / 47 / 6, and a

sheet was ﬁroduced from the mixture by employing a

rectangular sheet machine (made by Kumagai Riki Kogyo Co.,

Ltd.) and according to a wet process. The wet sheet was

25 dried in a rotary dryer (made by Kumagai Riki Kogyo Co.,



- 22 -, synthetic fiber were changed fromthose i n EXAVPLE 9.

Speci fical ly, short cut fibers having a fiber fineness of 2 denier and
a fiber length of 5 mm were produced using a copol ymer resin of _
L-lactic acid / hydroxycaproic acid 5 (copolynmer nolar ratio: 70 / 30).
More particularly, the L-lactic acid / hydroxycaproic .acid copol yner
resin was nelt spun into filanments through a circular spinneret at a
spinning tenperature of 200 [err]C and at a nmass outflow rate of 0.57
g/mn fromeach orifice. The filanments-vi3e- 10 quenched and then
treated with a finishing |ubricant, and were taken up as an undrafted
filament tow on a draft roll at a take-up rate of 1,000 m m n. Then,
t he undrafted filament tow was drafted by a known drafting nmachi ne at
a draft rbtdo it 2 remperatiurgnedt 83 nenéss aL02sgeni ePs 215esmlits
2-denier filament was cut into fibers having a fiber | ength of, 5 nm
Subsequent |y, @i 8hRplf hedtindwodd Vigdighty BeHr #84dity qrea of 4Rt gdmacigsy

hydr oxycaproi ¢ aci d cqpol r fiber of 5 in fiber length / sodium
salt of carbox?ﬂ%?h??dcel¥g§6§€te§63t15ﬁagg]E?eNﬁ%ﬁPFiﬁscﬁ RW%aPnlﬁ <t i es
Ltd.; DS =0.40, pH = 6.5) was nade in a dry weight ratio of 47 / 47 |/
6, and a %heet was produced fromthe m xture by enploying a

rect angul ar, shﬁgélgI hige (made by Kumagai Ri ki Kogyo Co., Ltd.) and
according to a Hgﬁo ss. The wet sheet was

In contrast to EXAMPLES 1 through 10 wherein sheets
' were made according to the wet process, a sheet was produced
by employing the air léid technique.
First, short cuf fibers having a fiber fineness of 2
10 denier end a fiber length of 5 mm were produced using
polyethylene succinate resin. Specifically, the polyethylene
succinate resin was melt spun into filaments through a .
circular spinneret at a spinning temperature of 160 °C and
at a mass outflow rate of 0.57 g/min from each orifice. The
15 filaments were quenched and then treated with a'finishing
lubricant, and were taken_up as an undrafted filament tow
on a draft roll at a take-up rate of 1,000 m/min. The
undrafted filament tow was drafted by a known drafting
machine at a draft ratio of 2.7 to a filament fineness of
20 2 denier. This 2-denier filament was cut into fibers having
a fiber length of 5 mm.
Subsequently, from the short cut fibers and pulverized
soft wood pulp was formed a web according to the air laid
method, in a dry wet ratio of polyethylene succinate fiber/

25 soft wood pulp = 50 / 50. The web was then spray-coated



25 driied in a rotary dryer (nmade by Kumagai Ri ki Kogyo Co.,

- 23 - . Ltd.) at a tenperature of 85 [err]C for 100 sec. As a result,
a sheet having a weight per unit area of 40 g/nferr] was obt ai ned.
Characteristics of the sheet is shown in Table 1. 5 EXAMPLE 11

In contrast to EXAMPLES 1 through 10 wherein sheets wer e nmade
according to the wet process, a sheet was produced by enpl oyi ng the
air laid technique. First, short cut fibers having a fiber
fineness of 2 10 denier and a fiber | ength -of 5 nm were produced using
pol yet hyl ene succinate resin. Specifically, the polyethylene succi nat e
resin was nelt spun into filanments through a circular spinneret at a
spi nning tenperature of 160 [err] C and ~at a mass outflow rate of 0.57
g/ min from eackibhi fi d Wihé amedys spehitiqRyr cPHAEACHEYY aRgSPRERY r &t ed
with a finishing | ubricant, and were takenlggéas an undrafted til%ﬁent

t ow on a aPgium o3l of GRSy i ce Offni(pade phy Daice

raft ratio of ChomiCe e FIGTERSH nbhdss aRNGobabeaEntg0s  Thi stBedan er
filament vas nga{g Qﬂ;;ggéﬁdg?ghngn a dryer of the hot air circulation
5 type (made by Tsujii Senki Kogyo Co.) at a temperature of
85 °C for 80 sec. As a result, a sheet comprised of soft
wood pulp / polyethylene succinate fiber / sodium salt of
carboxymethyl éellulose_= 47 / 47 / 6 and having a weight
per unit area of 40 g/nf was obtained. Characteristics of
10 the sheet is shown in Table 1.

| As may be apparent from Table 1, sheets obtained in
EXAMPLES 1 to 3, 6, 7, and 9 to 11 were all found
satisfactory in water absorbency and biodegradability.
Further, these sheets had low compressive resilience and
15 soft hand and, in their Qet state, they had adequate
softness gentle to the skin and bulky hand, and exhibited
good wiping quality when used as a wet. wiper. It was
obvious, therefore, that they had good advantage over prior
art sheets comprised of pulp only. In addition, the sheets

20 had good tensile strength ideal for practical purposes.
The sheet of EXAMPLE 4, és compared with EXAMPLE 1, had
a higher biodegradable synthetic fiber content and a lower
soft wood pulp content and was thefefore less favorable in

water absérbency and tensile strength. However, the sheet

25 had good water disintegrability and, in particular, by



a fiber. length of 5 mm Subsequently, fromthe short cut fibers
and pul veri zed soft wood pulp was fornmed a web according to the air

| ai d method, in a dry wet ratio of polyethylene succinate fiber/ 25
soft wood pulp = 50 / 50. The web was then spray-coated '

- 24 - with a 10 wt % aqueous sol ution, previously prepared, of
sodium salt of carboxynethyl cellul ose (nade by Daicel Chem cal

| ndustries, Ltd.; "CMC Daicel 1205"). The so coated web was dried in
a dryer of the hot air cifculation 5 type2%made by Tsujii Senki Kogyo Co. )
at a tenperature of 85 [err]C for 80 sec. As a result, a sheet

conpri sed of soft wood pul p / polyethyl ene succinate fiber / sodi um
salt of car boxynet hyl cellulose = 47 / 47 / 6 and having a wejght

per unit area B#rﬂ‘@egqi?rﬂl%é%’bf?&mﬁéﬁss{)f%rr@ﬁléﬂie@f:?cst}é‘P shept th?éﬂéfr?éaf i's
shown in Table 1, be ap arent from Table 1, sheets

obtained in  SOTEXpHIES ;arndoh@nd@ exhibdding yoperptee saft nr%ﬁﬁugentle
satisfactory in water absorbency and bi odegradability. Furt her, these
sheet's had | owteoRps c¥GHHy itk S k¥nkendnd Theseteuer Ithifs SHRet WaP R vet
state, they had %d gua%ﬁi softnesE ent.l.e tq the skin and, bul ky and
and exhi bited Sui g &§d i ef qtdl PHG %iﬁﬂf%%?%i%%t p¥iPers

5 human body cleansing purposes, typically anal cleansing.

The sheet of EXAMPLE 5, as compared with EXAMPLE 1, had
a soft wood pulp content of higher percentage and. a
biodegradable synthetic fiber content of lower percentage
and was therefore less favorable in softness. However, the

10 sheet had high water absorption capability and good water
disintegrability and, in particular, the sheet had
exceedingl? high tensile strength. Therefore, the sheet was
found suitable for use in such applications as wet wiéers
for domestic-articles cleaning purposes as represented by

15 a toilet's seat wiper. _

The sheet of EXAMPLE 8, as compared with EXAMPLE 1, had
higher-contents of soft wood pulp and binder, and was
therefore less favorable in softness. However, the sheet

~had high water absorbency and good water disintégrability

20 and, in particular, the sheet had exceedingly high tensile
strength. Therefore, the sheet was found suitable for use
in such applications as wet_wipers for domestic-articles
‘cleaning purposes as represented by a toilét_seat's wiper.

In the aspect of biodegradation performance, the sheets

25 of EXAMPLES 1 through 11 exhibited good aerobic



obvi ous, therefore, that they had good advantage over prior art sheets
conprised of pulp only. In addition, the sheets 20 had good tensile
strength ideal for practical purposes. The sheet of EXAMPLE 4, as
conpared with EXAMPLE 1, had a hi gher bi odegradabl e synthetic fiber
content and a | ower soft wood pul p content and was therefore | ess
favorable in wat er absorbency and tensile strength. However, the sheet
25 had good water disintegrability and, in particular, by

- 25 - virtue of its | ow conpressivegesilience, the sheet had very
soft texture and hand, exhibiting noderate softness gentle to the skin
and bul ky hand. Therefore, the sheet was found suitable for use in
such applications_as wet _ger$ for 5 human_body cl eansi ng purposes,

typi cal |y analbioegrAdapility in activNatepesludgeExaRPLEtsWags wishpaced

w th EXAMPLE 1, had a soft moodfpulp content of higher percentage and
a bi odegr BB&bI £asint AREFiMeNge Ofc d@nfheptFondii et bt agetivateshd
was therefore | ess favorable in softness.. However, the 10 sheet had high
wat er absor pt i 3hUeEFabMat pldnPiRiRpicakly dearaded npR gk a8rI PEYe aRA28 in

particular, .the sheet d . . exceedingly high tensile strength.
Ther ef ore, theg§5§e?§mE§CHabur+Bﬁnd suitable for use in such applications

g; wet Wi pgrs COMPA&R&IGE”EﬁAMﬁLErE'Cles cl eani ng purposes as represented

A sheet was produced without the use of bicdegradable
synthetic fiber. More specifically, mixing of soft wood
pulp / sodium salt of carboxyinethyl cellulose (made by
Nichirin Chemical Industries Ltd.; DS = 0.40, pH = 6.5) was

10 made in a dry weight ratio of 94 / 6, and a sheet was
fabricatéd from the mix{:ure according to a wet-lay method
_and by employing a rectangular sheet machine (made by
Kumagai Riki Kogyo Co., Ltd.). The wet sheet was dried in
a rotary dryer (made by Kumagai Riki Kogyo Co., Ltd.) at a
15 temperature of 85 °C for 100 sec. As a result, a sheet
having a weight pef unit area of 40 g/m® was obtained.

Characteristics of the sheet are shown in Table 2.



15 a'toilet's seat wiper. The sheet of EXAMPLE 8, as conpared

with EXAMPLE 1, had hi gher contents of soft wood pul p and binder, and
was therefore | ess favorable in softness. However, the sheet ~  had
hi gh wat er absorbency and good water disintegrability 20 and, in
particular, the sheet had exceedingly high tensile strength.
Therefore, the sheet was found suitable for use in such applications
as wet wi pers for donestic-articles cl eani ng purposes as represented
by a toilet seat's w per. I n the7aspect of biodegradation
performance, the sheets 25 of EXAMPLES 1 through 11 exhibited good
aerobic - 26 -
bi odegradability in activated sludge, and it was w tnessed ‘that test
speci nens of the sheets, buried in activated sl udge, was al
bi ol ogi cal |y degraded 50 % or nore in 28 days of such burial. 5
COVPARATI VE EXAMPLE 1 A sheet was produced w thout the use of
bi odegr adabl e synthetic fiber. More specifically, mxing of soft wood
pul p / sodi-umsalt of carboxynet hyl T@BleuRose (made by Ni chirin
Chem cal Industries Ltd.; DS = 0.40, pH = 6.5 was 10 nmde in_a dry
wei ght ratho of 94/ 6, and|a sheet was fabricafed fromthe|m xture
according fo a wet-lay methddomparative | Comparative | Comparative
- Example Example Example
1 , 2 3

Water

disintegrability O O O

Compressive

resilience(g) 255 133 9

Water . _

absorbency (mm) 50 45 . 3

Biodegradability

69 52 27 55

Tensile strength

(g/25mm width) 465 239 21




and by enpl oying a rectangul ar sheet nachi ne (nmade by Kumagai Ri ki

Kogyo Co., Ltd.). The wet sheet was dried in a rotary dryer (made by
Kunagai Ri ki Kogyo Co., Ltd.) at a 15 tenperature of 85 [err]C for 100

sec. As a result, a sheet havi ng a wei ght per unit area of 40

g/n{err] was obt ai ned. Characteristics of the sheet are shown in Table
: - 27 -

Table 2~ o Conparative Conparative Conparative

Exanpl e Exanpl e Exanple - 28 - w w

2 3 Water disintegrability [err] -

[err] [err] Conpressive resilience(Q) 255

133 9 Water absorbency(nm 50 4 5

3 Bi odegr adabtOMPERAPJVE EXAMPLE 2 52 2 7

55 Tensile strength (g/25nmm w dt h) 465 2.3 9

21 A sheet was formed using a synthetic fiber having no

biodegradability. More specifically, mixing of soft wood
pulp / polyester fiber (PET) / sodium salt of carboxymethyl
5 cellulose (made by Nichirin Chemical Industries Ltd.; DS =
0.40, pH = 6.5) was made in a dry weight ratio of 47 / 47
/ 6, and a sheet was fabricated from the mixture according
to a wet-lay method and by employing a rectangular sheet
machine (made by Kumagai Riki Kogyo Co., Ltd.). The wet
10 sheet was dried in a rotary dryer (méde by Kumagai Riki
Kogyo Co., Ltd.) at a temperature of 85 °C for 100 sec. As
a result, a sheet having a weight per unit area of 40 g/m2
was obtained. Characteristics of the sheet are shown in
Table 2.

15 COMPARATIVE EXAMPLE 3
A sheet was produced without the use of pulp as a
natural fiber. More specifically, mixing of polybutylene
succinate fibef having a fiberllength of 5 mm / sodium salt
of carboxymethyl cellulose was made in a dry Qeight ratio
20 of 94 / 6. The sheet was obtained in the same way as in
EXAMPLE 1 in other respects. Characteristics of the sheet

are shown in Table 2.
The sheet of COMPARATIVE EXAMPLE 1 was found
satisfactory in respect of water absorbency, water

25 disintegrability and biodegradability. However, since its



- 28 - . COMPARAT! VE EXAMPLE 2 A sheet was forned using a
synthetic fiber having no bi odegradability. Morre specifically, mxing
of soft wood pulp / polyester fiber (PET) / sodiumsalt of
carboxymethyl 5 cellulose (made by Nichirin Chem cal Industries Ltd.; DS
= 0.40, pH = 6.5) was nmade in a dry weight ratio of 47 / 47 / 6,
and a sheet was fabricated fromthe m xture accordi ng to a wet-1lay

met hod -and by enpl oying a rectangul ar sheet machi ne (made by Kunagai

Ri ki Kogyo Co., Ltd.). The wet 10 sheet a@s-dried in a rotary dryer (nmade
by Kumagai Riki Kogyo Co., Ltd.) at a tenperature of 85 [err]C for 100
sec. As a result, a sheet having a weight per unit area of 40 g/nferr]
was obtai ned. Characteristics of the sheet are shown in Table 2. 15
COVPARATI VE EXAlPEE 8ontent was pudpeenliyagngr dddc adtwitieduwde sy nideetgfc
pulp as a natural fiber. More specifically, mxing of polybutylene
succi nat e f|beflhavanhﬁf$hﬁ#tlbﬁ§thaﬁdEf@ﬁﬁ/aéédlwﬁﬁ§muﬁed asof wet

car boxynmet hyl cellul ose was made in a dry weight ratio 20 of 94 / 6. The
sheet was. obt aWiperi ntheeshaste lagkess qquorta lexﬁ{mlEtp itheottkdm r esihet s.
Characteristics_of the sheet are shown in Tab The
sheet of COVPARBERYE HEXARMBARATRE (EXAMMPLE 2 wag: f?f‘&ét Sef 1ok acdoFactirof

wat er absorbency,
g) réspect of water absorbency and water disintegrability, and

also in respect of softness. However, since its fiber
content was polyethylene terephthalate fiber, or a
conventional synthetic fiber, the sheet did not have
biodegradation performance; The sheet of COMPARATIVE
10 EXAMPLE 3 had poor water absorbency and low tensile
strength, since its fiber content was biodegradable
synthetic fiber.only and did not ‘include natural fiber

and/or regenerated fiber.

15



25 disintegrability and biodegradability. However, since its

- 29 - fiber content was pulp only and did not_include synthetic
fiber, the sheet had hard feel and, when used as a met . Wi per, the
sheet |acked confortable feel to the skin. The WII“JMMWMB/E
EXAMPLE 2 was found satisfactory in 5 respect of wa

wat er disintegrability, and al so in respect of softnésst ver
since its fiber content was pol yet hyl ene terephthal ate fi ber,

conventi onal
per f or mance.

synthetic fiber, the sheet -di3@ rot have blodegradatlon

The sheet of CCNPARATIVE 10 EXAMPLE 3 had poor water

absorbency and low tensile strength, since its fiber content was

bi odegr adabl e

synt hetic_fjber only and did not include natural fiber

and/ or regenehak ¥4 |Rhaimed yis:

30 -

10

15

20

25

1. A water—disintegrable sheet having
biodegradability, comprising one or more kinds of
biodegradable synthetic fibers, and one or more kinds of
natural fibers and/or regenerated fibers, all the fibers
being bound together by a binder such that the binding power
of the.binder will be substantially lost in water.

2. A water—-disintegrable sheet having
biodegradability as defined in claim 1, wherein the
biodegradable éynthetic fiber is comprised of aliphatic
polyester. |

3. A water-disintegrable sheet having
biodegradability as defined in claim 2, ‘wherein the
aliphatic polyester is one of (a) polyethylene succinate,
(b} a copolymer in which ethylene succinate is copolymerized
with butylene succinate, butylene adibate, or butyiene
sebacéte, (c) polybutylene succinate, (d) a copolymer in
which butylene succinate is copo;ymerized with butylene
adipate or butylene sebacate, and (e) a blend of these
polymers.

4. A water-disintegrable sheet having
biodegradability as defined in claim 2, wherein the
aliphatic polyester is one of poly(D-lactic acid), poly(L-
lactic acid), a copolymer of D-lactic acid and L-lactic

acid, a copolymer of D-lactic acid and hydroxycarboxylic



What is clainmed is: 1 A wat er - di si nt egrabl e sheet

havi ng : bi odegradability, .conprising one or nore kinds of
bi odegradabl e synthetic fibers, and one or nore kinds of 5 natural fibers
and/ or regenerated fibers, all the fibers bei ng bound together by a

bi nder such that the binding power ~of the binde 'ﬂ tially
| ost in water. 2. A wat er - di si nt egra-b[\l m“l\mmm Vi ng
bi odegradability as defined in claim1, wherein the 20 °bi'odeyradabl e

synthetic fiber is conprised of aliphatic 317 - polyester. 3. A
wat er - di si ntegrabl e sheet havi ng bi odegradability as defined
inclaim 2, wherein the ali phatic polyester is one of (a)

pol yet hyl ene succinate, 15 (b) a copolymer in which ethylene succinate is
copol yneri zed acid,wa ledpalpmene ofliclht bhateicbatydeneadadiyplaroey carboxtyyliene
sebacate, (c) polybutyl ene succinate, (d) a copolymer in whi ch-
butyl ene succi agid,i andopobyapdi 2édthesk bolymens. adi pate or butyl ene
sebacate, and (e) a blend of these 20 polyners. 4, A
wat er - di si ntegrabl e2- skleet WwWatRhTdisintegroddsr adabsheey as dedvhed in
claim2, wherein the c.aliphatic polyester is one of poly(D-lactic
aci d), poly(L-bicdegradahidisyi gg dafdagdl yreclaimpl, awhiesedd hendpindedctic
25 acid, a copolyner of D lactic acid and hydroxycarboxylic

5 1s comprised of carboxymethyl cellulose or a salt thereof.

6. A - water-disintegrable sheet having.
biodegradability as defined in c¢laim 1, wherein the weight
ratio of the biodegradable synthetic fiber to the natural
fiber and/or regenerated fiber is in the range of

10  (biodegradable synthetic fiber) / (natural fiber and/or
regenerated fiber) = 20/80 - 75/25.

7. A water-disintegrable sheet having

biodegradability as defined in claim 1, wherein the weight

of the binder is not less than 1 % but not more than 30 %

15 of the total weight of the sheet.



- 31 - acid, a copolyner of L-lactic acid and hydroxycarboxylic
A

aci.d, and a blend of these polyners. = - 5.
wat er - di si nt egrabl e sheet havi ng bi odegradability as defined in
claim1l1l, wherein the binder 5 is conprised of carboxynethyl cellul ose or
a salt thereof. 6. A wat er - di si nt egrabl e sheet havi ng
bi odegradability as defined in claim1, wherein the wei ght rati o of
the bi odegradabl e synthetic fiber to the natural fi ber and/or
regenerated fiber is in the range of 16 3@biodegradabl e synthetic fiber) /
(natural fiber and/or regenerated fiber) = 20/80 - 75/25. 7.
A wat er - di si nt egrabl e sheet havi ng bi odegradability as

: deflned in claiml, wherein the wei of the binder is not |ess than

1506 but not rmor e than 30 % ABSTRAGHOF GIEE BESGHISERE he sheet

A water-disintegrable sheet having biodegradability.

The sheet comprises one or more kinds of biodegradable
synthetic fibers, and one or more kinds of natural fibers

5 and/or regenerated fibers, all the fibers being bound
togethér by a binder such that the binding powef of the
binder will be substantially lost in water. The sheet has

a given degree of tensile strength and good softness,
coupled with a required degree of liquid absorbency, and

10 still has some biodegradation property. Therefore, the
sheet can be flushed in a flush toilet without involving any
appreciable increase in the volume of solid residues in a
septic tank and/or in a sewage disposal plant and is
therefore suitable for use in the form of a wet wiper in

15 particular.



