FI LTERI NG MATERI AL FOR FI LTER, AND WATER FI LTERI NG APPARATUS PROVI DED
W TH FI LTERI NG MATERI AL CROSS REFERENCE TO THE RELATED APPLI CATI ON
5This application is based on and cl ains convention priority to
Japanese patent application No. 2011-076026, filed March 30, 2011,
the entire disclosure of which is herein incorporated by reference as

The 1 nvent | o TERINE MATHREICROR P ACPRIC AN WATERFITRRINGS
rateri &l for 111 APPARAFUSPROVIDED WA STERTNE MATISRPAL

copol ymer nanofi ber [ayer and a base material conprising a nonwoven
or woven fabric fornmed from hydrophilic fibers are | am nated on each
other, and a water filtering apparatus provided with the 15filtering
mat eri al . (JROSSIREFERENCRAIGT#HE RBENHATED APPLESAEI®NI t eri ng

material for renmoving fine particles contained in water, a filtering
mat eri af has been pFlopospplidationhiis hased ubn ratfd redaifriso eonweftey qureority to
| ayer and a fine fiber ag%réegate | ayer are | am nated on_eac

h h
(et Dodapastee patcnd @ppHEaton Na. 30 IO T2 6o dUpe ddershl 3O} s the cntice

from nanof i be roduced . el ectro-spinnin nd ing a single .
1 bor "aner A e St SR st eIl e BIPOT S PAnEF IR0 et B oy this

The fine fi beﬁ a%(_:bgl'rﬁegate | ayer has an average fiber dianeter of not
| ess than 6PB % d not greater than 5 In addition, a filtering
material f i Ej}g\ﬁ mqﬁq ich 25 conprises a sheet in
whi ch a Ia%ér‘é*(lg;rlgrrﬂg ro(?npﬁg{n]% I ber s?{)ora@lduced by el ectro-spinning and
havingig sipgl®of {iRanvay@smge diameter of 10 to 1000 nmis |am nated
with a base material conpri’sing a nonwoven or woven fabric forned
from fibers having Ehesprgbst invbstionyedhrgeo di flt@igs matergyl ot Giltetipanviter
pm (Patent Docunment 2). [Related Art Docunent] [ Pat ent Docunent

1] JP Lai dimpdnclPar etityldhebyimyhalcohoNcopatoinsr Addefiteer [ Ppdremid Doasermaaterial
2] JP Laid-open Patent Publication No. 2009-6272 SUMVARY OF THE

| NVENTI ON STmgrising er neigverere or avoden dhbde dosped i fromahygrophilmatfibers are
Docunment 1 is . a fjltering material which includes a polyacry|onitrile
ul trafine famisatedyenegeste athsrerands AnBatesy EEHBE ranpaptHni I Vided With the
pol yacrylonitrile or .ppl ypropylene fine fiber aggregate |ayer forned
by el e&%/r o-%tﬁflﬁﬁirﬂ@t.en%'nce the fine fiber aggregate |ayer which

supports t fi Lher gregate layer is also forned by 10

el ectro-sprﬁﬁ%ﬂﬁg{t%{%@&?@%ﬁ%ﬁ?obl emthat the strength of the support
| ayer conprising t [ i I . i S b:neufficis .

uaed as aliquid f i afferiie et @HEEE0 R B g JurkBR ColRIA i Rafl,

mat eri al dh%t&ﬁ@da&rﬁ@%@%e@?%@ﬁﬁedanlvﬁfhi@ﬁ%nhﬂ’érﬁﬁh@@illﬁ?%ggfégﬁfe layer

| ayer and the base material are preferably forned from 15 hydr ophobic

fibers suchnéda fiel fiotrefdgregfrollasestaes lanvinard oregadicotheb@asentvibedurhi 1).
filtering material is used for filtering water, the nanofiber |ayer

and t heo badbenmattexfingl fibay eaggaegatedayert ¢s Sopmedt fofr oaneflotrsopheiuced rby
addition, since the initial pressure loss of the filter material is

hi gh, t her electrosipinning angdohaving & sipglsy Bhehaverage idiameter of nod dessathan 10
and filtering life. 20A first object to _be attained by the present

i nvent i on NET ald less\thae S90; pmy e?ﬁlh@ghﬁﬁtfmélggr%e ?4346{ &af 7§ vgrage fiber

which is syitable for ren@\éirbg fine par icI&s con%ai ned in water, has
a | ow ini t FAMPFeSsUPeFHsEn ik aRd pRLEEeEE 1 f 9 on accuracy and
filtering life. In addition, a filtering material for filter has been proposed which
25 comprises a sheet in which a layer formed from nanofibers produced by
electro-spinning and having a single fiber average diameter of 10 to 1000 nm is
laminated with a base material comprising a nonwoven or woven fabric formed

from fibers having a single fiber average diameter of greater than 5 pm (Patent

Document 2).
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Furthernore, a second object of the present invention is to provide a
25 filter cartridge provided wth the filtering material, and a water
filtering apparatus provided with the cartridge. The first

obj ect of the present invention is attained by obtaining a filtering
material for filtering water as described below. A filtering

mat eri al fc[[;ﬁejdté&gﬁﬁgc,ggkﬁg conprising a | am nated sheet i ncluding:

a nanofi ber  T'ayer forne m a nanofi ber having a single fiber
average di anet qpagint Hbcutek?q9 NP 1tAhe-dprAFatdR PN EfioNB&S. 200531 18909
the follow ng 5conditions (1) to (3): (1) The nanofi ber

| ayer has a bagPateseiDuituntnt @] 1 U@ I14id @pehl Paféht Fubticadon N Q0005292
continuous long fiber, and (3) the nanofiber is fornmed from
a pol yner SIieN{ARY) Oft THEARN VENTH(IY| ene- vi nyl al cohol copol yner;

and 10a base material conprising a nonwoven or _woven fabric )
conpri sfng a hydr ophh¢ {ilteringenatpriel digclased ppgcefieallein Batenbecumsanel ég a
of not less than 1 In the p jnve

pm, . . esent ntiopn, the
filtering rHfeamgamatesial; which iingludas & pp[wénaomlk@ #@ﬁ@éﬂre ﬁheérﬁgggegate

et o1 ol SuBFRREE S shR ST e ST BB S SR SO e
appar atusy 1t sebisrei Bl Tirfleey BeStoS Ry Bes, ShideTheiThehbhigiddieate
function. javer whidl sﬁgﬂbﬁ%. e LfirdiiR ﬁb@?e%tg%gh‘f@nlta&&“ds 1416 oA by
hydrophilic T1ber neans a tiber conprising porymer~contal ning a

hydrophpl i l@teugpibfgdreR i£QOPprobRyP, thiHZhe! fdhgtiet 6F thé@Ssupport layer
repeating unit at |least on the fiber surface, 20 and the pol yner may
be a pol yneobngeitéig thd iing fibe sgwegatki lager ivinsafficiani fg berusedeasf 4 iuid
surface. Further, the polynmer may be a honopol yner or a copol yner.

The et hyl eddteri nyl al cohol copol yner preferably has an ethyl ene
content of 3 to 70 nol % The nanofiber layer is preferably a_fiber
aggregat e | ayer obt Witheregsyd tediectitedng pngtarialgdisalosed i Patenh document 2,

DL ymer cosiiceshath the BARGUbeHIRYET L Uhe Bare, maroriarires pHels Ay dpragd from
f ly.h i i ght of 20.to 50 [n?2. The | am nat ed t
Ot of o d81 5 MogTIoEs el ay noBRie i, peyeifte or PRl T, WHER he
aggregate Iyt f ALIRHION (8 RASRUERAE by, ARhARTHATAPE 56 the base

material layer are easy to separate from each other. In addition, since the initial

pressure loss of the filter material is high, there is still a room for improvement in
filtration accuracy and filtering life.

20 A first object to be attained by the present invention is to provide a
filtering material, for filtering water, which is suitable for removing fine particles
contained in water, has a low initial pressure loss, and has improved filtration
accuracy and filtering life.

Furthermore, a second object of the present invention is to provide a

25 filter cartridge provided with the filtering material, and a water filtering
apparatus provided with the cartridge.

The first object of the present invention is attained by obtaining a

filtering material for filtering water as described below.
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sheet is further preferably subjected to enbossing treatnent or
calendaring treatnment after formation of the fiber aggregate |ayer.
The above-descri bed second object of the present invention is

attained by obtaining a filter cartridge including at |east partially
t he above 5filtering material for filtering water according to the
present invention. : : r L | ‘o j |
cartridge refers t oAaﬁlft?rllr%geP{a?%lﬁélﬁc%g@%%nm%mh@gﬁnég H?llﬂil%lgg ?‘ngdrhn%l? Eaerdl Saffeet
is fornmed kpdlQdmepr €edet ermi ned shape such as a plate shape or a
cylindrical shap€ and packed or stored in a body (or housing). In the
present invention, 4 manvfibéer 14ydrt Ryrhied &oparahdfofibérehsving ansidglR fiber
apparatus conprising the above filter cartridge, the apparatus

al | owi ng amverageckanetey o6l 0dol 1080trah) themadnstibac lmyes nietiag afli the following
particle, to be renpved or retrieved fromwater by filtration

The fil¥ercaaditenafl)ato Bdr filtering water obtained by the present

i nvention has excel ] e adhegj on between the nanofiber | ayer and the
base 15 materi al, ad%&i%‘ﬁélaﬁaﬁb@i lgyer ﬁ%@baﬁﬁa«e@é}@ 06‘&1&%5@(@% | ayer
are not easy to se3§5 te fr each other. Thus..the filtering

material has |ong PINQILOER I & FPRHRUARSEIPRE SPet:30Fe used for a

| ong period of ti dict | fi i.n . Q| f
filtering water ogﬁé? rE]"el% nt%loflﬁga%r g(gsﬂélﬁ({& ﬁ%\%ﬁt#@kg{%k@ggﬁﬁég%i ]ﬁ%t an
to providecgfiidd ' lpiddgal 20 pressure | oss. Thus, the
filter hase_ﬁ](}{éon ;lyﬂlﬁ}é)'ﬁﬂ?]i ?(t)ﬂrdg?flnlce)ir::’ ata{iggur acy but al so prol onged
filterhgg |ife. Al sobddeqfirtelinPcoinpASTHz a hOBwbidd 6F wo%Bn FEbri® 86mbeiking a
| ong period of tine. Any conbination of at |east two
construct i apdroplilsctibeckaving hringlp fibed aderabaidimmendbdnot less than 1 pum.
specification and/or the acconpanyi ng draw ngs 25 shoul d be construed
as included within Initke prespet imventienphe f8teringmeteriabfor filterpry wateulrefers
any conbi nation of two or nore of the appended clainms should be )
equal |y cosermeabes whieh irdesedwiorthe pureosscaipeollsctingaindrissraning particles

i nvention. BRI EF DESCR| PTI ON OF THE W NGS ) Fig. 1.is an
expl anat or §ORAHFAIR Wﬁreaﬁrr%qlquana@%avm PARicles epntained epaty by

ncor pot at Binetneo ' Pel Bl B0 oPficicin ol B dhteee Spp el int
expl anat of yordh BONAMLLLS] Letd ARk EFREERThcA Nt ch > the

filtering material for erl er acc I'ng to the present

invention is pleatgd idqigsse [ Wgohhend | rq i
for filtering water a%cérgl?’ngl P(% Pﬂgggfglgent Olh’n{?%én;téf%iﬁ dlfrr??)(/)&gbg{uecgﬁg
type filtemeans arfibiesomprising a ﬁ)olyﬁi@-coﬁtdiﬁin%ra Aoy ﬂi@gifmﬂj E9FIagoup,
illustrating an exanple of a filter cartridge including Tilter units
each havi nGQOOHogmapaiNdd, phvapeietc.) he af iepttingngnit it nedse onathef Bber surface,
filtering water according to the present invention; Fig. 4
is a pkotogndpie polymmervinay dieat pohyimer eonstititimgopthet wholeafiladri ber daayiag on
of the filtering material for filtering water according to the

present i nthenfibasuriecpl elveher ithe pelymecrraey be alhosnomolumsr er a)copabyener.
the condition that the filter was taken out after flowng fluid for
24 hours fol | oned bhPCnEYRleRE-¥iY AIGOR, PoRal ST rouafsst g hahpn ethylene

Fig. 51is a photo to ?owa state of a surface of the nanofi ber

I ayerI of tﬁ%llﬁf’mt?? f‘ﬁlzor%?l i al for filtering water in a conparative
exXampLe (o, B eat el o TR Rk BAR baifcRIOTRY Mty
24 h f : } 20 .d i i I
o BBt NEHRORRIRME B o9e:, e CRTHOPRALL bR MYTIE Spagft ARETHL A3t

preferably formed from a polymer comprising a polyvinyl alcohol polymer.

The base material preferably has a basis weight of 20 to 500 g/m?.
The laminated sheet preferably comprises a base material and an

electro-spun fiber aggregate layer formed on the base material, and the laminated
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Afiltering material for filtering water according to the present

i nvention basically conprises (A a nanofiber layer fornmed from
fibers having a 25 single fiber average dianeter of 10 to 1000 nm and
conprising an ethyl ene-vinyl alcohol copolyner, and (B) a base

mat erial conprising a nonwoven or woven fabric fornmed from

hydr ophi | i i.b j j -fi.ber. a ianpeter .o

than 1 | am(él}l%étt E%%lsl{lg%{ﬂe %? %%%a%tlﬂggu?%éét%gc} 0( %grgégng a%‘l wa.cél(% %rn letggh&%ﬁg

other in a f t t he nanofi ber |ayer
tRREREnt AP oA of the ﬁ!?eerfiggggghﬁﬁ Ieé}/fea

formed fromthe fibers having an av iameter of 10 to
1000 nm even fine D¢ tibkdvesdesanbet seRBAUCEbRICt 2B0f/QhY Hre8@ht §M¥ention is
filtration accuracy. In the case where the filter material consists

of only thataardf bbesbthmyey ,a filter nectrrigec ticlypdingestt lcast pastially the above
insufficient. Thus, the nanofiber |ayer is supported by a base

mat eri af 5 ftemmg mategiahfonyfdicpty water nocovdiggtothevprosent instentiont o be

| am nat ed on each ot her. (Nanofi ber Layeri i The nanofi ber
|l ayer of the filteriigemsesant apvengions the BHtehgarikdgs refesoion figfer sartridge
present inventi.on is fornmed fr?m i bers. having,a single fiber 10

average di &hwich ailigsing matssigl fyjormed into apardelermingd shapesiahess g plate
| ess than 10 n t he.productivity, of .the fiberns. i creased

ooul tiag Shafithrd PELRIRG Shepd gt Paeks B satehin s B BoREReh and,

if the average fib j.a } -eqt t,.0
1 he averase [1 ban, daRAeh: |veBEEA B, R, HIBRAIn bR SAckaS bolh
in detgpi oLahhafisOkofriprisid) 1B AFRI Mder Eﬁﬁﬁd%é,ntl&r %ﬁgaﬁaﬂlsc%'l‘lﬁkﬁﬁ% an
both 15 fiber productivity and filtration accufacy, t aver age fiber

di amet er ofunhé&ssarigbe cbllb@ableCubstdrice! sieh takefin@patticler td defemdvddner
present invention needs to be 10 to 1000 nmand is preferably 100 to

600 nm A mettieved from pratahbyi fijrationer s i n which a single fiber average
dianeter falls within the above ranges is not particularly Iimted,
but it is possible The ffdtemnguotatétiddefer Miltepingl waltsr khtamed2®dy the present
el ectro-spinning described later. By accunul ati ng el ectro-spun

fibers, thdIVRHER Bey oxggleentcaghasionh hehvaen tha panolihst Mayer andafhe base

L0 o B SR SR PRSE B5F hetehe 86 %l L PG
fib I i i f O .0 10 .g/. 25(2) ,The ...
nanof i ber PP eAEoshg Fberthe Stehife TRafAt bt Ml ARy and
fromat | egﬁgwgra fﬁ?&%h%ﬁis‘éﬂ%}agﬂr%ﬁ%o&?ﬁgmr' t he nanofi ber

arge such as exceedi g , a

| ayer is too pressure loss is

increased. Thus, thg LS BeYMkerdls ReRaANR) ﬁﬁériﬁ%aw@diepébﬂaﬁﬁd by the
filtering material for filtering water according to the present

invention pesdst igvdigion dkes 1 @iwilei® gftﬁﬁ&é ablfiited. Batifg 8a dbWR initial
and is further preferably 0.5 to 6 g/n2. 5In addition, the nanofibers
need t @0 bepressuteeldser mlhhbs,cthet fitteo dss | motgorlybkigh. fifhetioraacdirbey duofalso
continuous long fibers can be forned by electro-spinning. If a
filtering pralenged fiitsringdifed Adsnfreantiis pespsci, he fidtet eamnbefused dor a long
fibers, the short fibers thenselves may fall off during filtering. In
addi ti on, §Pﬂ€§0fﬁgk¥iltering material formed fromthe short fibers
has an increased 10, t hi ck

. It 1S i ible to f t,
filter. Hore, the oY (CORNBALOR foat 160 Proeronsimuciinng delohgd rinofhe
200 hort e, t.h fi el f f h t]
ong 11 ber SPRAGER.cBts At AR DR oPEnREt A e GETRBPTRBRELIANAHES
such short i R8¢ BRistiRE REBRIVBUERIhI M ¥cdpt of the present invention. In

particular, any combination of two or more of the appended claims should be

equally construed as included within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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Furthernore, an inportant point in the present invention is that the
15 nanofi ber | ayer conprises at |east an ethyl ene-vinyl alcohol

copol yner and preferably conprises an et hyl ene-vi nyl al cohol
copolymer. The present inventors have found that when an

et hyl ene-vi nyl al cohol copolymer is used as a polynmer constituting a
filtering material :.qrfi I e. l.epe-vi . .
copol yner is hydroplglﬂé#E@ﬁ%pg?ﬁ§ﬁg#g%¥%ﬁ§Pﬁ§B%%ﬁg%né%@%k¥ﬁ%%9ggkﬂnCh

nanof i bers,c ﬁﬁehﬁ%emq{é?&'? SR nﬂitelgﬁggs%ﬂ.ef' yachrdﬁﬁ% S 1D reﬁéﬁ; gﬁ{f?ﬂ{tﬁﬁe‘r s

t hat when the nanofibers are use rafilterinig materi

in order tendoporaeed inf@ a TRt plait eppd AltveéRiridgedch a significant effect
is provided that the above ?iltg)?pcan achi evgge: filtering at high
filtration accuracyigs2\iehh expldnatery ddidgraim illegating ahassbodiment in which
(Et hyl ene- Vi nyl Al cohol Copolyner) 25In light of balance between

di nensi ®nathes tiltsringt ynaterialafiosr fikering wertep Actdrdingy fo tthe petdent dneentiony lis
al cohol copol yner used in the present invention has an ethyl ene )
content of Plaikiaendgr 3o dreorporss theatidering materigdy or diltssing water geswrding
nmol % I n addition, its saponification degree is preferably not |ess
than 80 molOAERICH IRE OIS & BISH b PEdLer REFIEE ol 90 11 t ho

Crystallinity of taBe i Ehexbigiors EBra LiGufRer Sneyapelc of a filter
d d, . . ' )

nanot | ber s T HOBEGRERARE A18F GG RhATIAVILLSARTROLTR el the filtering
i Xt Ur g0 Of nEAGGAIVERFiSchRY WsterhddoRdiRBtto RO PR HPBAGAHS Such as a 5

combi nation of a copol ynBr having an-ethyl ene content of 20 to 55

nol % and a copol ynd@ighavi ngphdtogidphl @Nshaent shte 6f aIutfcdOMik Rand¥iver
be used. The et hyl ene-vi nyl al cohol copolyner is obtained by
saponi fyi ntpyan ef hiyé efkenmgymateeal afoe fiftprihg namter Thecoeting enethei pydsent
acetate copol ymer al so may be a copol i/mer in which another fatty acid
vi nyl est emventionl(aplegied fdiceingonatenipl opBExample 1) enden thescondiibn that the
conbination in a small anount i}%o_rml%or | ess relative to vinyl

acetate) wWHEET avam fakse eifdaten fovdra s for 2k BeBTS, feligwed byawashisg as
L eors:  iEheu iR A TPEETRIE 20600 1 2 or ef oy mbly useq oy er 8%
oot ber s v be T 530 a0bbBREhoR, ook A ARt ¥ ka8t i ganofiver
treat ment %F i tﬂ@hﬂﬁ&g%%gﬁétgﬁgyg& fifterih ewﬁtiekeiﬁ'a compar 1ti\§egrg§ample (a

et hyl ene-v al coho ymer 1S commercially pro

exanpl e, upRgfed fiRedn@AfAMBICompX¥Akive FE)&%#% @&%d&“ﬂ@@ﬁdﬁ%ﬂ tHat the
and the trade nane of~ " SoarnoL" produced by The N ppon Synthetic

Cheni cal | fittastwas faken duitdaferdfleasng il aforabl GourOkslldwed r&iyewaslﬁinﬁ as
i nvention, the nanofiber conprises at |east an ethyl ene-vinyl alcohol
copol yaer descaibedns LXAMRLESN addition, the nanofiber nmay be ether
made sol ely of an ethyl ene-vinyl al cohol copolyner or nmay be forned

bl ends of MtRIA1d QE‘I?MB(&WNJ&M ymer with a water-soluble or
di et hyl sul f oxi de (DNBQ)-sol ubl.e pqglynmer, such, as a_pol yvinyl

al cohoi, a 25 pol yéBasicdqnfiguration o Faring Mataid f@&FH'@F}/a

oy oL S BSACHL e YU SISRIBE! s g
in’the. aboUeulipd AYoERE cbhbHssATAN RS (555 EREed Hin hekTRriok =
CoRol LI gl 58 SRR oS (o100t iy B RiSHSl Hifige-viny

lleast 10 nEReibOECIHIfRTee! and PBY AUBAJCMaRiidNIMPrAGAS)a nonwoven or woven

fabric formed from hydrophilic fibers having a single fiber average diameter of

not less than 1 pum in the state that the (A) and (B) are laminated on each other in

a sheet form. Thanks to the presence of the nanofiber layer formed from the
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Nanof i bers can be produced froma spinning nmelt prepared by 5 nelting
an et hyl ene-vinyl al cohol copolyner or a spinning solution prepared

by di ssol ving an et hyl ene-vinyl al cohol copolyner in a solvent. In
order to make the ethyl ene-vinyl alcohol copolyner nolten, the

et hyl ene-vi nyl al cohol copolyner is heated and nolten with an

ext ruder or q Rl : r L ani |t

order to naf{(be%rgf]ﬁg%gg%ﬁ ene%g;el ﬁ@?@?@%ﬁ% (ﬁggjp%l 30 rr(z(? h% eglgréso e\peagi llaﬁ 5 can

the sol ventye fefifovRliMit! L6y 1eAt BRPRIOICARIAGE! InSthdl SI8WIRGe itRe filter

di met hyl sulfoxide or a m'xture of water and a’l ower al cohol such as

net hyl al cefatbrialeichisis®l 6Py the darvfitRaniaheasthe aRichgfical peoftits are
produce an et hyl ene-vinyl al cohol copolyner solution. This solution

can be usednadfiaienpi nrifng, sthieumanofibds Thpernan ofiippertedcdy ke babd anarial
by discharging the above spinning nelt or solution froma nozzle and

f or mi ng5f i lsemprising lackydrophiicnnomyovemior evever dabriolte dgelaminatedl owdach
to an el ectro-conductive nenber capable of supplying spinning nelt or
sol ution, Ispinning nelt or solution extruded fromthe nozzle is

electrified (or ch ed)..to_split into droplets fromthe spinning
melt or sol ution. %‘r@"gﬁpﬁg?f) under the influence of an electrical

field, fib [ I f . poi nt._of h-0f .t h

i quit o opl ot s, anie TapyEer kS g HREAARFS o, I8 Dpflidd Py
d . . o ed

et rode S Ra LA MR P AR e R BPERChAYing o SR fper

accunuhgt egdyerdes Pisthb@l vf 10481000 drhe LOMESREFA @herAfiatbBlr ROI4EBan 10
the 25 solution is not greater than 10% the sdlvent is easily

evapor at ed nelyrthe ?r@cnidtitvﬁﬁgrtg taediterdBr ddopgavatl] @BuRing il dutédidratioAvf skble
that the |layer of nanofibers finally is deposited on a collecting

belt or sheetdystiont i éredhatotlerdhandindethef aveeage diber alitmeer ds spreater than
several tens of centineters fromthe nozzle. Wile being deposited,
nanof i ber s 1(A9 sun.sthie| qoligetienichliciesey fel fise paginieoto Ho rempvedipilesrensed,
solidified can.slightly stjck éﬁgether and becqpe difficult to rmvs).@
Then, fresKesudig ithdetsrigration elc-BEation) aecHEasysi tdWsaHHORISE (te 6prpl¢IA doth

. montton Hoer phttls R i g TGRHER Seulyo08 Herese Hbor tiagelss G B sinete
h i . . i fi

Co form e fRrmerBheHle BCaffftRs if e A8 Princl oGy S W F

nanof | ber s 1660 o AT Akk@HHI1 6 RS $981 SHT PEchAKEH IBE phodRing fibers in

di anet er by adj usting ns such as a polynmer concentration I n

the spinni pehisteldsimle Fbéh a{réy_age seeean e wigha! @cafbovd@anges is not
formation surface of the nanofiber sheet (an inter-electrode

di stance), particoldrbgéinaipgd, i lee itoist fessitog 2b eformndudDifiberd byepullRas &known
Mat eri al ) ~ As the base material constituting the filtering
mat eri a aclkeotrdigpgnniogt Hesquibedeldter. nv &yt iasoumodpdinge reledttdaspure fibers, the
nanof i ber |ayer, there may be used a nonwoven or woven fabric forned
f r om hydr opanofiberflpyrereanthe ohtgingddn g Eorm pka layer.
In the present invention, the nanofiber layer needs to be formed so as
to meet the following conditions (1) to (3).
(1) The nanofiber layer has a basis weight of 0.1 to 10 g/m?.
25 (2) The nanofiber is a continuous long fiber.
(3) The nanofiber is formed from at least an ethylene-vinyl alcohol
copolymer.

If the basis weight of the nanofiber layer is less than 0.1 g/m’

collection of fine particles to be removed is insufficient. If the basis weight of

—<6>-



15 average dianeter of not less than 1 ttm The base material having
a single fiber average dianeter of less than 1 pm may neke the
tensile strength of the sheet decreased, nay deteriorate
processability of the sheet into a filter, and further may | ower
durability of the filter. Preferably, the nanofiber |ayer plays a
role as a fj j In%r%i-l i -ectiaparid ¢ b .
r enoved; jtﬁf_éé ttf)lgfslgﬁﬁgt e ;%195863?%%%&{ 8% gxggédélr?él}ro eg{)nﬁdpéegg%%ﬁﬁ {%fs 15
and dur abi lipdkaQdd. t Mends Hehasid %ir%{mﬁ*tﬁ? Bhﬁ@ﬂébff;ls%agﬁf t‘ﬂb%ﬂ?érﬁfgnﬁ%te{ial

the fibers constituting the base terial nee e not less tha

Jim is prgbefikbting Witet @scorifi@Mtoothgpresed ihveritioht Meids R &leed.albyl on%)fmz,
less than 7 ttm As an upper |limt, the single fiber average dianeter
i s pref erali prefetabty @5tterd ghnazt;n aR00s fumtlergréfierdbie 0.t gfmfll y not
greater than 100 utm 25The nonwoven fabric constituting the base

mat eri ab may be anylnoddditignytheinhnodibacs/eeeds @bbé t tist Girmedf byntinuous long
spun-bond nethod, a nelt-blown nethod, a spun-lacing nethod, a

thermal bodtery melhednanolibessi @1 copHanews nengodibesn ean - bai dormed by

I T e S
LR L T N T
et hod, - hagfcdesl iR -akr SAALNaPTnhed AXANAOSAS: Iibot R Of GRRsed

[
since a MBt?&Id nonwov ric 1s excellent 1n streng NnsSeness,

and uniihor ghicknesd, Wik liAIpdsIBIMRY fiind 8RohGacE FMRE.! | Bk@rthy sRort fibers refer
preferably used as the base material which supports the nanofi ber

layer in theadilesent intovekngt of 200 mm or Soreyvaid flrRbidmfbef t@tdr doryd
a wet process can be conducted by a nethod in which hydrophilic

subj ect fi liems thensmtinubiimdong | #vers -idether plesehtnomventien subbrantiaiydia not
smal | anmount of binder fibers for bonding the subject 10 fibers are

di spersed icaniain suchghont fibewthat bagb¢eromtentionally ctn and gent |y
agitated to nake a uniformslurry. The slurry is then supplied to a
paper machi ne havi fgirshermose an ARPeFtaps paint dbdhe gyesent yinyentan isgthat the

e L Y
7 SN AR R BT Sl PR, S e
1L on BSRGRSS baSinolh SEA B B USR] RoRSPLOSLALEN By o

for prepar bBBmerStoistitutihg a”ﬁ%ﬁﬁ%rMat@rf(ah f8r FiMeEKeMSSugtA il SRB1GRMN inyl
or the like to forma sheet. As the woven fabric constituting’the

base mat er aRlohoR ¥epEipmicextis | By@dpblliqi neel bthyt@rnsingl wRaksl Stwpblaser
pl ain weave, twill weave, or sateen weave fromfilanent yarns, spun

yarns, 20r nheofibdre can havediniEmsiomal stabdityantwatet,cand furither doufidthathehen
formof the woven_ fabric. The basis weight of the nonwoven or
woven fabr the sanofers are vsedi fersa disrimgr inatesial dpie fitten én ordartHe tealcyiecine
between a function to suppart the nanofjber, 25 | ayer and a desired

strength r Bagiclesdiy Batele sReh & sighifigant Ptf%ﬁ1ﬁ|mem<fééfthabm¢salm¢gﬁlt%ean

basis weight..is sglected preferably in a range . .of 20 tqa,.500 g/ n2.and

Further  pr arass §liang af BiselTlyatiod ackufih 3 faalas fow iial prefhfe 165

present invention, nonway n hc for the base materi al

is formed fromthe (E@@lgﬁ%%piﬁ@?@&%@&gﬂbﬁg npl es of a pol ymer

- <11>- 75 form ng theyh ighfp&* 'Hgfarfcgbﬁév]%vééﬁy dirﬁ&ﬁﬂgﬁala SRy 'i%('x{vaté:r and

al cohol” pol yner, a celFul ose based polynmer, such as a regenerate

cel lul ose ppgrophffdity! %8 @hflcabSingh Atdhdienspyliviydr ¥s6@Nel Ml Yr&ent

a pol yacryl gnio?ri I éyl;ased pol ymer ,lngnd the |i k%. IyI;/m,brreoger, even o

ordi nary hjdeafibabhas fanbetts/ 1aan cogtepncshpageedly 18 ttbe7® mpdnoptd | fuether
preferably 20 to 55 mol%. In addition, its saponification degree is preferably

not less than 80 mol% and further preferably not less than 98 mol%. If the

=<7



The wetl aid nonwoven fabric of polyvinyl alcohol polyner fiber used
25 in one enbodi nent of the present invention can be forned by using
t he above wetl aid sheet production process under the condition that a
pol yvi nyl al cohol polyner fiber having desired strength properties
and water resistance is used as a subject fiber, that a water-soluble

pol yvi nyl Y, [ [ i.n i .

fibers ar e%%ﬁgﬁﬁﬁg §8le1 cf%?\%f{ F}gjgss Stﬁ flgsgg n?nt’rﬁn‘yaaglg &%F é tcﬁg&ya%gﬁltj} %? the
m xture ratdyoviehe NS 1SHRLBSE cbi ggﬁn&nql bj | '

nmass% of t hel%"sub‘ja e?ﬁ fiber ar(l%l)b to 5 ?g%ﬂg(?%fté%e?’ gﬁ%d%&@é&g‘g.fgp the
Further, ingleaath plopehtcsadione riaseibeRed Thi dddgtiod, i B3ahe ctiiden@timiltlcohol
nonwoven fabric may be formed by using a biconponent fiber conprising
a core conpepehmérpamttirce@ficapsiymesthavidg teferpat ethglenacdni@ntd)sathas a
conponent fornmed froma pol yner having a binder function. Mreover,

t he subpectcomtspatiompf e @opolyseerfhdhreng avtathylenbannisot pi2Aytb H vl and a
pol ymer fibers, for exanple, hydrophilicégol nmer fibers, such as

cel | ul ose Isepelynien Raving an ehwlenarantentcofhin0 gl may banssshol

pol ymer. Further, t sybject fibe even conprise a.small amunt
bF hyar ophobi ¢ 101 1 bE% SHRSE yib Saciab cPPRBIerAS RgBed B FansargInE an
etc.). The subject fibers of pnolyuinyl alcohal, pol can
be T or med S§APREAIT el sopo R T Eibie osT Alvighe, gepStymer atso
pol yneri zat : .01, 390 1 Leatd : 0
POl Yot | 28kt bRy ot nRAORoREP B e L) RS SFiny] BrbBlote,
di met hyh suliAANAThEE:, tfc. PiEASKEIRCSRbNNETM $104 YhaPNambi(2HPmol% or less
extruding the spinning solution froma nozzle to form as-spun yarns
by a wet sptlafivegomneinhddcéate)oatih ajthplendaind vEgdid¢etase!lat@t@poBmerized.
causti c soda aqueous solution, nethanol, etc.), a dry spinning
met hod, or As theyethelenspiimyli aigohrdtdopdlyrittr aasopmpymey havingsa fimmbbeaverage
subj ected to drawi ng such as wet-heat draw ng or dry-heat draw ng,
and/ or anomm@deculap axeighit ofsahsiut #90Reat 20000 isrmyrefarablyasedsaly addiion, after
acetalization mpy be further conducted. Further, a polyvin%I al cohol

B

pol ymer fi BEFNHMA Af TANPHREHSe Hat cEPOWEIes el fhsnaanafthase mhal) beSUadedh £0
2004- 23802 Apstalization of cron B RRERea TSB! Wil Agefi g o Agiseion i he ikes.
fib be obt ai i i L yvimyl hol

(aver age- pol ymor i 2ol ToR TGy Egls3pBP 884 kter % SR PRN Bhduced. for
d . 60 j _ i '
an-as- spun AP b R e o A A R S LR
slight drayw@grle hix@cast SBBROA N prédiRetinBy | PRe MiphBROSyMBELiE AYREmical
and Base Material) -<13>- There are several nethods for

| am nat i onIsdustyeCoaled ahe easibygvaikible.t he base material . A nanofi ber

| ayer and a base material which are previously and individually

f ormed2omy be | am rat déhie opresawth invérmion, Atheanmdriolfidyer | eyeprisesy die least an
accunul ated on a base material |ayer (or a | ayer made of a base
material ) Sthaenshvinyl mleahod eopplymenss.a ponssithenti v&n yaddiiom rihevieamofiber
fabric as a base terial layer formed by a . spun-bond nethod or a

mel t - bl own @ %@@Eﬁy ecohelyneban sthylepptviay alsohpl eppelymersgn mavnke

féghéﬁ”bﬁé’%?«%‘i Bl ot e Ui ‘?‘g{f’ ?qppﬁ ”°é%%§qﬁfea%ﬁme Ip or
ri } i 1] R nanof i her. .

fabric vo RinkA0 1Ll IORRGOLBUnEyRln: EARY BRI, ol BHEL o
ot 294" PSRN LBRoR FRUSEbEEDS IR LS et

nanof i ber bLayer /Tﬁhenwcﬁﬂadf%ﬁéﬂ &n 'bé%ﬁ%ﬂ%;ﬁéle‘éﬁﬁcsfﬁiﬂﬁﬁgaﬂ?&ﬁea spinning

anot her nanofi ber | ayer/anot [ | ayer “15 can be further

er base materia
| am nat ed, stheibaybtaimeditdi digsslvingubothagthylchitruisyiualecnd] dupdtywet and alich

polymer(s) in the above solvent. In the case where the ethylene-vinyl alcohol
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20Moreover, it is possible to adjust the thickness of the lamnate to
an i ntended thickness by hot pressing or cold pressing if necessary.
Furthernore, the above | am nate may be bonded by neans of thernal
bondi ng such as enbossing treatnent or calendaring treatnent. In this
case, the |l am nate may be bonded by neans of, for exanple, chem ca

S el A E R

mat eri al . \ b

Whi ch the dleshol gop S nRER BrABRBR Il R TBE I8 (e R priler |
ot her and are passe@rggﬁm@qaﬁe@@ﬁ@yﬁd roll and a flexible roll

whi ch are heated and pressurized. -<14>- The cal endari ng

treatnent is a treaNamofibérs wdi G ﬁah@dmﬂoﬂdmeral?mimgndleﬂﬂ”l@ré}ﬁed by
material are overlaid on each other and are passed between a pair of
cal endab r ahélingtancéthplenehanylealcanol gopedgner ped. spimung tshhitmmaputpaiadt by
of enhanci ng adhesi on between the nanofiber 5 |ayer and the base
materi al | syslvinganagbyleneriiaglsalaghelr eopodpner it acwleandar Imgrder to make

treatment i s conducted pyef bly at a tenpe atur of 2 to 15
a pressure f ¢d@yicnersgy g?léﬁﬁ%lnd’od’@bémﬁﬁ' em@itam St e&l HewgEE @"«Oglpl

2011 “neces capob 'S gl g mopleh wLB a5 efif Xq‘i&%%é%@gﬂ%@#@i%os agfo
gﬂte i 8;?3:2@ ﬁ}}f@ Et gﬁﬂldgé ?mﬂp t fél%' fogl\ﬂagp%@l%%é/‘f r%:e\rflnylagllcoh%lt copolymer

stabi | i ?er diRB12t IS hidd k&l H@r{he &hfrl‘eh@ L Af1241dBRbL c?&lﬂﬁfer qs%ssofl‘vebd in

crystallization rate ret ar oring -agent, e may

added to agdi@bihyi eneoxidey br al ﬁl@ﬂ@i‘e OPRPAtKIBAOL 16WEr hlctsﬁow@u@h ak Sméh§1
raw 15 material for the nanofibers, or added to a polynmer which is

t he raw matatodhal, fethylt hh:ohalieoﬂ'al-@lrd)}&inoll as addgdlvean, dohesnemopiodace an
surface or the base material fiber surface may be treated with a

sol uti on i ettyleimyinyhealabileceptdlymiey ewlutidi.| t EhisCaolutivigedn Aef isaderas a
cartridge used in the present invention nmay be any of publicly 20
known fi |t SPINGHRE $¢ B@@@ Exanpl es of the filter cartri dge i ncl ude a

Filter 1onits each | DRmBgneber rcaighagDibed ded dRgbarains s aboye) Spinning
other are HHALS 59?)5 Jrof & ene® ot Gt 1, 8GR PhinayEw Wil 2
St e WL GE4 1 U oh b} A Bt St
0, A %@%{t&?&gﬂh@%ﬁdﬂzﬁrﬁgﬂmgﬁ@géégﬂfﬂgw sk
other. |n fdeleptrEierRl (op@hamel) telgslit et fopléts Fion KRadfANIng melt or solution.
20  Thereafter, under the influence of an electrical field, fibers are continuously

drawn from one point of each of the liquid droplets, and a large number of split

and divided fibers are spread in a continuous state and deposited on the side of a

counter clectrode being carthed, whereby a sheet-like nanofiber layer can be
accumulated. Accordingly, even if the concentration of the polymer in the

25  solution is not greater than 10%, the solvent is easily evaporated during splitting

and fiber formation and fibrillation, so that the layer of nanofibers finally is

deposited on a collecting belt or sheet positioned at a distance of several

centimeters to several tens of centimeters from the nozzle. While being

deposited, nanofibers which still contain residual solvent or do not completely
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supplied fromthe nanofiber |ayer side, while backwashing water is
supplied fromthe base material |ayer side during backwashing. Fig. 2
shows anot her -<15>- enbodinent of a pleated filtering materi al

which is to be incorporated into a pleated type cartridge, in which a
nanofi ber |ayer and a base nmaterial |ayer are | am nated on each ot her
and pl eat eq,.;: f | i I r ri

fi1tori ng nahiifey SALsBiRh e Rechic: Sha eyl @b LI nfREE" R, it

material | 3¥ahfibéR a\f/eisﬁbcésbﬁzey l&5sitRB R HIRclRCE &R G R RBALSY & form
that each of the nanofiber layers is provided as the outer surfaces

of the fil taedensei $hdeh odr dRY codlfeddinienBelt e shapef | Aeford vayainS of RM@ven fabric,
contact with water to be treated. These filter materials are nounted

t o an out erwhiohrislar bader maercdl, triag bapladedgen tHhacvwhelation hefdceesat asl to
is filtrated while passing through the filtering materials, and 10

di schar §ed deposit dhe aanpEbersotherean t@ fore adamindteundhe singlankberAsverage
filtering material provided_ in the pleated type cartridge filter, the
above- descdiasaeter é)(ﬁp thetAnohibEFS 68 beecomriiedokr alprpdeternmednavasags fiber
material are |am Bat d on eaclgl.other is pleated and fol ded,. so that .
the fol ded H3Pelef PX R DS CONdILOTTHNGE 23 YILPT COPECNGALIQ © Spinning
inserted intp.a cylindrical, container to.he used faor filter] wat er.
15wt suchiltpy 1 PEhe hagbR B nh2us. b S Srmptdnt S O the
di aneter of LC S, df e
R b R S e
be desqgpi bk jjRe.nOre detail bel ow by nmeans of exanples, but the
present invention is not limted to these exanples in 20 any manner.
I't should be noted (Bast Matetihh fol | owi ng exanpl es, each physi cal
property val ue was neasured by the follow ng nethods. It should be
noted that parts andls ¥hé basd enaeanipt@stiarteng dafiddring matesialiatesding to
ot herwi se specified. (Measurement of Basis Wi ghtl) A

basi s wei githe paesent asvendbnatagsihiirnyithothel sanafdes Iayes tthaest nuysbesisedra

nonwoven fabrics made of filanment yarn". (Measurenment of Average
Fi ber Di amBPEWpven or Wovenrtebﬁwyformsérfgomén@rgametr%@rs %ﬁam g spgberiiber

s B A s OB Lk 0 R SHRRGLENEE T
22 P OO 5 55 D T RS et me e
dianeters gbcfhese 1@5 d?fe?eri’éﬁ-éf% gﬁégaﬁﬂgg%@tﬁeh&é@(%%gwg ffert Iﬁﬁdffug@@r

di aneters was regar as an av rdianeter. asur énent

Col I ection nﬁfff lowc@RYabifis bf AR filkéte Tabfrsbl§StHRMHNGGibRr RARE by a role as
dianeter of 1.0 umwere mxed with water in"a ratio of 002 mass%

with an ul arfilseing nagiritfor fiser as cobllediepstitlics ¢o datiehoved; the bayerthyterial
di spersed in water. Wen the di spersion was passed through a
filterizng meysraale to easype essaessabolitylartbdWabilagrodahe ddter.on$hefirtghe fiber
liquid before and after the passing were nmeasured by absorptionetry
so as to levenageldaameisslofdbe ifheretonditeiny thodasomaterial meeditolhesnot less
(Measurenent of Pressure

L A | P.
sought by fhag! Hgln;%pzr‘égrabfys E%bké%ﬂwpe’i 5%55%%5&%@?&3&%@%@&3@8@ than
t dd t f | e, bjected to t
moasur ament B oghy BECIRIET dite RSP ela SHT ayeres CBRIRE, Repiegeiablys not
the value %{—ea?é} tﬁXﬁQ@girﬁ gh&'ﬂlthgrr I?r%fe%glyl r?ostsgreater than 100 pum.

25 The nonwoven fabric constituting the base material may be any of a

drylaid nonwoven fabric obtained by a spun-bond method, a melt-blown method,
a spun-lacing method, a thermal bonding method, a chemical bonding method, an
air-laid method, or a needle-punching method, and a wetlaid nonwoven fabric.

Among them, although a nonwoven fabric obtained by a production method in
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measured after flowng fluid for 30 mnutes. A pressure |oss after 24
hours is the value of an average initial pressure |oss after flow ng
fluid for 24 hours. A pressure |oss after backwashing is the val ue of
an average initial pressure |oss neasured after flowing fluid for 30
m nut es. Before neasurenent of the 20 pressure |oss after

nour o which BB UL B RS EAAREFE SphThnbbl Walhthed (Bl 8 o

Layer and %?ﬁﬁ-fﬂohﬁr me®& Jand a melt-blowhA§ hRihdd, Wis"d Gestted EQEnAf and is
hours, a fifter was washed and then taken 25 out. Then an adhesi on

state bet W@dﬂaﬁtﬁ%e&issﬁl bRl dRtodtavidte andhetlBrl AGMOOVEEL Fabrdy & eX@llent in
visual |y observed for evaluation. <Exanples 1 to 7> A

nanof i ber Isagrgth( B¢GkerdR), aid aniferinytyenewetiayl nahwobed fatpoliy particutatly
a wetlaid nonwoven fabric of a polyvinyl alcohol (PVA) fiber -<17>-
wer e | afi nprefgramy awed ast therbase wbtesiah vehith [supports) theymenofiberf ayer in the
filtering water according to the present invention having

speci f i cat PEPFENEHBRATPA. Table |. The filtering performance of the

filtering nateri al s neasyr.ed to obtain results shown jn Table 2.
50D hroduets on o NBRvBren datis BRpiticRghy Brepross sy bf FORHeIEd by @

Fabric Forned, from Po i nyl; Al.cohol .(.PVA).Fi ber o using..
ot - spi i G 1B ek, RS ORIABET R TESsR T Rstgting corretdsbfiBed
havi ng an gec{n;'?z tf‘h?aﬁ 1 1 . :
saponi fi caft?l ?gﬁ%gggﬁgéﬁof 9& rr_D] %@?Qgﬁlﬁglﬁﬁ?ﬁﬁoﬁg g%%ddﬂ :Hlf c?rtllbjea
bath cqgt aiffpefdae Giddetsed Bl wald With 3t abReBPIEPHS 26 PhintdrfiNsentiagitated
as-spun yarn was subjected to wet-heat draw ng and then dry-heat

draw ng. Fug irfake,a liki€ore sliryl. i UElie sagrysuihacdupsblicd tb arpmpet aaichine Havigg
publicly known nethod to obtain a polyvinyl alcohol fiber having an
aver age si agleast bherofdvaeetech af a&ydmdedhaFolifdrofieniandda Slopengs typer short
cut into a length of 10 mmto produce a subject fiber for

paper maki n§ireBs0 as % Honoe shesk volofrtheatmose s renweoveefabricopbtpmedrhyakicohga
and 10 mass% of _vinyl on binder, fibers "VPWO01" manufactured by

Kur aray Comethediin gither welcor drigrbronditpn suaube jurisr supipcs Ffég? chReig by

procesi a wetlaid nghnwoven,.fabric, wa prE&%Efed and treated as a hase
rrflf: gL io |$C|O ay ?n&o%)sﬁ%n%i‘ﬁ%ﬁfr | RGO rir‘?\‘iﬁ'jer’ofmameetr}ﬂﬂ%v@l’viﬁ e
v o TS, ASPHRERC PR ORI Rl G
Al conol - copdrnch kR, THRE bpRopberd mlhe ujed M PR SR, if
added to an%%@%ﬁﬁ%tthidkeﬁeﬁ@tfzi?c&éﬁiﬂ ontheflilkk4oBan’%4 stked the

m xture was allowed to stand at to dissolve the copolyner in the

solvent, to obtain As si woven fblist¢omstitdtingcthicobssi mataralnasvoven textile
conducted using thus obtained spinning solution. A needle with an
i nner @0 anebtinat by 1Beany ofawease suds am plann weave! (widhweahe @psatemr eeave

and a sheet take-up apparatus were -<18>- . . o
from filament yarns, spun yarns, or the like is used. There is no particular limit

as for the form of the woven fabric.
The basis weight of the nonwoven or woven fabric can be selected as
appropriate depending on the balance between a function to support the nanofiber
25 layer and a desired strength required for performing; and fulfillment of
downsizing. The basis weight is selected preferably in a range of 20 to 500
g/m” and further preferably in a range of 40 to 300 g/m?.
In the present invention, the nonwoven or woven fabric for the base

material is formed from the hydrophilic fibers, and examples of a polymer
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spaced at a distance of 8 cmfromeach other. In addition, the
wet | ai d nonwoven fabric of the polyvinyl alcohol fibers was wound
around the sheet take-up apparatus, and the spinning solution was
extruded fromthe spinneret onto the nonwoven fabric on an
accurul ati on conveyor noving at a speed of 0.1 5 mimn and a

pr edet er m e 1:t:0 Yi t ag . t

spi nner et qﬁ%&i@og}l % glhﬁ%ﬁ%ﬁlﬁﬁ gg%gnlg’?i bg}c\{@ﬁ/% %R%"ﬁ@ Q]{’Oi‘\%rpg’g%meﬁ a
fiber dia i [ i T, j
troat ment aamUicRE badeBRBLnYE SA0 o5 AMRc)dar cBluloge CHDs CERPRACACLAR,
nanof i ber layegihyidhe-HASE altehdl pdlyrhéy of pdlyaery18aiHRIbAKIPEHRINKTE afll the
120C, a line spéed of 1 mimn, "arid a 10" pressing pressure of 0.1

MPa, to prdikece Mofdovegréven omligdriyahydrophdbittiiieracanrtst sgcdpified in the
present invention. (2) Production of Flat Plate Filter Cartridge

A flat pl athydfopltibe fiwrs of dye preseht diveptionewhe tilee hydropitobid fibefsohave a
filter according to the present invention was produced. A schematic

di agr am t heoabrg layer of eHyidiophilici pplymer such as, for gygmplee atpplpyinyl alcohol,
filtering material 2 for filter according to the preseni invention
(having a redPhifdivlgre sHxeel sh y%ﬁv%na Qxisle, p;szlwwf @Wﬁ%ﬂ?&@d %na
bot h si des olfl an ﬁut.er boundaé}y flr ane 3 (having ,an )ﬁutle t d[fai n a.d
treated |i QACENEE DIYLE GBIEPIC N RYIBRSraUP s RS Car peliq 9 iaﬂa sulionic aci
material s f t : 0 fi ber . [S 1k

T o B R A O SP Blpgbl RS PROGEE SN o picormponen
filtering MR kS Morkb®d. RAL Roffwtfden R Abdae! eiiRid Lot Bs'd Bi¥cdmbirial
be treated. In"order to prevent the filtering materials from

def or mat i onayed RRAROHS %bt@ﬁ@ﬁx&el{( PéaidtCoNgiydréphifie fiBeR! (IRl RRKWBSMprise
the filtering matérials so as to forma filter unit 6. Three units

wer e ar r angedraphilip fibersldor sxatrpley irs anlantounpbéd0anass? or @addter @glatie to
in which a shared collecting pipe 7 was nounted for connecting the
unit and cdbtabdibersy aadt prefareblyl ingan dnfouamod 20hmassohe griegter doocast toemake
of the unit. Test was conducted using this cartri d%e conprising three
filter unitlke ngeweyen agmpvendalyic bydiophilicsen the whels. shown as an

i ntegrated datum coll ecti hree streans,, of ter to be treated.
-09>- 12Co ti e‘k@@&ptﬂgsaiﬁvs polumers; fibers Tqgaed Mmolwwg@#@pl
the>fol I ovvirrﬁar?i:;/eri terial s.,the [0 rties thereof are sho%.
i n Tabl e 1POmet Faeftall Mg i fibpriesrtsbRing:Bf RaimSs Hovagtabric
2, o) A e R0 TR, Sk HURARRELY G RATB B i) B SR8 Rbent in
nonwioven T3 el 810 18 DhARUIA! 2An8FFovaE J8BLIE CoRAlneaTby% (Rkilaid
Istn I am t

pol yam de conp terephthalic acid unit, 1,9-nonane e unit,

and 2- net hykodesS-weigh oty Hhgra®hehipolymvaifibely & prdefabl@séd aden RapFort
of "pol yam}pge oMr" fiber rrgnuf acturpg by 10 Kurairday Co.),h Ltd. without

| ami nad ng layendooflichenolfibyge tayeAbktauserdfitbeirstrengthl défimmpss, anidvmiformity.
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subject fiber, that a water-soluble polyvinyl alcohol polymer fiber is used as a

binder fiber, that the fibers are cut into a length of 3 to 20 mm, and that the
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(6) Afiltering material (Conparative Exanple 11) in which a
nanofi ber | ayer (PVA-NF) of a polyvinyl alcohol and a wetlaid
nonwoven fabric conprising a polyvinyl alcohol (PVA) fiber are

| am nat ed on each other. [Table 1] Configuration Base materi al
Nanof i ber | ayer Base mat eri al basis weight (g/ er) Aver age fi ber

gi(:gglt gr 1( Iglo)%)gg %E}a £ tﬁﬁ\%@g& ng)ggla&fa%e%‘{ﬁ&&gﬁ berI 1sef0 90 88EhELse orpthe
subject fiber and 30 to 5 mass% of the binder fiber. Further, instead of the
above-described binder fiber, the wetlaid nonwoven fabric may be formed by
using a bicomponent fiber comprising a core component formed from a subject
5 fiber polymer and a sheath component formed from a polymer having a binder
function. Moreover, the subject fiber may comprise fibers other than polyvinyl
alcohol polymer fibers, for example, hydrophilic polymer fibers, such as
cellulose based polymer, other than the above polyvinyl alcohol polymer.
Further, the subject fiber may even comprise a small amount of hydrophobic

10 fiber (a polypropyléne fiber, a polyester fibers, etc.).

The subject fibers of polyvinyl alcohol polymer can be formed by
dissolving a polyvinyl alcohol polymer (average polymerization degree: 1200 to
3000, saponification degree: 99 mol% or greater) in a solvent such as water,
dimethyl sulfoxide, or dimethyl sulfonamide to prepare a spinning solution, then

15  extruding the spinning solution from a nozzle to form as-spun yarns by a wet
spinning method (a coagulation bath: sodium sulfate, a caustic soda aqueous
solution, methanol, etc.), a dry spinning method, or a dry-wet spinning method.
The as-spun yarn is further subjected to drawing such as wet-heat drawing or
dry-heat drawing, and/or another treatment such as heat setting. If necessary,

20 acetalization may be further conducted. Further, a polyvinyl alcohol polymer
fiber having a flattened cross-sectional shape may be used as a subject fiber (see
JP Laid-open Patent Publication No. 2004-293027).

The binder fiber for bonding the subject fibers can be obtained by
spinning a polyvinyl alcohol polymer (average polymerization degree: 500 to

25 1700, saponification degree: 60 to 90 mol%) in the same manner as described
above to give an as-spun yarn, and then without conducting drawing or by
conducting slight drawing of the as-spun yarn.

(Lamination of Nanofiber Layer and Base Material)
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There are several methods for lamination of the nanofiber layer and
the base material. A nanofiber layer and a base material which are previously
and individually formed may be laminated on each other. A nanofiber layer
may be accumulated on a base material layer (or a layer made of a base material)
which is previously formed. Alternatively, a nonwoven fabric as a base
material layer formed by a spun-bond method or a melt-blown method may be
continuously supplied to an electro-spinning station (apparatus) without winding,
and then nanofibers may be formed by electro-spinning and accumulated on the
supplied nonwoven fabric to be laminated. In addition, each of the nanofiber
layer and the base material layer is not necessary to comprise a single layer, but
may comprise a plurality of layers having different fiber diameters with each
other.

On the laminate comprising the nanofiber layer/the base material
laminated as described above, another nanofiber layer/another base material layer
can be further laminated, thereby providing a four-layer structure of base
material layer/nanofiber layer/base material layer/nanofiber layer.  The
configuration of the laminate comprising the nanofiber layer and the base
material may have a further multilayer configuration, in addition to the above
four-layer configuration.

Moreover, it is possible to adjust the thickness of the laminate to an
intended thickness by hot pressing or cold pressing if necessary.

Furthermore, the above laminate may be bonded by means of thermal
bonding such as embossing treatment or calendaring treatment. In this case, the
laminate may be bonded by means of, for example, chemical bonding in which a
hot-melt adhesive, an emulsion type adhesive, or the like is applied between the
nanofiber layer and the base material.

The above embossing treatment is a treatment in which the nanofiber
layer and the base material are overlaid on each other and are passed between an

engraved roll and a flexible roll which are heated and pressurized.
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The calendaring treatment is a treatment in which the nanofiber layer
and the base material are overlaid on each other and are passed between a pair of
calendar rolls which are heated and pressurized.

From the standpoint of enhancing adhesion between the nanofiber
layer and the base material layer, the above embossing treatment or calendaring
treatment is conducted preferably at a temperature of 20 to 150°C and a pressure
of 10 to 150 Kg/em and more preferably at a temperature of 50 to 120°C and a
pressure of 40 to 100 Kg/cm.

(Various Additives)

If necessary, as long as the purpose or the advantageous effects of the
present invention are not impaired, a plasticizer, an antioxidant, a slip additive,
an ultraviolet absorber, a light stabilizer, an antistatic agent, a fire retardant, a
lubricant, a crystallization rate retarder, a coloring agent, and the like may be
added to an ethylene-vinyl alcohol copolymer or the like which is the raw
material for the nanofibers, or added to a polymer which is the raw material for
the base material. In addition, the nanofiber surface or the base material fiber
surface may be treated with a solution including the above additives.

(Filter Cartridge)

A filter cartridge used in the present invention may be any of publicly
known filter cartridges. Examples of the filter cartridge include a flat plate type
cartridge in which a plurality of flat plate type filter units each formed by
arranging two rectangular filtering materials such that the filtering materials
which face with each other are arranged side by side, and a pleated type cartridge
with a structure in which a filtering material is folded into a pleated shape. Fig.
1 shows one embodiment of a filtering material which is to be incorporated into a
flat plate type cartridge and in which a nanofiber layer and a base material layer
are laminated on each other. In the preferred cartridge, water to be treated is
supplied from the nanofiber layer side, while backwashing water is supplied from

the base material layer side during backwashing. Fig. 2 shows another
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embodiment of a pleated filtering material which is to be incorporated into a
pleated type cartridge, in which a nanofiber layer and a base material layer are
laminated on each other and pleated. The flat plate type filter unit preferably
comprises two filtering materials each comprising a nanofiber layer/a base
material layer, in which the filter materials face each other such that each of the
nanofiber layers is provided as the outer surfaces of the filter unit in order to
bring the nanofiber layers into contact with water to be treated. These filter
materials are mounted to an outer boundary frame of the cartridge. The water to
be freated is filtrated while passing through the filtering materials, and
discharged from an outlet mounted to the outer boundary frame. As a filtering
material provided in the pleated type cartridge filter, the above-described
laminate in which the nanofiber layer and the base material are laminated on each
other is pleated and folded, so that the folded filtering material is wound around a
core, followed inserted into a cylindrical container to be used for filtering water.
With such a filter cartridge, fine particles having a particle diameter of 1 um to
several hundreds of micrometers in water can be efficiently collected.
EXAMPLES

The present invention will be described in more detail below by
means of examples, but the present invention is not limited to these examples in
any manner. It should be noted that in the following examples, each physical
property value was measured by the following methods. It should be noted that
parts and % in the examples are related to mass unless otherwise specified.

(Measurement of Basis Weight)

A basis weight was measured according to JIS-L1906 “Test methods
for nonwoven fabrics made of filament yarn™.

(Measurement of Average Fiber Diameter)

Twenty fibers were selected randomly from fibers constituting a
nonwoven fabric in an enlarged photograph showing a cross-section of the

nonwoven fabric photographed with a microscope (scanning electron
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microscope; “S-510” manufactured by Hitachi, Ltd.) at 5000 times magnification.
The fiber diameters of these fibers were measured, and the average of the fiber
diameters was regarded as an average fiber diameter.

(Measurement of Collection Efficiency)

Silica fine particles having a particle diameter of 1.0 pm were mixed
with water in a ratio of 0.02 mass% with an ultrasonic agitator so as to be
sufficiently and uniformly dispersed in water. When the dispersion was passed
through a filtering material at a pressure of 0.05 MPa, concentrations of the
liquid before and afier the passing were measured by absorptiometry so as to
calculate collection efficiency (%) for the particles.

(Measurement of Pressure Loss)

A pressure loss (Pa) was sought by reading values of a pressure gauge
under static pressure at upstream and downstream of a sample subjected to the
above measurement of collection efficiency.

An initial pressure loss is the value of an average initial pressure loss
measured after flowing fluid for 30 minutes. A pressure loss after 24 hours is
the value of an average initial pressure loss after flowing fluid for 24 hours. A
pressure loss after backwashing is the value of an average initial pressure loss
measured after flowing fluid for 30 minutes. Before measurement of the
pressure loss after backwashing, filter washing was conducted after flowing fluid
for 24 hours.

(Evaluation of Adhesive State between Base Material Layer and
Nanofiber Layer)

After flowing fluid for 24 hours, a filter was washed and then taken
out. Then an adhesion state between the base material layer and the nanofiber
layer was visually observed for evaluation.

<Examples 1 to 7>

A nanofiber layer (EVOH-NF) of an -ethylene-vinyl alcohol

copolymer and a wetlaid nonwoven fabric of a polyvinyl alcohol (PVA) fiber
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Configuration Collecti on efficiency (%9 Initial pressure

were laminated on each other to obtain a filtering material for filtering water
according to the present invention having specifications shown in Table 1. The
filtering performance of the filtering material was measured to obtain results
shown in Table 2.

(1) Production of Filtering Material for Filter

a) Wetlaid Nonwoven Fabric Formed from Polyvinyl Alcohol (PVA)
Fiber

By using a wet-spinning method, an aqueous solution of polyvinyl
alcohol (PVA) having an average polymerization degree of 1700 and a
saponification degree of 99.9 mol% was extruded into a coagulation bath
containing a saturated sodium sulfate aqueous solution. The as-spun yarn was
subjected to wet-heat drawing and then dry-heat drawing. Further, the drawn
fiber was subjected to formalization by a publicly known method to obtain a
polyvinyl alcohol fiber having an average single fiber diameter of 8 um. Thus
obtained fibers were cut into a length of 10 mm to produce a subject fiber for
papermaking. By mixing 90 mass% of the subject fibers for papermaking and
10 mass% of vinylon binder fibers “VPW1(1” manufactured by Kuraray Co.,
Ltd. with each other, followed by wetlaid sheet making process, a wetlaid
nonwoven fabric was produced and treated as a base material layer.

b) A nanofiber layer (EVOH-NF) of an ethylene-vinyl alcohol
copolymer (EVOH) was formed as described below, to produce a nanofiber layer
having properties (single fiber average diameter and basis weight of nanofiber
layer) shown in Table 1.

An ethylene-vinyl alcohol copolymer (manufactured by Kuraray Co.,
Ltd.: EVAL-G) was added to a DMSO solvent in a concentration of 14 mass%,
and the mixture was allowed to stand at 25°C to dissolve the copolymer in the
solvent, to obtain a spinning solution. Electro-spinning was conducted using
thus obtained spinning solution. A needle with an inner diameter of 0.9 mm

was used as a spinneret, and the spinneret and a sheet take-up apparatus were
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spaced at a distance of 8§ cm from each other. In addition, the wetlaid
nonwoven fabric of the polyviny! alcohol fibers was wound around the sheet
take-up apparatus, and the spinning solution was extruded from the spinneret
onto the nonwoven fabric on an accumulation conveyor moving at a speed of 0.1
m/min and a predetermined feed rate, with applying a voltage of 20 kV to the
spinneret, thereby laminating a nanofiber layer having an average fiber diameter
and a basis weight shown in Table 1. Then, calendaring treatment was
conducted on the obtained laminate comprising the nanofiber layer/the base
material layer at a heating temperature of 120°C, a line speed of 1 m/min, and a
pressing pressure of 0.1 MPa, to produce a filtering material for filter according
to the present invention.

(2) Production of Flat Plate Filter Cartridge

A flat plate filter cartridge including the filtering material for filter
according to the present invention was produced. A schematic diagram thereof
is shown in Fig. 3.

Two sheets of filtering material 2 for filter according to the present
invention (having a rectangular sheet shape with a size of A4) were arranged on
both sides of an outer boundary frame 3 (having an outlet to drain a treated liquid
at its upper portion) such that the filtering materials 2 face each other (each of the
nanofiber layers is provided as the outer surfaces of the filter). Between the two
filtering materials, a flow path 4 was provided to flow a liquid to be treated. In
order to prevent the filtering materials from deformation, a porous support
(plastic net) 5 was inserted between the fiitering materials so as to form a filter
unit 6. Three units were arranged and provided side by side to produce a
cartridge 1 in which a shared collecting pipe 7 was mounted for connecting the
unit and collecting a treated liquid from each of the liquid outlet of the unit.
Test was conducted using this cartridge comprising three filter units.
Accordingly, measurement results were shown as an integrated datum collecting

three streams of water to be treated.
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<Comparative Examples I to 11>

With respect to each of the following filtering materials, the
properties thereof are shown in Table 1, and the filtering performance thereof is
shown in Table 2.

(1) A filtering material (Comparative Example 1) produced by
conducting the above-described calendaring freatment on a wetlaid nonwoven
fabric comprising a fiber of a semi-aromatic polyamide (a polyamide comprising
terephthalic acid unit, 1,9-nonane diamine unit, and 2-methyl-1,8-octane diamine
unit) available under the trade name of “polyamide SMT” fiber manufactured by
Kuraray Co., Ltd. without laminating a nanofiber layer. A filtering material
(Comparative Example 2) produced by conducting the above-described
calendaring treatment on a wetlaid nonwoven fabric comprising a polyvinyl
alcohol (PVA) fiber without laminating a nanofiber layer.

(2) Filtering materials (Comparative Examples 3 to 7) in which a
nanofiber layer (PVDF-NF) of a polyvinylidene fluoride and a base material
layer of a wetlald nonwoven fabric comprising a polyethylene terephthalate
(PET) fiber are laminated on each other.

(3) A filtering material (Comparative Example 8) in which a
nanofiber layer (PAN-NF) of a polyacrylonitrile and a wetlaid nonwoven fabric
comprising a polyethylene terephthalate (PET) fiber are laminated on each other.

(4) A filtering material (Comparative Example 9) in which a
nanofiber layer (PA66-NF) of a nylon 66 and a wetlaid nonwoven fabric
comprising a nylon 66 (PA66) fiber are laminated on each other.

(5) A filtering material (Comparative Example 10) in which a
nanofiber layer (EVOH-NF) of an ethylene-vinyl alcohol and a wetlaid
nonwoven fabric comprising a polyethylene terephthalate (PET) fiber are

laminated on each other.
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(6) A filtering material (Comparative Example 11) in which a
nanofiber layer (PVA-NF) of a polyvinyl alcohol and a wetlaid nonwoven fabric

comprising a polyvinyl alcohol (PVA) fiber are laminated on each other.
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82 300 85 - - - Conparative Exanple 2 PVA nonwoven fabric cal endaring
85 200 88 - - Conparative Exanple 3 PVDF-NF/ PET nonwoven fabric 9 9
[Table 1]
Confignration Base material Nanofiber layer
Base Average NF layer | Average
material fiber basis weight | fiber
basis weight | diameter N diameter
, (g/m?)
(g/m’) (um) (nm)
Example 1 EVOH-NF/PV{& 60 g 30 200
nonwoven fabric
Example 2 Ditto 60 8 8.0 200
Example 3 Ditto 60 8 0.3 200
Example 4 Ditto 60 8 3.0 80
Example 5 Ditto 60 8 3.0 40
Example 6 Ditto 60 8 3.0 500
Example 7 Ditto 60 8 3.0 800
Comparative 9MT nonwoven fabric
. 60 8.8 - -
Example 1 calendaring
Compa;‘ative PV A nonwoven fabric 60 8
Example 2 calendaring i )
Comparative PVDFE-NE/PET
Example 3 nonwoven fabric 60 8 30 200
Comparative Ditto 60 8 8.0 200
Example 4
Comparative Ditto 60 8 03 200
Example 5
Comparative Ditto 60 8 3.0 100
Example 6
Comparative Ditto 60 8 3.0 500
Example 7
Comparative
PAN-NF/PET
Example 8 nonwoven fabric 60 8.8 3.0 170
Comparative PAG6-NE/PAGE
Example 9 nonwoven fabric 60 8 3.0 200
Comparative
EVOH-NF/PET
Example 10 nonwoven fabric 60 8 3.0 200
Comparative PVA-NF/PVA
Example 11 nonwoven fabric 60 8 3.0 200
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20 99 Separation 48 31 Conparative Exanple 4 Ditto 99 35 99 67 46
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[Table 2]

Configuration Collecti | Initial Collection | Pressure | Pressure | Adhesion
on pressure | efficiency | loss loss between
efficienc | loss after 24h | after after base
y (%) (k/Pa) (%) 24h back- material

{k/Pa) washing | and NF
(k/Pa) layer
Example 1 | £yOH-NF/PVA Adhesion
. 99 2 99 30 4
nonwoven fabric kept
Example 2 Ditto 99 5 99 15 5 Adhesion
kept
Exampie 3 Ditto 98 1 99 28 3 Adhesion
kept
Example 4 Ditto 99 3 99 36 3 Adhesion
kept
Example 5 Ditto 99 3 99 38 3 Adhesion
kept
Example 6 Ditto 95 1 99 48 4 Adhesion
kept
Example 7 Ditto 94 1 99 53 5 Adhesion
kept
Comparative | 9MT nonwoven
Example 1 fabric calendaring 82 300 85 ) ) )
Comparative
PVA nonwoven
ExampleZ | fouric calendaring 85 200 88 ) ) i
Comparative |  pypE-NF/PET
Example 3 nonwoven fabric 99 20 89 48 31 Separation
](Elomparatlve Ditto 99 35 99 67 46 Separation
xample 4
Comparative Ditto 95 15 95 Iy 24 | Separation
Example 5
Comparative Ditto 99 45 99 79 52 Separation
Example 6
g"mpara“"e Ditto 94 4 94 54 21 | Separation
xample 7
Comparative
PAN-NF/PET .
Example 8 nonwoven fabric 99 4 99 35 13 Separation
Comparative .
PA66-NF/PAG6 Adhesion
Example 9 nonwoven fabric 9 3 9 37 15 kept
Comparative
EVOH-NF/PET .
Example 10 nonwoven fabric 99 2 99 32 6 Separation
Comparative :
PVA-NF/PVA Adhesion
Example 11 | nwoven fabric 99 3 87 49 7 kept
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The above results revealed the following points.

(1) In the case of calendaring the 9MT nonwoven fabric
(Comparative Example 1) or calendaring the PVA nonwoven fabric
(Comparative Example 2), fine particles enter into the base material layer since
there was no nanofiber layer attached thereto. Thus the initial pressure loss was
very high while the collection efficiency was very low in these comparative
examples. In addition, fine particles in both of the base material layers were not
able to be removed by backwashing.

(2) When Example 1 and Comparative Example 3 are compared with
cach other, Example 2 and Comparative Example 4 are compared with each other,
Example 3 and Comparative Example 5 are compared with each other, and
Example 6 and Comparative Example 7 are compared with each other, each of
the comparative examples was inferior in initial pressure loss, pressure loss after
24 hours, and pressure loss after backwashing. Further, the adhesive strength
between layers in the comparative examples was also poor.

(3) When Example 5, Example 4, Examples 1 to 3, Example 6, and
Example 7, in which the average fiber diameters of the nanofibers are different
from each other, are compared with each other, examples with larger average
fiber diameter tend to have lower initial pressure loss while examples with
smaller average fiber diameter tend to have lower pressure loss after
backwashing. Regardless of the magnitude of the average fiber diameter, the
adhesive strength between layers is in the sufficient level to be applicable for
practical use.

(4) With regard to the filtering material comprising PVDF-NEF/PET
nonwoven fabric (Comparative Examples 3 to 7), even when the average fiber
diameter of the nanofiber layer is changed, the adhesive strength between layers
is poor. Further these comparative examples also deteriorated in initial pressure
losé, pressure loss after 24 hours, and pressure loss after backwashing by

showing high pressure loss.  Although the filter material comprising
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EVOH-NF/PVA nonwoven fabric according to the present invention is excellent
in adhesive strength between layers, the filter material comprising
EVOH-NF/PET nonwoven fabric (Comparative Example 10) has a poor adhesive
strength between layers.

(5) The filtering material comprising PAN-NF/PET nonwoven fabric
(Comparative Example 8) has a poor adhesive strength, a high initial pressure
loss, and a high pressure loss after backwashing.

(6) The hydrophobic filtering material comprising PA66-NF/PA66
nonwoven fabric (Comparative Example 9) has a high initial pressure loss and a
high pressure loss after backwashing.

(7) Although the filter material comprising EVOH-NF/PVA
nonwoven fabric according to the present invention is excellent in adhesive
strength between layers, the filter material comprising EVOH-NF/PET
nonwoven fabric (Comparative Example 10) has a poor adhesive strength
between layers. |

(8) In the case of using PVA-NF instead of EVOH-NF (Comparative
Example 11), the adhesion between layers is kept, but the filter material
deteriorates in collection efficiency after 24 hours and pressure loss after
backwashing.

(9) Figs. 4 and 5 show an example in which the adhesion between
layers is kept (Example 1), and an example in which the nanofiber layer and the
base material layer separated from each other (Comparative Example 3),
respectively. The sample in Fig. 4 shows that the nanofiber layer at the surface
is kept. On the other hand, the sample in Fig. 5 shows that because of the
separation or peeling of the superficial nanofiber layer from the base material
layer originally positioned below the nanofiber, the base material layer is
exposed on the surface.

The filtering material for filtering water according to the present

invention can be suitably used as a long-life filtering material for various water
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87 49 7 Adhesion kept The above results revealed the foll ow ng

poi nt s. (1) I'n the case of cal endaring the 9MI nonwoven
fabric (Conparative Exanple 1) or cal endaring the PVA nonwoven fabric
(Conparative Exanple 2), fine particles enter into the base naterial

| ayer since 5 there was no nanofiber |ayer attached thereto. Thus the
initial pr oG M iHith ' | 1 I LejRn
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Exanple 4 are conpared with each other, Exanple 3 and Conparative
Exanpl e 5 are conpafbbough lthe acefenedeembadichadtsn mbl the Goraswht Gompraticrt haee
Exanple 7 are conpared with each other, each of the conparative ]
exanpl e§ wdsen desgrikad ahpvienvarigus pdditions.empdificatipnaserdelelionsargpassible
24 hours, and pressure

ss after bac shing. Further, the adhesive
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3) W Ex le 5 le 4, . 1t Ex | e 6, .and .
Seanpl o 7. PATigRec i o ihen et EBHGH: Aritedt SRR iR in fhe
di fferent %E§§%§gg£Ig%%%ﬁh“ﬁgﬁoﬁonpared with each ot her, exanples

with |arger e dianeter tend to have lower initial
pressure | oss while exanples with 20 snaller average fiber dianeter
tend to have |l ower pressure |oss after backwashi ng. Regardl ess of the
magni t ude of the average fiber dianeter, the adhesive strength
between layers is in the sufficient |evel to be applicable for
practical use. (4) Wth regard to the filtering nateria
conpri sing PVDF-NF/ PET 25 nonwoven fabric (Conparative Exanples 3 to
7), even when the average fiber dianeter of the nanofiber |ayer is
changed, the adhesive strength between | ayers is poor. Further these
conparati ve exanples also deteriorated in initial pressure |oss,
pressure | oss after 24 hours, and pressure |oss after backwashi ng by
showi ng high pressure loss. Although the filter material conprising
-<24>- EVOH NF/ PVA nonwoven fabric according to the present
invention is excellent in adhesive strength between |ayers, the
filter material conprising EVOH NF/ PET nonwoven fabric (Conparative
Exanpl e 10) has a poor adhesive strength between |ayers. 5(5) The
filtering material conprising PAN-NF/ PET nonwoven fabric (Conparative
Exanpl e 8) has a poor adhesive strength, a high initial pressure

| oss, and a high pressure | oss after backwashing. (6) The
hydr ophobic filtering material conprising PA66- NF/ PA66 nonwoven
fabric (Conparative Exanple 9) has a high initial pressure |oss and a
10 high pressure | oss after backwashing. (7) Although the
filter material conprising EVOH NF/ PVA nonwoven fabric according to
the present invention is excellent in adhesive strength between

| ayers, the filter material conprising EVOH NF/ PET nonwoven fabric
(Conpar ative Exanple 10) has a poor adhesive strength
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15 between | ayers. (8) In the case of using PVA-NF instead
of EVOH NF (Conparative Exanple 11), the adhesion between |ayers is
kept, but the filter naterial deteriorates in collection efficiency
after 24 hours and pressure |oss after baci cwashing. 20(9) Figs. 4
and 5 show an exanple in which the adhesion between |ayers is kept
(Exanmpl e 1)wnhahd #nfgaap! e in which the nanofiber Iayer and the base
material | ayer separated from each other (Conparative Exanple 3),
respectivelly. The SANPl&ihd nidterialtfor P& ird MatdrCorhpRahRelaph¥Rd sHeet
the surface is kept. On the other hand, the sample i1n Fig. 5 shows

t hat becausghioh cbhgrides:separation or peeling of the superficial

nanofi ber |layer fromthe base material |ayer originally positioned
bel ow t he nanofi bera mahefibersdayrat frivadd beyera inaneipersddvimg thsingle fiber
surface. .The filtering material for filtering water )
accor di ng wyetage damsienofiliMentl0dmm atheunedibeabiyyr istingslhthe following
long-life filterin t% ial for various water -<25>- filters thanks
to small iﬁPﬂﬂ%ﬁ”@?bﬁ@lﬁ ‘resistance. Specific exanples of the

ol Bt roni ce. i ndust 1o FRENRO RS B QRS RS Y REED Lind gt
aut onobi | e i ndust ry25/?459%1;6%&6??&19%0%@%%%%%&-@grgJH%odi ments of the

present invention h een descri oves r’i'ous additions,

nodi fi cations, or ety 0SShble. .t h p | ]

scope of the pr eseg(tgbiﬁlﬁ\/egﬁlt%lngﬁseﬁc%girl |1§e§| ;“/& %E%th%gld ilil&llgﬁes%im aftohot
nodi fi cati @aﬁelyﬁmﬁg@eti ons are to be construed as included in the
scope of the present invention. Wat is clained is: 1.Afiltering
material for filterd bgsewab@riat oomprising aohwovaabed osvbadhbid cotmprising a
conpri ses: a nanofiber |ayer forned from a nanofi ber having
a singl e fhiydropdniles fiber bivdngtacingle fi@r averb@ddiameter b€ notiless thaerl Lmy dhe
nmeeting all the follow ng conditions (1) to (3): (1) the
nanof i ber mnapefiberdayer amukthe hase materdg! bging taminated/ampeachythemne

nanofi ber i.s a contjnuoys |ong fiher, a ) (3), the_nanof i ber
conprises 8t | east éﬂﬁ-‘%f@néﬂﬁﬁ?ﬂ% foy gﬂ%}ngcé’f%?ryﬁér?lagﬂﬁi A" i 1,
a base materi al. npr,d SiNg a no ven or, woven fabrjc, conprjsing.,a
hydr ophi I 1 &hereiatie EnAgnc v aleonoT capolyiisr Js o cindiens Bpteis 07 Palos70
than 1 um cﬁ% nanofi ber |ayer and the base material being | am nated
on each other. 2. The filtering material for filtering water as

claimed insclaim 1’TPM‘ﬁ!t%fiﬁgtnﬂ&teﬁ%&i’&gﬂ%ﬁfgh@ﬁm@% o Relinfeang! H@(‘i) rlhéxs 2,

an et hyl ene’ cont ent of 3 to 70 nol tering material
filtering veHeedinabe GhRbMBet 1herck ahmidet@-spin ﬁb@%g?_eﬁd‘t@_lé}%?@f i ber

| ayer is an el ectro-spun fiber aggregate |ayer. he filtering
material fdr filterThy fileryy asatetial fod filteritigaiwntd; as claimed in claim 3,
wherein the hydrophilic fiber constituting the nonwoven fabric comprises a
polyvinyl alcohol polymer.
5. The filtering material for filtering water as claimed in claim 1,
wherein the base material has a basis weight of 20 to 500 g/m?,
6. The filtering material for filtering water as claimed in claim 5,
wherein the laminated sheet comprises a base material and an electro-spun fiber
aggregate layer on the base material.
7. The filtering material for filtering water as claimed in claim 6,

wherein the laminated sheet is subjected to embossing treatment or calendaring

treatment after formation of the fiber aggregate layer.
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wherein the hydrophilic fiber constituting the nonwoven fabric
conprises a polyvinyl alcohol polyner. 5.The filtering material for
filtering water as clained in claiml1, wherein the base nmaterial has
a basis weight of 20 to 500 g/n2. 6.The filtering material for
filtering water as claimed in claim5, wherein the | am nated sheet
conpri ses base ma =1 T O j

on the bas?' mat er i a‘%‘%lﬁ}a"lchagﬁglﬁ% {b gﬁ;ﬁgsﬁlﬁg? E%ldgﬁ 6 #@gfw@?@gg?ﬁ%g%@%ﬁﬁafgr
claimed in ﬂl{e%id@@atei‘"ﬁ@bﬁi'ilﬁeﬂfi'ﬁ_ah}'?‘@he%ff%ijaiﬁﬁelefo 75 subjected to
enbossing treatment or calendaring treatnment after formation of the
fiber aggregate | ay&rwater $iltefiniy dppRirat@acompiiseng anfhéstditridde ineafding at
partially the filtering material for filtering water as clained in
any one of ledsapamiallytzolathinat@ed sheeiewhichfddmmisesy appar at us conpri si ng
afilter cartridge including at |east partially a | am nated sheet

whi ch conprises: a nanofipendaysiri femedajrom famasdfiben hasingamosingler fiber
havi ng a single fjber average dianeter of 10_to 1000 nm the )
nanof i ber [PAEefdanetey o) 10 tond O0mothiepnediber 14yss sgetng all the)following
(1) the nanofiber | ayer .has a basis weight of 0.1 to 10 g/nR2, (2) the
nanof i ber icgngll%’@ﬁi'ﬁt(f%@o@s | ong fiber, and (3) the nanofi ber

[ t | t -yinyl al I | ;
pase mterial conpriiaing S RRRRIOE re BB FRRP P KO By °
hydrophilic fibers (Qﬁ“t’ﬁé"ﬂalﬁ)ff’de‘i‘% gcghﬁﬁﬁoﬁ\lﬁﬁg%eﬂl AEter of not |ess

than 1 itm

(3) the nanofiber comprises at least an ethylene-vinyl alcohol
copolymer; and
a base material comprising a nonwoven or woven fabric containing

hydrophilic fibers having a single fiber average diameter of not less than 1 pm.
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