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DESCRI PTI ON FLAT SHEET MEMBRANE ELEMENT FOR FI LTRATI ON AND FLAT SHEET
VEMBRANE--F LTRATI ON MODULE Technical Field [oo oil The present

invention relates to a flat sheet nenbrane elenent for filtration and
a flat sheet nmenbrane filtration nodule including a plurality of fiat

~ sheet nenbrane el enents, particularly which are used in a filtration

apparatus for performng solid-liquid separation wusing an expanded
PTFE (pol ytetrafl uoroethyl ene) porous mermbrane as a filtration
menbrane in the environnmental conservation field, the medicine/food

“field, and the |ike. Background Art [00021 A menbr ane nodul e

configured by collecting a plural IDERORIPEICINS nenbranes for
filtration has been provided in. a sucking filtration apparatus of an

i mmer sion pe or a filtration apparatus of an external pressure type

~and widely PHERTMEMERANE EBE ERRIFETRASFION AND FEAT SHEBHMEMBRANE

treatnment such as purification of river water and | ake water. In

: recent years, such a nmenbrane noUGLTRAREAMEBNLELi|ized for not only

the water purification field but-also highly polluted water treatnent

 such as secondary treatment and tertiary treatnent of sewage and

the like. 18.hnical Field

filtration of drainage, industrial waste water, industrial water, and

[0001]

o ‘.I‘.h.e présent i:m-?ention lre-lafés .to a ﬂai;. ;héét mem;brane eleﬁiéﬁt fér .
filtration and a flat sheet membrane filtration module incluci'mg a piurality of
flat sheet membrane elements, particularly which are used in a filtration |
apparatus for performing éolid-liquid separation using an expanded PTFE
{polytetrafluoroethylene) porous membrane as a filtration membrane in the
environmental conservation field, the medicine/food field, and the like.
Background Art |

~ [ooo2]

A membrane module configured by collecting a plurality of porous
membranes for filtration has heen provided in a sucking filtration apparatus of
an imme:_rsion type or a filtration apparatué of an external i:ressure type and
widely used in the field of so-called water purification treatment such as
puriﬁcation_of river water and lake water. Iﬁ recentlyears, such a ﬁeﬁbrane
module has been utilized for not only the water purification field but also
-highly polluted water treatmentrsuch as égcondary treatment and tertiary
treatment of sewage and filtration of drainage, industrial waste water,

industrial water, and the like.



As a use for highly polluted water treatnent, a drai nage treatnent
system by a nenbrane-isolation activated sludge nethod using a

menbr ane nodul e i s spreading The nenbrane-isol ati on activated sl udge
nmet hod i s advantageous in that the volunme of an aeration tank can be
decreased because the nethod can be operated under a high
concentration of activated sludge, and the installation area can be
decreased as conpared with a conventional general activated sl udge
treat ment appayat us. pegause o need . for a precipitation tank and a
sl udge concentat F?)%Pott;}ﬂ@ylpﬁh&g% W‘% ,tletaﬁﬁleﬁgrﬂ) : -5%*6?%@“6’2
activated sludge net haod is_advantggeous in that the quality of
treated WSEHMOYR pemrpreiaiption adivsiedelvdze meshobnsiagta mambrame hod.
[ 00031 However, when treatment of high-turbidity drainage using
a filtratinodubppapedadingi tThemamibaaachmibul ftivatabslutgeedthampended
conponents contained in treated water deposit on a nmenbrane surface

and bet Vegly ARIRRESA thathel wilhe bf AR URFANE GhRIALNE q¥etdlisBd bhéﬁ{gﬁby
t | r, 1rn highly

decreasing the perneation flow rate. n particul a

pol luted wmater .treatnent such as, the.menbrane-isolatiaon activated

sl udge rref\t?%ota?ﬂ}oﬂec g’% ‘?Bﬁi%‘%ﬁﬁﬁﬁehﬁgﬂ%F%’s}FWO&ﬁ a ﬁlﬁatﬁgﬁh‘fﬁj’ of a
menbrane occurs, due to an adhesive deposit peculiar to biological

t r eat ment 20 mstallabipmyaigacan bedsercaned aveanpsred opidk jatcoppentsonal .
filtration nmenbrane as conpared with filtration in a general drainage
system témwrehyadivghéd slodpe bypatineneagiargtusiecpesaafaid wedfhow rat e due
to the adhesion of the 3 deposit and clogging. Therefore, in a

filtrati opreaRREtRinUankSNi AudBIBsRaat R t8nk JENLs@ditivn, MHeeSSUri zed
air is sent during operation to create a drainage flow by air

bubbl i ng Qr d nLficatl on operation (agration
tr eat monc e e ath hlRalL B LERED ORELHIS T BIEUMRG (e
deposit b ..mechanical |oad que to oscillation_of the filtratjion
menbr ane. JRATHF 9L Freaped W?l“i’féé‘éiaedf‘%?r%e JpeoamRATe§ Witk 8 venveniona
filtration function by a mai ntenance work of deconposi ng and washi ng
out the d@pﬂyﬁk whi ch cannot be renoved by the aeration treatnent and
t he deposit clogging the nmenbrane using an aqueous sol ution of a
strong allkabs] such as sodi um hydroxi de, an acid such as hydrochloric
acid, citric acid, oxalic acid, or the |like, or a strong oxidizer

such as sodi UHdJWReE Wi {x@aBhed T HifkBuARERy kaﬁﬁa%@ uﬁiﬁ% 4 fREatfin the

deposit. In particular, when an unexpected acci dent such as I nflow of

dr ai nage W [ oy oty ..t h IS t ossibility of
causing t ngmgﬂcﬁéﬁ%ggﬁe }]V\%g Elllenlgs cgmn?%ugé’%fl %}Jé?ocﬁ?é’ﬁf’?%{% on of
chem cal . . her ef or e, nbr.ane nodul e and filtyrati on nenbrane
el enent c%?wg@ﬁ&#?éwﬁgﬁ[}fe@oﬁsen@ewﬁ gang grudageeand batwepnt r at i on
performance and have both strength sufficient to resist the

mechani cainembagnen, enddurthiep menthsane shpgeindg apouem thaxbe Beerasingdhs cal
resi stance to an oxidi zer, an acid, and an al kali. I n

parti cul agermeantipndicw paige treat nent application, a nmenbrane el enent
and a nmenbrane noduk in a |arge-scale sewage treatnent plant are

general |y requhpaditdalad highlppeluedd whietthdBnht Sudfas thd RetBr¥8AT S

and are thus strongly de_manded to have both nechanical strength and
chem cal i%%ﬁ%h%ﬁ%a?el&c th&éeeﬁ':tethod, treated water has high viscosity and bio

fouling of a membrane occurs due to an adhesive deposit peculiar to biological
treatment, and thus suspended components easily deposit on a filtration
membrane as compared with filtration in a general drainage system, thereby

significantly decreasing the permeation flow rate due to the adhesion of the



4 to resist the operation of a filtration apparatus for a |ong period
of time exceeding the product lifetinme and resist repeated

mai nt enance. [0004] Conventi onal nenbrane nodul es include a

hol | owfi ber nenbrane nodule in which many hollow fibers are
collected in a circul ar shape and di sposed, and an end is fixed in an
open state with a fixing nenber to foFma collecting portion, a flat
sheet nenbrane nodul e provided with-a plurality of flat sheet
menbrane el ements each including a sheet-shaped porous nenbrane
suppor t edddppsi sgudppaggingl dllesrefome, inteefiliidtian 41A05ths using a Aseril@ne

hol | ow-fi ber menbrane nodul e, the applicant of the present invention

roposes 4 ] I i i i :
D006 7954 PASRPBARSAL ISR afitsRBh: AdfhL oMot B A8 Blilie

collectin [ QuS hl e- | r. hol.l ow fibers .having doybl e ] ayers,
each of V#‘?‘@ yiaﬁ]&"‘g@ﬁ?gamsﬁ%%solthﬁg?p Alen opgr OBK?%m@xpanded
PTFE tube and, a filtration |ayer conposed of a porous sheet made of
a resin sepeierent) iyparfemrd fop serirpbngthe derssitrandrapotvingthtedepmtt a
pol yvi nylidene fluoride resin, the sheet of the filtration |ayer

bei ng i ntlggs atdchanizahibadnivette oseillatios uf frcEt@ftidnhaembbenOf Rdiher, it
support |ayer so that the pores of the support |ayer and the

filtrati - ' j - [ i:
other 8 AR RRICHTRES: PETIL SO TR PE A IRRED
are general osed of a

| modul e usi a.porous_nenbrane . ¢

pol yol of | ROTRE detamBRsing 2of vAaHiag evF 6 C{}gf)m Fdiich Cariet boremared bgi ng

a porous nenbrane conposed of 5 a polyvinylidene fluoride (PVDF)

resin as idessraden t1eatpapbaed tha sdepoaiti cﬁ@n@t@memp&nmmmg An

Publ i cati on No. 2004-182919 (Patent Docunent 2).
aqueous solution of a strong alkali such as sodium hydroxide, an acid such as
hydrochloric acid, citric acid, oxalic acid, or the like, or a strong oxidizer such
as sodium hypochlorite or the like according to the type of the deposit. In
particular, when an unexpected accident such as inflow of drainage with
abnormally high furbidity, there is the possibility of causing the need for
chemical washing with a higher concentration of chemical. .

Therefore, a membrane module and a filtration membrane element
constituting the module are demanded to have high filtration performance and
have both strength sufficient to resist the mechanical load during a long-term
operation and excellent chemical resistance to an oxidizer, an acid, and an
alkali.

In particular, in a drainage treatment application, a membrane element
and a membrane module in a large-scale sewage treatment plant are generally

required to have a product lifetime of 5 years to 10 years and are thus strongly

demanded to have both mechaniecal sirength and chemiecal resistance sufficient



[ 00061 Pat ent Docunent 1: Japanese Unexanm ned Patent Application

Publ i cati on No. 2006-7224 Pat ent Docunent 2: Japanese Unexam ned
Pat ent Application Publication No. 2004-182919 Di scl osure of
| nvention Problens to be Solved by the Invention [00071 The

hol I owfi ber nmenbrane nodul e as discl psed in Patent Docunent 1
general ly has the advantage that the Tnstallation area per effective
menbr ane area can be decreased to achi eve excel |l ent conpactness.
However, when the hollowfiber nmenbrane nodule is applied to highly
pol | ut ed teresinkie opszation of mfiltyatiorapmarbenior adohmpexiod aftiimeat ed

sl udge nmet hod, under present conditions, the advantage cannot be

suf fi ci eriktoedih thepabdubtlifitingd And YWheR repsatbemh Awtdrakes, menbr ane
nodul e havi ng a conpact configuration in which the gap between

adj acent [hgg4jow fibers is narrowed is applied to high-turbidity

dr ai nage, particularly high-viscosity water to be treated in the
menbr ane-i sol ati on activated sl udge_ nmethod, the flow of the treated i
wat er caused B§PRIRDA Hm&g‘bréﬁﬁénq%é’il%ﬁw]él%ﬁ ashlgw-Bher membanerd
conponents easily deposit on a nmenbrane surface and between
menmbr aneggodile i mhici ganyiholowl fbete areadienpdtine diredsmnsdniperaaide. | n
particular, in. application to the nenbrane-isolation 6 activated

sl udge neligiR@ed GnduObnd isERS fnVa V& sth® VRS ﬁﬁhgqmexhb@r flol {6AH HEN!
rate is further decreased, thereby causing the need to Increase the

st al | ot VaretEn R e Py Moot e no SR HPHTRY ilihpfetity of

filtrati appar at us.
(%ﬂlt sgget mem%rane elements each including a sheet-shaped porous

membrane supported by a support plate, and the like.
[0005]

As the hollow-fiber membrane module, the applicant of the present
invention proposes in Japanese Unexamined Patent Application Publication
No. 2006-7224 (Patent Document 1) a filtration module prepared by collecting
porous double-layer hollow fibers having double layers, each of which includes
a support layer composed of a porous expanded PTFE tube and a filtration
layer composed of a porous sheet made of a resin selected from PTFE, a
polyolefin resin, a polyimide, and a polyvinylidene fluoride resin, the sheet of
the filtration layer being integrally wound on the outer surface of the tube of
the support layer so that the pores of the support layer and the filtration layer
are three-dimensionally communicated with each other. 1

In addition, as the flat sheet membrane module, there are generally a i
module using a porous membrane composed of a polyolefin resin such as !

chlorinated polyethylene, and a module using a porous membrane composed of



In addition, the filtration nodul e of Patent Docunent 1 uses a
PTFEmade hol | owfi ber menbrane and is extrenely excellent in chem cal
resi stance and strength, but much tine and | abor are required for an
assenbling work of arranging in parallel nmany fine hollow fibers with
proper spaces and it is difficult to forma hollow fiber having a
doubl e-l ayer structure, thereby causi%g the problem of easily

i ncreasing the manufacturing cost of the filtration nodule. [00081

In contrast, the flat sheet nenbrane nodule is configured to have an

array of aspdptinglidmedilfiddde EHERF) resibaatclebainyfHannse Undgamaged he
advant age that a cl eaning operation can be effectively perforned for

the nmenb heaa } i i over the
e g e e e A S L T S T
treat rrent[ @ﬂe installation area per effective nmenbrane area may be
t he sane (P% | as that of the hollowfiber nmenbrane nodule as a
result of the need for the holl owfiber nmenbrane nodule to have a

| ar ge di st ancBatsat Meenment lhidnanasd Unexamineddatent AppEeatiome t he
treatnment rate. Further, the fiat sheet nenbrane nodul e has a | arge
menbr ane Patbdiratien Nearoo@g2gonpared with the hol | owfi ber nmenbrane
nodul e and thus has the advantage of easy assenbling. 7 [0009]

However , ‘an ephbi Mhofhaht SNEEl TEIBA0E. Bl EBILPEESARGY OUS

11
menbr ane conpose a polyol€fin resin or at ent

Docunent nd,.has. a Wi th durability such as nechanica
strength,I%ﬁ%ﬁ?ﬁ%ﬁh%ggégﬁgﬁgg{ and the |ike. For exanple, wth
respect to nechanical strength, an existing flat nenber is

i nsuf fi ciltisglogyretofdneantiongt h of a filtration nenbrane, particularly
the strength of a filtration nenbrane in a portion having a

filtrati ®roblennttiode Scvel bihtle hasentibe hi gh possibility of a |eak
troubl e due to danage to the nmenbrane when used over a |ong period of
time undesp@y]l oad of aeration of a liquid to be treated which
contains a variety of foreign matters. In particular, a filtration

menbr ane nad f PVRDE resin i s progdyced . by ressolidifying a

sol ution of ?’R@e E@Bﬁ”%&f’ﬁlﬁ%%ng&%ﬂﬂ? aamf%{"ﬁ%@} ag}é’rt@qcﬁﬂ’?nﬁl]rd
insufficient in mechanical strength in a portion having a filtration
funct i ongenerally ks thgadyaniage Hhﬁ%?hwwlké@m@a per efifeciiyelmeybrane
washi ng chem cals, for exanple, a polyolefin resin-nade filtration
menbr ane arsa cel be deakysalutoashieve @xedlkalticompatinksc k Helvavalbj whéry theo an
oxi di zer and cannot be washed with a strong oxidizer at a high

f r equencholibwolir rehBRthed@bd e i9hpplidEto }ﬁ?E p ARy PRrdigafs)- made
filtration nenbrane has a certain degree o urability to an oxidi zer

b ' : I LLd lyi d th '
di'sco o Ga-HaTats R SR sdlbhoh o i shogeBdRedhp, TRARRRR

within a shart ti iy association wth contagct with a strong al kal i
washi ng P Wps’ﬂr]}grﬂérfz’ap ,getcﬁen%ﬂ%% Ieélélﬂi’rﬂﬁﬁ“ﬁ@- ubedeteds whepdhy
period of time. Further, the durability to

hollow-fiber membrane module having a compact configuration in which the

gap between adjacent hollow fibers is narrowed is applied to high-turbidity
drainage, particularly high-viscosity water to be treated in the membrane-
igolation activated sludge method, the flow of the treated water caused by
aeration becomes relatively slow, and suspended components easily deposit on
a membrane surface and between membranes, thereby significantly decreasing

the treatment rate. In particular, in application to the membrane-isolation



A Attt e

b

an ox{"clii”zer at a high concentration is not sufficient. [ono] I n
this way, a conventional flat sheet nmenbrane nodule for filtration
does not have sufficient chem cal resistance to an oxidizer and

al kalis and has Iimtation in washing, and thus a filtrati on nmenbrane
cannot be sufficiently washed over a\,\%ong period of tinme. Further,

t he nenbrane may be damaged by a flow of foreign matters and the
liquid to be treated because of insufficient nechanical strength, and
thus in the present situation, the nmenbrane is necessitated to be
oper at ed aativatddolud gometlxtdefonhikbht-visbwsitysedtef o6 bat@htyd, thd ffeatmer , tO
be exchanged within a short period-of tinme. 10011] The present

i nvent i opafo fRSar Acheg¥ad thiveb ,@g&é&gg ];e%é B@ecgéo {nfa30 B EaithiL oned

probl ens and an object is to provi at sheet nenbrane el enent

for filtration | lbent: in~filtration perfqrnmance,. chem cal

resi stan g?ﬂwg%fagﬁiégﬁgﬁfoggﬁ @?V@hg@ﬂnwgﬁgﬁzhéﬁ%ﬁﬂﬁwﬁ 842§ a stable
pernmeation flow rate over_a long period of tine, and a filtration
nmodul e i ABREASey faikiagrip achicke acompani Blteatiqneapnaratdeans for Sol vi ng
the Problens [00121 In order to resolve the problens, the present

i nvention prold déditianf that filihetzn weddle af ©atde TRt 1fides bV TR f or
performng solid-liquid separation by immersion in a liquid to be

treated Wi hARRS-BbBS nRnBaRE A8 % CATRABR WreeINIR, iTRRRIANE 1S ETRAL

i ncl udi ng:

and strength, but much time and labor are required for an assembling work of
arranging in parallel many fine hollow fibers with proper spaces and it is
diffieult to form a hollow fiber having a double-layer structure, thereby
causing the problem of easily increasing the manufacturing cost of the
filtration module.

[0008]

In contrast, the flat sheet membrane module is configured to have an
array of sheet-shaped flat sheet membrane elements and thus has the
advantage that a cleaning operation can be effectively performed for the
membrane surfaces because aeration is easily performed over the entire
surface of the membranes. Also, in the highly polluted water treatment, the
instaliation area per effective membrane area may be the same level as that of
the hollow-fiber membrane module as a result of the need for the hollow-fiber
membrane module to have a large distance between the hollow fibers in order
to secure the treatment rate. Further, the flat sheet membrane module has a
large membrane area per part as compared with the hollow-fiber membrane

module and thus has the advantage of easy assembling,




9 sheet-shaped filtrati on nmenbranes di sposed opposite to each
other with a space for a treated liquid flow path; a support portion
for securing the space for the treated liquid flow path; and a
peri pheral sealing portion for sealing the peripheral edges of the
filtration nenbranes arranged opposite to each other so as to form at
| east one treated |liquid outlet; : wherein the filtration

menbr anes i nclude at | east expanded PTFE (pol ytetrafl uoroethyl ene)
por ous nﬁﬂﬂﬁﬁnes. [ 0013] As descri bed above, in the present

i nvent i of; e flat sheet nenbrane elenment for filtration for
performng solid-liquid separation by imersion in a liquid to be
treat ed whi chtiowava as eaishingtflap shostpaacdbdanosipareatisesm@ptroas! arly in
dr ai nage containing activated sludge, is characterized by being

provi ded iérhbraaie doRitobeESPRAPEIGElRARE R I FEEEA 3085t 0dudient 2
filtration nmenbranes. By using the expanded PTFE porous nenbranes as

usef ul ne et 3R TEOBANGR BBy do¥hed AR AR iR ER: picihiegT™

Terbr aneT PSRBT Eugh extrusi on and expansi ons. st epe,  and a

menbrane material having high strength due to a high degree of

mol ecul ar or i Emt eraingyle caithlrespuco v nechanibarstfaagth, n diighing dgt ee of

porosity can be exhibited to achi eve high porosity,
member is insufficient in the strength of a filtration membrane, particularly
the strength of a filtration membrane in a portion having a filtration function,
and thus has the high possibility of a leak trouble due to damage to the
membrane when used over a long period of time under a load of aeration of a
liquid to be treated which contains a variety of foreign matters. In particular,
a filtration membrane made of a PVDF resin is produced by re-solidifying a
solution of the PVDY resin in a solvent and thus is very thin and insufficient
in mechanical strength in a portion having a filtration function.

On the other hand, with respect to durability to washing chemicals, for
example, a polyolefin resin-made filtration membrane is relatively durable to
alkalis but lacks durability to an oxidizer and cannot be washed with a strong
oxidizer at a high frequency or over a long period of time. Also, a PVDF resin-
made filtration membrane has a certain degree of durability to an oxidizer but
particularly lacks durability to alkalis, and the membrane is discolored to
brownish red to cause deterioration of the matefial within a short time in

association with contact with a strong alkali washing liquid. Therefore, the

membrane cannot be used far a long period of time. Further, the durability to



10 and thus the filtrati on nmenbranes have fine pores, a |arge anount
of water perneated, and high performance and al so have such excell ent
durability that no crack or breakage occurs in the filtration

menbr anes even under strong nmechanical l-oad in an aeration treatnent.
In addition, the expanded PTFE porou§3nenbranes have such chemi cal
stability that they are resistant to al nost chem cals. Although
porous nenbranes with a large specific surface area are generally
easily corroded with a_chem cal and have | ow strength as conpared

with a berlexidizerite highpenespasidedisnrtEuffovenis menbranes are inactive

to alnost all organic and inorganic chem cals such as organic and
i norgani E®Ids, al kalis, oxidizers, reducing agents, organic
solvents, and the like and are excellent in chem cal resistance.

ashing chent eafies §o0 F R RN Aot Bt A0 EChe MR PRt T Rl il ©
nmb f.or.med I iod of ti by sel [
any one. BFEURRT G I BHP R S HER R B a0 pREya B HkeLaanodnE . | 1

required, at a high concentration. For exanple, a high-concentration
sol ut i onlgfitafieroigweshidezand thnsehfisation meuwdrase spintibersubficismidly um
hypochl orite or hydrogen peroxi de solution, can be used for

conpl et elvpsHed sedva Rihggpediodarfimhag Dindhé)thd RGndRENS Lty Bd dd Mglgedand

an aqueous solution of strong alkali, such as sodi um hydroxi de or the

li ke, ca r. i . j s "

Const i ¢ aghit Tty Sbtor ign spARHe i holdui PR BisRled BRI B iR@ciont
menbr anes_include a franme su rt material, and the Like. However,
these. SUBBSPETRBLEErE: B B ot Hrareat sHOa e (hecmSmbRRAY 2 por t 1 on
of contact 11 with the treated |iquid and the washing chem cal
during uBecesgigtadigdeaperdisi ah adpwatow rate and)tobersed forr shqyo timen
slowy proceeds, thereby causing no practical problemin many cases.
| n ot her i.eptabe extlezed wiklenwheiozt pbeokot timaen be used or not is

i nfluenced by the chem cal resistance of the nenbranes with a | arge
speci fi c]grface area. [00151 As descri bed above, in the flat
sheet nmenbrane el enment of the present invention using the expanded
PTFE porous b I i br an he s ended
solid adhering t%ﬁ{é ﬁ‘zt ]?'?’F}rlnﬂgﬁil% %é?:)é%i é%ﬁe%u%gg %ﬁf%‘%‘fq ‘9@%@%%% ely
deconposed and cl eaned out, usi,ng a high concentration of oxidizer or
alkal | whREIORS RERD IR AT PPIetds 40 BN A ks bers e mhEnne lemeny
mechani cal | oad can be applied in an aeration treatnent, thereby
permitti iy filleaticacesgedenton filfration nerfringncs, whemicn regstanae andi t i al
condition. As aresult, the life of the flat sheet nmenbrane el enent
can be sigrhhhzahétryngthtanbeghabinst aehipvant 4 tabld phesdmanefowveder can
be stably obtained over a long period of tinme. In addition, the

conf i gur g0 163 gerlddddf tihE Sind B ERL266n ﬁio«aggd@fca@ng £d ﬁ%ﬁefe}c‘e

nunber of the parts assenbled and the nunb e  asse ng steps

and can faciqitat enbl i ng and washi ng of the nenbrane surfaces
during tFé?%ﬁﬁﬁn f@%ﬁ?g%hereby permtting the efficient renoval of
deposits

Means for Solving the Problems
[0012] |

In order to resolve the problems, the present invention provides a flat
sheet membrane element for filtration for performing solid-liquid separation
by immersion in a liquid to be treated which contains a suspended component,

the membrane element including:



[ 0016] The expanded PTFE porous nenbrane which fornms the filtration
menbrane may be prepared by uni axial expansi on or biaxial expansion
but is 12 preferably prepared by extruding a paste containing a PTFE
unsintered powder and a liquid |ubricant to forma nol ded product,

bi axi al | y expandi ng the nol ded producf with a draw ratio of 1.5 tines
to 10 tines in a | ongitudinal directiton and a draw ratio of 2 times
to 40 tines in the lateral direction, and then sintering the

resul tant porous nmenbrane. The bi axial expansion can enhance the
strength of asbkebehdpesidabetion mibhasisrdisosds operstis. to each othBR&yith
expanded PTFE porous nenbrane prepared by this production nethod can

have hi g spaEORE atridtiel 2igiRd NbRIPAtRY fine pores and have both a high
particle collection efficiency and a high perneation capacity.

PTFE por ous” AHFRRGr Rkt Sty Beere 184k pRafiin i Tohcos

expansi on conditions and sintering conditions, such as the nunber of
steps, tABCtenperature, the magnification, and the like according to
the treated liquid and required performance of filtration of the flat
sheet nenbr arepaigal sdadingfroktionforasealihg thhperiplberadpilgwtof thé por ous
menbr anes having different pore dianeters can be easily fornmed, and

thus a pATPaSod kldniiManel s FRREABSH Wite o 2alh SR 3h bk Gh %rgi)gé g&%&i&f&

efficiency, a high porosity, and high perfornmance can Iciently
produced, 71 . The expanded PTFE porous nenbrane preferably
has a rrefélr?ggeglr eqlgdé)r'ﬁg]tegr of 0.01 to 5.0 um In this range, an optinum

range is further prehse t for each liquid quality.
wherein the filtration membranes include at least expanded PTFE

(polytetrafluoroethylene) porous membranes.
[0018]

As described above, in the present invention, the flat sheet membrane
element for filtration for performing solid-liquid separation by immersion in a
liquid to be treated which contains a highly suspended component, particularly
in drainage containing activated sludge, is characterized by being provided
with at least expanded PTFE porous membranes as the filtration membranes.
By using the expanded PTFE porous membranes as the filtration membranes,
durability is extremely excellent, and usefulness can be significantly exhibited
in a high-turbidity drainage treatment.

[0014]

Namely, an expanded PTFE porous membrane is produced through
extrusion and expansions steps, and a membrane material having high
strength due to a high degree of molecular orientation can be provided.

Therefore, a high degree of porosity can be exhibited to achieve high porosity,



The nean pore dianeter is neasured with PM Perm Poroneter (nodel 13
nunber CFP-1200A). [00181 Furt her, the nmean maxi mum | engt h of
the fibril skeleton which surrounds pores in the outernost |ayer of

t he expanded PTFE porous nenbrane is preferably 30 p.mor less. In
particul ar, when drainage containinggctivated sludge or drai nage
containing fine particles is used as the liquid to be treated, the
mean maxi mrum |l ength of the fibril skeleton which surrounds pores is

nore preferabl m ar | ess, The nean xi mum | engt h of the
fibril sweﬂgfgb%tahﬁé‘ﬁa %P&f&ﬁb’éﬂﬁ%hé‘éﬁ Eﬂe PRESSof {aTERBSOUE PEMatRT o
menbrane surface is determ ned by neasuring, on a SEMinage, the

maxi mum @gesmaatad, bad highn pexformpaniocetandorse hevpsidhaheeNerfduahitite thatr med
by a resin portion and fibers connected thereto. [00191

Accor di nGiotdraélnek Bfakhpsleccurs hetixmRRdes REmbrHYsQen RARF 836ng
preferably has a particle collection efficiency of 90% or nore for

particl es, WrLRid1 P&'ﬂ%&lﬁf&%&lﬁﬁﬁ%ﬂgﬁﬁeu? gin. In particular, when

drai nage contai ning activated sl'udge or drainage containing fine

Por ous merbr alfca PRy Hit XPHEUSk PR pepEs eiomilEanr o i 1426 BAEydY

90% or nore for particles with a particle dianmeter of 0.45 gm

| n addi t istabiliththasdhey ererasisthntto dmost chaniealsy Adthoegls posdisby t he

fol |l owi ng net hod:
membranes with a large specific surface area are generally easily corroded
with a chemical and have low strength as compared with a bulk material, the
expanded PTFE porous membranes are inactive to almost all organic and
inorganic chemicals such as organic and inorganic acids, alkalis, oxidizers,
reducing agents, organic solvents, and the like and are excellent in chemical
resistance. Therefore, unlike conventional flat sheet membrane elements, the
washing chemical is not limited, and washing of the filtration membranes can
be performed over a long period of time by selecting any one of various
chemicals according to the type of the deposit, if required, at a high
concentration. For example, a high-concentration solution of strong oxidizer,
guch as an aqueous solution of sodium hypochlorite or hydrogen peroxide
golution, can be used for completely dissolving and removing bio fouling and
sterilizing, and an aqueous solution of strong alkali, such as sodium hydroxide
or the like, can be used for removing an oil component from drainage.

Coustituent materials of the membrane element other than the

membranes include a frame, a support material, and the like. However, these

support members are bulk materials and include a small portion of contact



The expanded PTFE porous nmenbrane is punched in a circle of 47 mm 14
in dianmeter and set in a holder, and an aqueous sol ution cont ai ni ng
pol ystyrene | atex honogenous particles (product name, DYNO SPERES
53052- P, STADEX 80-046-3) (manufactured by JSR Corporation) having a
particle dianmeter of 5.125 gmor 0.458 gmis prepared and filtered
with the set expanded PTFE porous ne ane at a pressure of 41.2 kPa.
The absorbance is neasured for the aqueous solution before filtration
and the filtrate to determine a ratio of absorbance. The absorbance

i s measureihyhe firestediignighdnsl e wasiibg ehapizel durihg uomemethus

(manuf actured by Shimadzu Sei sakusho Ltd., 'UV-160) at a wavel ength

of 310 nrecfrosasUsERitentt woaeyntblcl BOYtion QQ\;}Wprocee ds IR réWeERG Mg
t hi ckness of the expanded PTFE porous nenbrane is preferably 5 to 200

gm and t%e%ﬁa%fam Ilﬁ%bie'ﬁ?h?ﬂf élﬁag.%ef qg%ﬁ}le/ v%)rdts tdﬁef e

average t ness 1S neasure gauge, SI ty IS

measur ed t he nmef hod descri.bed.in 79

tensile 59?%/ Eﬁarbﬁ’e e %’S(B%'}aé’&ﬂwggﬁﬁgﬁé‘?ﬁﬁi}%t%c%f@%r abl y
10 NNmm® or nore according to the definition of J1S K 7113.

Furt her, mpaburapts with aplasgesnasific hvafacgaetn.excel | ent cheni cal

r esi stance that it is not danaged w t hout decreasing the water

per neat e [HDoH even after imrersion in each of 3% by nmass sulfuric
acid, a 4% by nmass aqueous solution of sodium hydroxide, and an

aqueous sol ut ixQMQL IS0 IR MPRE H Qs %Iigg%??ﬁé nggu%g¥8fﬁ@'p9{agéh‘%

Eé%P'é
concentration of 10 oat a terrperature

invention using the expanded PTFE porous membranes as the filtration
membranes, the suspended solid adhering to the film surfaces can be | n
substantially completely decomposed and cleaned out using a high
concentration of oxidizer or alkali which cannot be used in a conventional
method, and a strong mechanical load can be applied in an aeration treatment,
thereby permitting the recovery of the ﬁltr ation function near an initial
condition. As a result, the life of the flat sheet membrane element can be
significantly extended, and a quantity of permeated water can be stably
obtained over a long period of time. In addition, the configuration as a flat
sheet membrane element can decrease the number of the parts assembled and

the number of the assembling steps and can factlitate assembling and washing

of the membrane surfaces during the operation, thereby permitting the
efficient removal of deposits.
foo16]

The expanded PTFE porous membrane which forms the filiration

membrane may be prepared by uniaxial expansion or biaxial expansion but is



15 [0022] In the filtration nmenbrane of the present invention,
t he porous nmenbrane which forns fine pores may be nade of a single
expanded PTFE porous nenbrane, a | am nate of PTFE porous nenbranes
with different specifications such as pore dianeters or the like, or
a lam nate of a PTFE porous nenbrane gnd another material porous
menbrane or a porous material sheet as |long as the porous nenbrane is
at least partially nmade of the expanded PTFE porous nenbrane.

Also, a filtration nenbrane prepared rovi.din kin |layer on a
singl e eﬁﬁsﬁaaﬁfYFﬂf?Ea%geru?tﬁ&ﬁgg oot cBiinitk & R Radeteha,

| ami nate may_ be used. Wen the skin layer is provided, the filtration
merbr ane Hoaley sadr Hguiddubripantrel foxtn mgneldefl gasductyiiakiallgrexpanding t he
expanded PTFE porous | ayer conposed of the expanded PTFE porous

menbr ane thadndlied pkoduct syt a deswl rhtie of x15anded tdTo-EnRRAAUSIoh &Y 4ing BN
be used as a shape-maintaining |ayer serving as a support |ayer for

the filt i ) . ! o
gl yi ng FocB B ARgr xR times to ARSIl e Braf Alolifor, BRA™C B

(tetraflyoroethyl.enesperfluoroal koxyvinyl eth qpo] yner), . PEP

(1ot raf | JBPRETITER IR B PO SR ES oo p iR F AL EFDATHiP e

havi ng chemi cal resistance and heat resistance which are equival ent

t o t hose cohapggtheptrengidl ol fdhriledkeletpm wiickh suxweusdaeorparticl es on t he
outer surface of the single expanded PTFE porous nenbrane or the

out er surfaceTht ekhendeahPTEEoréwd membdatry psipaiel by this ptéd 0341

As anot her nethod, (1) a fluorocarbon resin filmprepared by nol ding

a f1uor oGAEINGA daBYidve TRER b¥roaRYRASEIMAlnt Bl Re iﬁ'ﬁ%&?}oﬁescé’ﬂd Rl Gth a

shape, sintering the nolding, and then cutting otary cutting

(kat sura i f. . resultant b k .is provided. Alternatively,
(2) a fl %g%@é%*%%lﬁ%lg%ﬁﬁ) e?ﬁ?#%? e%%# gg’l%]w gt Odl (glp&pg ersion
containing a fluqQrocarhon resin powjer dispersed in a liquid_on a
heat - r esi st anin 8@@%{3@ P%@ébﬁﬁgagﬁél@@é’tdi tlh@i&@ of the pxpanglegdi THE or
nore to bond the powder, and then renoving the heat-resistant

subst r at @orsumenihgade can be easily controlled by changing the expansion

conditions and sintering conditions, such as the number of steps, the
temperature, the magnification, and the like according to the treated liquid
and required performance of filtration of the flat sheet membrane element for
filtration. Further, a lJaminate of porous membranes having different pore
diameters can be easily formed, and thus a porous ﬁltratidn membrane with g
high particle collection efficiency, a high porosity, and high performance can be
efficiently produced.
{0017]
The expanded PTFE porous membrane preferably has a mean pore
diameter of 0.01 to 5.0 pm. In this range, an optimum range is further
present for each liquid quality.

The mean pore diameter is measured with PMI Perm-Porometer (model



Then, the film (1) or (2) may be further stretched to prepare the
skin layer, and the skin |ayer may be | am nated on an expanded PTFE
substrate to forma two-layer structure nenbrane. [00251 The
expression "mainly conposed of PTFE" represents that the PTFE wei ght
ratio is 80%or nore and nore preferﬁgly 90% or nore. Exanpl es
of a thernoplastic fluorocarbon resin“to be conbined include PFA
(tetrafl uoroet hyl ene-perfl uoroal koxyvi nyl et her copol yner), FEP
(tetrafl uoroet hyl ene- hexaf | uor opropyl ene copol yner), ETFE

(et hyl enévaebefCEBrIZEOA) .ene copol yner), PCTFE '

(pol ychlorotrifluoroethylene), PVDF (polyvinylidene fluoride), and
the |ike.[0@8lng these resins, FEP having a relatively |ow
deconposition rate even at the PTFE nelting point peak or nore (327c

! | m
The nol ecul ar - Gk SP L he BPEL T RARLE L AL Wit 00 1o

3, 500, 000 d .t he heat,, of ' [ hird st t hod, which
w11 ho. GUERPPHR b B RPE R L U5 bingbeel PARE vane a7 6 3/ g

and nore preferably 32 J/g to 44 J/g, which is an_index of the
mol ecul améeebypne is\weder£HFS0hu ohdess helmpartieultos whehddaimakecul ar
wei ght and heat of fusion is used, a porous material having fine

por es Wi tehbntipegasitivital slagdgdingiradsa@iint Aidd Padidi@AR sb@Ws B €
size of 0.01 nmto 0.05 p. mcan be produced. [00271 The heat of

fusion i meietd Bb LaBdeRnd &e%alﬁé&i?‘rﬂaﬂi§%ﬂ&h%f2@pa§9fdsﬁ%%%fégﬁvhich

differential scanning calorineter (nmanufactur

oec o) Mriokiay pFS s okt pRYRSaN Y ShER1A. Seanning Calorimeter,

The mean maximum length of the fibril skeleton which surrounds pores
in the outermost layer of a membrane surface is determined by measuring, on
a SEM image, the maximum distance between two points on the periphery of a
pore formed by a resin portion and fibers connected thereto.

[0019]

According to another index, the expanded PTFE porous membrane
preferably has a particle collectidn efficiency of 90% or more for particles with
a particle diameter of 5 pm. In particular, when drainage containing
activated sludge or drainage containing fine pc;irticles ig used as the liquid to
be treated, the expanded PTFE porous membrane preferably has a particle
collection efficiency of 90% or more for particles with a particle diameter of
0.45 pm.

In addition, the particle collection efficiency is measured by the following

- method:

The expanded PTFE poroug membrane is punched in a circle of 47 mm



\
First, 10 ng to 20 ng of a sanple is collected and, if required, PTFE
Is sealed in an alumnumcell (it is inportant to keep PTFE in a free
state so that it can shrink and deform as nuch as possi bl e w thout
breaking the cell or conpletely breaking the cell). The sanple is
heated fromroomtenperature to 245 pc at 50 ¢/m n Then, the sanple
Is heated to 365c at 10 c/mn (first sfep). Next, the sanple is
cooled to 350c at a rate of -10 ¢/m n and mai ntai ned at 350c for 5

m nutes. Next, the sanple is cooled from350c to 330c at a rate of
-10 Cmn_and from330c.t0,305c at.a rate of -1.c/rain (second step).
The quantlfltcga%‘fa{% Sﬁiﬁ%?&i"@ Yj 8R4 g agueons %OHH‘I%‘FOé’(‘?Hné’i‘g wei ght
decreases. Next, the sanple is cooled from305c to 245c at a rate

of - SO ¢/ rdkystyuenetntex hampegesanppartidesipaedurt hrow, DABD SPEIVELSEt a
rate of 10 c¢/mn (third step). The sanpling time is 0.5 sec/ nunber of

time. 052-HIBTADBRISCP4613) kaahutsoeddy JIR Cbeporafish) Jeivemy at he
quantity of heat absorbed in the second step, and the quantity of

rect e eE gl BN 0 AR L LER U MASLETINGH By

i nt egration between 303c and 353c,

ively. .1 :
respectl Ve?cpgndeé) B%%‘ﬁ porous membrane at a pressure of 41.2 kPa. The absorbance

is measured for the aqueous solution before filtration and the filtrate to
determine a ratio of absorbance. The absorbance is measured with an
ultraviolet-visible spectrophotometer .(manufactured by Shimadzu Seisalkusho
Litd., UV-160) at a wavelength of 310 nm (measurement accuracy 1/100).
[0020]

The average thickness of the expanded PTFE porous membrane is
preferably 5 to 200 pm, and the porosity thereof is preferably 40 to 90%.

The average thickness is measured with a dial gauge, and the porosity is
measured by the method described in ASTM D792.
[0021]

The tensile strength of the expanded PTFE porous membrane is
preferably 10 N/mm? or more according o the definition of JIS K 7118.

Further, the membrane preferably has such excellent chemical
resistance that it is not damaged without decreasing the water permeate flow
even after immersion in each of 3% by mass sulfuric acid, a 4% by mass
aqueous solution of sodium hydroxide, and an aqueous solution of sodium
hypochlorite at an effective chlorine concentration of 10% at a temperature of

50°c for 10 days.



The skin layer is preferably as thin as possible for increasing the
flowrate (increasing the performance), and the nethod (1) is
preferred because a thin | ayer of about 20 to 50 gm can be produced,
and the nethod (2) is nore preferred because a thinner skin |ayer of
about 2 to 20 gm can be produced. [0Q39] Si nce such a
fluorocarbon resin filmbecones difficult to handl e and cannot be
expanded as the thickness decreases, an expanded porous fil m conposed
of a fluag rbon resin thin filmcan be produced by bonding the thin
ffimto a substrate and then expanding the thin filmand the
Substrate at jhe s time. en expanded PTFE porous material is
previously usHyt dion ppebsane offhe prpweat dnvendioay tha paspus he
substrate and the porous filmcan be used as it is. In this case, the
por ous subsnbrane whishdorabs finkasrea may bs intadealf a4Q8glo expmidedaPTFE

@Qurl ey second of 30 seconds or less and preferably a porosity of 60%

or more Jpgowd dLihe¥ne AClARHN e 0?5"1&@?6‘1%%3 HerhBdsel Wit BefpaR N9 the

flowrate (increasing the perfornmance). The GQurley secon

Is 19 an
i ndex for i1t . sur b nt Qurley,.s S
measuri ng p?ﬁé%n%“é@%&%ﬁ%“%% g%so%hﬁgﬁ‘?f 0{83%’5]““9 LT %%ﬁg‘ds ki n
| ayer has a smaller pore_ diageter than that of the expanded PTFE
por ous n@ﬁm%e‘éﬁamil%a’a%aaﬁ%gr SratPEALRATAYS MexehTana OF BABRUS han t hose
removed by the single expanded PTFE porous nenbrane, preventing
cl oggi ng maintiabgheebssilong anthesparels sremlfrahe isst lensipentiallyanads ofWhen
the skin layer is provided, the skin |ayer can be produced to have a

smal |t hithk sgpandedRTFRporddtemenbekmess is preferably 10 pmor |ess,
particularly 6 pmor |ess, when the pore dianeter is 0.4 pmor |ess,

LY S SRl et RS b O

. 1 b
as described above, the s aye e treated liquid
side (outer ., surfac j so that solid rticles to b epar.at ed can
be. pr overtiEat PRAAGE TR pPeus SrmbEaene syt e G ISR At e
skin layer in a statjonar tate after the initial stage of
sol i d- 1 i &SP Epet ath ﬂniiﬁl%gklﬁémr ip prexided ithe filtraton appyehnane dasige
easily renmoved by back washi ng. [0031] When a | am nate of PTFE

por ous nmeobfigwnasionducinging 4ifleagritvoplayer, $.62 ¢éhe bsparsied P'ERR phioukr at i on
menbrane preferably includes a |am nate of at |east two | ayers

i ncl udi ngayerdengRseX pthdasp RIfd PYFEUSrHRReaRahahd FhssBhi &l pore

di anet er and a PTFE porous nenbrane having a | arger pore di aneter

than that,, §finb i&p SX R PPFERbEGu PRV O Sad BIREANS o shape-maintaining
layer serving as a support layer for the filtration membrane.
[0023]

The skin layer can be formed by applying fine particles of PTFE and PFA

(tetrafluoroethylene-perfluoroalkoxyvinylether copolymer), FEP
(tetrafluoroethylene-hexafluoropropylene copolymer), or the like having
chemical resistance and heat resistance which are equivalent to those of PTFE
or a solution containing these fine particles on the outer surface of the single
expanded PTFE porous membrane or the outer surface of the laminate,

followed by sintering.




[
In this case, it is preferred that the expanded PM porous nenbrane
20 having a larger pore dianeter is lamnated on the inner surface
side of the expanded PTFE porous nenbrane having a snaller pore
di aneter so as to be used as a support of the expanded PTFE porous
menbrane having a smal |l er pore dianeter. When t he expanded PTFE
porous menbrane having a snal |l er poreglianeter is in contact with or
bonded to the support nenber, the treated |iquid passing through the
expanded PTFE porous nenbrane in a non-opening portion of the support
menber dqﬁﬁ Qgt substantially passes, thereby decreasing the flow
rate. on PHEYbt her hand, when the expanded PTFE porous nenbrane
having a | arger pore dianeter is |am nated on the inner surface side,
the entire sufszswthsr nadodxdadbeprrerbonsesin filmeprbpared Hyamoidgnga
smal | er pore dianeter can be used as a perneati on nenbrane, thereby
perm tti NBudrbeadbortsivi hiial canpeel @A PEHENinib e chlindtifdAlsBape, sinteriigen
expanded PTFE porous nenbranes having different pore sizes are

| am nat e%g%ggblg%%?a 18R cﬁﬁiﬁébéﬁyfcﬁﬁtgﬁf@(ﬁ¥sdﬁ§gg&‘h e Y0 types of

expanded ranes, prefera expan I'FE por ous

menbr anes i an. i nconpl etely sintered.state,. and i.ntegrating the
nenbranesl'eﬁ';r;[tgpﬂlﬁdé’%%&of’ﬁ%‘gﬂ tematlwl%ﬁ %, Buprocarhon 1es is an
aqueous system _according to demand, a_hydrophilic polyner having
excel | entPreRaradchy ceadiyiast dispersion eandaiaingn Jluprocasbanreshrepadesr
surface of the expanded PTFE porous nenbrane to enhance the

hydr ophi | dispdrged tn hlguidioh adeat-résistant substrate, heating the coating to a

melting point or more to bond the powder, and then removing the heat-
resistant substrate is provided.

Then, the film (1) or (2) may be further stretched to prépare the skin
layer, and the skin layer may be laminated on an expanded PTFE substrate to
form a two-layer structure membrane.

[0025]

The expression "mainly composed of PTFE" represents that the PTFE
weight ratio is 80% ox more and more preferably 90% or more.

Examples of a thermoplastic fluorocarbon resin to be combined include
PTA (tetrafluoroethylene-perfluoroalkoxyvinylether copolymer), FEP
(tetrafluorcethylene-hexafluoropropylene copolymer), ETFE (ethylene-
tetrafluorosthlene copolymer), PCTFE (polychlorotrifluoroethylene), PVDF
(polyvinylidene fluoride), and the like. Among these resins, FEP having a
relatively low decomposition rate even at the PTFE melting point peak or more

(827° ¢ or more) is preferred,.and PFA is more preferred.

[0026]



As a method for enhancing the hydrophilicity of the surface of the
expanded PTFE porous nenbrane, for exanple, a water insolubilization
nmet hod can be used, in which polyvinyl alcohol having relatively
excel l ent chem cal resistance is crosslinked with dial dehyde in an
aqueous solution using an acid catal ygt or crosslinked by -UV
treatment using a proper crosslinking agent. These nethods can inpart
hydrophilicity which is chemcally relatively stable. I n

anot her net ho an_et hyl ene-vi pyl al cohol copolyner is dissolved in
| PA (i sopr opyfh%m?&w&’%r Weiehh et thedll B ds proder ablibenansileUkeD i ¢ he
PTFE porous nenbrane. This hydrophilic treatnent can decrease bio

foul i ng. JLAERAIN, and the Tket 6f fusivatin@nthimhitepoés osthodewkiehfwitlbeed by
opposing in parallel a pair of two filtration nmenbranes or folding a

filtrati Qesdrassa ey, 8 heefe¥dblP BROBE leRRfH:S: £58 UFQ;Qanﬁlow?rJfHaM tion
menbranes are opposed with a space provided therebetween for passing

the t Layi Si .t he. d PTF

suri o ont ¥ Bk dfe SUPERin AT iR e R mhlor R eteRe | Ret PRRE"S
performance, and strength are not inpaired even by folding, and the
| abor of ?@@H}& frdb@ %&9@6' esqrifiedgpelegular werghtismd hasd phfusienyis wsed. be

saved, causing an advantage in cost. The opposing sides of one
or two flparowsheeterisd Mavinefishpeates vathe a poedsétyaiflag higlabhe 80%ytoR0essut e
heating, a laser, or the like. [00341 22 The sealing nay be

per f or ned ¥aw ABHSPHE sH/JFONY 9 th B 1ABhiRDrbigeeAXPanded PTFE
porous nenbranes at the nelting point or nore or heat-sealing by

fusi on of ther resin as an adhesive resin, which is interposed
bet ween the oOpposi ng expanded PTFE porous nenbranes.

The heat of fusion in the third step is measured using a heat-flux type
differential scanning calorimeter (manufactured by Shimadzu Seisakusho Lid.,
Heat-Flux Type Differential Scanning Calorimeter, DSC-50) as follows:

First, 10 mg to 20 mg of a sample is collected and, if required, PTFE is
sealed in an aluminum cell (it is important to keep PTFE in a free state so that
it can shrink and deform as much as possible without breﬁking the cell or
completely breaking the cell). The sample is heated from room temperature
to 245 °C at 50 °C/min. Then, the sample is heated to 8365°¢ at 10 °C/min
(first step).

Next, the sample is cooled to 350°C at a rate of -10 °C/min and
maintained at 350°C for b minutes. Next, the sample is cooled from 350°C to

330°C at a rate of -10 °C/min and from 330°C to 305°C at a rate of -1 °C/min

(second step). The quantity of heat generated increases as the molecular
weight decreases.

Next, the sample is cooled from 305°C to 245°C at a rate of -50 °C/min.




As the other resin used for heat sealing, a fluorocarbon resin, an
olefin resin, or the like is preferred, and PFA, FEP, pol ypropyl ene,
pol yet hyl ene, or PTB (pol ybutyl ene terephthalate) is preferred as a
specific resin conponent. The use of a fluorocarbon resin such
as PMor PEP has the advantage of excgllent chem cal resistance. The
use of a polyolefin resin such as polypropyl ene, polyethylene, or the
| i ke has the advantage that heat sealing can be perforned at a | ower ;
t enperature because of the |ow nelting point. The other resin
to be i ntlemeslaisarapleris hpatedefom 248°¢ f3@h° Catpl mte pf TP °Glofin fihird
particle dispersion of the resin may be prepared and applied to a .
seal i ng pesg)i on. [0035] As descri bed above, in the flat sheet
menbrane el enment of the present invention, the space for the treated

liquid flow pfﬂlgS%’?Rggg‘%ﬁgﬁﬁkwgﬂ“%ﬂ& I)Hi%&%?ti on nenbranes arranged

opposite to eac by the 'support por The shape, the
structure, et of the support portion are not particularly limted
as long as th@h%B’&elé IFYO?&F%g a&’?‘@g?é}éln Eli“héﬁﬁ st gumiaypiheatecur ed
between the filtration nenbranes. However, the support portion is

pr ef er ablapsexhegas éde sécoad stamsnddhe guapfity of st ebsalbed éhexttof dudis:om at
| east one nonwoven fabric, a perforated sheet, a pleated nateri al

havi ng canthething skép arddeitamiadd DynhtdpeitiiOhsiwean BB EBhEBESc, 0f a
shape in which a plurality of linear portions arranged in parallel

toward t b 4iqui [ e nected in a transverse :
directi o@gaéggg%g?oddgs%ggzﬁg{: lgﬁg %?gc\'eiirgéé)(fm\%g "a plurality of flow :
pat h operti n comunicating with the treated liquid outlet side. ,
When t he g@%gort material is interposed between the opposing
filtration nmenbranes, a configuration can be nmade, in which the
treat ed wat er Theskindager isprefemabiyissdhiodad possitde fordateasingttbe flowt | et
while the filtration nmenbranes is stably supported.

rate (increasing the performance), and the method (1) is preferred because a

thin layer of about 20 to 50 pm can be produced, and the method (2) is more
preferred because a thinner skin layer of about 2 to 20 um can be produced.
[0029]

Since such a fluorocarbon resin film becomes difficult to handle and
cannot be expanded as the thickness decreases, an expanded porous film
composed of a fluorocarbon resin thin film can be produced by bonding the thin
film to a substrate and then expanding the thin film and the substrate at the
same time. When an expanded PTFE porous material is previously used as
the substrate, a composite material of the substrate and the porous film ean be
used ag itis. In this case, the porous substrate preferably has a porosity of
40% or more land a Gurley second of 30 seconds or less and preferably a |
porosity of 60% or more and a Gurley second of 15 seconds or less for

increasing the flow rate (increasing the performance). The Gurley second is



In order to securely formthe flow path, a plurality of support
materials may be interposed at a predeterm ned interval between the

i nner surfaces of the opposing filtration nmenbranes. I n
addition, the support material is preferably fixed to at |east a
portion of the opposing filtration nmggbranes. However, in a case such
as back washing in which the | oad pressure applied fromthe treated
liquid side is |ow, the support material may not be fixed. [0036]

As t he suppornt terial,..a nesh-shaped n mat erj.al. i ncluding a

o ur i ¢ §agpary R kR RE SRR ph OlbaR By Pt Selwdpep e t  eat ed
liquid outlet side and connected in_the transverse direction is

pr ef er abeaggsids instrumepp agepeding tralSABSHT. al , t he spaces forned

bet ween the adjacent |inear portions serve as flow paths extending to
the treaf@sBd]i quid outlet side, and thus the treated |iquid can be
securely led to the treated liquid outlet. 24 Therefore, the treated

l'iquid does npf, ﬂ:iﬁﬂa&éei‘a}{u{e% %]%[1%118§9@1%t IRIRLaRG, hﬂm[‘ug%? afufedl ng

snoothly led to the t urd outqlet, si gni ?I cant Fov

the trea flowrate. As a resul.t, thin support material can be
used,  and THA nprsa ap gt Barircerl £ ERRETS 4T FRBTAR SRF Bariieh ek hogtre

vol une can be secured. As the net material, particularly, a net
mat er i al remevediby ghesiseleraprnged THER@Epus memhyane rmmeyentingicloggiakl el
toward the treated liquid outlet side and connected in the transverse
di r ect i oandietchrdssingy theesceltent Hdiration ferfoemancesiWaen shoslahdnpd iy

used. For exanple, an extruded net manufactured by Naltex Co.,

[ Nal tex preaisd,enedkid ﬁ@‘[elbg%%a brd¥Rt8d 14 A5vet2 BRa1INBRAORLOG 1A RR: NAT

can be preferably used.

the thickness is preferably 10 pm or less, particularly 5 um or less, when the
pore diameter is 0.4 pm or less, particularly 0.1 pm or less.

When the skin layer is provided, as described above, the skin layer is
disposed on the treated liquid side (outer surface side) so that salid particles to
be separated can be prevented from being irreversibly captured in the pores of
the skin layer in a stationary state after the initial stage of solid-liquid
separation treatment. In addition.,‘the deposit can be easily removed by back
washing.
foos1l

When a laminate of PTTE porous membranes having different pore sizes
is used, the filtration membrane preferably includes a laminate of at least two
layers including a dense expanded PTFE porous membrane having a smaller
pore diameter and a PTFE porous membrane having a larger pore diameter
than that of the expanded PTFE porous membrane.

In this case, it is preferred that the expanded P'TFE porous membrane



The support material is preferably conposed of a polyolefin resin, a
pol yester resin, a fluorocarbon resin, or a netal material coated
with a polyolefin resin, which is excellent in chem cal resistance
and capabl e of heat fusion. The polyolefin resin is preferably

pol yet hyl ene or pol ypropyl ene, and t fluorocarbon resin is
preferably PEA or FEP. In addition, in the case of m|d operation
condi tions, various engineering plastics such as ABS
(acrylonitrlle;gﬁéadieneistyrene resin, PBT resin, PPS

( pol yphemiviea laneer pete dianicler ipkaminaged grthemner sarfapesidaes theand t he
i ke may be used. In particular, when the flat sheet nenbrane
el enent fegpahddd PAFEqurofs membpass hatingnvensliarpdrs digeetef 86 asit@boage
treatment using the support portion conposed of a nonwoven fabric or
a mesh (RRkd asd ROHYA Ffthd ksl A2 EIT Gofb dsAMeIBldr Wb RRE Qlsmdledh
processability, and | ow hydrolyzability is preferably used. 25 \Wen
a high congcenptration of ozone with extrenely high oxidizing power is
used forpagéﬁﬁﬁ%%bg fluorocarbon resin is preferably used. [0038]
When a nonwoven fabric or net (nesh) nmade_of a polyolefin resin or a
heat - f usi ng f Vb§R3Ra eEBARGeSsE HI'E poseis membpnobavial acmaller|are nat ed
and integrated as the support material with the expanded PTFE

menbr ane didweteexainptmtattamith at bondehiv the seapottym@abénthettehtedneat i ng
under pressure using a heat roll or a heat-sealing apparatus. In this

case, pregsd gamé%]ﬂﬁ@mgn 3héb L AHMLIFERF T, HeriusfeB RaRdad Ko RRRPUS

menbr ane having a higher nelting point so that the surface of" the
net, the f i i i hal y heat
Franst or PRnigpEEthe ARRbf mBibkt food il suBeBRENT potsdPiSEPY T
enters the finge r of the PTFE porqus .renbrape, and, i n

cool ed, %@%'Eﬁaﬁﬁrﬁg%%ﬁ%ﬁo&fﬁt@ sggltge ?ﬁéer&l‘aé’ld’ ?{ﬁg@ttgﬁﬁm%ﬁﬁent can
be produced by the above-described sinple work at a | ow cost.

| n addi t PO MEREARGDETNE ADRFEer Nore diparctedis laminatedam therioner sheet
may be provided by point bonding w thout being conpletely fixed or
separ at elsyrfacoviddethe entire sutfiee of the ofpheded PATESp@baemensbraaed, a
material having a low fl ow resi stance and a | arger pore size is

l[oggg S]r ablhvef) £6alePpeRUEIMbG A8 {RH dshepdiiGlicmasbEdk, support.

thereby permitting treatment without a decrease in the flow rate.

When expanded PTFE porous membranes having different pore sizes
are laminated, a laminate can be easily formed by laminating two types of
expanded PTFE porous membranes, preferably expanded PTFE porous
membranes in an incompletely sintered state, and integrating the membranes
bﬁr sinfering.

[0032]

When the treated liquid is an aqueous system, according to demand, a
hydrophilic polymer having excellent chemical resistance is preferably fixed on
the outer surface of the expanded PTFE porous membrane to enhance the

hydrophilicity of the surface,



The support material nmade of the nonwoven fabric or net, or the other
porous sheet may be lam nated directly on the expanded PTFE porous

26 nmenbrane as descri bed above or | am nated through anot her porous
menbrane di sposed on the inner surface side of the expanded PTFE
porous nmenbrane as long as it is posigyi oned on the inner surface side
of the expanded PTFE porous nenbrane which faces the space. In
such a | am nate, the nonwoven fabric or net, or the other porous

sheet can stably intai n the pl anar, shape of t filtration menbrane
provi ded with ﬁén"g%ﬁ%ﬁlw&%@ﬁdwﬁﬂﬁw%ﬁ@%%% eioh i t i ng
the flow path of the treated |iquid. [0040] Further, the
support reapended PEY peoeomeiprarel fovetranplet aavater ingolnbilizapipnrt t he

pl anar shape so that the pair of filtration nmenbranes is supported in

a pl anar Iﬁaﬂlﬁdbﬁnmﬁlsﬁﬂ,ﬁﬁQﬂ&icH?vai@I alcohol hav¥iRg trBla$ivER xSt | On,
t he peripheral edges of the filtration nenbranes are seal ed and fi xed

i nst ead i : [BYs1; f. i bel ow,
5ot hat (RSt SUARGL | Lctopiialdld B UBAERC AT AREE KRR O
i on menbranes in a planar

support material to intain the filtr
formfr OMSH%?’EIQF”d[%@ﬁt or "r"S’STkPIIFQ‘IEl V&?‘t’ SHradepb NG P ePhent f or
filtration of the present invention is provided with the peripheral
seal i ng soesstinkivsasensal Thepetthethods cohimpartduyeeplolicithwhagpissi ng f | at
sheet nmenbrane shaped filtrati on nmenbranes so as to provide at | east
one tr eatchemlicAily w@latistelestabanmel y, the peripheral edges of the
filtration nenbranes, excluding the treated |liquid outlet, are
seal ed. In another method, an ethylene-vinyl aleohol copolymer is dissolved in
IPA (isopropyl alcohol) or the like and then insolubilized on the PTFE porgus
membrane.
This hydrophilic treatment can decrease bio fouling,
[0033]

The filtration membranes can be configured by opposing in parallel a
pair of two filtration membranes or folding a filtration membrane into two
opposing parts as long as the filtration membranes are opposed with a space
provided therebetween for passing the treated liquid. Since the expanded
PTFE porous membrane has sufficient flexural strength and flexibility, the
filtration performance and strength are not impaired even by folding, and the
labor of sealing one of the sides of the peripheral edge can be saved, causing an
advantage in cost.

The opposing sides of one or two flat sheet membrane sheets are

preferably sealed by pressure heating, a laser, or the like.

[0034]




27 [ 00421 The peripheral sealing portion is nmade of the

peri pheral frane, and the peripheral edges of the filtration
menbranes may be fixed to the peripheral frame, |eaving the space. In
this case, the opposing filtration nenbranes are fixed to both outer
si des of the peripheral franme by heat22seal i ng or bondi ng. In
this configuration, the treated liquid flow path is supported by both
the support material and the peripheral frame, and the peri pheral

d f the # | : i .
orotected by LG RarioRaral Hrarel Bl rkafus ARNihe 8P HeefRe R th o
flat sheet | t for filtration  [00431 Th
peri phor SPRRARLE R EE RGPt BSFPAEERA Ge 1F o P i Pare @ tas o

polyolefin resin, e.g., polyethylene, polypropylene, or the like, a
pol yest eseaking hy fegion of ainadher rasbonas pesdhesive resinAvhehngintesioged a

metal material of stainless steel which is previously treated wth a
primer miytweert tiad @tborinielexdadicdPTERbrehs Mehhraasd.i cl es of the

pol yol efin resin, the polyester resin, or the fluorocarbon resin and
then baked. Ljkepd $UROANL ad | . f an be
heat - seal ed m#%h tﬁ%BPTF neﬁg?%heEﬁg?g%#ggj?gggﬁhgﬁﬁéa%ﬁﬁhggﬁggion
and bondi ng _property wth.the fil tyatiQn menbranes. [00441 Li ke
the suppaPennr B e BaiBresa sR IR Hith BOR R impp DegadPe &7
surface area,in contact with the liquid as conpared with the

filtrati B (polybutylene terephthalate) is preferred as a specific resin component.

The use of a fluorocarbon resin such as PFA or FEP has the advantage of
excellent chemical resistance. The use of a polyolefin resin such as
.polypropylene, polyethylene, or the like has the advantage that heat sealing
can be performed at a lower temperature because of the low melting point.

The other resin to be interposed may be formed in a film or a plate, or a
fine particle dispersion of the resin may be prepared and applied to a sealing
portion.

[0035]

As described above, in the flat sheet membrane element of the present
invention, the space for the treated liquid flow path is secured between the
filtration membranes arranged opposite to each other by the support portion.

The shape, the structure, ete. of the support portion are not particularly
limited as long as the space for the treated liquid flow path can be secured
between the filtration membranes. However, the support portion is
preferably composed of at least one support material selected from at least one

nonwoven fabric, a perforated sheet, a pleated material having continuing V-




28 menbranes, and thus, even when made of the polyolefin resin, the
peripheral frane is little degraded with various chem cals used for
chem cal washing and does not decrease the strength of the flat sheet
menbrane el enment. However, fromthe viewpoint of the chem cal

resi stance, the support portion and HRe peripheral sealing portion
are preferably conposed of a fluorocarbon resin such as PTFE, PFA,
FEP, PVDF, or the like, and particularly preferably conposed of FEP

or PEA ich js easily heat-fused. apd js excel|ent in chemncal

Fesi st anEBaPethbPHcBeELiohs. gy agh Talestil Phe P%ﬁp%%wh%@l,u%m QS gicar

engi neering plastics such as polyolefin resin, polyester resin, ABS
resin, PBPriienss arapgg he;sam]legﬁma,:d &heltrehted ged mmylebeide seel. As
descri bed above, fromthe viewpoint of excellent workability, the

per i pher abnhdcdsinayrdievenaposetonf aml AptrbsddalRalcdiro¢dal edipht h t he
above-described resin material. [00451 | nstead, of using the

eri pher ; i t i .1 Lrati on
ey ance HaL P Ef 000 DoRE bR Clork iitating in PRPOTL0 Rat ThetT o,
t he fiItr%{ion menbranes may be placed on the support material having

t he pl an&t“®shape hol di ng force. In this configuration, the

peri pheral sealing portion can be formed by sinply sealing the

peri pher al ed%@nghe SHRPYIL M atariabi interbesaddwtwhen haven mosivigfilinpiione
treated liquid flow path with the support material, thereby

faci | i t amemgbtanesmmeafgntratien oin bhenddeain whivdt thawpdutad eragérenent for
filtration and reduci ng the nunber of parts. In particular, when the

peri pher %’erxﬁgﬂﬁd 18 Qo 8fniOfted e tHd Lrbh@liWReFERNEERR. the fRSAGGH tO be
protected, a frane may be provided to cover the seal portion.
membranes is stably supported.

In order to securely form the flow path, a plurality of support materials
may be interposed at a predetermined interval between the inner surfaces of
the opposing filtration membranes.

In addition, the support material is preferably fixed to at least a portion
of the opposing filtration membranes. However, in a case such as back
washing in which the load pressure applied from the treated liquid side is low,
the support material may not be fixed.

[0036]

As the support material, a mesh-shaped net material including a
plurality of linear p(;rtions arranged in parallel toward the treated liquid
outlet side and connected in the {ransverse direction is preferably used.

In such a net materizl, the spaces formed between the adjacent linear

portions serve as flow paths extending to the treated liquid outlet side, and

thus the treated liquid can be securely led to the treated liquid outlet.




Al t hough the sealing nethod may use either heat or an adhesive, heat
sealing is preferred because the elusion of an adhesi ve conponent can
be prevented in an operation of the filtration apparatus and during
washi ng, particularly during chem cal washing treatnent. [00461
Alternatively, the edges of a filtratj,on nenbrane conprising one or
two flat sheet nenbrane sheets may bé sealed to forma cylindrical
filtration nenbrane, and frames nay be provided on the openings at
both ends of the cylindrical nenbrane. In addition, the peripheral
seal por thhggedose, fhefeaated Yavidioeguebataydnshe flak shiet onarhbraperalohenty of
the support material. [00471 . In the flat sheet nenbrane el enent
i ncl udi nguidhie siidothlgfedto thertbectoé diqnidhpaided sighifitbhlyagmpacdias ghavhi ch
is excellent in chem cal resistance according to the present

I nvent i ORyedtBRn@ TG raRdr L £s §Y6HURS: (S sﬁ%’@%@&ﬁ tgﬁﬁfﬁnal&e uled®anda
peri pheral franme, and the I1ke are also e &} a uorocarbon resin
w th excellent..chen.cal,.resi st.ance so that .the whole is conposed_ of a
f1 uoroc aﬁ%‘&ﬁ‘? %&ﬁﬁ%@?@? BreEbraRg ﬁr‘ff%g?@‘l thSAme; Véﬁ‘é‘gg Q%I%E&eweﬂeat
sealing or the like, an O ring or the like is not required, and thus
the el enent caf threngipatainl paciicsnastly, alnet ohataiisbinsludieg adiluplity of he

| oad of the treated liquid and the washing chemcal. Further, in

heat - seallimegr téeng airanged ompamillel sovesd thberdatéd hghidautled@idsadd anes
and the franme, or the filtration nmenbranes and the support naterial,

a bi nder ;gaR.Ed US Bk RehVReE DRI BRI files rQQiP@taHHelytrm ifledrTefnB Y1 NG

a nelting point equal to or |ower than those o ranes and the

menbers -qQr i [ cont aini articles in order .to.inproye
wor kabi | ipﬁﬁ/f%’é%”c}??‘%‘?ag??ﬁ ’%ﬁ‘%’le’ Qge’%ﬁ“@%‘ﬁ“@%&?“%&ﬁﬁ?dﬁjﬁéﬁﬂg% ¢,
seal i ng can be perfornmed b |.yi ng appropriate pressure and
heat for \fg&g‘ﬁ?‘ Z%Fsr‘i@reg téi*f%fh@%mieﬁ I&F‘)@ %@%%ﬁg thfﬁé)pﬁéﬂé_@P PiABerwus
menbranes, but the pressure is preferably rel eased after heating for
a predet demratgablymsedhr ough a cooling step. This is because if
cooling is not preforned, the nenbranes may partially adhere to a

menber syod8ds a heater and may be extended. These techni ques can
finish a PTFE porous nenbrane having |ow nelt viscosity and | ow

adhesi veness Qe gufidit $ateRAPRYEBler Y1y Rop AL d &1d Fy oA va0d, hi Tt €

el usi on.

polyester resin, a fluorocarbon resin, or a metal material coated with a
polyolefin resin, which is excellent in chemical resistance and capable of heat
fusion. The polyolefin resin is preferably polyethylene or polypropylene, and
the fluorocarbon resin is preferably PFA or FEP. In addition, in the case of
mild operation conditions, various engineering plastics such as ABS
(acrylonitrile-butadiene-styrene) resin, PBT resin, PPS (polyphenylene sulfide)
resin, PEEK (polyether-ether ketone), and the like may be used.

In particular, when the flat sheet membrane element for filtration of the
present invention is used for drainage treatment using the support portion
composed of a nonwoven fabric or a mesh (net), a polyolefin resin having a low

melting point, high processability, and low hydrolyzability is preferably used.




[ 0048] According to a second enbodi nent of the present
invention, there is provided a fiat sheet nenbrane filtration nodul e
including the flat sheet nenbrane elenent for filtration which is

di sposed with a space and integrally assenbl ed, and characterized
being used for filtration of an extergal pressure type or external
pressure sucking filtration of an inmersion type. [0049] The
flat sheet nenbrane filtration nodul e of the present invention can be

configuregnto inclhude a pluraljpty of .t,he flat. sheget nbr ane el enents
Cor o1t iyt e BRefuab Skt e il Pre Bty BiER oxt G RRawe it e
liquid 31 collecting tube di sposed above the_ el enents, wherein an
end of eadpedbiorprashins, aulbeoroemripe resin iy preferablyceiedon treated |iquid
collecting tube is connected to the treated liquid outlet provided on

t he upper [6088] ace of each of the flat sheet menbrane el enents for
filtration-arranged in parallel so that the flat sheet nenbrane

el ements for fywhbf atdodRdeh 208801 Retheedh) ﬁhfdléwaﬁuﬁxafézﬁl%sﬁma

support ed. this configuration, many at Sheet nenbrane

I n
el enent s Eibt i can _be_disposed, and thus.a | arge,eff.ective
renbr ane. Apeshisind B0 B0uERR s BRET L me R iR i tapiE B ERt nen
capacity. . In addition, a filtratjon apparatus including aeration
devi ces di@ﬁ%’é”é‘f%&] Betherrnonbmateial yvith dhe pxpanded dTHE: memphvane) skent s

can be easily configured, and the nenbrane surfaces can be unifornly
washed. example, lamination can be easily performed by heating under pressure using

a heat roll or a heat-sealing apparatus. In this case, pressure and heating are
applied from the expanded PTFE porous membrane having a higher melting
point so that the surface of the net, the nonwoven fabric, or the like is partially
melted by heat transferred through the expanded PTFE porous membrane,
partially enters the fine pores of the PTFE porous membrane, and is then
cooled, realizing a secure seal. The flat sheet membrane element can be
produced by the above-described simple work at a low cost.

In addition, the nonwoven fabric, the net, or the other porous sheet may
be provided by point bonding without being completely fixed or separately
provided.

When the other porous sheet is used, a material having a low flow
resistance and a larger pore size is preferably selecied because the need for the
function as the support.

[0039]
The support material made of the nonwoven fabric or net, or the other

porous sheet may be laminated directly on the expanded PTFE porous



[ 0050] The flat sheet nenbrane elenments for filtration are not
necessarily arranged in parallel and can be arranged in a radi al

form a helical form a formin which a flat sheet nenbrane el enent
forms each side of a polygon, a concentric form or the like as |ong
as a plurality of the flat sheet nen@Gane el enents are arranged with
spaces. [00511 The flat sheet nenbrane nodul e may be configured
so that one or both of the end openings of a cylinder or bag-Iike

filtrati QRoMBIREARCAGRRHEN RbAE G ISHRRRIH (HRIGH otﬁgkeﬁ:ﬁ#)ﬂs Mefahrane

nol d-fixed, I1n an opening state, to a fixing ne orma treated

l'iquid ou | et hIS case er.apl th 32 ne er serves
as a perﬁ%ﬁ%ﬁﬁﬁo Fﬂﬁfﬂﬁﬁ#wgﬁﬁ%éﬁ%g é&ﬁ?ﬁﬁ#ﬁtﬁgggPﬁ%mﬂ¥ TRLEAREAS
menbrane el enents for filtration, and the end openings are

conmuni cdeeganiiis popdionad oadheinner syriage sidedf e gmranded RiRMperous
collecting tube serving as the treated liquid outlet. In this case,

t he fi xi ngembrdner whivhh facesathespateed t hereto are preferably conposed of
a polyolefin resin or a fluorocarbon resin, but another resin, e.g.,

an epoxy resi n efich!s ¢AaRe (88 HBnwBRn %rm%etaﬁ%@% B JRo@PSIaL 1 on
condi tions (partlcularly, washi ng condltlons) and an ABS resin nay

be used f e e _peripheries
thi s configfal %%%3%%%%3%&#@%?%%& DR Rt g grieh "
plurality_of the heet nenbrane el ement and a treate i quid
outl et nédb8 eﬁatm%@ E&E@.P&éﬂﬁ @Pm@aw BithoRb ik omaftﬂa}f

el ements, thereby sinplifying and facilitating the nanufacture of the
flat shedreateddicaid filtration nmodul e. Wien the flat sheet
menbrane filtration nodule is configured to include a plurality of
the fiat [6bée@t nenbrane el enents, the nesh may be provi ded between
the adjacent cylinder- or bag-like filtration menmbranes, or if

required, prowigggy ﬁhe%qm;@ﬁtmémehlal 19 108k BRI RNEHeaRe FHEE BT SO
that the flat sheet’ nenbrane el ements are di sposed w t hout spaces.

I S0 R e PO ARSI oo o

in a planar form by the support material.

In this configuration, the peripheral edges of the filtration membranes
are sealed and fixed instead of being supported by the peripheral frame
described below, so that the opposing filtration membranes can be supported
by the support material to maintain the filtration membranes in a planar form
from inside.

[0041]

The flat sheet membrane element for filtration of the present invention
is provided with the peripheral sealing portion for sealing the peripheral edges
of the opposing flat sheet membrane shaped filtration membranes so as to
provide at least one treated liquid outlet. Namely, the peripheral edges of the

filtration membranes, excluding the treated liquid outlet, are sealed.



The flat sheet nenbrane filtration nodul e of the present invention is
very excellent in chem cal resistance and nechani cal strength and
thus can be preferably used for drai nage containing activated sl udge
as a liquid to be 33 treated. In particular, the flat sheet
menbrane filtration nodule is very e llent in that it can be stably
used for activated sludge (liquid tobe treated) containing 5,000 to
20,000 ng/L of MLSS (M xed Liquor Suspended Solids). Advantages

[ 00531 fs descri bed above, the flat sheet nenbrane el ement for
filtrati dRO%3! the present invention uses a flat sheet menbrane sheet
conposed of at |east an expanded PTFE porous nenbrane as a filtration
menbr ane and Thetpbriphered abléumg portionfis migdatdfdhe peripbermhhoerspdd\the y
excellent in chem cal resistance and nmechani cal strength. Therefore,

when t he @haimRpAl dagsh opﬁlélﬁﬁfhtf&lrmém%Eéﬁés' Rl Bé iRbQ B Yo it

drainage with highturbidity, particularly drainage containing
activate arI t t 5.00Q to 20, 000
ng/ L of %ﬁ%@gdggwngﬁénégper%&%% da%‘?r%glgo?pg ]g%ﬁ#?%}?%%&éa% ages fi¥sed
sea area or cCi sewerage c ains oil foul i ng, i norganjc
substancé-%‘eéitf@hmé%o’é?elrl E§ Ogt eP%IHHh‘%IﬁEﬁﬁF%{aebYthlﬁéahﬁgﬁ’é lipgwith a
hi gh concentrati on of oxidizer or a high alkali chem cal which cannot
be used in a twivierpibpatatshethentreataddiguidrBowanitl & supgadtedany Hash
applied in an aeration operation. As a result, the el enent can be

r epeat edlthe yapgoltymaiReay end tbe pBephéral GRS anfl4ns befiphe@lddgesSifaké €
perneation flow rate can be achi eved over a long period of tine.

The Conf'ﬁl [i{dnORe ABrandsl fHa (HaGR! ‘?é thé
nunber of e par?s 5ssesrrbl e an%i)p a %%t%%g? ﬂ%ghéﬁ?t ate
SZ?%n?!sy 15 é}g Vﬁerebygfogmngge ¥ B0re Std {){eaffsﬁ;sshgg{ Methbhhne altelm%?l’t fc%nd
filtration.
[0043]

The peripheral frame is preferably made of a resin material such as a
polyolefin resin, e.g., polyethylene, polypropylene, or the like, a polyester resin,
or a fluorocarbon resin.

Alternatively, a metal material of stainless steel which is previously
treated with a primer may be coated with a dispersion of fine particles of the
polyolefin resin, the polyester resin, or the fluorocarbon resin and then baked.
Like the support material, such a peripheral frame can be heat-sealed with the
PTFE membrane material to enhance the adhesion and bonding property with
the filtration membranes.

[0044]
Like the support material, the peripheral frame has a small specifie

surface area in contact with the liquid as compared with the filtration




the efficient removal of deposits. Brief Description of Draw ngs

[ 0054] [Fig. 1] Figure 1 shows a flat sheet nenbrane el enent
according to a fast enbodinent, Fig. 1(A) being a schematic
perspective view of the flat sheet menbrane el enent, and Fig. 1(B)
being a sectional viewtaken along Iine A-Ain Fig. 1(A). [ Fig.
21 Figure 2 is a drawing illustratingdhe structure of the flat sheet
menbrane el enent of the first enbodi nent. [Fig. 3] Figure 3 is
an enlarged schematic drawing illustrating the structure of a
filtration nbr ane 8f the first enbodi nent. 41 Figure 4
is a drawitABbineRs ARd4hns sves neen mederhibe Dolyolefin raﬁmn,%ba@p@ph@naﬂag
the flat sheet nenbrane el enent according to the first enbodi nent.
[Fig. 5] #agerielibtle degradedwitigvation dgnacdls isedfdrahe syigd maishingusidg
the flat sheet nenbrane filtration nodule shown in Fig. 4.

[Fig. 6] d&deBWod dBeretsdthl @RdhathOMKONAN B FRMBhEE efén?é’ﬁtr arﬁ%eaézt er
an acid resistance/al kali resistance test in an exanple and

conpar ati %g%et)rf]l%r@%vgpomt ?f the[ eg_ucai Jf?fléi%?&? tﬁe ﬁ enI a&ggn%&f hemati c

drawi ng s configuratron o trach ane % first
nodi fi ed exa Ie of theflat sheet rane el e t of the first
ermbodi mgngenprﬁ) ral sealing portion are prefernﬁ[TJD y compose % rEluorocarbon resin

such as PTFE, PFA, FEP, PVDEF, or the like, and particularly preferably
composed of FEP or PFA which is easily heat-fused and is excellent in chemical
registance. In the case of mild operation conditions, various engineering
plastics such as polyolefin resiln, polyester resin, ABS resin, PBT resin, PPS
resin, PEEK, and the like may be used.

As described above, from the viewpoint of excellent workability, the
peripheral frame may be composed of a metal material coated with the above-
deseribed resin material.

[0045]

Instead of using the peripheral frame, the peripheral edges of the
opposing filtration membranes may be sealed by heating under pressure ox
laser, and then the filtration membranes may be placed on the support
material having the planar shape holding force.

In this configuration, the peripheral sealing portion can be formed by
simply sealing the peripheral edges of the filtration membranes while
maintaining the treated liquid flow path with the support material, thereby
facilitating the manufacture of the flat sheet membrane element for ﬁltration‘

and reducing the number of parts. In particular, when the peripheral edge




[Fig. 8] Figure 8 shows a second nodified exanple of the flat sheet
menbr ane el enent of the first enbodiment, Fig. 8(A) being a schematic
35 sectional view, and Fig. 8(B) being an enlarged view of a

princi pal portion. [Fig. 91 Figures 9(A) and 9(B) are draw ngs
showing a third nodified exanple of tdge flat sheet nmenbrane el enent
of the first enbodi nent. [Fig. 10] Figure 10 shows a fourth

nodi fi ed exanple of the flat sheet nenbrane el enent of the first

1 st r e e ePpdRbAB hes 3y SRR BRI B AR e i o

10(B) bein ectional view of the flat sheet nenbrane el enent.
[Fig. 11]Prg?”§&a§°f‘1"e§ﬁ fsed portiensheet nenbrane el ement according to
a second enbodi nment, Fig. 11(A) being a schematic perspective view,
Fig. 11(B) beildoagh theweting methadaompuse dithappbdor apladhesishdventi n
Fig. 11(A), and Fig. 11(0 being an enl arged sectional view of a

princi palsepbhf i Oprdfakedbedne thd SiRsBnfian fdh@sivé boMbonent can HeH 9. 121
Figure 12 shows a flat sheet nenbrane el enment according to a third

T e AR A )
an oxpl odBHRE OB Yoo A SARREECP3EB) Dol g & Sect | onal vi ow
of an assenbly state. [Fig. 141 Figure 14 shows a flat sheet
menbr ane [#946]r ati on nodul e according to a second embodi nent, Fig.
14(A) being a schenmatic perspective view, and Fig. 14(B) being a plan
Vi ew. Alternatively, the edges of a filtration membrane comprising one or two

flat sheet membrane sheets may be sealed to form a cylindrical filtration

membrane, and frames may be provided on the openings at both ends of the

cylindrical membrane. In addition, the peripheral seal portion is preferably

configured to be fixed to the periphery of the support material.

[0047]

In the flat sheet membrane element including the filtration membranes

composed of PTHE as a base which is excellent in chemical resistance

according to the present invention, the other parts such as the support

material, the peripheral frame, and the like are also made of a fluorocarbon

resin with excellent chemical resistance so that the whole is composed of a

fluorocarbon resin. Therefore, when the element is assembled by heat sealing

or the like, an O ring or the like is not required, and thus the element can be

applied to almost all chemicals according to the load of the treated liquid and

the washing chemical.

Further, in heat-sealing the filtration membranes, the filtration



[Fig. 15] Figure 15 shows a flat sheet nenbrane filtration nodul e
according to a third enbodi nent, Fig. 15(A) being a perspective view,
Fig. 36 15(B) being a sectional view taken along line CGCin Fig.
15(A), and Fig. 15(C) being a partial vertical sectional view of Fig.
15(A). [Fig. 161 Figure 16(A) igya drawing show ng a support
material of the third enbodi nent, and Figure 16(B) is a perspective
view showng a cylindrical filtration nenbrane of the third

enbodi nment . Fig. 4171 Figyres, 17(A and ( are sectional
views shoWemP REH %ﬁléegleeégwr %Igﬁ’cﬁaﬁraéw Iﬁﬁ'&lﬁda‘l‘e.sf%dtt%)‘a’tsiuBﬂo nbr ane.
[Fig. 18] Figure 18 shows a flat sheet nenbrane filtration nodule
accor di ngmeéemak g birdercapdei uned betweep botdmgtepalnhy appemerelimye

view, and Fig. 18(B) being a sectional view taken along line DD in

Fi g. 18( Ahaving a meltiiggpoidBdy kil goibelotrehanshaseldf ahe sleadirareibnde:
filtration nodul e according to a fifth enbodi nent, Fig. 19(A) being a

dr awi ng oy cltRr¥BPk &t APY BRAIning P rfil18s ‘n]&(d@tc{) hBi@vE o fghi¥ibFW Of
the fl at sﬁeet lmarrbra%éa filtrati oﬁéﬁoélﬁl e.1 %‘ﬁgl Vzgi%lrFi&gu'rc)g 20
shows a fllzﬁ slhﬁ)eﬂ;é. menbrane filtration nodul e according to a sixth

enbodi nent’ Ei’b. B’(A) bei ng a drawi ng of the whol e arrangenent, and

Fig. 20(B) being a side_view of the flat sheet nenbrane filtratjion
modul e. Ref er & Eha\giker hprd, the heat sealing work can be performed by applying

appropriate pressure and heat for suppressing a change in the porous
structure of the porous membranes, but the pressure is preferably released
after heating for a predetermined time through a cooling step. This is
because if cooling is not preformed, the membranes may partially adhere to a
member such as a heater and may be extended. These techniques can finish
a PTFE porous membrane having low melt viscosity and low adhesiveness to a
filter component with high reliability and little elusion.

[0048]

According to a second embodiment of the present invention, there is
provided a flat sheet membrane filtration module including the flat sheet
membrane element for filtration which is disposed with a space and integrally
assembled, and characterized being used for filiration of an external pressure
type or external pressure sucking filtration of an immersion type.

[0049]

The flat sheet membrane filtration module of the present invention can

be configured to include a plurality of the flat sheet membrane elements for

filtration which are arranged in parallel, and a common treated liquid



[ 0055]

10, 20, 30 flat sheet nenbrane el enent 11, 21,

31

collecting tube disposed above the elements, wherein an end of each of branch
tubes branched from the common treated liquid cpllecting tube is connected to
the treated liquid outlet provided on the upper surface of each of the flat sheet
membrane elements for filtration arranged in paralilel so that the flat sheet
membrane elements for filtration arranged in paraliel are suspended and
supported.

In this configuration, many flat sheet membrane elements for filtration
can be disposed, and thus a large effective membrane area can be secured,
thereby achieving a large treatment capacity.

In addition, a filtration apparatus including aeration devices disposed
between the respective flat sheet membrane elements can be easily configured,
and the membrane surfaces can be uniformly washed.

[0050]

The flat sheet membrane elements for filtration are not necessarily
arranged in parallel and can be arranged in a radial form, a helical form, a
form in which a flat sheet membrane element forms each side of a polygon, a
concentric form, or the like as long as a plurality of the flat sheet membrane
elements are arranged with spaces.

[0051]

The flat sheet membrane module may be configured so that one or both
of the end openings of a cylinder- or bag-like filtration membrane containing a
support material therein are mold-fixed, in an opening state, to a fixing

member to form a treated liquid outlet. In this case, preferably, the fixing



|
31 filtration nenbrane 12 support plate 37 13 peripheral frame 14
treated liquid outlet 15 expanded PTFE porous nenbrane 16 expanded
PTFE porous sheet

32

member serves as a peripheral sealing portion for a plurality of the flat sheet
membrane elements for filtration, and the end openings are communicated
with the inside of a collecting header and with a collecting tube serving as the
treated liquid outlet. In this case, the fixing member and a cap sealed thereto
are preferably composed of a polyolefin resin or a fluorocarbon resin, but
another resin, e.g., an epoxy resin or urethane resin, may be used, according to
operation conditions (particularly, washing conditions), and an ABS resin may
be used for a sleeve and a cap disposed in the peripheries.

In this configuration, one treated liquid outlet is provided for a plurality
of the flat sheet membrane elements, and a treated liguid outlet need not be
provided for each of the flat sheet membrane elements, thereby simplifying
and facilitating the manufacture of the flat sheet membrane filtration module.

When the flat sheet membrane filtration module is configured to include
a plurality of the flat sheet membrane elements, the mesh may be provided
between the adjacent cylinder- or bag-like filtration membranes, or if required,
provided in contact with the outer peripheries thereof so that the flat sheet
membrane elements are disposed without spaces. When the mesh is provided
as described above, bending of the filtration membranes can be prevented in
back washing.

[0052]

The flat sheet membrane filtration module of the present invention is

very excellent in chemical resistance and mechanical strength and thus can be

preferably used for drainage containing activated sludge as a liquid to be



18 nonwoven fabric 60, 70, 80 flat sheet nmenbrane filtration nodul e
71 net material 81 common treated liquid collecting tube 82 branch

tube 90 skin layer 100 filtration apparatus Best Mdde for Carrying

Qut the Invention [0056] Enbodi nents of the present invention
are described below with reference tggthe draw ngs.

treated.

In particular, the flat sheet membrane filtration module is very excellent
in that it can be stably used for activated sludge (liquid to be treated)
containing §,000 to 20,000 mg/L of MLSS (Mixed Liquor Suspended Solids).
Advantages
[0053]

As described above, the flat sheet membrane element for filtration of the
present invention uses a flat sheet membrane sheet composed of at least an
expanded PTFE porous membrane as a filtration membrane and is thus
excellent in filtration performance and very excellent in chemical resistance
and mechanical strength. Thereforé, when the element must be used for
filtration of highly polluted drainage with high turbidity, particularly drainage
containing activated sludge, particularly activated sludge with 5,000 to 20,000
mg/L of MLSS, for a long period of time or when drainage of a closed sea area
or city sewerage contains oil, bio fouling, inorganic substances such as silica,
oil, and the like can be washed out with a high concentration of oxidizer or a
high alkali chemical which cannot be used in a conventional element, a;nd a
mechanical load can be applied in an aeration operation. As a result, the
element can be repeatedly used by recovering the filtration funection, and a
stable permeation flow rate can be achieved over a long period of time.

The configuration as a flat sheet membrane element can reduce the
number of the parts assembled and the number of steps, can facilitate

assembly and washing of membrane surfaces during operation, and permits



Figures 1 to 3 show a flat sheet nmenbrane element 10 for filtration
according to a first enmbodinent, and Figs. 4 to 6 show a flat sheet
menbrane filtration nodule 80 including the flat sheet nenbrane

el enent 10 according to the first enbodi nent. The flat sheet
menbrane filtration nodule 80 is imersed in a liquid to be treated
whi ch contains high-turbidity suspenaéd conponents, for performng
solid-liquid separation, and is imrersed in an aeration tank

cont ai ni ng sewage and activated sludge to be used for a

menbr aneths effeidndremd8albeftdepaditd sl udge met hod. [ 0057] The fl at
sheet nmenbrane el ement 10 includes two rectangul ar sheet-shaped
filtrati miéf@’QgEﬂﬁﬁénéﬂ.ﬁr%ﬁll 1B whi ch are opposed to each other, a
pol yet hyl ene resin-made support plate 12 which supports the
fiItratiﬁ nbranes 11A and 11B with a space for a treated liquid

fl ow pat (ﬂ}#ivi ded t herebetween, and a pol yet hyl ene resin-nmade

peri pheral franme %3_havi ng a treated liquid outlet 14 provided in the
upper sur f acdFited dopure] 30358’95 a flat sheet oeypbrrang clingentaccotding ted  sheet
menbrane el enent 10 is fornmed by engaging the support plate 12 in the
openi ng (fitsttdirbgtimepherigl 1(A) detngldsaiedh 4t RGERdcERe Mo 6B¢heIhask Or
adhesi ve bondi ng, and then heat-sealing the peripheral edges of the
filtrati gpEReanss 1 ] : [ I : "

whi ch thg:nasuppoga t pl g%%élllgmﬁg'sﬁg)e%&?rﬁ%g?lgﬁgdﬁ&gﬁgk%%%ﬁp rhi:]1 %ﬁiegal
edges of .tge fi(%tr ation nenbranes 11A and 11B are sealed to forma
treated M Eﬁ& tlet. The peripheral edges of the filtration
menbranes 11A _and.11B are heat-sealed with the peripheral frane 13 by
heating the fiEig-rZdigheniss diraeng usipaing theosmpdyrapidhe dap sherid
PTFE porous nenbranes with a high nelting point at a tenperature

hi gher t hemhiia@eraddrhemoplibe fitrstofmbdtimeat.yet hyl ene resi n whi ch
constitutes the peripheral frane so that the surface of the

peripheral frigwe s}Figereistdrbddirg8al dcBemBYic fd?@«kirig;iﬂﬂﬁrﬁfﬂlé(ﬂhé hrough

the expanded PTFE porous nenbrane side and solidified by cooling. In
this confy Quhfbic?Q filkiGioh! Bimbrane of the first embodiment.

[Fig. 4] Figure 4 is a drawing showing a flat sheet membrane filtration
module using the flat sheet membrane element according to the first
embodiment.

[Fig. 6] Figure 5 is a drawing showing a filtration apparatus using the
flat sheet membrane filtration module shown in Fig. 4.

[Fig. 6] Figure 6 is a graph showing the pure water flow rates after an
acid resistance/alkali resistance test in an example and a comparative example.

[Fig. 7] Figure 7 is an enlarged schematic drawing showing the
configuration of a filtration membrane of a first modified example of the flat
sheet membrane element of the first embodiment.

[Fig. 8] Figure 8 shows a second modified example of the flat sheet

membrane element of the first embodiment, Fig. 8(4) being a schematic



39 sheet nenbrane el enent in which the bond portion between the frane
and the filtration nenbranes is strengthened can be manufactured

whi | e suppressing the cost by a sinple work. In this enbodi nent,
both surfaces of the support plate 12 are nade free w thout being
fixed to the filtration nenbranes 11A.and 11B. [00591 The

support plate 12 has many flow path geni ngs 12a which are

comuni cated. with the treated liquid outlet 14 side and. many

t hrough holes 12b in each of  the surfaces facing the fdtration
menbr anegegtigmalyew, mmdsibigy B&Y betne an enteeged vigwiod ameinnizalagriipm.ough
the fdtration nmenbranes 11A and 1113 snoothly flows into the support

plate 12 and {ligcheBigube 9(Aaned(B) snei dradttidgseshokdng L 9BEAnodified Fi 9. 3
is an enlarged schematic view illustrating the configuration of the

L B Rk 1 ST o

el ement 10 of t I ment . ration
menbr anes 11A.and IS osed,of .a | am. nate of ap .expanded PTFE
por ous menbra gl@ﬁﬁ”%ﬁg%@%ﬁﬁl% amale PLHRE ﬁ% éﬁ’ﬁﬂ ng a
| arger pore dianmeter and a |ar ger t hi ckness than those of the
expanded PaEbras dement abilerfirst smbodimergaFig. 30 (A) heirtg 4 sehempatie
menbranes 11A and 11B is produced by |am nating the expanded PTFE
por ous maydrspHteivd Yievn ilbistiginy € panerhrbyf bifak shedtym @xpai@d dlgmantjol di ng
obt ai ned by paste-extrusion of a PTFE unsintered
and Fig. 10(B) being a sectional view of the flat sheet membrane element.
[Fig. 11] Figure 11 shows a flat sheet membrane element according to a
second embodiment, Fig. 11(A) being a schematic perspective view, Fig. 11(B)
being a view showing a comb-like support plate shown in Fig. 11(A), and Fig.
11(C) being an enlarged sectional view of a principal portion taken along line
B-B in Fig. 11(A).
[Fig. 12] Figure 12 shows a flat sheet membrane element according to a
third embodiment, Fig. 12(4) being a perspective view, and Fig. 12(B) being a
sectional view.
[Fig. 18] Figure 13 shows a flat sheet membrane element according to a
fourth embodiment, Fig. 13(A) being an exploded perspective view, and Fig.
13(B) being a sectional view of an assembly state.
[Fig. 14] Figure 14 shows a flat sheet membrane filtration module
according to a second embodiment, Fig. 14(A) being a schematic perspective
view, and Fig. 14(B) being a plan view.

[Fig. 15] Figure 15 shows a flat sheet membrane filtration module

according to a third embodiment, FFig. 15(A) being a perspective view, Fig.



40 powder and a liquid lubricant, and the expanded PTFE porous
menbrane 16 prepared by the sanme nethod and having a | arger pore size
than that of the expanded PTFE porous nenbrane 15, follow ng by
sintering integration. [00611 The expanded PTFE porous nenbrane
15 used has, in a single nenbrane stgge w thout being lam nated with
t he expanded PTFE porous menbrane 16, a nmean pore dianeter of 0.0L1.
to 0.45 um a nmean thickness of 5 to 200 m a nean nmexi num | engt h of

col oot aneR Wiafa elfbiaIa6 ERRAUbE SR Gl BRETDAT BRauB (5] 2

m On the oqti@er hand, the _expanded PTFE porous nmenbrane 16 used
has, in ®°EhyPartalisras seetional ianmei¥iendP Y. | aminated with the
expanded PTFE porous nenbrane 15, a nean pore dianmeter of 1 to 15

itM a nean tHigktfd$gafe B(AbiskOdrapring ahdwingee supyork mtienidlerfghty of 15
to 100 umin a fibril skeleton surroundi ng pores. ~ Further, the

| am nat e thfrdtdaehRMpent et dFiEEDPEBY & ABSRbaAN AR olie; £xpanded
PTFE porous nenbrane 16 has a tensile strength of 10 bi/m®2 or nore

and SUChcgﬁﬁﬁlleiLE\%arﬁlg%@l%T’ﬁ%P%a iﬁtﬁﬁ@%ﬁ%@gﬁﬂlﬁ”“ darmaged wi t hout

decreasin pernmea | 'ow eve rsion in each of 3%
by mass sul fupj.c i.d, a 4% Ss ueous solution of sodi um,

hydr oxi de, an@lﬁﬂlaﬁcfggw ]gm{%ﬁnéiagﬁﬁﬁ aHPYHOERT S phveingmogdified
effective chlorine concentration of 10% at a tenperature of 50C for

10 days. ekam@dds ofajcylindrical fltrateonf hambshest nenbrane el ement 10, the
filtration nenbranes 11A and 11B are arranged so that the expanded

PTFE porous nifibr Bl&igile thaliows afistEldee mdeb@ndifdimatien niddaléli sposed
on the outer sides serving as the treated |liquid sides.
according to a fourth embodiment, Fig. 18(A) being a perspective view, and Fig.
18(B) being a sectional view taken along line D-D in Fig. 18(A).

[Fig. 19] Figure 19 shows a flat sheet membrane filtration module
according to a fifth embodiment, Fig. 19(A) being a drawing of the whole
arrangement, and Fig. 19(B) being a side view of the flat sheet membrane
filtration module.

[Fig. 20] Figure 20 shows a flat sheet membrane filtration module
according to a sixth embodiment, Fig. 20(A) being a drawing of the whole
arrangement, and Fig. 20(B) being a side view of the flat sheet membrane
filtration module,

Reference Numez;als
[0055]
10, 20, 30  flat sheet membrane element

11, 21, 31  filtration membrane

12  support plate




In this way, the expanded PTFE porous nenbranes 15 having a snaller
pore size are disposed on the outer sides serving as the treated
liquid sides so as to prevent solid particles to be isolated from
being irreversibly captured in the pores of the expanded PTFE porous
menbranes 15 in a stationary state a% er the initial stage of a
solid-liquid separation treatnent. I'n addi tion, the surfaces of
the filtration nmenbranes 11A and 11B each conposed of the | am nate of
t he expanded PTFE porous nenbrane 15 and the expanded PTFE porous
nmenbrane 16 aké s@pfipkersd ftagehydrophilic treatnent with crosslinl zed
PVA. The hydrophilic treatnent facilitates contact of the liquid to
be treated andi4cakredéat Bqsid dutlet f oul i ng and the |ike. [00631 I n
the flat sheet nenbrane elenent for filtration with the above

confi gurati onyseaglyH{daerin Ebfo%tsi:ﬂéhl ranes is formed by

| am nating the expanded PTFE porous nmenbranes having different pore

sizes, the fl sheet e elenent, is not only excellent in

filtration pe?%or %%ﬂ%ﬂ¥h§$§8HV@ €@fccel l ent in chenical resistance

and strength and thus can be washed with a high concentration of

oxi di zer or ahdal RaRVowgFelbrict her eby achi eving a | arge water perneate

flow over a long period of tine. [00641 42 Figures 4 and 5

show a flat sB@et0, 8nbrifhnehédtl hembiamn filvcition BOdalecording to a first

enbodi nent which includes the flat sheet nenbrane elenent 10 of the

first enbodi nept. pet matdif}gl fl at sheet nmenbrane filtration nodule 80

is used for external pressure sucking filtration of an i mrersion

type. As,sho in Fiqg. 5: the f]at sheet nmenbrane el enents 10 of

the first enb%gingﬁ?HQWén%#Pg#ﬂ@ﬂf?%gﬁé?%Fﬁ%i and a common treated

liquid coIIec%%ng tubg 8% i s di sposed above the flat sheet nenbrane :
el enments 10. alean P€ends of branch tubes 82 branched fromthe »
comon treated liquid collecting tube 81 are connected to the treated

liquid outl et8014skmoayeied on the upper surfaces of the flat sheet

menbrane el enents 10 arranged in parallel so as to suspend and

support the fled shueitisreapianaense! ements 10 arranged in parallel

Best Mode for Carrying Out the Invention
[0056]

Embodiments of the present invention are described below with
reference to the drawings.

Figures 1 to 3 show a flat sheet membrane element 10 for filtration
according to a first embodiment, and Figs. 4 to 6 show a flat sheet membrane
filtration module 80 including the flat sheet membrane element 10 according
to the first embodiment.

The flat sheet membrane filtration module 80 is immersed in a liquid to
be treated which contains high-turbidity suspended components, for
performing solid-liquid separation, and is immersed in an aeration tank

containing sewage and activated sludge to be used for a membrane-isolation



In this way, the flat sheet nenbrane filtration nodule 80 is
configured so that the treated liquid outlets 14 of the respective
flat sheet nenbrane elenents 10 are individually attached to the
branch tubes 82, facilitating exchange in units of the flat sheet

menbrane el enents. [0065] The oggeration of a filtration
apparatus 100 provided with the flat sheet nenbrane filtration nodul e
80 i s descri bed. Aliquid 2 to be treated which includes

dr ai nage Al i ed sludge including treated sewage and
BRI R,

i ntroduce n-an i mersion tank 3 and which has a M.SS
(M xed Liﬁbor Suspended Solids) of 5,000 to 43 20,000 ng/L is

per nmeat ed ﬁ?bugh the filtration nmenbranes 11 of the flat sheet
menbrane el ements 10 by driving a suction punp 4 and subjected to
solid-liquid d8pdiaztshest mentbrade clechenti6 ihdledeotworectaigad edsHeetiui d
collecting tube 81 through the branch tubes 82 connected to the
treated |ikhified MutdtRbSmdhbrand tRehd BIPPWEIAhBSpRodddaRdeadh by 4-

[ 00661 In order to separate and renove the suspended conponents

ai - bubbl P B ORGR, BhoddlE ol P2 SRR UL R AUEER © T

menbranes 11 of thg “Ll a% iﬁee,t menbr ape el emeniis 10, In_detail,
a bl ower Bembrapes bieand d1PAviEh ggeacyos adteated dauid owpgthregvades ng
pi pe 6, and the pressurized air is ejected through gas ejection hol es
(not showkerelfetwieen aandaz polyeiydencsreso-ypede patiphbea ftsese 73 hhvilg ar e
raised in the axial direction while being in contact wwth the outer
surfaces gbatdddiduidiouslbedd praidsdietie gRAtarfitk fHRr&dfr ongly separate

and renove the suspended
[0058]

As shown in Fig. 2, the flat sheet membrane element 10 is formed by
engéging the support plate 12 in the opening of the peripheral frame 13 and
integrated by heat bonding or adhesive bonding, and then heat-sealing the
peripheral edges of the filtration membranes 11A and 11B with the peripheral
frame 13 to which the support plate 12 has been integrated, and the peripheral
edges of the filtration membranes 11A and 11B are éeale& to form a treated
liquid outlet.

The peripheral edges of the filtration membranes 11A and 11B are heat-
sealed with the peripheral frame 13 by heating the filtration membranes 11A
and 11B ecomposed of expanded PTFE porous membranes with a high melting
point at a temperature higher than the melting point of the polyethylene resin
which constitutes the peripheral frame so that tile surface of the peripheral

frame 13 is partially melted by heat transferred through the expanded PTFE

porous membrane side and solidified by cooling. In this configuration, the flat



conponent s depositing on the surfaces of the flat sheet nenbrane

el ements 10. Consequently, nmenbrane filtration can be stably
continued. Air bubbling may be constantly perfornmed or periodically
per f or med. Al t hough each of the flat sheet nenbrane el enments 10
of this enbodi nent has one treated. | jquid outlet 14 so that the
whol e treated liquid is sucked into an upper portion, two or nore
treated liquid outlets nay be provided as in a flat sheet nenbrane

el enent 20 of a third enbodinment. In this way, since the flat sheet
menbr ane skeetmmembeing blenpndde mthickdthe bondnddrtion bettemetbhedrdthatnd hket
menbr ane-shaped filtration nenbrane, air bubbles can be securely

appl i ed tfnlahRnsHéheaesal strbfgifRAM adebe BidulRtured Whfe bhignbidhe
sheet nmenbrane el enent includes an expanded PTFE porous nenbrane,

mechani ¢ | |l ent, and suspended conponents can be
st rongl y%glggét%ta edgﬁéﬁr%e%%rg’ved. (EXAMPLE) [00671 A flat sheet

menbr ane el engent, was .f qrne y.t he sane thod as in the first
enbodi nent ex SFH’&’PSHH%I?%@P L gurfaces gf aoﬁ'ﬁﬁEtep%?r%’i?smﬁéﬁﬁ-'ﬁ&ne

havi ng an average thickness of 7 IiDl and an average pore size of 0.1
pm was ugeithew heing fixeditd the filbrabioaneembranes 11A and 11B.

[0059]

The support plate 12 has many flow path openings 12a which are
communicated with the ireated liquid outlet 14 side and many through holes
12b in each of the surfaces facing the filtration membranes 11A and 11B so
that the treated liquid permeated through the filtration membranes 11A and
11B smoothly flows into the support plate 12 and reaches the treated liquid
outlet 14.

[0060]

Fig. 3 is an enlarged schematic view illustrating the configuration of the
filtration membranes 11A and 11B used in the flat sheet membrane element 10
of the first embodiment.

Each of the filtration membranes 11A and 11B is composed of 2 laminate
of an expanded PTFE porous membrane 15 and an expanded PTFE porous
membrane 16 having a larger pore diameter and a larger thickness than those
of the expanded PTFE porous membrane 15.

Each of the filtration membranes 11A and 11B is produced by laminating
the expanded PTFE porous membrane 15 which ig prepared by biaxially

expanding a molding obtained by paste-extrusion of a PTFE unsintered



( COMPARATI VE EXAMPLE) The sanme nmethod as in Exanple 1 was
perfornmed except that a PVDF nenbrane | am nated on a pol yester
nonwoven fabric was used as a filtration nenbrane. The PVDF nenbrane
used had an average thickness of 5 pmand a pore size of 0.1 inn.

In the exanpl e and the conparative exanple, the average thickness and
the average pore size were neasured t he sane net hods as descri bed
above. [00681 The fiat sheet nenbrane el enents of the exanple
and the conparative exanple were i mrersed in each of acid, alkali

and oxi dippatdesgudouldagidilubiicars, aud Svatxranded OTFH pooss arvnthraab REl |
resi stance, and oxi di zer resistance. The acid resistance, alkal

resi st angaepand Xl sagie metiodladCieaviRE 8 larker QYA 4a! BthrbthagBPaA ance
observati on neasurenent described below, and a pure water flow rate

deser Ded b YRS BfnL 1. (A 50 ol AL
fooe1l

The expanded PTFE porous membrane 15 used has, in a single
membrane state without being laminated with the expanded PTFE porous
membrane 16, a mean pore diameter of 0.01 to 0.45 pm, a mean thickness of 5
to 200 pm, 2 mean maximum length of § pm or less in a fibril skeleton
surrounding pores, and a particle collection efficiency of 90% oy more for a
particle diameter of 0.45 pm.

On the other hand, the expanded PTFE porous membrane 16 used has,
in a single membrane state without being laminated with the expanded PTFE
porous membrane 15, a mean pore diameter of 1 fo 15 pm, a mean thickness of
b to 195 um, and a mean maximum length of 15 to 100 pm in a fibril skeleton
surrounding pores.

Further, the laminate of the expanded PTFE porous membrane 15 and
the expanded PTFE porous membrane 16 has a tensile strength of 10 N/mm?2
or more and such excellent chemical resistance that it is not damaged without
decreasing the water permeate flow even after immersion in each of 3% by
mass sulfuric acid, a 4% by mass aqueous solution of sodium hydroxide, and an
agueous solutioﬁ of sodium hypochlorite at an effective chlorine concentration

of 10% at a temperature of 50°C for 10 days.

[0062]



Each of the flat sheet nenbrane el enents after inmersion was washed
with water and then visually observed for the acid resistance and

al kali resistance and observed through a scanning el ectron m croscope
(SEM 1000 times) for the oxidizer resistance to evaluate the

chem cal resistance of the filtration,,nenbrane. When no change was
observed in the filtration nenbrane,49he chem cal resistance was

eval uated as "0", and when breakage, cracking, or the |like was
observed, and_danmage to the filtration nenbrane was observed, the

cheni cal resi & &bt Bataheosmanhreag element' 10, Theliteation meabyastmil i n

Table 1. [0070] [Table 1] 46 Exanpl e Conparative Exanple Acid

resi st ancend 11B are arranged so that the expanded PTFE porous membranes 15
having a smaller pore diameter are disposed on the outer sides serving as the
treated liquid sides.

In this way, the expanded PTFE porous membranes 15 having a smaller
pore size are disposed on the outer sides serving as the treated liquid sides so
as to prevent solid particles to be isclated from being irreversibly captured in
the pores of the expanded PTFE porous membranes 15 in a stationary state
after the initial stage of a solid-liquid separation treatment.

In addition, the surfaces of the filtration membranes 11A and 11B each
composed of the laminate of the expanded PTFE porous membrane 15 and the
expanded PTFE porous membrane 16 are subjected to hydrophilic treatment
with crosslinked PVA. The hydrophilic treatment facilitates contact of the
liquid to be treated and can decrease bio fouling and the like.

[ooes]

In the flat sheet membrane element for filtration with the above
configuration, each of the filtration membranes is formed by laminating the
expanded PTFE porous membranes having different pore sizes, the flat sheet
membrane element is not only excellent in filtration performance but also very
excellent in chemicsl resistance and strength and thus can be washed with a
high conceﬁtraﬁon of oxidizer or an alkali agent, thereby achieving a large

water permeate flow over a long period of time,

(00641



(H2SO4) 50C, 10 days pHL 0 O pl1l-14 0 O Al akli resistance
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Figures 4 and 5 shox;v a flat sheet membrane filtration module 80
according to a first embodiment which includes the flat sheet membrane
element 10 of the first embodiment.

The flat sheet membrane filtration module 80 is used for external
pressure sucking filtration of an immersion type.

As shown in Fig. 5, the flat sheet membrane elements 10 of the first
embodiment are arranged in parallel and a common treated liquid collecting
tube 81 is disposed above the flat sheet membrane elements 10. In addition,
ends of branch tubes 82 branched from the common treated liquid collecting
tube 81 are connected to the treated liquid outlets 14 provided on the upper
surfaces of the flat sheet membrane elements 10 arranged in parallel so as to
suspend and support the flat sheet membrane elements 10 arranged in
parallel.

In this way, the flat sheet membrane filtration module 80 is configured
so that the treated ligquid outlets 14 of the respective fiat sheet membrane
elements 10 are individually attached to the branch tubes 82, facilitating
exchange in units of the flat sheet membrane elements.

00651

The operation of a filtration apparatus 100 provided with the flat sheet
membrane filtration module 80 ig described.

Aliquid 2 to be treated which includes drainage containing activated
sludge including treated sewage and introduced and filled in an immersion

tank 3 and which has a MLSS (Mixed Liquor Suspended Solids) of 5,000 to




(NaO11) 50t, 10 days WIlI 0 O pHL 4 (4% by mass) O x (discolored to
red and, broken)
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20,000 mg/L: is permeated through the filtration membranes 11 of the flat
sheet membrane elements 10 by driving a suction pump 4 and subjected to
solid-liquid separation, introduced into the common treated liguid collecting
tube 81 through the branch tubes 82 connected to the treated liquid outlets 14,
and then recovered as a treated liquid.

[00686]

In order to separate and remove the suspended components depositing
on the surfaces of the flat sheet membrane elements 10, air bubbling is
performed for the surfaces of the filtration membranes 11 of the flat sheet
membrane elements 10.

In detail, a blower b is operated to introduce pressurized air into a
cleaning pipe 6, and the pressurized air is ejected through gas ejection holes
(not shown) of the aeration pipe 6 to generate bubbles 7 which are raised in
the axial direction while being in contact with the outer surfaces of the flat
sheet membrane eleménts 10 to strongly separate and remove the suspended
components depositing on the surfaces of the flat sheet membrane elements 10.
Consequently, membrane filtration can be stably continued.

Air bubbling may be constantly performed or periodically performed.

Although each of the flat sheet membrane elements 10 of this
embodiment has one treated liquid outlet 14 éo that the whole treated liquid is
sucked into an upper portion, two or more freated liguid outlets may be
provided as in a flat sheet membrane element 20 of a third embodiment.

In this way, since the flat sheet membrane element, of the present



Oxi di zer resistance 50t, 10 days 0.5%0 0 2%O0 O
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invention includes a flat sheet membfane'shaped filtration membrane; air
bubbles can be securely applied to the surfaces of the membrane. Further,
since the flat sheet membrane element includes an expanded PTFE porous
membrane, mechanical strength is excellent, and suspended components can
be strongly separated and removed.

(EXAMPLE)

[0067]

A flat sheet membrane element was formed by the same method as in
the first embodiment except that a single-layer expanded PTFE porous
membrane having an average thickness of 7 pm and an average pore size of
0.1 pm was used as a filtration membrane.

(COMPARATIVE EXAMPLE)

The same method as in Example 1 was performed except that a PYDF
membrane laminated on a polyester nonwoven fabric was used as a filtration
membrane., The PVDF membrane used had an average thickness of 5 pm and
a pore size of 0.1 pm.

In the example and the comparative example, the average thickness and
the average pore size were measured by the same methods as described above.
[oo68]

The flat sheet membrane elements of the example and the comparative
example were immersed in each of acid, alkali, and oxidizer aqueous solutions
to evaluate acid resistance, alkali resistance, and oxidizer resistance.

The acid resistance, alkali resistance, and oxidizer resistance were




5% 0 X(cracked) 10%O0 X(cracked) (Pure water flow rate) [00711
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evaluated by appearance observation measurement described below, and a
pure water flow rate described below was measured for the acid resistance,
and alkali resistance.

(Appearance observation)

[0069]

Each of the flat sheet membrane elements after immersion was washed
with water and then visually observed for the acid resistance and alkali
resistance and observed through a scanning electron microscope (SEM: 1000
times) for the oxidizer resistance to evaluate the chemical resistance of the
fltration membrane. When no change was observed in the filtration
membrane, the chemical resistance was evaluated as "O", and when breakage,
cracking, or the like was observed, and damage to the filtration membrane was
observed, the chemical resistance was evaluated as "x". The resulis are
shown in Table 1.

{0070]

[Table 1]



After imersion in each of the acid and al kali aqueous sol uti ons,
each of the flat sheet nenbrane el enents was washed with water, and
the filtration nmenbrane was taken out and neasured with respect to a
pure water flow rate. The pure water flow rate was neasured under a
measur enent pressure (suction pressure) of 95 kPa using a circular
punched- out product of a sanple size 4§ 47 4nm The results are shown
in Fig. 18. [00721 Table 1 shows that in the flat sheet
menbrane el enment of the conparative exarrpl e provi ded vvlth the PVDF
filtrati op WenDrane, TNE TTTLTrattion meEnor anmewas fgrscotoret—to—t-es
and brokep at pH 14 and|thus was | 47 | &skmpie al ka|GompgatvaRzenphlso,
i N i mMer spormr T anm_aqueyus—sotutTomof—sodt-urhyppeht-orte—at—an
ef fective chd:idrrbﬁeta@omc bnt fon fof 5% ogyore, the fi |tr@:I on
menbr ane ﬂ&$8 ng | ack "of [t he oxi di'zer res|stance.>furt her,

Fig. 6 shows hol es occurffed 1n the TITTratI on nenbrane ajter
an al kal i | 562 meoidagd pH ptldand the pu@ wat er f1ow rat(e)rapidly
i ncreased M. thelother hand, in fihe

flat shee PHEHI@E‘@di‘@aﬂéee

PTFE por ous nﬁﬁbr

mﬂtf_ﬂ exarrpggJ provi ded with e expanded
1tr tion rane, ho damm was
observed, evalruarTonof —HEny I@ue of L e id

resi st ancg 5(}"@ qblﬁ@[yg éﬁ@ gnc , and tIif§ oxidi zp i% & St,‘eredand

the pure pater tlow 7at b HEPE R |si gnificant |y _dekr eé§
i ncreased| even after th¢ m lre1 in eagﬁ of thelacid a% al kal i

aqueous spl utions, naintai -glsth filtr on performanc I n
this vvay,ﬁ fIat heefmenbraner—eterent—ef—t-he—present—Aventi-of
provi ded ’?%Z?h’ees Pifiled BYFE filtratign menbrape is v excel [[ent
in chem cpl resistance @and can nejintain tfie filtrpation pertformncg

after a chem cal treat ment as, conppared W ih a confentional TTat sheet
menbr ane lodikn; 10 days %5 (5 ' X (cracked)

10% O >  {cracked)

(Pure water flow rate)
[0071]

After immersion in each of the acid and alkali aqueous solutions, each of
the flat sheet membrane elements was washed with water, and the filtration
membrane was taken out and measured with respect to a pure water flow rate.
The pure water flow rate was measured under a measurement pressure
(suction pressure) of 95 kPa using a circular punched-out product of a sample
size of 47 $mm. The results are shown in Fig. 18.

[0072]

Table 1 shows that in the flat sheet membrane element of the

comparative example provided with the PVDF filtration membrane, the

filtration membrane was discolored to red and broken at pH 14 and thus was



[ 0073] Figure 7 shows a flat sheet nenbrane el enent for
filtration of a first nodified exanple of the first enbodi nent.

The first nodified exanple is different fromthe first enbodinent in
the configuration of the filtration nmenbranes 11A and 11B. 48

In the first nodified exanple, as sh in Fig. 7, a skin layer 90 is
provi ded as a dense filtration |ayer 'on the expanded PTFE porous
menbrane 15 side of each of the filtration nmenbranes 11A. and 11B of
the first enbodjment, and the skin layer 90 is disposed on the

treat ed Itlﬁéiﬁfoﬁ%égg gesistance. Thgo.gRilFmEyeN ioGy agyspupavlationpl sgpkimpi ng,
to the expanded PTFE porous nenbrane 15, a solution containing

di sper sedybbetdorite ¢fi i effeadivedhlorRic-ionanttrd6h BPFFY v dvg, £Hreiitedion
resi stance and heat resistance, which are equivalent to those of

PTFE, si nh&hbRhelwiss Gaakidnd B4 JFIRNSIRAP AL hHE "RIPRANDIL 8
provi de fi-ne pores. The sense |ayer 90 has an average pore size of

0.01 N f 0.5 0 he.
S ze ber AR AR AN R AAELE b P BIER S inatite® pbPe B Al ane 15,

Therefore, 90% or nﬁ;ﬁ%of f%pe particles having a dianmeter of 0.05
p. mor noreRtEgRt BEpHelbved the mare watendier ratsirapidly ingreassd padiversrance
can be exhibited. Since the skin layer 90 is disposed on the treated
| i qui d singede mompeabyrablei cl es to be separated are not irreversibly
captured in the pores of the filtration menbranes 11A and 11B in a

stationary st@hehabtlesr HA, inthid Mt sHea@Melbrant bRulditdl theeRHRLT ON
treatnent, and cl ogging can be further prevented as conpared wth the

L oo BoRREREANCURY cloifabd PHFTSRN HEMrah 09 the fipratiol, 9T® B 1S

()]
a schemati c ‘sectiona ew show rane @t enent for

filtration of a secqgnd nodi fied ex le of the first enbodi ment.
The socoRtPTBHNE: BOCBRATE S Do EAah bt SPRGHARIRAT theeraBibta®ent | n

that a support plate is nmade of a net 22 and a peripheral frane 13 is
conposed any one of the acid resistance, the alkali resistance, and the oxidizer resistance,

and the pure water flow rate neither significantly decreased nor increased
even after the immersion in each of the acid and alkali aqueous solutions,
maintaining the filtration performance.

In this way, the flat sheet membrane element of the present invention
provided with the expanded PTFE fittration membrane is very excellent in
chemical resistance and can maintain the filtration performance after a
chemical treatment as compared with a conventional flat sheet memhrane
element.
foo73]

Figure 7 shows a flat sheet membrane element for filtration of a first
modified example of the first embodiment.

The first modified example is different from the first embodiment in the

configuration of the filtration membranes 11A and 11B.



49 of stainless steel coated with a PEA resin. The filtration
menbranes 11A and 11B and the net 22 are heat-bonded together by
heating the filtration nmenbranes 11A and 11B conposed of the expanded
PUT porous nenbranes and having a high neting point at a tenperature
of 300 to 500C to partially fuse theli%urfaces of the net 22 by the
heat transferred through the fdtration nmenbranes, and then
solidifying by cooling. The PEA fibers 22a constituting the net 22
partially enter the pores of the expanded PTEE porous nenbranes 15
due to fusionl éh%lg%'ﬂ‘iéw)df-ﬁe‘ﬂé&amblesé&ah@rh}/nbﬁ'rﬁi T aghimlayex His
filtration menbranes 11A and | 1B and the net 22. However, the fused
fibers 2Zmovidetile anddns2Filpativhdhyey oavrthe rexpimedqdoP EBEglorddsem BhbELROr Ous
sheets 16 with a larger pore side anong the filtration nmenbranes, but

do not re@acfidb B@emﬁe@lﬁzﬁ&&@mna@m%ﬁammffaﬁyﬁg& a snal | er
pore size. Therefore, the net 22 and the filtration nenbranes 11A and

11B can be i ni-eqr at i t hout degreasi ng the filtration r.f,or nance.
In this c%%%%ﬁlga i a(;%gl, meheuhgﬁyeﬁg & lsgg%eﬁll%’l tsbt?ptﬁ%’%fad?lﬂ&gf?lfl?'r ation
menbranes 11A and_ 1 while securing the treated liquid flow path

t oget her wit hT?*HékBél%ﬁ’ﬁﬁﬁPaﬂ preparad Bigapplying, fhthagrpanded PTEE porans| e,
the filtration nenbranes 11A and 11B are heat-sealed wth the

per i pher ahefabamee 13, a ddatiomeortetting dipermgdifersyensicles of 8% BTFEBanthan
the melting points of the materials because of the high nelting

poi nt's of 1HEFAEK Liih@tBem{cADrER]stih@UIR] RecthouBtaic | Which 9L bqaRIRMANE
el ement for filtration of a third 50 nodified exanple of _t%e first
enbodi Menf, those of PTFE, sintering the coating, and then expanding the membrane to
provide fine pores. The sense layer 90 has an average pore size of 0.01 to 0.05
pm and an average thickness of 0.5 to 10 pm, the pore size being smaller than.
that of the expanded PTEE porous membrane 15. Therefore, 90% or more of
fine particles having a diameter of 0.05 pm or more can be removed, and the
excellent filtration performance ean be exhibited. Since the skin layer 90 is
disposed on the treated Liquid side, solid particles to be separated are not
irreversibly captured in the pores of the filtration membranes 11A and 11B in
a stationary state after the initial stage of solid-liquid separation treatment,
and clogging can be further prevented as compared with the filtration
membrane of the first embodiment.
[0074]
Figure 8 is a schematic sectional view showing a flat sheet membrane
element for filtration of a second modified example of the first embodiment.

The second modified example is different from the first embodiment in

that a support plate is made of a net 22 and a peripheral frame 13 is composed



The third nodified exanple uses a rigid polyethyl ene-coat ed netal
mesh 32 instead of the support plate 12 of the first enbodi nent. The
pol yet hyl ene-coated netal nmesh 32 is forned by inpregnating, with a
nmel ted pol yethylene resin, a stainless steel mesh which is previously
surface-treated. Li ke the suppordg plate 12 shown in Fig. 2, the
pol yet hyl ene-coated netal nmesh 32 is engaged in a peripheral frame
(not shown) and integrated with the peripheral franme by heat sealing.

In this ﬁ%&%ﬁegrsgﬁ%ma%d%&mg fabrics 18A and 18B are interposed

bet ween ation nmenbranes "R%Mhd 11B and t he

polyethylene-ﬁggt d netal sh 32 _and al so engaged in the ogening of
t he peri pher al-2¢ Wﬁ@ﬁé‘?“@ﬁ'&ﬁl‘ﬁ 114 emdi Srand thermeti2raradent-heededl 1A

and 11B are heat-sealed with the peripheral frane. In this
conf i gur dbgether bdeptihg dhifilteatorx omngdetaned HA ard h1B20mpdsddef thenwoven
fabrics 18A and 18B can secure a treated liquid flow path while

stably suxpan8édBTEEEdrbhd kRkiiRAnBRERA 886% s iR MetldBnoint 468 the
nonwoven fabrics 18A and 18B serve as cushion nmateria bet ween t he

filtrati Lyethyl ene-coa a
resh 32, PRECTEIEE s padte SO0 AR Mo e kLA SRLERRH 52 bTRMS
support ed. Al though, in this nodified exanpl e the nonwoven
fabrics J®Atfransforediizongh the flgatien membrpnes, anf shemselidifring br1A and
11B and the pol yet hyl ene-coated netal nesh 32, the nonwoven fabrics
18A and k88limmy Tee PFAdbero22myonshiduting blot hett 2Pepdritidllyatritantwerieanes
11A and 11B and the pol yethyl ene-coated 51 netal nesh 32.

Further, offh@eginded FTFE hofousRehbrihs 15l Qu 1offutibl, 45 MBdosRa8s. as
shown in Fig. 9(B), two pol yethyl ene-coated netal nmeshes 32A and 32B

A R e L T
the nomay S D A i Fud8PRAY Jei%ekhe hofhS BRI e AR e Pored DD
PTFE porous sheets 16 with a larger pore side among the filtration
membranes, but do not reach the expanded PTFE porous membranes 15
having a smaller pore size. Therefore, the net 22 and the filtration
membranes 11A and 11B can be integrated without decreasing the filtration
performance. In this configuration, the net 22 can stably support the
.ﬁltration membranes 11A and 11B while securing the treated liguid flow path
together with the peripheral frame 13.

In this moedified example, the filtration membranes 11A and 11B are
heat-sealed with the peripheral frame 13, but the heat sealing temperature is
higher than the melting points of the materials because of the high melting
points of the materials.

[0075]

Figure 9 shows a flat sheet membrane element for filtration of a third



Figure 10 shows a flat sheet menbrane elenent for filtration of a
fourth nodified exanple of the first enbodi nent. In this
nodi fi ed exanple, a pleated support plate 42 including continuing
V-shaped bent portions nmade of pol ypropylene and having rigidity is
used as a support material, and, like&poin the first enbodi nent, the
peri pheral edge of the pleated support plate 42 is engaged in the
openi ng of the peripheral franme 13 and bonded thereto by heat sealing

or adhesiﬁigdimﬂ%;{?% 1d &ﬁg‘ﬂr&;{&ﬂbo&iﬁeﬂati on nenbranes 21A and 21B
g a i propy )

each includin ene nonwoven fabric (not shown) having a
t hi ckness of 0519 5 nd. | am nated on the expanded_ PTFE sheet
si de havi ng ﬂ‘h‘é?@éﬁ an)(ﬂge@p}z%mg 1568 848 PPLﬂeP ﬁ??@iﬁo%‘ﬁﬁ%@i@%hhe
nonwoven fabrics of the filtration nenbranes 21A and 21B are

heat - seal ¥dinataaid afttbe papikert late AR of blee it ardwdingmpior (Thel miyetiPlendhe
peri pheral edges of the filtration nmenbranes 21A and 21B are

heat - seal @gtddombtnd npsshi JTerfatméd BiempdehatingahithemBREA BBBEbhylene
In this configuration, the pleated support plate 42 can secure flow

paths to L Qi l.et: 14 . igure 11 shows
a flat shlggftnr’ ﬁ%ﬁ%&%ﬁg%g%ﬁ%ﬁ% %P%mf %%e%ﬁ'#g?%‘%l}%cﬁ tﬁ%%;g?f'di ng to a
second enbodi gent The, f].at, sheet_ne ane_el nt 10-

i ncl udes rect %ﬁhgrsupp%t Dgﬁ@eiza ShovH TnEtes Hg%@d’ohqtﬁ{’ﬁgp?'ﬁﬂa%él%@%es
31A and 313 arranged opposite to each other, and a_pol ypr ggyl_ene
conb- | i kemeslpgdisendaged isa nepipberal fraree (notishewni hod mtegrated witlaihes
31A and 31B while securing spaces for treated |iquid flow paths, the

peri pher glergdgesl fodme g Hdalt kedingon nmenbranes 31A and 31B and the
conb-li ke support plate 52 being buried in the peripheral frame 13 to

| eave the spageeni@suddifid 8fahbRUhenkbRN BBHES18A and 188 MRAHIdbARA t he
treated liquid outlet 14 is provided on the top of the peripheral

T R B E RFRR5E  p SHRoRLRElao
metal mesh 32 and also engaged in the opening of the peripheral frame (not
shown), and then filtration membranes 11A and 11B are heat-sealed with the
peripheral frame.

In this configuration, the polyethylene-coated metal mesh 32 and the
nonwoven fabrics 18A and 18B can secure a treated liquid flow path while
stably supporting the filtration membranes 11A and 11B. Since the
nonwoven fabrics 18A and 18B serve as cushion materials between the
filtration membranes 11A and 11B and the polyethylene-coated metal mesh 32,
the filtration membranes 11A and 11B can be softly supported.

Although, in this modified examplé, the nonwoven fabrics 18A and 18B
are not fixed to the filtration membranes 11A and 11B and the polyethylene-

coated metal mesh 32, the nonwoven fabrics 18A and 18B may be fixed to any

one or both the filtration membranes 11A and 11B and the polyethylene-coated



The filtration nenbranes 31A and 31B each include a single-Iayer
expanded PTFE porous nenbrane, and nonwoven fabrics 18A and 183
conposed of pol ypropyl ene fibers are interposed between the conb-1ike
support plate 52 and the filtration nenbranes 31A and 31B. As shown
in Fig. 11(0, the nonwoven fabrics 18A and 183 are integrated with
both surfaces of the conb-1ike suppori plate 52 by heat-sealing. In
this configuration, the conb-like support plate 42 can secure flow
paths to the treated liquid outlet 14 as shown by arrows in Fig.
11(A) . TH@BBtHE?ﬂh%%flguratlon and operations and advantages are the
same as 53 in the first enbodi nent, and thus the sane reference
nuneral s are dluréiert m ot toisthdrpmath thO06® bf the treafedovdies ak2( A)
and (B) show a flat sheet nmenbrane elenent 20 for filtration

accor di ngghfvid Rig. g(@”@ﬁﬂg@@@&ylene coatJd‘&eEAl%eﬁﬁ@%@A%ﬁbJ%ﬁnag e

el ement 20 of the third enbodi mént has a horizontally 1ong s

f d b 119} 1 d f fl
cheet morBPE AR Bkt 88 ROl o ta B PRS00 BemBonisPe,

enmbodi nen which is turne S|deme s, and_then heat-sealing the

wi ndi ng skdratiomppeapyans 154 apd th ?)BPFWBYPQL@ sic 18Reandothegrongioren | at
sheet nenbrane elenent 20 to forma cylindrical shape. In addition,
bot h si defabranéd 281 theefilitatmohmedmboandiB.i ght and | eft side openings
of the filtration nenbrane 11 by heat-sealing, bonding, or the |ike
and seal efyol7epvi ng treated liquid outlets 14A and 14B. \Wen the
frames 23 are nade of a material such as a polyolefin resin or a

heat - Tusing_ Tl 40RQCRS B Lk shdle Honidhb Mbrh GyRSE FRENES ot idugatnen

the frames are a material such as an resin,
seal i ng |s forned W resin, an epoxy resin, or the
li ke. élnex\?ifpélr]le P#]Q‘efaﬁ]rﬁﬁﬁ?tbﬁﬁ’ém‘tﬂtow ded on-both sides as in
this enbodinment, the filtration nenbrane 11 can be supported in a
pl anar form bdBahisempdified gxpuple, ginieated sunpertmiate fi2dngindsigpe hol di ng
force. The ot her configuration and operations and advant ages
are the saméiradng V-ghiaped best pafioodinmsletof pahghropylend med bavimgréfiditence
nunerals are given to
is used as a support material, and, like in the first embodiment, the peripheral
edge of the pleated support plate 42 is engaged in the opening of the
peripheral frame 13 and bonded thereto by heat sealing or adhesive bonding,
In addition, filtration membranes 21A and 21B each including a thin
propylene nonwoven fabric (not shown) having a thickness of 0.05 to 5 mm and
laminated on the expanded PTFE sheet side having a larger pore size are used
as filtration membranes. The nonwoven fabrics of the filiration membranes
21A and 21B are heat-sealed with the peaks 42a of the pleated support plate
42. The peripheral edges of the filiration membranes 21A and 21B are heat-
sealed to the peripheral frame 13 to seal the periphery.
In this configuration, the pleated support plate 42 can secure flow paths

to a treated liguid outlet 14.



54 omit description. [0080] Figures 13(A) and (B) show a fl at
sheet nenbrane elenent 30 for filtration according to a fourth
enbodi nent . In the fourth enbodi nent, as shown in Fig. 13(A),
two rectangular filtration nmenbranes 11A and 11B are arranged
opposite to each other, and the rights2zand | eft edges ha and |l b and
the bottom edges 11c of the filtration nmenbranes are seal ed by
heating sealing to forma bag-like filtration nmenbrane 50. Next, the
bag-1i ke {(’bm ation nmenbrane 50 is placed on the sanme support plate
12 as in the Tirst enbodi mrent The peripheral seal portion 51 is not

fixed to the ri ry of the support plate 12. he upper
opening lid n%ﬁglﬁggﬁ- ﬁ’lsé’d&?tsﬁ’fggpgﬁl rane plegient 10:%fox ilreHoR f r ame
33 having a treated liquid outlet 14. As a sealing nmethod, when the
mat eri al asfeording £¢ anecond mbadimenbfin resin or a heat-fusing
fluorocarbon resin, heat sealing is preferred, while when the

material of tMaeffladthedSmbmbains BSmieat N0-2650IMdeHPtPhRE N fIBE Mot
uret hane resin, an epoxy resin, or the like is preferred. In

this confﬁlgwb%ﬁgaha%égeﬁmm rrheﬂb?z%&s%%ﬁ@aﬁ{& Mﬁg@ga@%ggf&%' goke

filtrati on nmenbrane In a planar form because t upp l'ate 12

has the pl apar, shape holding .force.. .. Al t hou in.this
erbodi merRAR B AR IR ORYARe GO TEOMGD IR oD etiB 56t
plate 12, the seal portion nay be fixed. The other configuration and

oper at i orfdlteatiPraaroBybranrssdlf and AEB sehite sgeuring spaces for treated liquid

flow paths, the peripheral edges of the filtration membranes 31A and 31B and
the comb-like support plate 52 being buried in the peripheral frame 13 to leave
the spaces as treated liquid flow paths.

In addition, the treated liquid outlet 14 is provided on the top of the
peripheral ﬁame 13, and the peripheral edge is sealed with the peripheral
frame 13 excluding the treated liquid outlet 14.

[o078]

The filtration membranes 31A and 31B each include a single-layer
expanded PTFE porous membrane, and nonwoven fabrics 18A and 18B
composed of polypropylene fibers are interposed between the comb*l;'ke support
plate 52 and the filtration membranes 31A and 31B. As-shown in Fig. 11(C),
the nonwoven fabrics 18A and 18B are integrated with both surfaces of the
comb-like support plate 52 by heat-sealing. In this configuration, the comb-
like support plate 42 can secure flow paths to the treated liquid outlet 14 as
shown by arrows in Fig. 11(A).

The other configuration and operations and advantages are the same as



55 in the first enbodi nent, and thus the sane reference nunerals are
given to omt description. [00811 Figures 14(A) and (B) show a
flat sheet nenbrane filtration nodul e according to a second

enbodi nent . A flat sheet nenbrane filtration nodule 60 of the
second enbodi nent includes a fixing er 43 which is formed by
nol di ng the upper openings lid of a pfurality of bag-like filtration
menbranes 50 with a resin and positioning and fixing the upper
openings lid instead of the frame 33 shown in Fig. 13. The
fixi ng nmeipéhe @3t pmbodipentc and yhiothe sagme joferanpentmprals awe pivaste c
material such as a pol ypropylene resin, a polyethylene resin, or the
| i ke, grooemétsdeddéptions esponding to the shapes of the upper openings
lid of the bag-like filtration nenbranes 50 as shown in Fig. 14(B)
and pIaciR@7§¢e upper openings lid in the grooves 43a, followed by
heat fusion. The upper openings lid of the bag-like filtration

menbr anes 50, ich.are su rted by the fixi menber 4 re
comuni cat ed #@Welsﬂg( n%l?cggﬂo#‘og %ﬁ?‘f QF‘“FL Hbenﬁnlg"&&@g?eﬂ?m%?d%f he
col l ecting header 44 is conmunicated with a collecting tube 45.

In this cBHtatéen agdopdingtpe thpdraompslimenta plurality of fiat sheet
menbrane el enents can be sealed wth a fixing nmenber, and thus a fiat

sheet menbr andHe fldtrshicbbmemidahecleatenb @0edshe shitdenwddinddig Hadsat sheet
menbrane filtration nodule may be an i mrersion type or nay be

arranged hékiforRhRS HLsHAPR SR 1§ BorifedUsiPdiniEn@aHibhERL RAnPRANI A of an

external pressure type. 56
composed of a flat sheet membrane sheet on the same support plate 12 as in
the first embodiment, which is turned sideways, and then heat-sealing the
winding start and end in a seal portion 19 at the top of the flat sheet
membrane element 20 to form a cylindrical shape. In addition, both side
frames 23 are attached to the right and left side openings of the filtration
membrane 11 by heat-sealing, bonding, or the like and sealed leaving treated
liquid outlets 14A and 14B. When the frames 23 are made of a material such
as a polyolefin resin or a heat-fuging fluorocarbon resin, heat sealing is
performed, while when the frames are made of a material such as an ABS
resin, adhesive sealing is performed with an urethane resin, an epoxy resin, or
the like.

Even when the frames are provided on both sides as in this embodiment,

the filtration membrane 11 can be supported in a planar form because the
support plate 12 has the planar shape holding force.

The other configuration and operations and advantages are the same as

in the first embodiment, and thus the same reference numerals are given to



[ 0082] Figures 15(A) to (C) and Figs. 16(A) and (B) show a fl at
sheet nmenbrane filtration nodule 70 according to a third enbodi nent.
The flat sheet nenbrane filtration nodule 70 of this enbodi nent uses
a net material 71 as a support material as shown in Fig. 16(A), and a
plurality of flat sheet menbrane el enmbdts 10 are fixed to fixing
menbers 43 and 75 by resin nolding. [00831 - The net material 71
used includes a plurality of linear resins 72 which are extended in
parall el tanpassdheionpper side serving as the treated |iquid outlet
side and which are transversely connected with [inear resins 73 finer
t han t he hgﬂgﬂr resins 72. The linear resins 72 have a di aneter
of 0.7 to5.0°'mm while the linear resins 72 connecting the |linear
resins 72 have_a dian?hfr of_ 0.3 to 2.0 mMmsnualler than that of the
linear resins Fisures 13(A) opd \Bhshaspandlad sheetgrerabrane alementid@ért he net
material, an extrusion net (Naltex (registered trade nane))

N04911/ 05 fitzrRRon mcddd gt Golod biPRmbadimentf act ured by Nal t ex
Corporation is used. [00841 In the flat sheet nenbrane

filtration nmody ghefBurthRenMREmERE, %"sisﬁbwﬁ]iniﬁ%k@l(ﬂ), k&bws n%ﬁ%}:

single-layer filtration menmbranes 31A and 31B conposed o
orpaned STETHBRSRUH ISR A b 0 B AEASTS
. the right and left edges 11a and 11b and the bottom eciges 11e of the filtration
membranes are sealed by heating sealing to form a bag-like filtration
membrane 50. Next, the bag-like filtration membrane 50 is placed on the
same support plate 12 as in the first embodiment. The peripheral seal
portion 51 is not fixed to the periphery of the support plate 12.

The upper opening 11d not heat-sealed is sealed in an open state with a
frame 33 having a treated liquid outlet 14. As a sealing method, when the
material of the frame 33 is an olefin resin or a heat-fusing fluorcearbon resin,
heat sealing is preferred, while when the material of the frame 33 is an ABS
rein reain, bonding with an urethane resin, an epoxy resin, or the like is
preferred.

In this configuration, the support plate 12 can support the bag-like
filtration membrane 50 in a planar form because the support plate 12 has the
planar shape holding force.

Although, in this embodiment, the peripheral seal portion is not fixed to
the support plate 12, the seal portion may be fixed.

The other configuration and operations and advantages are the same as



57 The | ower end opening 77a of the cylindrical filtration
menbrane 77, which is not heat-sealed, is sealed with a fixing nmenber
75 by nolding a resin 74. Simlarly, the upper end opening 77b of the
cylindrical filtration nenbrane 77, which is not heat-sealed, is

pl aced in a groove corresponding to t e shape of the upper opening
77b as in the fifth enbodi mrent and thén heat-fused. The upper opening
77b is communi cated with the inside of a collecting header 44, and
the collecting.header 44 is c nicated with a collecting tube 45.
[00851  Inthg ﬁrséaaﬁlofiaﬁ?nfa aflﬁggﬁ@?hwme referense BRB\Pr iS¢ AIvERdO
fixing nmenber 75 at the bottomso as to be di sposed between the flat
sheet menbmdhdesstiphient s, and an aeration tube 6 is disposed bel ow the
fixing menber 75 so that air ejected fromejection holes 6a provided
in the uppgggijurface of the aeration tube 6 is introduced between the
flat sheet menbrane el enments 10 through the through holes 75a. The
width of the t ' I t X

particularly pﬂr‘;li erglb%@j gﬁ%zn@?%{o SQQT%@SE&Q I1¥eIﬁ'Ibulregrﬁgffgirn%, 10%@41@3 7
generated b jectin ressuri.zed air fromthe ejection holes 6a of

t he aerat PB‘?V‘?I do@ S‘%F‘gncfea“?l eYMERtt he axial direction while being in
contact with the outer surfaces of the flat sheet nenbrane el enents
10 to strongl yA Sapahest enembirane filtmatiohanedide 60 dé thesrrpod eribsdinéth
adhere to and deposit on the surfaces of the flat sheet nenbrane

el ements #:ludds 4 Akisgwhymbeeadvdiceh fsifbihed by hdldingiBe Shpbl ypeadndd nued
by menbrane-isol ation activated sludge treatnment. The air bubbling

may be pen{@LrRY1GANS) 8l 1iRs mé%t(igme%rsﬁéé ¥a w&ﬁpa‘?fésm and In this

configuration, as showmn 1n Fig. 1 a space 76 Is tornmed between
the filtrati.on menhrane 3 and the l.inear..resins f t et .,
mter i al | PRI CATRE P SRp et TP Ra0DE i B Buityn e
treated | jiquid outlet through the space 76. As a result, the
treatnent Fi§-dw-rate is si gnificantly inproved, and thus a support
mat eri al conposed of a thin net material as shown in Fig. 16(A) can
be used. Furt Heke fitingtmehbet 4hismnenare ddiveiopmig, awihegt-fudiag ghasticea
with the sane volunme can be arranged, thereby securing a | arge
ef f ect i vernfdtbiiabéichasepdlyprpydim@aesin, a polyethylene resin, or the like,
grooves 43a corresponding to the shapes of the upper openings 11d of the bag-
like filtration membranes 50 as shown in Fig. 14(B) and placing the upper
openings 114 in the grooves 43a, followed by heat fusion. The upper openings
11d of the bag-like filtration membranes 50, which are supported by the fixing
member 43, are communicated with the inside of a collecting header 44, and
the collecting header 44 is communicated with a collecting tube 45.
In this configuration, the openings of a plurality of flat sheet membrane
elements can be sealed with a fixing member, and thus a flat sheet membrane
filtration module can be easily formed. The flat sheet membrane filtration

module may be an immersion type or may be arranged in a pressure vessel to

be used as a filtration module of an external pressure type.



[ 0087] The cylindrical filtration nmenbrane 77 nmay be
configured, for exanple, as shown in Figs. 17(A) to (0. In
Figure 17(A), the right and left both edges of the filtration
menbranes 31A and 31B are seal ed by fusion of a binder resin 76 which
is conposed of a filmor fine particlsggs and i nterposed between both
edges, not by heat sealing. As the binder resin 76, a PFA resin
or a polypropylene resin having a nelting point which is equival ent
to or Iowg ]han that of the expanded PTFE porous nenbrane i s used.
In Fig. 1 ?%3, pol ypr opyl ene nonwoven fabrics 18A and 18B having the

sane size as the fi ti mepfr an 1A 31B are disposed on the ;
i nner si des of ‘Hf&s 5)}%5{5@459(;@ W‘f?’rgét i@@ﬁﬁﬁgﬁgﬁ%@;"ﬁ%@égﬂetﬁ@bmﬂe |
respectively, and the 59 both edges are heat-seal ed by fusion of the
nonwoven filatationsmodule §0dce@Bing o a thisd cobbiigeerdt i on, t he nonwoven

fabrics 18A and 18B can protect the filtration nmenbranes 31A and 31B
fromthe net Thé@atahestinembrane filbratios mdd{lE)70 cTeRWERbdiRbAE GSeskBA

and 18B are previously lanm nated on the two | ayer structure

fi1trati o BRBEAnes ol MRty EeiBE ds Rol o i So(RTBRA A kalk Jror ™

| am nates, the net materi et ween the résu
| am nates, .and then.the rjght and |eft th .edges are heat - | ed by
ool oo onatRbent MERbLAs Rsbued M archted Gt R gaanbors 43%hd 756y

resin molding,

foos3s]

The net material 71 used includes a plurality of linear resins 72 which

are extended in parallel toward the upper side serving as the treated liquid
outlet side and which are transversely connected with linear resins 73 finer
than the linear resins 72.

The linear resins 72 have a diameter of 0.7 to 5.0 mm, while the linear
resins 72 connecting the linear resins 72 have a diameter of 0.3 to 2.0 mm.
smaller than that of the linear resins 72.

When a commercial product is used as the net material, an extrusion net
(Naltex (registered trade name)) N04911/05_45PP or N06066/06_45PP-NAT
manufactured by Naltex Corporation is used.

[0084]

In the flat sheet membrane filtration module 70, the net material 71 is
held between the single-layer filtration membranes 31A and 31B composed of
the expanded PTFE porous membrane 15, and the right and left both edges

31a and 31b are heat-sealed to form a cylindrical filiration membrane 77.



Fi gures 18(A) and (B) show a flat sheet nenbrane filtration nodul e
70-2 according to a fourth enbodi nent. The flat sheet nenbrane
filtration nodule 70-2 of this enbodinent is different fromthe third
enbodi ment in that the net nmaterials 71 are di sposed outside the
filtration nmenbranes 31A and 31B. The flexure of the filtration
menbranes 31A and 31B can be regul at ég by di sposing the net materials
71 to hold the filtration nmenbranes 31A and 3113 therebetween. In
particular, in back washing, the filtration nmenbranes 31A and 31B can
be support ed @]y?“e greerirad qpgnang ‘Al ssof the cylinduien) fdwation snembrame 17oad
applied to the filtration nenbranes 31A and 31B. [0089] Fi gures
19(A) andaviitB)s sbiokesd-sthletl, sheetedveith dbdng dnlaki Wrbymdldies 4Qedn
according to a fifth enbodinent. In this enbodi nent, instead of

provi di ng4t hsgmabHoheSupRy bHE obénihBY7H R0 tRERRRIAr#Al hfrHispOse them
between the flat sheet r?gr%%r angf)el egents 10,55?he Fi x?ﬁéﬂﬁrﬁber 75

hai 10 TSRl B A S8 B R B o

di sposed at both ends. Further, collectij ngﬁcaps 91 and 92 are
respect i VB¢ phaps aliheppsT pRBURE {i'h @s Fa fbe fhambodimpst and thercheniat ed

wat er collecting tubes 81A and 81B are connected to the collecting
caps 91 dnskdd2 THeorppeobbeting¥§biatenmfundcateod wWithethdsnside of a cbliecting
addition, the collecting tube may be connected to only the fixing

menber Ahesighes i oo cHBbACRINIGE 1R s biinblt@idaked WEHEENRELIAS tahele
so as to collect water fromone of the ends.

45.

[0085]

In addition, a through hole 75a is provided in the fixing member 75 at
the bottom so as to be disposed between the flat sheet membrane elements,
and an aeration tube 6 is disposed below the fixing member 75 so that air
ejected from ejection holes 6a provided in the upper surface of the aeration
tube 6 is introduced between the flat sheet membrane elements 10 through the
through holes 75a. - The width of the through holes 7 5_a is preferably 2 mm to
30 mm and particularly preferably 5 mam to 15 mm.

Therefore, bubbles 7 generated by ejecting pressurized air from the
ejection holes 6a of the aeration tube 6 are raised in the axial direction while
being in contact with the outer surfaces of the flat sheet membrane elements
10 to strongly separate and remove the suspended components which adhere
to and deposit on the surfaces of the flat sheet membrane elements 10. In

this way, membrane filtration can be stably continued by membrane-isolation

activated sludge treatment. The air bubbling may be performed constantly or



As described above, when the flat sheet nenbrane el enents 10 are
hori zontal |y arranged, bubbles generated by ejecting air from an
aeration tube 6 disposed below the flat sheet nenbrane el enents 10
can be introduced between the flat sheet nenbrane el enents 10 wi t hout
the through holes provided in the fixgng nmenber 75. [0090]

Fi gures 20(A) and (B) show a flat sheet nenbrane filtration nodul e
70-4 according to a sixth enbodi nent. In this enbodi nent, flat
sheet nenbraq%m%’enents 10 vertically arranged are fixed by fixing
menber s “at the upper and | ower both ends, and coll ecting
caps 91 \a/lgd 9]2 are attached to the fixing nenbers 43 and 75,

respecti vi@P$6l | n addition, the flat sheet nenbrane el ements 10 are
fixed in an outer casing 93 in a liquid-tight manner. Further, a raw
water 61 (uninéhisednfign@tion| nd iovAdim Bigd 15(B) pavsp@dee?s @Ysiedd 93b are

provi ded at opposite positions of the outer casing 93. Furt her, -

a circul HdiRdeR tREARPatich RieRitirIRE 318 aR8 tRO TR FALAITMEdRtRE raw

water inlet 93a and the raw water outlet 93b, and a raw water tank-96

G R R KR B AT - AL
and 92, rﬁfﬂ%g%’gliﬂ\éf ltﬁ/rbu[gg%}?g gpace 76. As aresult, the treatment flow rate is
significantly improved, and thus a support material composed of a thin net
material as shown in Fig. 16(A) can be used. Further, flat sheet membrane
elements having a large area with the same volume can be arranged, thereby
securing a large effective filtration membrane area.
(0087]

The eylindrical filtration membrane 77 may be configured, for example,
as shown in Figs. 17(4) to (C).

In Pigure 17(A), the right and left both edges of the filtration
membranes 31A and 31B are sealed by fusion of a binder resin 76 which is
composed of a film or fine particles and interposed hetween both edges, not by
heat sealing.

As the binder resin 76, a PFA resin or a polypropylene resin having a
melting point which is equivalent to or lower than that of the expanded PTFE
porous membrane is used.

In Fig. 17(B), polypropylene nonwoven fabrics 18A and 18B having the

same size as the filiration membranes 314 and 31B are disposed on the inner

sides of the opposing filtration membranes 31A and 31B, respectively, and the



In this configuration, when the raw water is circul ated through the
spaces between the flat sheet nmenbrane elenments 10 by applying a

di scharge pressure of the punp 97, the flat sheet nenbrane el enents
10 can be oscillated by the circulating flow of the raw water so that
the same function as bubbling by ejegygion fromthe aeration tube can
be inmparted. [00921 In addition, the present invention is not
limted to the above-described embodi ments and exanpl e and includes
nodi fi cati s within a,sc uival t to the scope of the_clains.
62 LAl MBOth edges et hent sraled birdutipRAet %qmmvepffa briey 1992 A8Bor In
perforn1ng solid-liquid separation by imrersion in a liquid to be
treat ed whisclonéignrations the somwperateidbriospiaent, 18Bhaumeobrchnke Bltemtsort
conpri si ng; sheet -shaped filtrati on nmenbranes di sposed opposite
to each qhd@brames/B1A SPPSEB Hom thd idtahegralqui d fl ow path; a support

portion for securing the space for the treated liquid flow path; and

In Fig. 17(C), nonwoven fabrics 18A and 18B are previously laminated
on the two-layer structure filtration membranes 11A and 11B used in the first
embodiment to form laminates, the net material 71 is held between the
resultant laminates, and then the right and left both edges are heat-sealed by
fusion of the nonwoven fabrics 18A and 18B.

[0088]

Figures 18(A) and (B) show a flat sheet membrane filtration module 70-2
according to a fourth embodiment.

The flat sheet membrane filtration module 70-2 of this embodiment is
different from the third embodiment in that the net materials 71 are disposed
outside the filtration membranes 31A and 31B.

The flexure of the filtration membranes 31A and 31B can be regulated
by disposing the net materials 71 to hold the filtration membranes 314 and
31B therebetween. In particular, in back washing, the filiration membranes
31A and 31B can be supported by the net materials 71, thereby decreasing the
load applied to the filtration membranes 31A and 31B.

[o089]
Figures 19(A) and (B) show a flat sheet membrane filtration module 70-3

according to a fifth embodiment.

In this embodiment, instead of providing through holes in the fixing



a peripheral sealing portion for sealing the peripheral edges of the
filtration nmenbranes arranged opposite to each other so as to form at

| east one treated |iquid outlet; wherein the filtration
menbranes i nclude at | east expanded PTFE (pol ytetrafl uoroethyl ene)
por ous nenbranes. 2. The fiat she menbr ane el enent for

filtration according to Caim1l, wherein the expanded PTFE porous
menbranes constituting the filtration nmenbranes have a nean pore
dianeter of Q.01 to 5.0 gm a_ nean maxi mum|ength of 30 pmor less in
a fibril BREPEE 4R te dispesmtheny bployess, the dlat shesdapembraneriements Hptheim
or |ess. 3. The flat sheet nenbrane element for filtration

accor di ngfitiog Granber7dhadngwechesuptelulh infotated Hyi 90°; amiddhe febhedtes

i ncludes a single |ayer of an expanded PTFE porous nenbrane or a

| | i " .
plura Itym@{abh@ﬁeggﬁu@fmé E@ aPXRAndes H3 tﬁ@ﬁglﬁ%@%ﬂ%ﬁi@%@%@% a

skin layer provided on the outer Surface o por ous
menbr ane, .t he ski ayer being co sed of | e one fl ugrqcarbon
resin sel%&?oes&afartg) tf%%&sgrg‘hﬁglle&néqi@fﬁﬂécﬁs i’fﬁ‘?aéﬁﬁ? TeiRge and
having finer pores than those of the expanded PTFE porous_ mnenbrane.
4. The f|aitachrdde the ipmgraemberied? apd 55 and permastehwatridiolgeting any
one of Clains 1 to 3, wherein the filtration nenbranes include two
filtrati cdubeeBibAamdsSld aengededppds thecdrcdag bamt fiband 82 afof cdllgcsinizon
menbrane fol ded into two parts. 5. The flat sheet nenbrane el enent

for filtr@ite®Troisbotiemds.t0 any one of Clains 1 to 4, wherein the
support portion is conposed of at |east one support material selected

Loor 2 om0y 88 shARId el A 3B nRYR conBBLE B iy TRE A 21 19

continuing V-S ent portro erra ape d n which
a pluralit f | iLnear rtions arran i rallel toward. the
e Bated PHEOEr 48 Hier ROt otne COUMMERL tod b AAE TmyS Beds Fas foon,
and a processed plate provided with a plurality of flow path openings
conmuni catollagh wiaten frare ope ehtheendsqui d outl et side, and t he
support material is conposed of at |east one material selected froma
pol yol ef ua r edisrdeserippal yleskewhee she flatishidet macanhe rldmeantn,10ard a
nmetal material coated with a polyolefin resin or a fluorocarbon
resin. horizontally arranged, bubbles generated by ejecting air from an aeration tube
6 disposed below the flat sheet membrane elements 10 can be introduced
between the flat sheet membrane elements 10 without the through holes
provided in the fixing member 75.
[o090]
Figures 20(A) and (B) show a flat sheet membrane filtration module 70-4
according to a sixth embodiment.
In this embodiment, flat sheet membrane elements 10 vertically
arranged are fixed by fixing members 43 and 75 at the upper and lower both
ends, and collecting caps 91 and 92 are attached to the fixing memhers 43 and

75, respectively. In addifion, the flat sheet membrane elements 10 are fixed

in an outer casing 93 in a liquid-tight manner. Further, a raw water



64 6. The flat sheet nenbrane elenent for filtration according to
Claimb5, wherein-at |east one support material is disposed between
the inner surfaces of the opposing filtration nenbranes, which face
t he space, and the inner surfaces of both filtration nmenbranes are
fixed to part or the whole of at |eagf one of the surfaces of the
support material to forman integrated | am nate 7. The flat sheet
menbrane el enent for filtration according to any one of Clains 1 to
6, wherei he ri pheral. al i ortion i§ forned by heat-pressure
or |aser @E}aqeia ‘Fﬂ@l‘gﬂﬁ% %fgagﬂywr 9%@9#f§)ffh%r§tnrewﬂﬁ§%r anes
arranged opposite to each other and the filtration nmenbranes are

pl aced orpppkeitenpyitiens phttherovger ¢eelim@p.t he force of hol ding the planar
shape of the filtration menbranes. 8. The flat sheet nenbrane

el ement for fFukthatoaradsnngbie IDisprvidse tobe drattthichté Owhh feer ei n
t he peripheral sealing portion is fornmed using a peripheral frane,

and the J f f i f. to the
per phor ar A to|eE 43R Bul the W ikt BhUQrOGERRIANGS, RafertpiERS |
element for, filtratjon acc i.ng, to _Cl.aj.m 8, rein the peripheral
frame is %83@@6% axg I}rgg}%;q r’rﬁ?}é‘? Fléi?”lg{f}%p&%e ‘pol yolefin resin or a
fluorocarbon resin, or a nmetal material surface-coated with the.
pol yol ef i n r eEupthet, coHectingighes $A8ndr&ld are copgected to thenedllegting heet
menbrane filtration nodul e used for external pressure filtration or
i mrer si orcapy P amdt 3, medpeptiedgur e sucking filtration, the nodul e
conprising the flat sheet nenbrane elenent for filtration according
to any orgpef] A ains 1 to 9, which is disposed with a space and
integrally assenbl ed. 11. The flat sheet nenbrane filtration
modul e accor dingit 8ok AMHY, wHISEEL Por? P R dd B4 LG b Fhe SPEC
menbrane el enents for fTiltration are arranged in para Sl B 3 ormon
treated |iqui ol | ecti tube is disposed above the. el enents, and an
bna of edBHCe DEVERC LT bR AP AR oS \L AP P gt B 478%ii d
collecting tube is connected to the treated liquid outlet provided on
t he upperPrssffracéths penpPlothe Rel shegt momelmangelgmenie 181cepdst s f or
filtration arranged in parallel so that the flat sheet nenbrane
el enent s dscillateéd by did oncdatingfed dimheaswivwatbr ar thad uhe emte dunadsiibn as
support ed.

bubbling by ejection from the aeration tube can be imparted.

[0092]
In addition, the present invention is not limited to the above-described
embodiments and example and includes modifications within a scope

equivalent to the scope of the claims.



12. The flat sheet nmenbrane filtration nodule according to C aim 10
or 11, wherein the nodule is imrersed in a storage tank of a liquid
to be treated which includes drai nage containing activated sl udge.

62

CLAIMS
1. Aflat sﬂeet membrane element for filtration for performing solid-liquid

separation by immersion in a liquid to be treated which contains a suspended
component, the membrane element comprising:

sheet-shaped filtration membranes disposed opposite to each other with
a space for a treated liguid flow path;

a support portion for securing the space for the treated liquid flow path;
and

a peripheral sealing portion for sealing the peripheral edges of the
filtration membranes arranged opposite to each other so as to form at least one
treated liquid outlet:

wherein the filtration membranes include at least expanded PTFE

(polytetrafluoroethylene) porous membranes.

2. The fiat sheet membrane element for filtration according to Claim 1,
wherein the expanded PTFE porous membranes constituting the filtration
membranes have a mean pore diameter of 0.01 to 5.0 pm, a mean maximum
length of 30 pm or less in a fibril skeleton surrounding pores, and a mean

thickness of 200 pm or less.

3. The flat sheet membrane element for filtration according to Claim 1 or 2,
wherein each of the filtration membranes includes a single layer of an

expanded PTFE porous membrane or a plurality of layers of the expanded
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PTFE porous membrane and a skin layer provided on the outer surface of the
expanded PTFE porous membrane, the skin layer being composed of at least:
~one fluorocarbon resin selected from the group consisting of PTFE, PFA, and
FEP and having finer pores than those of the expanded PTFE porous |

memhrane,

4. The flat sheet membrane element for filtration according to any one of
Claims 1 to 3, wherein the filtration membranes include two filtration
membranes arranged opposite to each other or a filtration membrane folded

into two parts.

5. The flat sheet membrane element for filtration according to any one of
Claims 1 to 4, wherein the support portion is composed of at least one support
material selected from a nonwoven fabrie, a perforated sheet, a pleated
material having continuing V-shaped bent portions, a net material of a shape
in which a plurality of linear portions arranged in parallel toward the treated
liquid ‘outlet side are connected in a transverse direction, and a processed plate
provided with a plurality of flow path openings communicating with the
treated liguid outlet side, and

the support material is composed of at least one material selected from a
polyolefin resin, a polyester resin, a fluorocarbon resin, and a metal material

coated with a polyolefin resin or a fluorocarbon resin.
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6. The flat sheet membrane element for filtration according to Claim 5,
wherein at least one support material is disposed beltween the inner surfaces
of the opposing filtration membranes, which face the space, and the inner
surfaces of both. filtration membranes are fixed to part or the whole of at least

one of the surfaces of the support material to form an integrated laminate.

7. The flat sheet membrane element for filtration according to any one of
Claims 1 to 6, wherein the peripheral sealing portion is formed by heat-
pressure or laser sealing the peripheral edges of the filtration membranes
arranged opposite to each other and the filtration membranes are placed on
the support material having the force of holding the planar shape of the

filtration membranes.

8. The flat sheet membyrane element for filtration according to any one of
Claims 1 to 6, wherein the peripheral sealing portion is formed using a
peripheral frame, and the peripheral edges of the filtration membranes are

fixed to the peripheral frame, leaving the space.

9. The flat sheet membrane element for filtration according to Claim 8,
wherein the peripheral frame is composed of a regin material such as a
polyolefin resin or a fluorocarbon resin, or a metal material surface-coated

with the polyolefin resin or the'ﬂuorocarbon resin,
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10. Aflat sheet membrane filtration module used for external pressure
filiration or immersion-type external pressure sucking filtration, the module
comprising the flat sheet membrane element for filtration according to any one

of Clatms 1 to 9, which is disposed with a space and integrally assembled.

11. The flat sheet membrane filtration module according to Claim 10,
wherein a plurality of the flat sheet membrane elements for filtration are
arranged in parallel, a common treated liquid collecting tube is disposed above
the elements, and an end of each of branch tubes l?ranched from the common
treated liquid collecting tube is connected to the treated liquid outlet provided
on the upper surface of each of the flat sheet membrane elements for filtration
arranged in parallel so that the flat sheet membrane elements for filtration

arranged in parallel are suspended and supported.

12, The flat sheet membrane filtration module according to Claim 10 or 11,
wherein the module is immersed in a storage tank of a liguid to be treated

which includes drainage containing activated sludge.



