L

10

15

20

1 DESCRI PTI ON METHOD OF OPERATI NG MEMBRANE SEPARATOR
Field of the Invention The present
invention relates to a nmethod of operating nmenbrane
separators for subjecting water to be treated
(hereinafter referred to asjuntreated water) 5
including river water, |ake water, ground water,
seawat er, donestic wastDESERAPTIONustrial effluent and
secondary treated water of sewage to menbrane

separ at i GHEBHD c@%a@?ﬁ@ATIN@fM*EWBWEt§E%BA'§@RWB by
using a tank type nenbrane separator or a chanber type
10 nenbrane separator of water head difference system
or suction system Description of Related Art
Conventionally , in the process of treating water,

h ter .treatment, treatment 15 and
Hadel 5 T Re R ot | The untreated vater
used to undek %oé’a%%l AR, dYQ,r5 Qld 1 And d Oé“nﬁjethod of

contents inac |ng sedi nent ati on chanber

AT o trrﬁﬁﬁ‘)tx%f/ O AR r sorfchhe.sdldji@: aﬁfer to

along Wi t ancemrent of nenbrane techno ogy, the

20 MRIHIAREY S@RAAIAFT I QETE MRS 1O uhihedrsal vdter)
various filtering apparatuses because it is superior

i A nfdlluidd high @ iaeau madie rand 06 weites | egsowphos far,

installation and it is easier to control its

opeaaaiter., domestic wastewater, industrial effluent and
secondary treated water of sewage to membrane
separation and clearing it of turbidity and germs by
using a tank type membrane separator or a chamber type

membrane separator of water head difference system or

suction system.

Descriptiocn of Related Art

Conventionally , in the process of treating
water, such as clean water treatment, sewage treatment
and industrial effluent treatment, the untreated water
used to undergc separation into solid and liquid
contents in a coagulating sedimentation chamber, a
gravity sedimentation chamber or the like. However,
along with the advancement of membrane technology, the
membrane separation process has come to be used in
various filtering apparatuses because it is superior in
filtering accuracy and occupies less space for

installation and it is easier to control its operation.
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2 In recent years, there has cone into use a nethod by
whi ch nenbrane nodul es are arranged in the untreated
water fed to each of the various chanbers nentioned
above and the water undergoes separation into solid
and 5 liquid contents. Thus,2 nenbrane nodul es are
arranged in the untreated water containing suspended
neln efedent yeawnsit Heherantrs comre ipteruse 4 inekhed by
wi th these nenbrane npdul es by a sucking action or

wat ik Cih el ane el e SRS X F319e8 ctf vigh @ ruhaks Hged
gone through 10 the rane nmpdul e .is drawn out. of
SR AT RIS R R R T ST

the |iquid ase within the chanber olid n

orf R (M THE ST Dt Fetior s ot as D Ep o ol b and
filtere ear f Hggi ' andh ger '

ob]tla nlecg %@{t[e%ne%w olﬁrgfoés{t IESI e %é ﬁ\e me r%qrslee'a?‘rranged
MYl &% untreated watdh SMGE A TBIDT A0S SEPEE AhOF te ASfed

suspended matter 1n the untreated water sticks to the

MBI N S WH B85 A 0 Wdted hies coMt ¢ ewtidd | wit9fthese
filtering and clogs its pores, its filtering

peidnbrate enghilcki by 20 wietatg aiet ven  @v end et | lyead
maki ng the separator incapable of filtering. To
stailfi fe znde | tanrd ncheghi Nstraedivattdndrning i gong through
necessary to perform physical washing, such as gas
cldwnimambnarne tmastivks nigs alrawr suheobtifs gaamiert heSuch
untreated water side of the separation 25 nepbrane
(FerRgiangaerl gasfas retPRIRd 1t iR& hihghhankiquid phase
back- pressured wat er washing by ejecting a bac{ma h
meth TS Uhe £hamIe Ay Sv%]tﬂé%_%?n‘lc%fa% CRRe TTo70 S
f3's'§aeer o 8 48 d TR ST oGl O L8V e P d fed NBher
cleared of turbidity and germs is obtained on the
output side of the membrane modules.

In such a membrane separator, as suspended
matter in the untreated water sticks to the membrane
surface along with the continuation of filtering and
clogs its pores, its filtering performance gradually
deteriorates, eventually making the separator incapable
of filtering. To stabilize filtering against this
clogging, it is necessary to perform physical washing,
such as gas cleaning by introducing air or some other
gas to the untreated water side of the separation
membrane (hereinafter referred to as air washing) and
back-pressured water washing by ejecting a backwash

medium such as filtered water or clean water from the

filtered liquid side in the direction reverse to that
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of filtering so as to renove what has accunul ated on
the separation nenbrane surface (hereinafter referred
to as backwashi ng), thereby peel off the suspended
matt er havi ng accunul ated on the nenbrane surface, and
5 further discharge the peel®d-off suspended matter

out of the system In this process, if the quantity of
ured et e mina@rsg rag Heo ctemmiee vl dhap apmmukayed son

| arge, discharging the whole quantjity of suspended
neithieersqRagiadyl &F fuampbrane pHaiaes (RS Mp AT ofeteered

10 i1l by ied b I [

19 £25% 1L 06, Secomanted oo Lo as aun Ly o
L R LAY 0 0 Y e He, one
SR QU UL LS B osdots s Ko

W!?Jf:ftr{éﬂ% té»@énd. | st Ol &k dys constand | yudpedi Po £

fixed qu Ity of untreated water into the chanber in

Wiy SEREY ana P AY] 6@ Adangath 1ang afudheis@nei s

20 tinme discharging part of the untreated water out of
t Neyrsiest emg@ra-Paienthdamsmntqiardoit y nef anesyended
However, by the above-descri bed operating nethod of

t e tbeny eretel dapma | o fife iy e qEiperiatadr véi Srirosezht o f hehe
Pat ent Docunent 1, if a high yield of 99% or nore, for
25 visnsmancd, 1 ke tardempmrtisgchdd; onlardesorantesty o?f t he
untreated water in the chanber can_be dj scharged out
ofunttieadipst sty A19sulde ndusipereir Rt rthreraldt 19

by the physical washing or, otherw se cannot be

ditdendrigd@res sipt et R tsyst dR it FURPEER0IRE (g

tﬁ%treated water used, namely the yield of the
separator.

In view of this problem, there has been
proposed an operating method of a plug flow system by
which the vyield is controlled by constantly feeding a
fixed quantity of untreated water into the chamber in
which membrane modules are arranged, and at the same
time discharging part of the untreated water out of the
system (see Patent Document 1 for instance). However,
by the above-described operating method of the
conventional membrane separatcor disclosed in the Patent
Document 1, if a high yield of 99% or more, for
instance, is to be attained, only 1% or less of the
untreated water in the chamber can be discharged cut of
the system and all the suspended matter peeled off by

the physical washing or otherwise cannot be discharged
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concentration of the suspended matter in the chanber
wi Il gradually rise. For this reason, in order to
acconplish stable nenbrane filtration, it is necessary
5 to operate at a | ow nenbrane filtration flux or to

i ncrease the out-of-the-systeem di scharged quantity of
untreated water containing suspended matter (to | ower
t martyiodl dhe Goisdrenk novirh rteteh oS u ¥e | Wkt driee by whi ch
the 10 liquid level on the untreated water side of the
f Qe Hriae af thawereEPanisd mgE@s n bt 2nRem
under.neat h t he nenbrane nodul e to strengthen H%ﬁa
effdct ML adhisty (F&F Pdtieht” Boelitent’s X B

| B R s e R, i SR R B 8 nddesspry
i f fi Y .

AU lorRE la 17 0 IR e e Rt et o

PQ%%a@%CWto%tﬁlﬁ%h%—L%}éﬂéﬁ ng ddisfdeGupitity of

di sappear ance of es on the gas-liquid interface

Ol rfth@ At D& adQ O Tt it 101y Afudfihdd duht 153l f pe® bwwer
the rupture of bubbles are useful for enhancing the

wasi g eafdect, but they involve a problem of hal ving

t he washing effect of cross flows ensuing fromthe

ri se of bubldtde rorkridwn wetticuy efrfclotdefortdhedowividriath ovhe
of the filter 25 menbrane acconpanying the effect of
eldlawdicnd eare lequi tdleentintixeatiesd Wi gve ofddubbltde filter
Moreover, as the lowering of the liquid |evel

elMembranes isatlavesesntdhithfe gigatemardihiies fren
direct contact and friction .5 between tfﬁhéilter
mARsiesREa tdy

Mephiane, Mg OfS HRAH dieheye effect
POt R e | (e R PR bt A sbet e
t R aaednareh it Y (i (Rt A T Thideted
A e ek S A
Sy¥sleemiand A heMAShid g £Id it dit (M eivndal vesk

Furthernore, as the distance fromthe filter
instance). The air washing methods shown in the Patent

Documents 4 and 5 utilizing the effect of disappearance
of bubbles on the gas-liquid interface or the large
oscillation of the liquid surface by the rupture of
bubbles are useful for enhancing the washing effect,
but they involve a problem of halving the washing
effect of cross flows ensuing from the rise of bubbles
or the washing effect of the vibration of the filter
membrane accompanying the effect of excluding an
equivalent to the volume of bubbles. Moreover, as the
lowering of the liquid level eliminates water around

the filter membrane, the direct contact and friction
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10 nmenbranes near the treated water inlet of the

menbrane nodule to the inlet is short and accordingly

the pressure loss of the fluid (treated water) on the

treated water side of the filter nenbranes is snall

there arises an increase in3he pressure difference 15

bet ween the untreated water side and the treated water

siRfEwen Ha g i f i dre rravpiiranes faaetsd tihe HefrbyHeation of

di.fferential pressure, with the result that the filter
v D Sror AR dro haRt e b 191 rhey £1FEer

areaber quant ily gl yptreated val er thap,dhe fillero20.
menbranes €l sewher €, are ‘cont arfi hat ed” raprl dl'y” an

g . S ewne . _ . .
SO e 1 d SR BTG o) L oy
inzar;%?frf U ITBG MY KERPT O P Hed NEnd 111§Kid level

anes out of being imrersed in the untreated water

( Seriedls Palritte Bos Wmgittobllem HOYRY &fhe t E6h ORRE P4 £ &9
nmet hod for nmenbrane separators disclosed in the Patent

Dacispeniddn meteiemdrirest thee tdwnmelostveny i diwtharged out of
separators described above, invites drying of the

f ithteers yeardy samebs i twesh iy e Efedtwalys P telyy expbsed.

to the atnosphere. Moreover, as the whole filter

menbr anes arfalnidte e, tarertde disirapeebfeentthee fhiter
effective nmenbrane area is reduced. [Patent Docunent
1D IFERI0 7R Y fdvee it cashertey Jmpt e 1iug membrane

Pat ent Docunent, JP- B2- 3351037, [ Pat ent, Docunent 4
5?“-0,53-”3‘1?- m&gfe[ lﬁé}?ﬂﬁﬂ ISHh ad [JEFG%?rl ingbpogne !

pressure loss of the fluid (treated water) on the
treated water side of the filter membranes is small,
there arises an increase in the pressure difference
between the untreated water side and the treated water
side of the filter membranes, namely the membrane
differential pressure, with the result that the filter
membranes in the aforementioned position filter a
greater quantity of untreated water than the filter
membranes elsewhere, are contaminated rapidly and
deteriorate in filtering performance. In view of this
preoblem, there is proposed a method by which filtering
is performed while keeping part of the filter membranes
out of being immersed in the untreated water (see
Patent Document 5). However, the operating method for
membrane separators disclosed in the Patent Document 5,
when applied to the conventional separators described

above, invites drying of the filter membranes as they
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Brief Summary of the Invention 10The present invention
is intended to provide an operating nethod whi ch nakes
possi bl e stabl e nenbrane filtering operation while
securing a high yield by reducing the | oad on the

filter nmenbranes and perform ng effective washi ng.

15The present inventors, as a result of exhaustive

stardi @dwalysupd ity ep@ased i ndthifo@ naphargl e Moreover,
menbr ane filterin%éﬁgeration can be achieved while

s@éutingg whodieg i Hlitarg npbgiadiemaidieh et dntdie i 1s a
%E—ﬂ%to %gb‘?%rgkag:gttg%geﬁ S ,szﬁem after rgﬁgreeaéi.n t]‘;ﬁhcg%gegq.
s aceompl | SRS Doy itk WER AR HAT 1o
Wi ch f11terras ey R i T 2 "The 2
filter nmenbrgngs A §RAndnt iITesash-33wredy reduci ng

contam nation spots in the | engthw se direction of the

filter nmenbrangenthindt erintes it gmephagsadies ef f ect of
7 physical washing, and reducing the quantity of

{Patent Document 5} JP-A-11-147028

Brief Summary of the Invention

The present invention is intended to provide
an operating method which makes possible stable
membrane filtering operation while securing a high
yield by reducing the load on the filter membranes and
performing effective washing.

The present inventors, as a result of
exhaustive studies, found the operation method that
stable membrane filtering operation can be achieved
while securing a high yield by discharging waste water
in the chamber out of the system after repeating the
filtering step and the physical washing step twice or
more and combining a filtering step at which filtering
is accomplished in a state that the whole filter
membranes are immersed and another filtering step at
which filtering is accomplished in a state that the
filter membranes are partly immersed, thereby reducing
contamination spots in the lengthwise direction of the

filter membrane, which serves to enhance the effect of
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untreated water in the chanber, nanely the hel d-up
guantity, thereby discharging out of the systemthe
suspended natter peeled off by the physical washing 5
together with the small quantity of untreated water
remai ning in the chanber, and eventually succeeded in
conpleting the present invention. Thus, the invention

c ah el SR S e a2 b | Teiikcing (he Awanhbey opf
operating a nenbrane separataor in which a nenbrane
mi e EGHM GGy P | HgChamet dansbosre et dwp
fiber nenbranes i.s installed in an untreated ter
CHRTBETNG TSRt e 56 1S Thed het Hoc Y FEFhdERe a
fi ' t ' n is fi d
oy A it o AL BRI M ool wpenhg
si it i %F#% qeonaar [
(t%ﬁ%l\r/va%?leﬁgy e)egl%éfl]?ﬁcieu 0 Eo){;/]\/e?il'sber nme ?gn‘g‘%eg
PhysiLa] i MRSIH "heS L @ihre 9% VRS 10k Y1 B) eSkddeded in
gaseous washi ng nediumonto the primary side 20 of the
meyspARa i Wi prkadntackedessur ed wat er washi ng by
feedi ng a backwashi ng nedi um fromthe secondary side
of the hol | @ barhereinbreaneioranchn étd | swgmar paess 49
the untreated water side of the hollow fiber nmenbranes
arfdldatrsgi n step of discharging 25 waste water in the
chanmber out of the systemafter repeating tw ce or

nmore the filllerifdgedihgs afd QuRraihig chlNSRRIAMY st ep.

(2) The method of ogperating a nmenbrane 8 o
geparator in which a membrane module comprising a large

number of exposed hollow fiber membranes is installed
in an untreated water chamber is characterized in that
the method includes a filtering step at which untreated
water is filtered by giving a differential pressure
between the primary side (untreated water side) and the
secondary side (treated water side) of the hollow fiber
membranes, a physical washing step of gas washing by
ejecting a gaseous washing medium onto the primary side
of the membrane module and of back-pressured water
washing by feeding a backwashing medium from the
secondary side of the hollow fiber membranes and
letting it pass to the untreated water side of the
hollow fiber membranes and a drain step of discharging
waste water in the chamber out of the system after
repeating twice or more the filtering step and the
physical washing step.

{2) The method of operating a membrane



10

15

20

25

separator according to (1) above may be characterized
inthat the filtering step further includes a
filtering step (hereinafter referred as the filtering
step A) conprising a substep of feeding untreated
water into 5 the chanber and of starting filtering of
the untreated water in a state that the hollow fiber

MRS T @etdadittihda hel et dig Chaapariged
exposed and an_ ensuing substep of filtering the

urdt dhEdd ths il P g SteR HHE Y WYt Rt 1dw ¥ beying
re rag %fgaﬁg¥gggtﬁ&%%%%&#ﬁgﬁﬁ&%%g%%oqg%%%fé%%%§Jy

DS RIG E Y WHs AR A A dihd Mniedda e, Tifeo

) B b 0 BRI AL o (6 AU prRord e

URIFRAL 86, WRIRat ATl i WIMIG! | Ofb rdibRined cal

washi ng step, wthout feeding untreated water into the

C e tiittiidg tte e rdd hesduteiy angsa eonstdtptséd and
t he nenbrane nodul e are partly exposed, and an ensui ng
2@ rs whsstuam o fs dreadipn @ fu it irlead reichgvatesr it oe d theed obesindoer in
and filtering the untreated water in a state that the
Waolsee att@ Itdva tf itiher wienite drelsl awonithe wtniengotdree srenbr ane
nodul e are i mersed. (4) The method of
oFeneEtt ik ta nee rihea ey ep aradwe accoridmrriedany of

(1) through %3) above may be characterized in that the
physi cal washHi)ngha glpthed o RRIRG 6 & BERRE% 0 be

executed in a state in whjch the ol.e hol | ow fi ber

RES % FFEAFUNT QA e Pelfor AR IWRE RF e
| PR e AL Sherred as Ao SR ||
LS 10 N0 T AR SRR PO 108 co o
filtering step B) comprising a substep of filtering
untreated water, after the completion of the physical
washing step, without feeding untreated water into the
chamber until the hollow fiber membranes constituting
the membrane module are partly exposed, and an ensuing
substep of feeding untreated water into the chamber and
filtering the untreated water in a state that the whole
hollow fiber membranes constituting the membrane module
are immersed.
{4) The method of operating a membrane
separator according to any of (1) through (3) above may
be characterized in that the physical washing step is a

combination of a step to be executed in a state in

which the whole hollow fiber membranes constituting the
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5 (hereinafter referred as physical washing step B)

(5) The nethod of operating a nenbrane separator
according to any of (1) through (4) above nay be
characterized in that both ends of the nenbrane nodul e
are conposed of a | arge nunBer of exposed holl ow 10

fi ber nmenbranes fixed by adhesion, with the hol | ow

f mgap raagb reges eaR rehdmes sedd (heineg redderan¢ figrged as
hol | ow fi ber nmenbranes at the bottom end bei ng cl osed.
(BNYPRAE2 e RSB IHE ShEPafI nGPE FERISTe &e

di ] f (1 , h (5 15 b
ceserduns o anof (1), LAOUO (o) Slote o0 A5 00 enee
th hysi I hi t t ed
BRI O R R R S A P rpocea

L i
SREREEHL006E 96 ADLey L O RIATIL L e et
i nvention, if)i gnROgSRlE b RRIHATRS e Hdnti ane

physi cal washing while alleviating the |oads on filter

mMeebhaResranechediadguee bhe @uranti)t khafoudre UNt reRiwd may
water in the chanmber, nanely the held-up quantity,

t ber ehyranablriagdnenbriae 2oth lehels rf tthebenenttadane
operated while securing a high yield by discharging
ombdafl et hees gompmselle ofuspdader: maber pdeleegposfed yllow
t he physical washing together with a small quantity of
ufitbest agnhgaaes fiaefisgwt apih@sd ofor wWadhr heg hadtl avhe

| nventi on] The present invention wll be
dédbrroBamPragecarlt blcokoR ERY S8I9 %D PPEINEnst thee

best _nodes, for carrying it out. .
ho&low fiber mem%r%ne% at t%e bottom end being closed.

(6) The method of operating a membrane
separator according to any of (1) through (5) above may
be characterized in that, after the filtering step A
and the physical washing step are executed and the
filtering step B and the physical washing step are
repeated once or more, the waste water in the chamber
is discharged out of the system.

According to the invention, it is possible to
perform effective physical washing while alleviating
the lcocads on filter membranes and to reduce the
guantity of the untreated water in the chamber, namely
the held-up quantity, thereby enabling membrane
filtering to be stably operated while securing a high
yield by discharging cut of the system the suspended
matter peeled off by the physical washing together with

a small quantity of untreated water.
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S5Untreated water to which the invention is relevant is
river water, |ake water, ground water, inprounded

wat er, secondary treated water of sewage, industria
effluent, sewage or the like. Filtering raw water of
any of the kinds nentioned apove with 10 nenbranes in
a conventional way invol ves bl ocking of suspended
matter or any other substance greater in grain size
than the pore size of the nenbranes contalned in the

r dWerdt dodegnd ath ¢ r rvdids QU itha tln e tdan led

polarlzatlon of concentration .or for i on,  of 1

cake | ayer, éﬁHFﬁﬁqﬁﬂ§sﬁﬂﬁ?qq%ﬁ9t lﬁﬁﬁﬁ)éﬁﬁﬁfﬁh%?

cIo such the ended matt t.he .subs C
%gﬂﬂfgy §§ﬁ%§ ﬁu?qnﬁﬁﬂ%aﬁ’stgﬁ% sd@ AN FSr

sub§&aqpes result the filtering f|OMIve|OCIty
of %He nghbranes ‘when fllterlng raw wat er drops to

only 20 a fU%%fﬁgiéH W W hathsHd {feedd QM is

vel ocity when tering clean water, and the filtering
W NRIRCTilY RGN §afets) W MO R L1 c}ﬂ‘tﬁmd water,
conti nuati on of fllterlng In such a

Ma YRR DAL, Jetaidialy traitdl Ivate f idf esdwaye,
it 1s necessary to peel off the 25 suspended matter
hadvidug tadeume fatletran tdevageniunnhe Uriflece byl Jhesinogl raw
washi ng of flow ng back transmitted water or air from
t matsecofdany tof tthe dints wegitdeorngfd adoveher¥tihter
menbrane, and further to discharge the whol e quantlty
ofnemipr anes! dd 6f foonreRdrdRR mstaeri (Rl ¢S e SR @Rt
In this process, if the quantlty of untreated mater in
{ OSBRSS, MEHGISE (RF AP HABT [SURSHANES STRASR T ng
t he whol e uantlty of suspended tter ed off by
tﬁéaﬂﬁ’yﬁlé% P A B e

GRS t@»oa%qﬁ w"%am s o e Rfterh Layise
q%%n tlﬁ.edlo%)o %rq}ﬁ% oq;{ 34}%é‘f{gfﬂ<ﬁgl\%ﬁt%rrﬂé}tlon of

used,” nane he separat or reover

t Iglecql' { Q.ré&‘aer & I'éﬁ: ft'l'L d ape AN esh HeXmd Nenes are

treate et of the nmenbrane nodule to the
Rh1elgges %'(}Ofst caﬂctr@?wsijéiﬁiéa ok fU L SSHIMend 0sodfances

the f1ui d reated water) on the treated water side of

tbe frdtligorkd tiRyHUeaaNE i T Bldmbidede ddsatb | nertease
in the pressure difference between the untreated water

Sistidsarcthdelze t Peatedresmtlar, Sitde ffl tdwing | fleow velocity
menbranes, namely the nenbrane differential pressure,
wiotth thiee megduwlaneshatharh & flitamimgrerdr anese§ rdxdes to only
af orement i oned position
a fraction of or a few tenths of the flow velocity when
filtering clean water, and the filtering flow velocity
progressively drops with the continuation of filtering.
In such a membrane separator, in order to
stabilize filtering, it is necessary to peel off the
suspended matter having accumulated on the membrane

surface by physical washing of flowing back transmitted

water or air from the secondary to the primary side of
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20 filter a greater quantity of untreated water than

the filter nenbranes el sewhere, are contam nated

rapidly and deteriorate in filtering performance.

The net hod of operating nenbrane separators according

to the invention is a nethotlwhereby the 25 |iquid

| evel of untreated water in the chanber is controlled
alstree g exp pambarsd o, a b ff uidiare s sHes ghiige the whole

di sposed in the chanber, a filtering step A including
a aANtdiin @ sty afte%ﬁclﬂﬂf%ﬁaﬁpemcgﬁﬁ anaptltf%o?%wp the

filtering step.at which filteri IS rformed w.th

QIS SHR T | Aot REARRSS 1t Hd (T SRR v aft 1L ygated
into a chanber and.suspgnded natter .i t uck 1 e

| S\t Tport ir{g‘ﬁas Cgl}anfbneer 1‘(i‘:i]'9tq{(a°‘r]I e uraa{}nee%@onﬁs%(i]téa #&?fg

t I V. R i ' f
AESTEES G G AL B ORIl teied nacter
CoRhidtd 9 e HE CIP YUY G HE AR 1Y @1PSPshen
agﬁ§% filteriﬁg stegﬁgﬁﬁhcludinglégfi!tering step at
WRiiah, paf R B8t i:0n Higen o8} omshitteated
step, suspended matter 10 is stuck to the | ower

polait@ts Qesiheaifd tier aeidwranes wenstdtid iol the filtered
menbrane nodule by filtering untreated water until the

f Wlatterr mErENtdnes teordtd taudamiyl thyhe et anet rpaid@ watker
partly exposed wi thout feeding of untreated water into

t hseshamseae Lys ther ficratell alhdhelsaeraratanhe NOEPTHEy as
steps and the physical washing step are repeated tw ce

oithepidd stedweefiniot ddies Usipdiftfediqmitianies ef s cHif geteated

out of the system LN casge I hat

NOAGH FPIGE i ESTanemTaRbrg o (IS | GHT F e

USHAaFS A, A A MBS LE A B s,

MRS A S R il THRAERO o 2D0ker
membrane is small, there is an increase in the pressure
difference between the untreated water side and the
treated water side of the filter membranes, namely the
membrane differential pressure, with the result that
the filter membranes in the aforementioned position
filter a greater quantity of untreated water than the
filter membranes elsewhere, are contaminated rapidly
and deteriorate in filtering performance.

The method of operating membrane separators
according to the invention is a method whereby the
ligquid level of untreated water in the chamber is
controlled above the upper end face of the membrane
module disposed in the chamber, a filtering step A

including a filtering step at which, apart from a



10

15

20

25

treated water inlet of the menbrane nodul e perform
filtering of about 50% of the required water to
undergo 25 filtering treatnment, which neans that the
former filters a greater volune of untreated water
than what is filtered by fil2er nmenbranes in other
regions, resulting in rapid progress of nenbrane
covviranailn ftlildrering snerdétte mihdrcdt ifdn tiqrifmd tier ingg formed
performance. By introducing the filtering steps A and
Bwéé:é’o@érllnéjl"teo fifd e pemireRe syhé e (U dpder is
whi ch ,ot herwi se woul d be prevented fron1contr|but|n

t & o HOESR |aoﬁhE§Fb§rt &4 ﬁMSxf?@ﬁ)@@%fﬂ rg ; the
{ EeR, B sd She. S ftilet Tl peEa R dar lstg%van the
tﬁ%fnfl?g'rggfehﬁqo%%l%' t%f}tf% %hﬁfl 'éﬁﬁ{%ﬁﬂﬁt@eps uted

repe rFtion o terl

pb:)é%'e‘i""'ln"‘%s %‘t%g;gs tl%p WHHGE £50 ( Yy '{ﬂyrrﬁ’oxad?'ﬁast R tuting

reduci ng t up quantity of t menbr ane

Separ akpb ma%eﬂloﬁlﬁ@.es%s.c%e%%l osréeﬁl ethdfd fanddeing

physi cal washing is to be dlscharged out of the

SyskenB iihclsiddngchargad draget Refeprath warilah ,a ftdd the
quantity of untreated water, thereby making 15

possiplet ishalblfe amphiysdma If Watséviingg sdqegr,atsuempeatdest magiter
yi el d. Here, the menbrane filtering fl ow

r e sitmckhé osttaee liowewhipoit ioms fafl ttdre dfanfreangembranes
constituting the menbrane nodul e are partly exposed
nﬁ?nﬁél@b‘ﬁthI rtée ﬁ@wame nogivd o Sye|fidserdgmay yrdkgated

| evel or a hi | evel than, that at the nor mal

fF’F‘F@Fl H&tétle hebtﬁftlltteri &eﬁpéﬁéﬁéblcéqs&%’rﬁlrr’cﬂ the to
t h th t nb f,
B BbEAnE BoRBIARR T FPEg SSEes C DS N e d RS of
pBS@%e%Qeﬁ’w@Q% 1%%% %%%gc%a%ber is performed and,

after the filtering steps and the physical washing step

are repeated twice or more, concentrated suspended
matter is discharged out of the system.

Now, in a case that hollow fiber membranes of
2 m in effective length are used as the filter
membranes, theoretical calculation of the pressure
losses of the hollow fiber membranes indicates that
filter membranes of about 20% in length from the
treated water inlet of the membrane module perform
filtering of about 50% of the required water to undergo
filtering treatment, which means that the former
filters a greater volume of untreated water than what
is filtered by filter membranes in other regions,

resulting in rapid progress of membrane contamination
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the filter nmenbranes constituting the nmenbrane nodul e
in the vertical direction being represented by L and
the verticval length of the filter nenbranes not in
14 contact with the untreated water on the liquid
surface of the untreated watgr in the chanber in the
state in which the filter nenbranes are partly exposed
beinty deprmismrateibbyin’ £ilttepong gper fornancag i Byt he
state in 5 which the filter nenbranes are partly,
exXpseiiuging idvbrEnt 5 inersrpy |%mam<étlé wcordmg to
satisfying the condition of F2 < FI(L - % L > L',
L the inventiqs, (diefil ¢ ReRCTRMDT afel F1 | ?ﬁ‘@lﬁ?

DR e E5P ST B AR t%“ﬁ#ﬁ%&l% by

f It t t

f e %“t%rféreé Ft?ﬁu.“ba Holhe IosattrarsoeRaBied ro e
S'e‘keféd’c 'J I hd &Y rf§ Eﬁef&%‘r Riadi ;B&Eéiﬂﬂeteo
renmove at has accunmul ated on e separation

MRIER ANE &Hﬁﬁ«%é&d@%&% the fmd hoch oEnphysi &ﬁfectlon
washi ng, the filtered water, clean water or the |i

Wi fCh Hia s ibaedy usath@dndde Wﬁtl@@i, versdi f\@pétﬁm@@nof
be stored in the chanber in its whole quantity or in

parte tfd e rieusestegs pard tdie Zthdiecahtwasth bodg watep . twice
Therefore, the operation can be acconplished at a
hicgherond elnd! ttheralheredssiny tepdetidgip heudntieyiaf
operation and the physical washing step twice or nore
béfer embsang meRar@ i (vhalepthe siseended mpbter

quantity of the suspended
peeled off by the physical washing is to be discharged

out of the system, it is discharged together with only
a small quantity of untreated water, thereby making
possible stable membrane filtering operation at a high
yield.

Here, the membrane filtering flow rate in the
state in which the filter membranes constituting the
membrane module are partly exposed may be controlled to
the same level as, or a lower level or a higher level
than, that at the normal filtering step, but it is
preferable to control it to a level not higher than the
membrane filtering flow rate at the normal filtering
step.

It is more preferable, where the length of
the filter membranes constituting the membrane module
in the vertical direction being représented by L ang

the verticval length of the filter membranes not in
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25 matter peeled off by the physical washing is to be
15 di scharged out of the system

Incidentally, in order to enhance the washi ng effect

of the physical washing step, it is preferable to add
an oxi di zer, such as sodi umiypochlorite or 5 ozone,

to the backwash nmediumto be used for backwashi ng, and

f wotnhercti wiith efhfeecinitweated orttam oz dife dri goive Bttfece
oxi di zer in air washing of introducing gas of air or .

t lod Itihlee uas Healfisidce yadient Hen (it adeadbasatisy HiglsS6ite i
filter menbranes. However, 10 as stated above, air,

wardrichy tined i e @embEanash AL A o rRrRASEh freing

al ways prove sufficiently effectjve on account Of-éq? :

c SRPTeSERE Sich We dpectt P IHO U G P DT i1 State 1n

menir anes. filter nbr ane washi ng ,net hod accor,di ng

t §is t%il% o, °"BY 6ithiih$ e FRAETH & iépn

t%%n%&%t%lflfMgr:%ﬁé?ig¥ﬂﬂé{ fﬁi“ﬁéﬁ?%gy' Xhe

constituti ng the rane nodul e are I I mrer sed

(hepeinaftergeferred to as the physical washing step

A a a step executed in the state in which the

hol | ow fi ber 20 nenbranes constituting the nmenbrane

nodul e are partly exposed (hereinafter referred to as

the physi gal swaghikngistep 'ByL qan>proyi de >t g whol &' < 0)

filter menbranes with (a) a washing effect by a cross

fl ow acconpanying the rising of bubbles, (b) a washing

effect by the 25 vibration of filter nenbranes ensuing

f rematheeeftiedthe membrane filtering F1 at the normal
filtering step.

Further, where backwashing by which a
backwash medium, which may be filtered water, clean
water or the like, is passed from the filtered liquid
side to the untreated water side in the direction
reverse to that of filtering to remove what has
accumulated on the separation membrane surface is used
as the method of physical washing, the filtered water,
clean water or the like which has been used at the
physical washing step can be stored in the chamber in
its whole quantity or in part to be reused as part of
the untreated water. Therefore, the operation can be
accomplished at a higher yield than otherwise by
repeating the filtering operation and the physical
washing step twice or more before executing the drain
step at which the whole quantity of the suspended

matter peeled off by the physical washing is to be
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to exclude an equivalent of liquid to the vol une of
bubbl es and (c) the effect of di sappearance of bubbl es
on the gas-liquid interface and a washi ng effect by

16 substantial oscillation of the |iquid surface by

the rupture of bubbles, furifier makes it possible to

(d) discharge conpletely out of the systemthe
suspNdaGgmiddr gfealted sofdfterhe filter menbranes

because the 5 suspended nmatter once peel ed off the _
menbr ane surlredeent alie ,gds wastemgadeahansie sthewashing
the nmenbrane surface again, and (e) to peel off the

s esfifende @ frdthee PhvisdrRathevarshirgr Shavor drfe isubReieTah e
efficiently as conpared wth the conyentional air
weishiats 1 17 Hec ARSE £ % TRV RASKYAT T Qe
can be secured qurin ich.the filter ne anes of

© R b d oA HRATT TR 1 &t B W o o

remai.n in.contact, with bubhles. T Y/ t :
I%q:iﬁkd"assmea&d %uerrkf‘aeéa%tr Zia eegtefvéactetels;ev\ge;on {heath
unt t |, L€, YRR, qrﬂ%q & dh i & ¢ over ed
b&%oﬁa‘et Z)S:l \é%otmg a(ﬁ%sec g)r_gl ngeg? t he g:lhysa% céﬁ{b\c/vashi ng
SUSR BB RE s AW g PY dhd thaey &l ikAb Y and iHe
of ‘the filter menbranes, but in order to provide the

f iR IRl Svadfe 2GRS MG 1 atiad b eembdmaride, WHiwever,
filter menbranes it is preferable to reduce the | evel

t @4 ha ateyy dpattegmadfr twesHiing emdenbirtenesorivrenthiednal
vertical direction. Also, as alternative nethods for

r aicgidig: itdres Idiginbts wlfveges gfravee awfifriasitent Miateffective
around the filter 25 nenbranes fromthe |ower part to

t loe @oweungarat dthe eonfds adashiidy mse®; ehdhe are

met hods by which the liquid surface of the untreated
wakigiabarlding athd iflare memAes is raised while

perform ng g?%?%%ﬂ?’%%ﬁg¥éne washing method according to

the invention, by combining a step executed in the
state in which the hollow fiber membranes constituting
the membrane module are wholly immersed (hereinafter
referred to as the physical washing step A) and a step
executed in the state in which the hollow fiber
membranes constituting the membrane module are partly
exposed (hereinafter referred to as the physical
washing step B), can provide the whole filter membranes
with (a) a washing effect by a cross flow accompanying
the rising of bubbles, (b) a washing effect by the
vibration of filter membranes ensuing from the effect
to exclude an equivalent of liquid to the volume of

bubbles and (¢) the effect of disappearance of bubbles

~ on the gas-liquid interface and a washing effect by
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17 anot her nethod by which |iquid surface of the
untreated water around the filter nenbranes is raised
while feeding the untreated water, but the nmethod of
raising the liquid surface of the untreated water
around the 5 filter nenbranes by backwashing is nore
preferable. Incidentally, (1) backwashing is nore
efsfudcttiarg: ivhie o gearlflertnigch ad fivehlse altiguiied smamefadendoysthe
air washing, but (2) air washing alone nmay as well Dbe
perirdrsd ofhdadphdie s, hef Ushireod isthesn 107 BRasdtlshi try. (d)
O, (3) air washing 10 al one may al so be perforned

afHéchargs qampdedts oh Bt bﬁ%l&b@sfﬁ%@?e“iﬂtﬁﬁ%é@l‘(%ﬁ?q
is also conceivab o introduce hackwashi ng whil
| B PR Shiod Net Bl G TR S AR e
t sane tjne,..or. (1) thro 4 onhi ne
aF$E¥%%F%C§@3E£&§JéﬁC%rﬁ?%ﬁ%ﬁé?%ﬁrﬁﬁéﬁﬁﬁ%’ eéuéﬁﬁﬁﬁce
Lane, ..t .at f i,cal ' p A
THPRAe Gl O P el Al e, i
VRSIHG P /Y0G, M P Al @Npdal idkf BHe idudffended matter
preferable to be set in the range of 1:10 to 10: 1.
2@t hele, fBheR RiderMSHNGUrFdde b merdoriek Wiy s
raising the Iiquid surface, since the absence of water
alcoupe righie wiith ethenerdnvasrasi oddl diastwdsdrimaninethahor t
period, damage to or breaking of the filter nenbranes
t lneoagiset e sdififdcti ecdntlacigtdnd ff rtiiote arar Pdharamered
them and the drying of the menbranes can be prevented.
Melugdngr whish hdenddditey efembmanes qriediher melssmsar ed
with the conventional air washing nmethod, the quantity

ofiodid eg aeasud hRadHiad Sfe dlalftuded edak @ in gin’ contact
with bubbles.

The level of the liquid surface of the
untreated water when the untreated water in the
membrane module is once lowered by filtering or
discharging at the physical washing step B may be at
any height in the vertical direction of the filter
membranes, but in order to provide the five effects of
washing stated above to the whole filter membranes it
is preferable to reduce the level to the very bottom of
the filter membranes in their vertical direction.

Also, as alternative methods for raising the liguid
surface of the untreated water around the filter
membranes from the lower part to the upper part at the
gas washing step B, there are methods by which the
liquid surface of the untreated water around the filter

membranes is raised while performing backwashing and
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reduced, and this accordingly is an advantage in termns

of the durability and energy efficiency of the filter
menbranes and the nenbrane nodule. O where air

washing is to be acconplished by 5 ejecting a gaseous
washi ng mediumin a bubble fprmtoward the untreated

wat er side of the filter nmenbranes while raising the

| iaguo tthesumfestde b fost heh ot rleiapeidd viatefaod ¢hetle |untreated
menbranes according to the invention, if gas _

covtt@ hianpund |tdees tf idrie nimapbrings sis el rhgyhole

chl orine, chlorine dioxide, hydrogen peroxide and

oZGRsligh the uKEertathe' ool tiddlf METhRA B ofraising
DI LA U B i e
T3t e FLr R G el TERLL.
{3 19" B i AR Hoid e fhoctiie nen

t e Ad Rl 'Hlbvfévg REUhe HgndBifld &s O thesHind Srout

menbranes to be 20 used according to the invention nay

i nehuder WReHh 1 dridinsd 490, wd10r b PBeart®rmed ahead of
pol yol efi n such as pol yet hyl ene, pol ypropyl ene or
pahuirenedu tfildinrd fc baakwastiialyas G, (3) air washing
tetrafl uoroet hyl enepar fl uor oal kyl vi nyl et her copol yner

( BRANe ma3db aleta afd wermiiimed e rafiexafthoriopriopjhetneon of
copol yner (FEP), a

t dackasdrios-hy | Eaymd-heaxaf (Aoridpricpya ke prideioraial Kyt @

i nyl et her copolymer (EPE), a

t ditaadpsieo dagiwaidtisihwhdne dedtingerin prHpeated water
pol ychl orotri fl uoroethyl ene (PCTF

c RIS BERHToiddt MASHAT @%ﬁ%é%gﬁn%r VECTFE) or
DR O e S TRELED S SRR B Tome,
Now at the steps of washing the filter
membrane, the durations of the physical washing step A
and the physical washing step B during the whole
washing period may be at any ratio, but it is
preferable to be set in the range of 1:10 to 10:1.
Further, when air washing is to be performed
while raising the liquid surface, since the absence of
water around the filter membranes will last for only a
short period, damage to or breaking of the filter
membranes through the direct contact and friction
between them and the drying of the membranes can be
prevented. Moreover, as the washing effect is greater
as compared with the conventional air washing method,

the guantity of the gaseous washing medium used can be
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5 pol yet her ketone, polyether-ether ketone or

pol yphenyl ene sul fide; a cellul ose such as cellul ose
acetate or ethyl cellul ose; polyacrylonitrile; or

pol yvi nyl al cohol, each by itself or a mxture of nore
than one of these. Wiere a pgwerful oxidizer such as
10 ozone is to be used in conbination, a ceramc or
sameluaichr antbriden & aemstiangl ori sararorapsract aprbiranze rms
of a fluoric resin such as a polyvinylidene fluoride

( _YDEhersivnadrid ity pold tantanay whiderigneneo FtpE)filter
menbr ane, ethyl ene-tetrafl uoroethyl ene copol yner

( FEFPr ansth etk tis Fremprane module.

tetrafl uoroet hyl ene-parfl uoroal kyl vi nyl et her copol ymer
(PFA) menbr &fe WaT & dp e nams G HRAFGTT ershed by

menbr anes, one rangi ng i.n pore size from.t

EG G & AT T e i b 4 Rk TR
fiddmsan e REsherahly psed. AudW ofcpbot 480
n&lecular meiéh cut” of 0 an of no nore than
PO®IsR LAver: iszg | GUl o | r

T e R I SRS T o L& water
held awd ifdan-eharambiidds acmnaiidd alo filen shedetion, if
pl eated, spiral, tubular or in any other desired

shape cdnta iR athaldaw farkero s haprdwdxdh ald oydimg
greater nmenbrane area per unit volunme is nore

proéflendles. chlorine dickhiedeavethrdareyeroded o inde vsrd i pzone
the invention is so configured that the top and bottom
eg@s dfs arse2D asuriiee gefsemrhwarisine merdiadn ¥ra | arge
nunber of filter menbranes are fixed by adhesion, one

o b algdte shfinch evidid Yasei 9 tepieii naRE tiRase@nof these

shape of the ends to be fixed by adhesion qu be Pgt
0¥ HFRTE Yt used in combination, the washing eifect

anes

can be further enhanced. The duration of air washing
can be appropriately determined with due consideration
given to the restorability of the filtering pressure
and the time utilization rate of the filtering
equipment.

The material for the filter membranes to be
used according to the invention may include, though not
limited to, for instance polyolefin such as
polyethylene, polypropylene or polybutene; a fluoric
resin such as a tetrafluoroethylene-
parfluorocalkylvinylether copoclymer (PFA}, a
tetrafluoroethylen-hexafluoropropylene copolymer (FEP),
a tetrafluoroethylene-hexafluoropropylene-
parfluoroalkylvinylether copolymer (EPE), a

tetrafluoroethylene-ethylene copolymer (ETFE),
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5 also triangul ar, rectangul ar, hexagonal, oval or the
i ke, but a nenbrane nodul e having the openi ngs of the
menbranes at the top end and a skirt-structured part

for letting gas in and gas inlet holes to let the gas

onto the external surface ofgthe filter nmenbranes at

10 the bottomend is preferable. The nenbrane nodul e

C aio lyehilrsioa) digd uor caittthdrerse pE@QIEHRIi CWrar or

hori zontal direction relative to the ground surface,

b ath Lperoaridilew rare tinysteald -ate tdvy i arapaciymgy y(ECTFE) or
preferable. Further, where a plurality of nenbrane
mpedlyad narld demel ¥ Iy rardean@MPE )N teh & WRfi SHEMRRL 1 Rg

there is no particular limtation to theﬁgfs'tions of

aPrafdilng S Rentcdys HddRi%es PHue IS R%tem i n
the positions of the tightest filli where the
hé’lo&yﬁﬁh&&aﬁ‘ﬁtﬂ?%'s BRSPS S S g‘fgeeq' EF The

system. of filteri . 20 be -ei4t I {
PRSP Rp g st A e e i ddose

a [ the fil t-eri r U, [4dheri Suctl on
Al G Rt S g e b T
FiharJIBRAr aNeSrYIE Wkt 1) thale i MY NAlnDIASSUTSE more
filtéring or external 25 pressure filtering can be

UEdGn one of theseAS Wi esqifwdiMeEntd:Odifer such as
configured as descri bed above, it nakes possible

stahbine Mentvane fuddderimgoeimatt ion W | e it amni sgme
.a high yield and 21 secure discharging of a

sufthieai dmio rqysaritd memifrand reeatasd awegaricomeabrdng of a
suspended matter out of the system Regarding the

i iaetriion remirexaail @ofa msdey sirofl icdans i higioutde hePVDE)
nmet hod of operating the nmenbrane separator wll be

dESINEEE i 12 dstlaitetya owanast hekaitentl k) (hbrane,

acconpanying drawings. Fig. Ais sche ic diagram
Sﬁ&@&ﬁ@ﬂé—é%traflué%oeth§aene copo ymerr?Efﬁﬁ) méhbrane

or a tetrafluoroethylene-parfluoroalkylvinylether
copolymer (PFA) membrane can be applied. Out of these
filter membranes, one ranging in pore size from the
nano-filtration (NF) film to the micro-filtration (MF)
film can be preferably used. An NF of about 100 in
moclecular weight cut off to an MF of no more than 10 pm
in average pore size is particularly preferable. The
filter membranes may be hollow fiber-shaped, hollow
fiber-shaped with a wave, flat film-shaped, pleated,
spiral, tubular or in any other desired shape, but the
hollow fiber shape which allows a greater membrane area
per unit volume is more preferable.

The membrane module for use in the invention

is so configured that the top and bottom ends of a
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state of operation in the normal filtering step, by 10
usi ng a nenbrane nodul e 102 havi ng a bundl e of

menbr anes conposed of a | arge nunmber of filter

menbranes 101 which are installed in a perpendicul ar
direction in a chanber 103, 2phose both ends are fixed

by adhesi on and whi ch have the openings of the 15
méndrddree © fatmdnter daroggs ervehmrwkd ekia tiatgaictumser paf t

for letting gas in and gas inlet holes to let the gas
orftid tete memiarangs aand doecesdt hheadheseon nepte apese@lh of
the bottomend (hereinafter referred to as the

" RSddiE9Pen o alvhtthe serREiovpd SRare £k bre
OSSN 5 e St e TG S B0 Do
to.filter, th treated wat t all the filt

eI rids SO L TG AR A ) NIRRT b T o the

Farids I _ CHrtT o dfe
PSR et aRiA Pl Yoty o SR ERL ene
e er 1T a s

e e et L13F hebia e oy P

strefy ilRttiihg His ah A4 s limud erdacs ofed hethe gas
untreated water in the chanber 103 is control |l ed above

t erticop hen@sftaatadf syef aeirhy faneh arotil e A Gsmib it d rieeds | ang
is acconplished by the whole filter nenbranes 101

C duhst ibtodrttiong efrivke iree idoredfies: &b Inend ul Bh €l GiembAsaridhananbt heodcan
of controlling the liquid surface in the nornal

f et dmisig 1dtesh ireietiftdren e prpandicwianumy dmedzapt el
fed into the chanber 103 may be controlled by the use
ot iFecitd@ird nedwdiivgadge tdre wraursl wpgiane which a
constant quantity of 10 untreated water is fed into
 RELERAREEIIAN WRE Al AL Hay IrartaIgti G HA i (RER krrable.

3ot I PR 1 FRER AR P oo

step where unt.reated ter is.filtered in a state.,n
kRt TEBed i R ail ey R R R utar

24Faaith S50 PRI MR IR Thorane

?Elggi}%%gs%o%dts dr8 Y IthettSRENIRY s AN drde ey
tightest filling where the held-up quantity is
minimized is preferable. The system of filtering may
be either total quantity filtering or cross flow
filtering. The method of applying the filtering
pressure may be either suction filtering or by water
head difference. Where hollow fiber membranes are
used, either internal pressure filtering or external
pressure filtering can be used.

As the present invention is configqured as

described above, it makes possible stable membrane

filtering operation while maintaining.a high yield and



untreated water into the chanber 103, filtering is 20
acconplished by part of the filter nenbranes 101 of
t he nenbrane nodul e 102 while the liquid surface of
untreated water in the chanber 103 gradually becones
| ower or higher than the top;end face of the nenbrane
nmodul e 102. 251t is preferable here to determ ne the
nerdatiaee diisldharrigithaf lodwar atef falc itenits dudritdriyngStep in
the followi ng way. When the length L of the filter
mentresdcsed] @hter2 aonteia ingngiuspendsfd tred tfay taart 3 the
menbranes 101 not in contact with untreated water wth
réyﬁé@ﬁhto the liquid surface of the untreated water
in the chamber 103 at the end or, start of the
fllterlng s@@ﬁaFHJQQSFQQeHQNQM%%H?WIﬁ?1%%%%919 of mode
ranes 101 are partly exposed
5 m? FRREVATG, QM %ﬁ S A o A Meribrane

il [ h he f
ﬁig%é'a&%ﬁi%iﬁé R heR et %, ¥ ity WD
f| I rr%glc\gatt%r he aﬁemr {g%qﬁef toerra'Jl%éé ow rate F2 at

|Iter|ng step I 1te menbr anes 101
ar e partly expgosqd wid I | R nemt tfiQ! ra'ﬁ?%k?bv(llnq
L")/L 5.0 x ((2.0 - 0.5)/2.0) < 3 75 nB/ hr (a flow

r gtatat ofhople ratSionglie E&@&@l@l&fm@lﬂlﬂ:e@ll\tﬁﬁ stefh iy
per hour of filtered water). This nmeans in this case

10 sastont Boembg anlee maeitiliean® 2f Halvdrogng fdundlreateef as not
to exceed 3.75 nB/hr in the state in which the
membranes composed of a large number of filter
membranes 101 which are installed in a perpendicular
direction in a chamber 103, whose both ends are fixed
by adhesion and which have the openings of the
15 membranes at the top end and a skirt-structured part
for letting gas in and gas inlet holes to let the gas
onto the external surface of the filter membranes at
the bottom end {(hereinafter referred to as the
"membrane module"), to control the liquid surface of
20 untreated water above the top end face of the membrane
module 102 installed in the chamber 103, and to filter
the untreated water at all the filter membranes 101,
and Fig, 1B is a schematic diagram showing a state of
operation of the filtering step to filter the untreated
25 water in a state that the filter membranes 101
constituting the above membrane module 102 are partly

exposed.

At the normal filtering step in Fig. 1A, as
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15 filter nmenbranes 101 are partly exposed. At the

filtering step in the state in which the filter

menbranes 101 are partly exposed, in order to prevent

conpressi on of suspended nmatter having accunul ated on

filter menbranes 101 not inpgontact with untreated 20

wat er and drying of the filter nmenbranes 101, it is

prigfeeriaigeid oswachd ey eofeariey wrtriamsteditwat gar estrilized

l'iquid level and end the filtering step in the state

| rch/akmhﬂr tHE3 fJLS t@ntmﬂblreﬁl@%o%&l tHre tpr t9nd g e@if the
2 shows an exanple of f|ow using

t h@lﬁ{m@ mﬁsﬂaﬁ]el%mﬁleltﬁfwa cip tqféxafpiélria?tfi% by "the
nmet hod accordlng to the |nvent|on 1S a
wathatl forl ifrfte e TP RARST U 31 Lnsf faioff%vﬁ%tf%%fm%ae%e
5 nb wWhi th
B Hhtal & SR éncaor?m% B L tquid
bt d t {
?iﬁ"faler SCCF w/ar% er hef zﬁ{ n!l“aaolnvﬁﬂrqz LJ]I%sf%s 5 gzeel}sﬁ% gtahiwash
I
tgﬂﬁﬂgyﬁgffedlL a 1§%ﬂ riﬁﬁégﬁ?éétéﬁﬁtﬁ?%ﬁgﬁﬁzﬁgs
My &d %&%ﬂ%ﬁ%@@&!}e@b@é ddie 44 e Of glbiac kvesd ngaudgéd or

i s possible here to add oxidizer in an oxi di zer tank 7
t @yt he dragkvwasdw it e/hiath thecomt0ft prurmgi £y oot t he
backwash punp 6 to the nenbrane nodule with an

OXirrti zeart dc adh tpani 8. £l rinas Milrey dioaniber cdlicets taime
into the nenbrane nodule is acconplished by feeding
aiand grgprtessed My wn tomgiress swtex tis tdhiesairarged epnt of
wat er side of the menbrane nodule. The source of the
chisr esdeemniat tthesakedimge for air washi ng may be
a bl ower instead of the conpressor. 20A net

of
operating aQrertirarrtheshdianidr als 19 yf:ijst%rlng “step

conbi natl on of a fil terhggﬁgfq%oqgfﬁ%n%{é%t%igwhwh
| at th f
a.m“?tY' o arﬁoés”aé%”%sir S%Sepevﬁaor il A Al 18,
t
cscl . ngi‘*e—'{%né" LD Hertafla LIF PYSAR S nich
%erffe%rﬂ :;J"%(f’ r{t%&éa&%c?tv%&e’*r Ak d NendYSdRMr 103 is

|ng ste I ng physical washi ng
temporarlly suspended or on the way of feeding

untreated water into the chamber 103, filtering is
accomplished by part of the filter membranes 101 of the
membrane module 102 while the liquid surface of
untreated water in the chamber 103 gradually becomes
lower cor higher than the top end face of the membrane
module 102.

It is preferable here to determine the
membrane filtering flow rate at this filtering step in
the following way. When the length L of the filter

membranes 101 = 2 m, the length L' of the filter
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25 steps A and B) and, after repeating the filtering
step B and the physical washing steps once or nore, to

di scharge the whole quantity of drain water in the
chanber out of the system 5Further, when the rate of
concentration is to be causgd to reach a prescribed

l evel (the yield is to be raised) by repeating the

f inletmérrames sstig)ds rand drhesqguihesitc aditkmshitmepattashwater with
plurality of times, it is preferable to achieve the _
prres@edfed o dthe dfiqul ¢ envdirgeatdfothsy undpeatary Waleer in
filtering steps and the physical washi

| ks T g3 At N0 B SHARE o the kg

S T T 0 A D e
CHEEAY Satd i e Ritrihs Meairete Faadd b
PR FANG AR atrth SNBSS W] P ¢ (che

t B UBRACH O HafeH Re sViEulgli'Ee rr;ﬁimﬂ%é“%ddiﬂé IPBfes 5.0 m®

menbranes constituting the nenbrane nodul e 20 Tromthe

C @lRAC infoyh rOfo freane d el N Mdr@h- a8 thiltering flow
Next, the invention will be described in further

detaaid F@ bt refeerfdnee din ey e ey efiflter

[ Enbodi nent 1] The menbrane nodul es used, each
meesibriamg s6 128 iaxehgs ritrl yiearpetserd and 12 by i ra svefdol laoves :
| ength, were three bundles, 50 n2 in nenbrane area, of
pol yvi nyl i dene fl uori de-nade hol |l ow fiber type
mcro-filtration filter menbranes of 0.1 gmin nom nal

p&eSsiFiex The -t &p)dkd
£ 5.0 x ((2.0 - 0.5)/2.0)

< 3.75 m3/hr

(a flow rate at which a single membrane module gives
3.75 m® per hour of filtered water). This means in this
case so controlling the membrane filtering flow rate as
not to exceed 3.75 m’/hr in the state in which the
filter membranes 101 are partly exposed. At the
filtering step in the state in which the filter
membranes 101 are partly exposed, in order to prevent
compression of suspended matter having accumulated on
filter membranes 101 not in contact with untreated
water and drying of the filter membranes 101, it is
preferable to achieve early arrival at a prescribed

liquid level and end the filtering step in the state in

which the filter membranes 101 are partly exposed.
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26 bottom ends of the nmenbrane nodul es were fixed by
adhesion, with the hollow fi ber nenbranes at the top

end face being open and the holl ow fiber nenbranes at
the bottomend face being closed. As the chanber in 5
whi ch the nenbrane nodul es 2wre to be installed

upright, a canber was used in which the chanber of the
menbr ane nodil%e- ihsthaWwsedmpanamnpcid ddcigpy weing the
installation floor space of 0.109 n2 and its effective
WSV S EFMR TAGE dasklle Fonwhieh ftdie arssiatiga methpd
backwash wast e ter from physical washin a buffer
CRETHEIGE 6005 e MY BB s EPRIED. 6 BAY ater or
effecti t er. _dept.h S, pr.ovi ded on .the chapber.

A W R SR S o i S et e IR
PALL ifhel B aTRARERLG SAPAALAL AR Yol module is
quantity of untreated watér per unit nmenbrane areali—

thes@uantlt Y 260 Wahele /Miatd1d il 6 14P adidn

of the volune of the hollow fiber nenbranes

couabl Lot HRY sitbe kerninane rddR 4 WAPdMe 630851 tih ih
menbr ane nodul e-installed part) was 1.36 L/ nR2. 20By
usilsg tskevesnmakaae baefkahaahotankant iWhees sOFEnald @l Wk er
performed on river water of 1 to 3 degrees in

t dnbitbiet fidseuwetr vated wandr 5 As tflee styeps bafckwash pump
operation, a untreated water feeding step, the

f bl ter thg mempsaapdmpdysiecilo Wwes backwsiséesl adcdhd rg.me
to_25 the invention, and a drain step were conbined.
RefaParkyachénget ikoAdi PreHIDLEr hewe $epsidofoxidizer in
ogeratL n, at the untreated water feeding step, the

q

AnPFEJLEPTuRBPEat eBOVEEEr PRG XS She ¥ alt§Eo P d Do SRy P f

piping from the backwash pump 6 to the membrane module
with an oxidizer feed pump 8. Air washing to introduce
air into the membrane module is accomplished by feeding
air compressed by a compressor 9 to the untreated water
side of the membrane module. The source of the
compressed air to be used here for air washing may be a
blower instead of the compressor.

A method of operating a membrane separator
usually is a combination of a filtering step to obtain
filtered water, a physical washing step to remove
suspended matter having accumulated on the membrane
surface and a drain step to discharge suspended matter
having accumulated in the chamber out of the system.
Now according to the present invention, it is
preferable to perform the filtering step A and the

physical washing steps (including physical washing
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27 was set to 12 nB/hr. At the filtering step, (Step
1) when the untreated water reached a half of the
menbrane | ength, filtering operation was started; then
(Step 2) in a state in which the whol e nmenbranes were
imersed, 5 filtering operatgbon was perforned for
about 26 mnutes and, (Step 3) imedi ately before the
pisfsicsalr washiBig agdep afds pardomatedg filie &iiligring step
operation was carried on until the untreated water

r Ea@REd then By sdicalh & afdifca it SR ANEe e M39%erihg
operation was carried 10 oyt th{1 di fferential
ESERAE I SRS IS IS PY SIS SR Ddte
of .t he nenbran the negative pressure side. The
n&ﬁ"&?“g’ﬁé U & %Z‘Ef Isé’\ﬁr{reg[l'es at the respective

filtering st e / ( / - :
nodul e) at (@&261\@%’ an(?rﬁt(3 éap z%trggac% él%jj-[c% 12 f4ls to
MB/eh i aRGle TR LR HMRA W R)s Al el AR (iR hldld is to
filtering process duration from(Step 1) through (Step
3beas igkeyt K38 rapdlitahg Ithd danttdddhg tdt@epiiaiid toheof
untreated water to be fed at (Step 2) was nade equa

t phiylse caRMaahd rig Istepng Plawalaite AOAfimess t hiee is
conpletion of the filtering step, the physical

wasieifleg abilep twas chdrefver radek pAte stdya gy siadad adashi ng

st ep, backwashi ng and gas washing with air were

c goniced toat: isnmplyt aseeadiing e lidwening gfteps and the
backwashi ng was set to 12 nB/hr (4 nB/ hr per nenbrane
28hysdaiRd) vasdinge stiepR tdie lsasd mumhar o tgaees

hing,. 12 NoB/ hr (4 NnB/h enb dul e) .
ABPRF LG - cobBtitr 28 G FREAD Aol Yk TR rERGene
100 ti 9. 0%, ield.h ti th 28 .
{FOEUEng S5 E80 Shnd PERE TS fel R GIAT lopSHapRtor it
ti. [ t t [ t t 0,
P R TR L e ST e e

g? ﬁ N nSh 8RuEC (Hahth 2598 i RS pahandef JRIdE e RESl&fbrane

module is installed, namely the quantity of untreated

water per unit membrane area (= the quantity of water
remaining after the subtraction of the volume of the
hollow fiber membranes constituting the membrane module
from the capacity of membrane module-installed part).

Next, the invention will be described in
further detail with reference to embodiments thereof.

[Embodiment 1]

The membrane modules used, each measuring 6
inches in diameter and 2 m in membrane length, were
three bundles, 50 m? in membrane area, of polyvinylidene

fluoride-made hollow fiber type micro-filtration filter

membranes of 0.1 um in nominal pore size. The top and



5 at the physical washing step, it was discharged by
fully opening 80A piping conformng to JIS installed
at the bottom of the chanmber, and by keeping the valve
open for 15 seconds after a pressure type liquid |evel
sensor installed at the bot®é&m of the chanber detected
10 that the water depth in the chanber cane to 0 m

t NROEEPR P at 8 WastBemprane aedebap| wereyfdkednayged
out .of the cha Operation for about

seVEEHHM hs E{ﬁ% heeblopet R hgreBhareeanat ghle bAP

i nter-menb 15 diff t.ial th
e L SRR ME I D e e
Sechamity: g coce g SPodREY, 08, (RULEMREP 1o
I , I f
L 1 Sbe G o8 B LT 0 eLces ©

Mg Ordhd f ratdaibd |48 DBEDT AN6Ph OEn Ot He ARRARLEL S PaL he
pore size. The top and bottom ends of the nenbrane

maskter aves endd wes- 1ys whesd gia rtvi wdu i decbobbpvad i ber
menbranes at the top end face being open 25 and the
hailristve Xl dosirormeinyan espaate tde Gol @D merchd dds kdifegtive
cl osed. As the chanber in which the nenbrane nodul es
weraL qp deetimsutaildedapgtiym, andhEobestowlsingethén
whi ch the chanber of the nmenbrane nodule- 29

10 hacwash pastawiatendany rivsieahivashingf |adeuffer

space of 0.0134 nR.and its effective water depth would
b&ahfmfseqnofa#b Fm™°s 8 PPk OFth & IS ac RRES 1P Ba st & waidective

UE é¥ depth was provided on the chamber.
The held-up quantity in the membrane module-
installed part of this membrane separator, namely the

15 quantity of untreated water per unit membrane area (=
the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes
constituting the membrane module from the capacity of
membrane module-installed part) was 1.36 L/m°.

20 By using the membrane separator, continuous
operation was performed on river water of 1 to 3
degrees in turbidity as untreated water. As the steps
of operation, a untreated water feeding step, the
filtering steps and physical washing steps according to

25 the invention, and a drain step were combined.

Regarding the set conditions for the steps of

operation, at the untreated water feeding step, the

quantity of untreated water tc be fed into the chamber



t he physical washing, a buffer chanber of 0.049 n2 in

5 bottomarea and 0.35 min effective water depth was
provi ded on the chanber. The hel d-up
quantity in the nenbrane nodule-installed part of this
menbr ane separator, nanely phe quantity of untreated

wat er per unit nenbrane area (= 10 the quantity of

Wetas Feemetiani 12) ralf/har. t Be Sihist faditieon nef sttleg,volStrap df)
the holl ow fi ber nenbranes constituting the nenbrane
mothere theomntreatghoratenfreasirdne hodll| ef | tise ahémdrane
part) was 2.00 L/n2. By using the nenbrane separator,

c ot FHubu sF W5 pidratIRAT dfeicperd Droferr ord i nher r (Sfep 2)

wat er of 10 degrees in average turbidity and 200 to
300 degitéd<e i Ad Tuktartiene VISR ARG B TP WP rsed,

As.the steps of agperation, a untreated ter feedin

5 T Aot (e, o AT T VR € Taltes
a di 020 it i.nv.entiqn, -and drain s WeS.E.
cocaﬁpg{l'ne(g& egér di"ﬁrgeci%etege\{ q%éo%oa’fef itg}% o‘%sjt(%wa?s‘fae%%mg
of I, at.d £ { [ (S . e
qusan [ t@éo urni?&rré&a}&gd% er ltq.gg é@%adgfcﬁgo%eé C alré)é]erc‘n
WSSl e hddiredMNwdtis fidd@ldd R Heps IStk 1) 25
when the untreated water reached a half of the

Mashibaed argigth.fi 11y 110 tepeid) | MRSt s aFd £ 0a # sy

(Step 2) in a state in which the whol e menbranes were
10 i oner sedth fa ldifffiergmpierlamenib raase pafdoyumd Beinghapblied
20 m nutes 30
to the secondary side of the membrane as the negative
pressure side. The membrane filtering flow rates at
the respective filtering steps were 6 m’/hr (2 m®/hr per
membrane module) at (Step 1) and (Step 3), and 12 m®/hr

15 (4 m’/hr per membrane module) at (Step 2). The total
filtering process duration from (Step 1) through (Step
3) was about 28 minutes. Incidentally, the quantity of
untreated water to be fed at (Step 2) was made equal to
the membrane filtering flow rate.

20 After the completion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultaneously. The flow rate of
backwashing was set to 12 m’/hr (4 m*/hr per membrane

25 module) and the flow rate of air used for gas washing,
12 Nm’/hr (4 Nm’/hr per membrane module).

After the concentration in the chamber was

increased 100 times (99.0% in yield) by repeating the
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and, (Step 3) imedi ately before the physical washing
step was perforned, filtering operation was carried on
until the untreated water reached a half of the
menbrane | ength. The filtering operation was carried 5
out with a differential nenpbgane pressure being
applied to the secondary side of the nenbrane as the
ndgdttievd ng edsr ersi dde Ty st avsHing atiery fivey
rates at the respective filtering steps were 0.1 n8B/hr
attissep the sy@insisdem)to sidhargend/g cancEntgntad
The total 10 filtering process durati,on fron1(Step:§
t WRSkGh Wesedp 1) tiiss CHATRE T 35 rﬁarﬁftlé‘§ - a
After. th o | et.i on of th fllten

pﬁvhl al® o QSENF RS | F&Pﬁ@& epﬁwypseleclaﬁd off
wore OX; f@% isat SRR g%r%%hid%%%% A A
b%‘i eglpggu PR QZ%J;;%/ /lﬁfgd dd&rfd AUSHa & at

air as maghlng, .2 NnS

Aft‘h%r pbite ﬁ\o%%e%%reatdh%ﬂxﬂe& t heC RAMRIephasy Ithe easiek
20 tines 895 0% in yield) by repeati ng the 20

f olpledr ifdg IBepecartdshe fMiysiac grosasitiend el ithuid level
times, the drain step to discharge the concentrated
washeowati @astiad lekie athahiee bovaonc afr itdre altamb&tr tdetected
drain step to discharge the suspended matter peel ed
othast theewplipsi deptiadhi rdeschgmber waseditse Pamged-Hgy
fully 25 openi ng 50A piping conformng to JIS

i AOngENsgazed washet Wemest walse comindisdelvafd Sghacasst mpt
the val ve open for five seconds after a pressure type

| Pduithel ehambe&nsor installed at the bottom of the

Chanoe 2? CEsS5 1A EhE ebos e S s chese
FOPRLAAERY, RPEBLRAARA, Shhatn "
FOTEE gk
OPRAAL 5RHLYRS oPRSSRLE was possible.

[Embodiment 2]

The membrane module used, measuring 3 inches
in diameter and 1 m in membrane length, was a bundle,
6.8 m’ in membrane area, of polyvinylidene fluoride-made
hollow fiber type micro-filtration filter membranes of
0.1 um in nominal pore size. The top and bottom ends
of the membrane module were fixed by adhesion, with the
hollow fiber membranes at the top end face being open
and the.hollow fiber membranes at the bottom end face
being closed. As the chamber in which the membrane

modules were to be installed upright, a chamber was

used in which the chamber of the membrane module-
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[ Conparative Exanpl e 1] The nmenbrane nodul e and the
menbrane 10 separator used in Conparative Exanple 1
were the sane as those used in Enbodi nent 2. By using
t he nenbrane separator, continuous operation was
performed on industrial wate9 of 10 degrees in average
turbidity and 200 to_ 300 degrees in maxi mumturbidity
asl@ﬁt@bﬁ@@dpastmuPéld ASCURE shepBsbhlépbiani §hooy space
untre@tgg wat gr feeding step, the filtering steps and

a

physi ISR APStidps e HIRFE W AF-e% R grould be 1.18

mbi ned. _Regarding the set conditions for the st
ot oI Foh, S HPCFRBS IR B GAMGER P FEBAMAGSCt Bpet Ab

20 UL Yc HRLEERLEUBLEFeLOcREnLEY LB, DAS 2 in
OrGSE ¢ &:f? §£§£e¥§ t@?3§aﬂeihe¥fke8£i98”$§@%£a&égE?aﬁabn
Enbodi nment” 2, |?ter|ng opéeration was perforned for

abopt v 1204 UL RS ERadbstate in which the whole 25
menbranes were imersed. Incidentally, the filtering

operation maﬁh@améi@d%puquwhthtﬁ i f £peentinBlafienibante-
pressure being applied to the secondary side of the

menk kel g pdet nefjath Ve memissane sépderatbe, nealeapethe

32 filtering flowrate at the filtering step was 0. 17

nB3fkantity of untreated water per unit membrane area (=
the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes
constituting the membrane module from the capacity of
membrane module-installed part) was 2.00 L/m?.

By using the membrane separator, continuocus
operaticon was performed on industrial water of 10
degrees in average turbidity and 200 to 300 degrees in
maximum turbidity as untreated water. As the steps of
operation, a untreated water feeding step, the
filtering steps and physical washing steps according to
the invention, and a drain step were combined.
Regarding the set conditions for the steps of

operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
was set to 2 m’/hr. At the filtering step, (Step 1)
when the untreated water reached a half of the membrane
length, filtering operation was started; then (Step 2)

in a state in which the whole membranes were immersed,

filtering operation was performed for about 20 minutes
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After the conpletion of the filtering step, the

physi cal washing step was perfornmed. At the 5 physica
washi ng step, backwashing and gas washing with air

were carried out sinultaneously. The flow rate of
backwashi ng was set to 0.283p8/hr and the flow rate of
air used for gas washing, 1.2 NnB/hr. After the

cairent (SdporB)i Nininterd icdtasihe rbear €l CcHen gsteasiach P Ovd s nlersg
(95.0%in yield) by carrying out the filtering step
aret:efth ev geh yees ofad riveatsy hi fhigl tst el o raee et tWess draimied on
step to discharge the concentrated waste water in the
chetiidr thes wdmeagrecbiatent narchidhian haldp qfo the

di scharge the suspended matter peeled off at 15 the |
pIMERIREANS\ASHIHE -st e i §1 ey i aRATRIdE By Yait AT ried

A £ o Sy SRkt TSRS AP TURe (i3S applied
seconds after ressure e liquid |eve .

i nst al't%ed eacior}cﬁaexp Yoottt oemooé % Yo I%E%gv s91° e‘Ji e%fé]eﬁ%)%%%%lve

t 2G4 [

coFsBfs S I SR S AR Db at

t heg & hathsor (e ORQA PN ilss GRLFd afl. O¥/efr aloulstep

two weeks under these operating conditions, the

I nteramenfyraie i f feieia frassuate (Stepagsed BekRatal
making 25 it inpossible to give no nore negative

pridssigra nanmd caiedd elneariadin diramas(Stee 1 )npdusdlbdle. (Step
[ Enbodi nent 3] I n Enbodi ment 3, one nenbrane nodul e of
t139 was about 22.0 minutes.

After the completion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultaneously. The flow rate of
backwashing was set to (.28 m*/hr and the flow rate of
air used for gas washing, 1.2 Nm’/hr.

After the concentration in the chamber was
increased 20 times (95.0% in yield) by repeating the
filtering step and the physical washing step six times,
the drain step to discharge the concentrated waste
water in the chamber was carrier out. At the drain
step to discharge the suspended matter peeled off at
the physical washing step, it was discharged by fully
opening 50A piping conforming to JIS installed at the
bottom of the chamber, and by keeping the valve open

for five seconds after a pressure type liquid level

sensor installed at the bottom of the chamber detected
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33 sane specification as in Enbodi nent 1 was used. As
the chanber in which the nenbrane nodul es were to be
install ed upright, a chanber was used in which the
chanber of the nmenbrane nodul e-installed part would 5
occupy an installation flooBllspace of 0.0283 n2 and
its effective water depth would be 2.72 m and for

st BR&F ngne hea baE kdeR BN whRt EheatkembeBntphgsteal m, the
washi ng, a buffer chamber of 0.126 n®. in bottom area
antCREHEE TR 19 FF2ER | VRS vEPBPLEkpty MEChREIPEeqUBNOE the
th)c anber. 10 The held-up quantity in the nenbrane
nodit e=7hst al | ed part of this nmenbrane separator,

namely the ggﬁ%é;#%?ﬁfngt%$§ﬁ€?t§g%grmgg£hgnh£der these

menbr ane ar e quant er remai ning af

L OR of 1 die é’&é‘”&noir%é‘f-:ﬁé’ﬂnﬁg%‘ﬁléi ber

nenbrane§ﬁ§5 constltutl%g t he nenbrane no e fromthe

Capers d Yerdf 1 B HF S FO A end At @hded3Pakbd, WesddcAting
L/ nR. By using the nenbrane separator,

C artid th ustiiso P es s F O SR SwpErpos Bl &N dam water of 5
degrees in average turbidity and 300 to 500 degrees in

maxi mum 20 tCdnphtat bwe UEtamgaiedl vater. As the steps
of operation, a untreated water feeding step, the
filtering stBps reanb s innedulmsdnadgtlse eapsmbcaoe di ng

to the invention, and a drain step were conbi ned.
REFRTHATP R s abtin Siriira tilsl Yo rExamp ke epswere 2ghe same
operation, at the untreated water feeding step, the

qEEhtiNQP MR rdhtfPIERENE £ pe Be$HID Fhe BReBRERRC

t to 2 n8/hr. At the filteri t Step 1
WREE R Tht (B HRERASR i RO 0

m?ﬁﬂﬁ??%ial water of 10 degrees in average turbidity and
200 to 300 degrees in maximum turbidity as untreated
water. As the steps of operation, a untreated water
feeding step, the filtering steps and physical washing
steps, and a drain step were combined.

Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
guantity of untreated water to be fed into the chamber
was set to 2 m*/hr. At the filtering step, in order to
achieve the same level of concentration as in
Embodiment 2, filtering operation was performed for
about 120 minutes in a state in which the whole
membranes were immersed. Incidentally, the filtering
operation was carried out with a differential membrane
pressure being applied to the secondary side of the

membrane as the negative pressure side. The membrane
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34 length, filtering operation was started; then (Step
2) in a state in which the whol e nenbranes were

i mersed, filtering operation was perforned for about
15 mnutes and, (Step 3) imedi ately before the

physi cal washing 5 step wassperforned, filtering
operation was carried on until the untreated water

r éachediaghdllbwofratke atetdhearie litemgnky. sThe wWialst Orilifg
opgratlon was carried out with a differential nenbrane
presdkur e being applied to the secondary S|de of t he
menbrane as the ne%atlve 10 pressure side.

nmenbr ane fiﬁﬁéﬁrng ﬁ|@wmp&ﬁééoatOéhéhﬁe§aééﬁ¢éﬂg step,
fllterln iswereogrrB/hr at gStep ?‘I Step
3fheaRbY l§§ nEARALRE EEEEP WP, PRRL L f Pt &

t f h Step.3
DBBiEISa T RghaBa $ERPY PR EbNERearoh SO ThE L wicr
fg&;gg,rgngg é%?%gﬁﬁhg Ehgignlﬁalta%%@sﬁ%t SteRMESow rate of

per yS|c washin ep, backwashi ng

apd Qasﬁﬁﬁglﬁgs bR Rbr oWeRe nf G?ﬁ£|§HdOH e flow rate of

sl mu taneou e fllow rate of backwashi ng was set

taig u@ébrfa@d bhewhkawngat @ .of nafyn20 used for gas
washi ng, 4 NnB F hr . After the concentration

in the chanhgtewashenecbaased ra@ibnnes ¢de. CHembeyri alad)
by repeating the filtering step and the physica
washiragsetiep0stimesng95.0ke idr giielst epyt cadirydngr gat the
the concentrated waste 25 water in the chanber was
ciilteriogt stap ahd dhei physdpgatlowdisbdngr gdephence each,
suspended matter peeled off at the physical washing
stbp, dreinastapsthadgeghpyorulthy epasens re¢adpivgistE
installed at the bottomof the 35
water in the chamber was carrier out. At the drain
step to discharge the suspended matter peeled off at
the physical washing step, it was discharged by fully
opening 50A piping installed at the bottom of the
chamber, and by keeping the valve open for five seconds
after a pressure type liquid level sensor installed at
the bottom of the chamber detected that the water depth
in the chamber came to 0 m, the concentrated drain was
completely discharged out of the chamber.

When operation was carried on for about two
weeks under these operating conditions, the inter-
membrane differential pressure surpassed 80 kPa, making
it impossible to give no more negative pressure, and
stable operation was made impossible.

{Embodiment 3]

In Embodiment 3, one membrane mcdule of the
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chanber, and by keeping the valve open for 15 seconds
after a pressure type liquid |evel sensor installed at
the bottom of the chanber detected that the water

depth in the chanber cane to O m the concentrated

drain was 5 conpletely discBarged out of the chanber.
Qperation for about eight nonths under these operating

c Gradiet | sgrestidfivam tdon mserimdingycahignatitf flervag iwded.  As the
pressure no nore than 30 kPa, indicating that stable

opdradbiesh Maypedsitdie nemijEsipaedulas mekpl e e

The nmenmbrane nodul e used, neasuring 6 inches in
dildiRdteerl esh FPr gty feBIamReY Sttt HsSfhsit Brifdl &S0

ne . i nb f | yvinyl.id fl i de-
A B Sy et AL A At b

15 0. [ isnal, . ize. The t t .
b L e N el g o LUIRES

Wity £ g Jaol l ‘@%%ﬁ%ﬁﬂ?ﬁé af 1Dt %cfrﬁlfe%teocking

bei ng open and t menbr anes at

bHHeO PN AL & RN Gr ot 35 & o\ H M1 SAIRREIh iy W Ch

t he nenbrane 20 nodul es were to be installed upright,

a buifase lcreimde 1l 6F N 2% hdét tanpeteamaaded. Gnidn 0.6 m in
effective water depth was used. The

helfd-edn ipeantatier idepitre wasnipmnel deat wre-tihes taidndsk par t

of this menbrane separator, nanely the 25 quantity of
untr eat ed wather hedd-unp tquesrtbrtanei rarde (rentthm piamdule-
of water remaining after the subtraction of the vol une

ofinstt@ lHed ewt Iedr theshmerdyr arehstgRana iy + m@mely the

menbrane nodul e fromthe capacity of.
quantity of untreated water per unit membrane area (=

the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes
constituting the membrane module from the capacity of
membrane module-installed part) was 1.21 L/m?.

By using the membrane separator, continuous
operation was performed on dam water of 5 degrees in
average turbidity and 300 to 500 degrees in maximum
turbidity as untreated water. As the steps of
operation, a untreated water feeding step, the
filtering steps and physical washing steps according to
the invention, and a drain step were combined.

Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
was set to 2 m*/hr. At the filtering step, (Step 1)

when the untreated water reached a half of the membrane
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36 nmenbrane nodul e-installed part) was 10.0 L/n®.

By using the nenbrane separator, continuous operation
was perfornmed on dam water of 5 degrees in average
turbidity and 300 to 500 degrees in maxi mum5

turbidity as untreated wate34d As the steps of

operation, an untreated water feeding step, the

f illenaitihng ftlées imad qmw@t@@ln WwaEshist@ rdteshs theid @tsirug)
flow step of constant di schargi part of untreated
watleR WEREec dibWhdEh fé‘ﬁeg’ en@‘ﬁ“%é’aé@cs MRt sed,

o AR e
fed t th hanb At. t
{ FPElr (0358, 5, TPRRCEr f’?ﬁi%&f‘) o He Pyl washima

ag% % %%s %%%%me% a gﬁ%ﬁ%fﬁa :%é@yﬂybﬁiwééMBaf%led on

anes imrerse ering oper ation was

C %'i:'ﬂd Rt thtrléa% el 298Nl HERITRY 3138 PSS HHL
being applied to the secondary S|de of the menbrane as

t hempeaakl 1@nkit@sSSUMReSifda teieRpaana di Wy idirried
flowrate at the filtering step was 20 1.83 n8/ hr.

Abuer wilie eodplfEkirem tafalt henddaney ipt@ssie bBdimg applied
physi cal washing step was perforned. At the physica
washithg seepndbagkwdsiel o ahe gembyasie rg Witteh reigative
were carried out sinultaneously. The flow rate of 25
backwavhengides sd@het oembraiier fddderhiad Ifdww artaetetﬁ at
air used for gas washing, 4 NnB/hr.

othgntesreed vRatféd tRad nGoFERft wer@i SeRaryéRTt étr a{§§ép 1)

t he concentrati on |n the to
and (Step 3), and Dhr at (Step 2)}. The total

filtering process duration from (Step 1) through (Step
3) was about 17 minutes.

After the compleﬁion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultanecusly. The flow rate of
backwashing was set to 2 m’/hr and the flow rate of air
used for gas washing, 4 Nm*/hr.

After the concentration in the chamber was
increased 20 times (95.0% in yield) by repeating the
filtering step and the physical washing step six times,
the drain step to discharge the concentrated waste
water in the chamber was carrier ocut. At the drain
step to discharge the suspended matter peeled off at
the physical washing step, it was discharged by fully

opening 50A piping installed at the bottom of the
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37 about 5.9 tinmes (83%in yield).

Operation for about four nonths under these operating
conditions gave an inter-nenbrane differentia

pressure of no nore than 40 kPa, 5 indicating that
stabl e operati on was possi b3®. [ Enbodi ment 4]

The nmenbrane nodul e and the nenbrane separator used in
Exbhedibeant andubve keler isand hes vieHyse opesd for Bib sRGals
1. By using the nenbrane separator, 10 conti nuqu

OPEIEE 8n PRESSHELt Siipsd AU deviRdt &eNGP T gtegLed at
e BB, S e sl (153 S e
h | orit dd to th t t t

A BB GERRE of SE s ol N BT e A g vas
Woho1e% el 18 d15ER%, e ORHALOLN A HAiRA! 20 val er

f Ser p i and p

ng step, the filtering steps hysi cal washi ng

steps accor @g‘%&att(iotnh%drmé@&tdto%ig@ﬁd_nﬁqrﬂﬂ@ Rrided these
wer e conbi ned. Regarding the set conditions for the
SbeRra®find0 coRRIidlicRR qRivel Re UriteaaiRebrairey feedi ng
step, the quantity of untreated water to be fed into

t be febaehen alapreeisutre hd mor® whanA3Q hePdf,i litretiiqag ing
step, (Step 1) when the untreated water reached a half
ot hiahe streiieappelrargion, wiisl tpersisidgpieper ati on was

started; then (Step 2) 25 in a state in which the

whol e menbr dfespaxad iiviendxsa®ief idlt eri ng operati on was
performed for about 26 mnutes and, (Step 3), ]

i mredi at el y Thef segbraaepmpsiidsl Weeshi Agaiudpnmé inches

erforned, filtering operation was carri ed on 8
pin diameter and 2 % f% membrane length, was a:%undle,

50 m? in membrane area, of polyvinylidene fluoride-made
hollow fiber type micro-filtration filter membranes of
0.1 pm in nominal pore size. The top and bottom ends
of the membrane module were fixed by adhesion, with the
hollow fiber membranes at the top end face being open
and the hollow fiber membranes at the bottom end face
being closed. As the chamber in which the membrane
modules were to be installed upright, a chamber of
0.173 m® in bottom area and 3.0 m in effective water
depth was used.

The held-up quantity in the membrane module-
installed part of this membrane separator, namely the
guantity of untreated water per unit membrane area (=
the quantity of water remaining after the subtraction
of the volume of the hollow fiber membranes

constituting the membrane module from the capacity of
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until the untreated water reached a half of the
menbrane | ength. The filtering operation was carried
out with a differential menbrane pressure being
applied to the secondary side of the nenbrane as the
negative 5 pressure side. Th& nenbrane filtering flow
rates at the respective filtering steps were 7.5 nB/hr

( meBbaseh mogerl emdmistadd afb AT atvasStldh M )L/Fd (St ep

3), and 13.5 nB/ hr (4.5 NnB/hr per nmenbrane nodul e) at
(Step 2). TRY USLE9 fihe SRS 3510 SEOS T@HOHi &P ous
St 1). 10 th St 3 t i putes. .

APEBEaLENo B BEre RS R (A SR Seg, eSS in
hysi cal i t f t j s

AR AR LB DR RO ETE S5 Resiess Wl gl it

A Il . f f 15
‘Q’grugbﬁ@lr i”chlggso %tﬁje@tetdagﬁ;l%%%‘ n% ; ﬁa}h%hel %Vé!ef% &0

ckwas was set to 20. (6.75 NnB/ hr per

MeRRaRe ofRduhelndnd Atie MWa2W FRdihAistegsedHor gas
washi ng, 12 Nm8/hr (4 NnB/hr per nenbrane nodul e).

Afftiqrtetrhﬁ?c@% 3t Gald @ihaﬂslidafle WelRHIDRY swapHd, NERALHlug
20 tines (95.0%in yield) by repeating the 20

f Ellber isngps bEp cand thanhe Jyhysiscda rwashy mgrit ef tumtossated
the drain step to discharge the concentrated waste
waageri wettee comduiiped.was carrier out. At the drain

step to discharge the suspended natter peeled off at

t he physi caRegasHiing $hep sett apad idiiswisarfged the faeRe of
25 openi.ng 50A piping instal]led at the bottom of the
cRRABAL 10Bnd Ay thee g eaie Mafe of&r o £ e it
AN S RTENIEUENCS N gy L
IS ogd? b L B BRETORE, GRS B ol BB ERRELRLH
CB@@QgEion was performed for about 15 minutes in a state
in which the whole membranes were immersed. The
filtering operation was carried out with a differential
membrane pressure being applied to the secondary side
of the membrane as the negative pressure side. The
membrane filtering flow rate at the filtering step was
1.83 m°/hr.

After the completion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultaneously. The flow rate of
backwashing was set to 2 m’/hr and the flow rate of air
used for gas washing, 4 Nm‘/hr.

Part of untreated water was constantly

discharged to raise the concentration in the chamber to
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Operation for about one nonth under these operating
conditions gave an inter-nenbrane 5 differentia
pressure of no nore than 50 kPa, indicating that

st abl e operation was possible. [Conparative Exanple 3]
The nmenbrane nodul e and t he3menbrane separator used in
Conparative Exanple 4 were the sane 10 as those used

i relEnodh neritimes BY83fsi vy y¥rldienbrane separator,

conti nuous operation was perforned on river vvater of 5
to 10 degre€PeTRtEVEt Jfr tahPidi §3aMP O 1o dRp these

de rees in nax mturbidity as, untreated water.

ti’é’%sgaa‘b‘?je?ﬁ 1Y G ¥Ht%ed wat er

RPN R Y SR V8L
U@Jﬁ%ﬁ%ﬁtﬂaé SRAING S&rﬁdélfaaéd{kg} fidd ggag&glﬂee_ps and

physica shing steps, n step were
conbi ned. RegaigidiGndite #et conditions for the steps
of 20 operation, at the untreat ed water feeding step,

the quantityrHd meMdeMEhmirS drd bend agkeriitand he
chanber was set to 13.5 nmB/hr. At the filtering step

f iddpardang ropayeat 1ioN Bxesoduendrot Nedvd iy O Wakd a8 nthese
in a state in which the whol e nenbranes were i nmmersed.
These2b ifri |Amérddigreoperiat | @y wesircarthiednauirand hsgparator,
di fferential menbrane pressure being applied to the
sEeaidanpUsi geesfattion ratbieand agracheomaydtdyevater of 5
pressure side. The nenbrane filtering flow rate at t he

f it 4 HpITEEs vids averagse Furlyigitw andud)hrtget0o

menbr ane dul e
degrees q%.maghmum turbidity as untreated water.

Sodium hypochlorite was added to the untreated water to
make the concentration of residual chlorine about 0.5
mg/L. As the steps of operation, a untreated water
feeding step, the filtering steps and physical washing
steps according to the invention, and a drain step were
combined.

Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
was set to 13.5 m’/hr. At the filtering step, (Step 1)
when the untreated water reached a half of the membrane
length, filtering operation was started; then (Step 2)
in a state in which the whole membranes were immersed,
filtering operation was performed for about 26 minutes
and, (Step 3) immediately before the physical washing

step was performed, filtering coperation was carried on
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After the conpletion of the filtering step, the

physi cal washing step was perforned. At the physica
washi ng step, backwashing and gas washing with 5 air
were carried out sinultaneously. The flow rate of
backwashi ng was set to 20. 28 n8/ hr (6.75 NnB/hr per
menbr ane nodul e) and the flow rate of air used for gas
waisltiidg the2 uNeB et ed watB/rh repehede gbhadd wddihe) .
After the concentration in the chanber was 10 ,

| AERB%388 26ngithes [Ys. dlkltering @pesptder, yasy Gyried
t he fllterln%ﬂste ysi cal washi ng.st.ep onc

eR0k YikE a@r Ef§F€B%981dP§§E5P&§ PRESSYkEe it de &Pﬁiled
h anb
GE8 EngsBCop gk e i tee ot s B i aR e g S, S ive
h h t ) d
opredbprt b18c NV ALEA NIRRT Aty sy Wi TR O

theeC gegggetleedfaxt%%gmbn@tb@% valwe 7oBem3fre 15,5

secon ter a pressure’type’liquid |l evel sensor

INﬁﬁﬁ%fegeﬁtméﬁ@rgﬁétﬁaa@ieLae @b@@@enydahacqsaeﬁhau and

the water depth 20 in the chanber canme to
CQBC et A £d (105 t Bntate rpevasnaadiid red elgduli s)ichar (e uz) .
of the chanber. When operation was carried
ofhtotoabduf idne riegk pundes st kesatdper dtriomg (Step 1)
conditions, the inter-nmenbrane differential pressure
sthpasgbd (80epP3) walsi apoRS 28 mdpussisbl e to give no
nore negative pressure, and stable operation was nade
i npossi bl e. AFﬁﬁéu§hﬁ|§Pmﬂé§¢#@@bpﬁlﬁ%F fjitering step,

the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultaneously. The flow rate of
backwashing was set to 20.25 m*/hr (6.75 Nm’/hr per
membrane module) and the flow rate of air used for gas
washing, 12 Nm’/hr (4 Nm’/hr per membrane module).

After the concentration in the chamber was
increased 20 times (95.0% in yield) by repeating the
filtering step and the physical washing step twice, the
drain step to discharge the concentrated waste water in
the chamber was carrier out. At the drain step to
discharge the suspended matter peeled ocff at the
physical washing step, it was discharged by fully
opening 50A piping installed at the bottom of the
chamber, and by keeping the valve open for 15 seconds
after a pressure type liquid level sensor installed at

the bottom of the chamber detected that the water depth
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Suitable use is possible in those fields where filter
menbranes are applied to raw water such as river

wat er, |ake water, ground water, inprounded water,
secondary treated water of sewage, industrial 5
effluent, sewage or the |ikagor where filter menbranes
are applied to separation or concentration of
vdlrugleesshdmyys efcames drd (i iton Bie ternde aizd w@gtel A
is a schematic diagram showi ng an 10 outline of a
nAAFAT Mat Gt afidy, discharged quty of) gl ghamber.

Stonn o AT b and Tt dimden o9
tl d.... . Fig.. 2 i fl hart
SRRAR LY SEIIHtE g 215 & A H TR whi ch a

j t:had i t t
"B IH Al BRI AN A iltth S W e

SisgRsic sk iR MRl rs e Sl fGed b Lo & I tered
wat er tank 6 Backwash punp

[Comparative Example 3]

The membrane module and the membrane
separator used in Comparative Example 4 were the same
as those used in Embodiment 1. By using the membrane
separator, continuous operation was performed on river
water of 5 to 10 degrees in average turbidity and 200
to 300 degrees in maximum turbidity as untreated water.
Sodium hypochlorite was added te the untreated water to
make the concentration of residual chlorine about 0.5
mg/L. As the steps of operation, an untreated water
feeding step, the filtering steps and physical washing
steps, and a drain step were combined.

Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
was set to 13.5 m’/hr. At the filtering step, filtering
operation was performed for about 40 minutes in a state
in which the whole membranes were immersed. The
filtering operation was carried out with a differential
membrane pressure being applied to the secondary side
of the membrane as the negative pressure side. The

membrane filtering flow rate at the filtering step was
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7 Oxidizer tank 8 Oxidizer feed punp 9 Conpressor 25

10 El ectromagnetic valve 11 | mrersion chanber 42 12

Suction punp 101 Filter menbrane 102 Menbrane nodul e

103 Chanber 5 FI Menbrane filtering flow rate at

normal filtering step F2 Meabrane filtering flowrate

in a state wher e figter menbranes are partly exposed
13.5 m*/hr (4.5 Nm’/hr per membrane module).

After the completion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with
air were carried out simultaneously. The flow rate of
backwashing was set to 20.25 m’/hr (6.75 Nm’/hr per
membrane module) and the flow rate of air used for gas
washing, 12 Nm’/hr (4 Nm®’/hr per membrane module).

After the concentration in the chamber was
increased 20 times (95.0% in yield) by carrying out the
filtering step and the physical washing step once each,
the drain step to discharge the concentrated waste
water in the chamber was carrier out. At the drain
step to discharge the suspended matter peeled off at
the physical washing step, it was discharged by fully
opening 50A piping installed at the bottom of the
chamber, and by keeping the valve open for 15 seconds
after a pressure type liquid level sensor installed at
the bottom of the chamber detected that the water depth
in the chamber came to 0 m, the concentrated waste
water was completely discharged out of the chamber.

When operation was carried on for about one
week under these operating conditions, the inter-
membrane differential pressure surpassed 80 kPa, making

it impossible to give no more negative pressure, and

stable operation was made impcssible.

[Industrial Applicability]



10

15

20

25

L Effective length of filter nmenbranes 10 L' Length of
filter menbranes not in contact with untreated water
in a state where filter nenbranes are partly exposed
43 CLAIMS 1. A nethod of operating a nmenbrane separ at or
in which a nenbrane nodul e danprising a | arge nunber
of exposed hollow fiber nmenbranes is installed in an
unt r eat ed welwktaihenbese SairPeeinbe Bonphese ngields
afiltering step at which untreated water is filtered

by %A g B of MeRAANST FFLSRP LIt iR PR YATHar§uCh as
i d t t t id d d i d
(B ier 4 oy S 4 UM i ber LTRABI AR,

¢ IV e BEOUAD PR 595 8 e L SERLA o

gaseous € prinar i'de "0
f _ .
il e e R R R A e sah e S

Ofa A&y il il QW dd DRI AR GNESr Adhi&ididGidd PASS 1O

the untreated water side of the hollow fiber

mesnAss .and a drain step of dischargi ng waste

water in the chanber out of the systemafter repeating

twice or nore said filtering step and sai d physica

washi ng st ep, wherein said filtering step

f UBrherf iDedardgs isprf idft ethenPrsaveimddl I tering step A)

conprising a substep of feeding untreated water into

t he chanber Fdrin R sisara isghana i i hipofan heamneard

water in a state that the hollow fiber menbranes

c VSIS 9y & A Meentridie Mgt eRe partly exposed
of filterjng the untreated

d [ hst,
ond an, ensuig SYpLep o MLLe1a the uiieated o,
NSNS SR LB SBIRe 00 € P ch cne
?%&ﬁ&%&oke&%é%l :?pﬁ%erjren.p%l 1 e;exzf\@slet{%e.l n said

iTtering irnclu ering step
B)

filterin : ; rd1s4 : | j
l(mt r eat edgvva%:lgﬁ, afl%gigptfr}?dg%n%%i%g{n&gﬁr%a%ﬂd ép’ﬁ{/@‘ig%l()f

WaskizRthelteF1l oW LR WiHERH RO wHYHIGR] b Llof 4 O the

chanmber until the hollow fiber nmenbrianes constituting
sakfbrafer are draduwige tay e HearitdweriRaseids AH¥b®@fbrated.
ensui ng substep of feeding untreated water into the
chanber and filtering the untreated water in a state
that a whole of said hollow fiber nmenbranes
cdPesicrdpitngns aifd Redelreaee Bidwisd are i rmersed. 3.
The nmet hod of operating a nenbrane separator as

clai FeW watelraim 1 or 2,

3 Raw water feed pump

5 Filtered water tank

& Backwash pump

7 Oxidizer tank

8 Oxidizer feed pump

9 Compressor

10 Electromagnetic valve

11 Immersion chamber



wherei n sai d physical washing step is a conbi nation of
a step to be executed in a state 44 that the whole
hol | ow fi ber nmenbranes constituting said nmenbrane
nodul e are i nmersed (physical washing step A) and
anot her step to be executedspn a state that the holl ow
fi ber nmenbranes constituting said nmenbrane nodul e are
padt | Buetpesegpumphysi cal washing step B). 4. The
nmet hod of operating a nenbrane separator as clainmed in
arylof Foll&iens membimasgh 3, wherein both ends of said
menbr ane nodul e are conposed of a |l arge nunber of
e%&@se@em&qﬁﬁﬁ'NQ@ﬂ'Qnenbranes fi xed by adhesion, with
hollom1f|ber menbranes at a top end being open and
tﬁ holGfPEtber menbranes at a bottom end bei ng

5. t had of eratln a nenbr.a ,
3 g&ﬁ&ﬂPrggem TEEF NG i vof 2t PPE o dgr LExing
? after the filtering step A and the physica
mash ng step are executed and the filtering step B and

Sghbd pRYEHGRe WASRI K %L%ﬁd%’ ¢atePey o QNG Y

waste water in the cha scharge out of t
SY¥SU€@r membranes are partly exposed

L Effective length of filter membranes

10 L' Length of filter membranes not in contact with

untreated water in a state where filter membranes are

partly exposed
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CLAIMS

1. A method of operating a membrane separator in which a membrane module
comprising a large number of exposed hollow fiber membranes is installed in an
untreated water chamber, said method comprising:

a filtering step at which untreated water is filtered by giving a differential
pressure between a primary side (untreated water side) and a secondary side (treated
water side) of said hollow fiber membranes;

a physical washing step of gas washing by ejecting a gaseous washing medium
onto the primary side of said membrane module and of back-pressured water washing
by feeding a backwashing medium from the secondary side of the hollow fiber
membranes and letting it pass to the untreated water side of the hollow fiber
membranes; and

a drain step of discharging waste water in the chamber out of the system after
repeating twice or more said filtering step and said physical washing step,

wherein said filtering step further includes a filtering step (filtering step A)
comprising a substep of feeding untreated water into the chamber and of starting
filtering of the untreated water in a state that the hollow fiber membranes constituting
said membrane module are partly exposed and an ensuing substep of filiering the
untreated water in a state that a whole of said hollow fiber membranes constituting

said membrane module are immersed,

2. The method of operating a membrane separator as claimed in claim 1, wherein
said filtering step further includes a filtering step (filtering step B) comprising a
substep of filtering untreated water, after the completion of said physical washing
step, without feeding untreated water into the chamber until the hollow fiber
membranes constituting said membrane module are partly exposed, and an ensuing
substep of feeding untreated water into the chamber and filtering the untreated water
in a state that a whole of said hollow fiber membranes constituting said membrane

module are immersed.

3. The method of operating 2 membrane separator as claimed in claim | or 2,

wherein said physical washing step is a combination of a step to be executed in a state
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that the whole hollow fiber membranes constituting said membrane module are
immersed (physical washing step A) and another step to be executed in a state that the
hollow fiber membranes constituting said membrane module are partly exposed

(physical washing step B).

4. The method of operating a membrane separator as claimed in any of claims 1
through 3, wherein both ends of said membrane module are composed of a large
number of exposed hollow fiber membranes fixed by adhesion, with the hollow fiber
membranes at a top end being open and the hollow fiber membranes at a bottom end

being closed.

5. The method of operating a membrane separator as claimed in any of claims 1
through 4, wherein, after the filtering step A and the physical washing step are
executed and the filtering step B and said physical washing step are repeated once or

more, waste water in the chamber is discharged out of the system.



