L

10

15

20

4 1 DESCRIPTION METHOD OF OPERATI NG MEMBRANE
SEPARATOR Field of the Invention The present
invention relates to a nmethod of operating nenbrane
separators for subjecting water to be treated
(hereinafter referred to as untreated water) 5
including river water, |ake ter, ground water,

seawat er, donestic mastﬁﬁgﬁﬁﬁpTiggustrial effl uent and
secondary treated water of sewage to nenbrane

separ at i ofyr@Re pC bgabiphGart Nef MEWHRAMNE S FARRAIYRTS 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,

such as clean water treatnent, sewage treatnent 15
andie hdlust rilxe Efivéwehont reat nent, the untreated water
used to undergo separation into solid and |iquid
contents in Bieoagesert ngnsedr hent elakeehhfbar mejhod of
gravity sedi nentation chanber or the |jke. However,

al SR i 110 t HRMRERRA CERRAT 2 BP L FrefBF afBPT BERABFOYFLeFNEC
20 nmenbr ane Sﬁgaratiog grocegs ha gone to ge ugeg int |
vars ouse3 ¥ er PGS HpDEF At uEBECHEEGUER PP PECEGRBEFFoFaTer
in_fjltering.accura an ccupies | a r
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Opseéﬁﬁé@g%, Z4othOst ECPL s YERL Sert NELELDRS: GPMBrENNLBNYSEnd
t hod™ by

a ne
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.

Description 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 undergo separation into solid and ligquid
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 i1s superior in
filtering accuracy and occupies less space for

installation and it is easier to control its operation,.
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whi ch nenbrane nodul es are arranged in the untreated
water fed to each of the various chanbers nenti oned
above and the water undergoes separation into solid
and 5 liquid contents. Thus, nenbrane nodules are
arranged in the untreated wat er cont ai ni ng suspended
matter fed into the chanber, the water is filtered

%Egﬁ% an U [ agt
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gone: A Raehr 0 thedneabr ape apduhgeHSiflr a8 QHtrekted
the chamber. Such a process |eaves suspended matter

I nwdther | f 6l €o ph@sie ofM thé nvihtotbasheanbasssakhdioned
contents on the feeding side of the nmenbrane nodul es,

anbateand | therest aat endecdeas edepdratiibndihyoandlid and
gerns i s obtained on the 15 output side of the

5 nerbpaid oonltdrss. | NThush pemendnansodepasatse, agsanged
suspended matter in the untreated water sticks to the
mekbrigie usF¢alked aFakhgr Wweht @ heiggntirbapfsd Bptter fed
filtering and clogs its pores, its filterin
;x#??ﬁ eﬁ%ﬁ%@%%iIEh%owﬂ%?ér?%r5%%§er%9eﬂ%gﬁlF?ese

at or ncap
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(herein Terred to as alr was

ba&%ﬁ%@r@aé‘@é eéué!‘ﬁéx'i‘dié‘@ xQé(t@é?Cihnghé ba {SY}@SFhase
nmedium such as filtered water or clean water rom

fidieiad thsurhmbse 49 sbeidi £66teADsT 8MEERE Eletilay
3 of filtering so as to renove what has accunul at ed
Oreide of the membrane modules, and clean filtered water
cleared of turbidity and germs is obtained on the
15 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

20 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

25 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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t he separati on 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 ed-of f suspended matter
out of the system In this process, if the quantity
of untreated water in the chanber (held-up quantity)
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untreated water, resulting in a drop in the ratio of

theo fas tk@é@]@wa\@ﬁﬁﬁgﬂ}laﬂhéfébyoﬁééﬁ_ geanthkysabpkhged
untreated water used, nanmely the yield of the
sapsifed Orhadbnd navtemubat&di snpthbl eembihaeeshasabegnand
proposed an operating nethod of a plug flow system by
Swhiwhthidre ¢isthlarge conerpeébddbygffoastspantdgdf metitny aut
fixed quantity of untreated water into the chanber in
W & ht- I iy sipem no dii esh &g ep apeangedi fahbicaguansisanet
20 time discharging part of the untreated water out of
t HEN L B8t edn Yakeer PhE ehite DelkambAr {hedd-PRsEYABELLY) 1s
However, by the above-descrjbed operating nmethod of
¢ RERE on ST T RPEY BN R & QL paR e BF L BY sEF oS BaPPRCE e
Pat ent _ Docu t if high yield of 99% or re,
oot REATER. o€ by TaSiPual Bhe(tase Brt s ta
t r ' C e ' ar.ged
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théne filtered water gquantity to the quantity of the
untreated water used, namely the yield of the
separator.

15 In view of this problem, there has been
proposed an operating method of a plug flow system by
which the yield is controlled by constantly feeding a
fixed quantity of untreated water into the chamber in
which membrane modules are arranged, and at the same

20 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 separator disclosed in the Patent
Document 1, if a high yield of 99% or more, for

25 instance, is to be attained, only 1% or less of the
untreated water in the chamber can be discharged out of

the system and all the suspended matter peeled off by

the physical washing or otherwise cannot be discharged



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-syst§n1discharged quantity of
untreated water containing suspended matter (to | ower

t%ai%éﬁ@%%gdpgeﬁwm bogdsgi E‘H&t O0pfeby whi ch

the 1 evel on the untreated water side of

t hesdddderat 1aDE Angnd SshoMeredaWhit ec8i €5t A8 BHBRLES

from underneath the nenbrane nodul e to strengthen the

effert geid@1lpeshiag (see flal entedosHEDhSc2daRdtd,
for instance) and another by which ozonized air is

I rgeedrgell idh | idlhee froembodndubbl esat bbn, t be Lnt neatedary
water side of the filter nenbrane (see Patent

5 Dovungregraitd aat & nseancedbrdhe fiitwashongfhekhodsto
shown in the Patent Docunments 4 and 5 utilizing the
effgreade dikappetrafcehe oty pudb| dsseharaedgavantgoydor
interface or the large 20 oscillation of the liquid
sUHHeRR At e e e BRring ubpPRINaPe WakFEF fbp lower

enhancin he washi ng effect, but they involve a
;N{hﬁeﬁﬁ%hé%alving the washing effect of cross flows

ensui ng froqathe rise of_ bubbles. Oé?&he v\/ashin\gh:.LCh the

ef f ect of_tfmf??%r%??%ﬁl%ﬁt %%Sf+T? ESOH%nBVane
10 PoETRT L 16y el SXAL WL00r 0iap s VR T e

ol unme o f eover ,

t hgenith UL %@Vféwéfém N BS WRLEE1AGObaEb1EResbbnt er
menbrane, the direct contact and friction 5 between
t Nehdd H i £ HBrAY anGs £aNS oY1 & heo Vi bF ahOReff the effect
of air washing (see Patent Documents 2 and 3, for
instance) and another by which ozonized air is injected
15 1in the form of bubbles into the untreated water side of
the filter membrane (see Patent Document 4 for
instance}. The air washing methods shown 1n the Patent
Documents 4 and 5 utilizing the effect of disappearance
of bubbles on the gas-liquid interface or the large
20 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
25 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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bubbl es may invite damage to or breaking of the filter
menbr anes. Furthernore, as the suspended matter once
peel ed of f the nmenbrane surface by air washing sticks
5 again to the nenbrane surface when the liquid | evel

| owers, there is a problemthat the concentrated
suspended matter cannot be conpletely di scharged out

ofpet e YSRENE BN E NRMBS LB ELFiSEH L LRET 6B¥ration of
hal ved. Furthernore, as the distance fromthe filter

1o umssbs anesy neav i tdedihege edoveteprbkehgobrt BRe filter
menbrane nodule to the inlet is short and accordingly

t heemipr &sssir e Fosshefmbhe, fhsi dhét seapetddedt sarten bhee

treated water side of the filter nenbranes is snall

t heeeled iGES Gne imemeasee | suthaceregsale dathéngneeitks

bet ween the untreated water side and the treated water
Ssiaagl thetlie |membpandranefacaavkeey the heéabidnéevel

differential pressure, with the result that the filter

nerftenes PReEhel af drerehleBnklaboshei eaneenteatad

greater quantity of untreated water than the filter 20
ne’?%b‘?%"rré‘ge‘glf% RY eCaniet Bt GfRLekeY apt aFhaznggd out of

O Ay hd LLiE 00, peL T oLpRCe, ok at o L
I'S perforanF¥@E & §§£}U§sp@ﬁé gisﬁgﬁcélk%gﬁ h% filter
nmenbranes out 0 eing i mersed 1n e untreate

10 Wl £ 588 %gﬁt% @éﬁgtw@er @M@é@roftgﬁ? menmbrane

oper ati ng nethod ne separators disclosed in

t o dRatentio DacaimBite®, i s VRS- EPPd e8lcéOrdDigly the
conventional separators described above, invites
drptargsiafe thesd idt etharepbipiest fsatd@Yywatdr) on the
treated water side of the filter membranes is small,
there arises an increase in the pressure difference
15 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 guantity of untreated water than the filter
20 membranes elsewhere, are contaminated rapidly and
deteriorate in filtering performance. In view of this
problem, 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
25 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



are always partly exposed to the atnosphere. Mreover,
as the whole filter nmenbranes are not used, there is a
problemthat the effective nenbrane area i s reduced.

[ Pat ent Docunent 1] WD 00/ 30742 5 [Patent Docunent 2]
JP- B2- 6- 71540 [ Patent Docungnt 3] JP-B2-3351037
[Patent Docunment 4] JP-A-63-742703 [ Patent Docunent 5]

'% 1 lt\:rl'ef'n')(?/sofégartql e{;x%:ge%%r% OEhé h§t&1§¥5f1‘éi‘8n ]ﬂo;.[QSver,

presen ed to provi an operati

”Eéét%éﬂmw{% Bt POSRER £asd igﬁbéfe ABEb; 288, fthé%é' mg a

oper ati on securing a yi el'd by reducing the

| oachioned Nendi |t sepbEaDes m8fbrRREf erBhngsetbagtbue
washi ng. 15 The present inventors, as a result of

exhaustive strgi&s: bosatehbel pproaboppomezhod that
stabl e nenbrane filtering operation can be achi eved

5whi | e securi [Batert ghoyimedrt by] dfB€Rar G+ NhShast e wat er
in the chanber out of the systemafter repeating the
20 filteringlBaegnandotimenphys] cdP-RashBhyOsfep twi ce
or nore and conbining a filtering step at which
filtering iEPalkempbockeent nth @Paﬁe65h53793e whol e
filter menbranes are i mersed and anot her fllter ng
step at mhlE?ﬁtﬁmteP?%@m¢%ta§Eoﬂ%Tﬁshealﬁﬂ %astate
that the 25 filter nenbranes are partly i nmersed,
thereby reduci ng contanination spots in the

of the | ter menbrane, which

th di t
S§g85§¥M%%EW%%ﬁ§% th e%? %?t%?n7 physi cal washi ng,
IOand redUCIngrﬁgepggggﬁttyngéntlon 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.

15 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

20 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

25 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 ni ng i n the chanber, an? eventual | y succeeded in
conpleting the present invention. Thus, the invention

orPe be Saﬁm%ﬁed a:am.fi o%é@ﬁ?in&otﬂé)q%gglﬁgn%r ane

rane” separ a

fm%gﬂl &%&’mé&&g ﬂl“‘%%ﬁ:h%}'ﬁ@@fr Rin&Xposrd helliows

ranes 1s I nst I'n"an untteated water

'@Hﬂa& frdfﬁ%éf‘glﬂﬂét out het nehBodys BehUERs
|Iter|ng step

whi ch untreated 15 water is

fidusiatidy h vt e pedidd esntbal tips ephys ecabeasriing
the primary side (untreated water side) and the

5 sengrwtaryr sieh (thieatesl Walesnside) obf uhbecabeowater
fi ber nmenbranes, a physical washing step of gas
wastianign byg xqemher@m@m@@SEOQSdmagﬁmhgahéﬁlanc@ﬁededhén
primary side 20 of the nenbrane nodul e and of
baxupkesisntg dehavareesenhishrngnbiofeedi ng a backmash|ng
medium fromthe secondary side of the hollow,fi
nenbranes aﬁﬂ“4$et¥¢%glnYe%%%%nt%a?h%euﬁF?%%Féae ?@r

e of the hollow fiber nenbranes and a drain step
(ﬁ W gi ng 25 wast e mater in the chanber out of

1othe Systen1a&L g%dn? eqﬁ é%efgtgﬂ ngrﬁe%gggn?z) The

filtering st ng ste

'ng%ggkﬁidggﬁﬁgﬁﬂ Q%WR @Qﬁe8%o§§P@r@5ﬁﬁr§§§ﬂ§d5n9arge
y characterize
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
15 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
20 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
25 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




in that 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
menbranes constituting the nbrane nodul e are partly

e’%‘l{ﬁ‘ﬂa | ng, sppst || teLi .
unt reat e vwﬁéﬁbfﬁl n%?aygf o 9% hal 8 Bga%ggterlzed

in that the whol e hol | ow

fifpre prbranes; 1Q ot st | pgrther "enbl gaes Medel étering

are imersed. (3) The nethod of operating a nmenbrane
sepAt e RECA B g OFddYedrag 2ihabpyet8Rynhestep A)
characterized in that the filtering step further
| nodnsleiss ind 14 teubaigestep {dedengafitereaeédrweteasinhe
15 filtering step B) conprising a substep of filtering

5 urithree atteainivet eand ad £ estatieimonpl tteévhnefof hehphysteghted
washi ng step, without feeding untreated water into the
chenbr iuntd | stalee hotabwi e beel hevwbE dpes BRORRERREEI ng
the nmenbrane nodul e are partly exposed, and_an ensuiggand

-

20F Fifsh el B9 1 iRl PR R R kRt RF S| AR bt { Ke®¥RSAB
i At B TR SPLAC e D, Brbt Bl Eeb ekl
oo e Pt e S EE S oy (FlndRondRbbele) | o
10 { ot SUAC) i MEmPine RoGRRE AL AREr LAY o
to be executegh ifh@ R4ELEq1 Bf ars]\pég!atms Mﬁéﬁbbghfgow

fi ber nmenbranes constituting the nmenbr ane nodul e
argepdrey Seh dbsr@inaf ter (1 pf £ r ed) asbove may be
characterized in that the filtering step further
includes a filtering step (hereinafter referred as the
15 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 mocdule are partly exposed, and an ensuing
20 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
25 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



physi cal washing step A) and another step to be
executed in a state in which the hollow fiber
menbranes constituting the nmenbrane nodul e are partly
exposed 5 (hereinafter referred as physical washing
step B). (5) The method of $perating a menbr ane
separator according to any ot (1) through (4) above

mﬁ¥%ﬁguﬁ5ﬁ?f%'§f%iiﬁhép§édbsﬁgr§fg§f9£rtP@ferred as

rane e are conposed a | arge nunber of

amld:@émﬁo?fé@@gs AEnbrangsoth¥edsbypagdhesion,

Mﬁth the hollo i ber  menbranes at the top end being

opsfeAntkd hen D104t Hve fibewh denbtRaesoalobh€ibott nemepenes
bei ng cl osed. (6) The nethod of operating a nenbrane
s epatst irutaregr the guénb sanye ahodd) et Areugart 5y abpweed
may 15 be characterized in that, after the filtering

5 st e remalf tée phfsiced awsphngicabpvaskirgestiepdBand
the filtering step B and the physical washing step
are repeat etbbntke oreHpe@, of hePABSE &Nk cReFRT ERE
chanmber is dlschar ed out of the system 20 According
to‘sqwamrﬂw +If9|*s° pRREi Bfe(tb tlb@?‘flﬁlﬂm é?f%{?i’vsemay

iHe o %Eqm@f’%%ﬂ%’ L4 J'dif%ﬁi"‘eﬁ%% B fllas oag HRE R aRBrARe
t -
QTS e b oo £ 18 ek ‘?angﬁ% bPrePBhgatibnpiion
10 SLAf Q%¥rQR§ﬁ9£§EE§W¥i€E§§€gré&He 1Qh9hw1¥ ekﬂebMollow

di'scharging out of t tem the suspended nmatter

pe@ik%ﬂr HdmbYarde PhyShEato Hanseiﬁaebg f ¥h8htha
quantity of untreate mater est Modes for
CHHJNI@@ Al t hBedySidé s 0 the bottom end being closed.
{(6) The method of operating a membrane
separator according to any of (1) through (5) above may

15 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.

20 According to the invention, it is possible to
perform effective physical washing while alleviating
the loads on filter membranes and to reduce the
quantity of the untreated water in the chamber, namely
the held-up gquantity, thereby enabling membrane

25 filtering to be stably operated while securing a high
yield by discharging out of the system the suspended
matter peeled off by the physical washing together with

a small quantity of untreated water.
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The present invention will be described in detai
bel ow with focus on sone of the best nodes for
carrying it out. 5 Untreated water to which the
invention is relevant is river water, |ake water,
ground water, inprounded m&ber secondary treated
wat er of sewage, industrial~effluent, sewage or the
like. Filtering raw water of any of the ki nds

nmenti oned above with 10 menbranes in a conventiona

mﬁ@éﬁ%&@& bt Okt Do P ng StiePerdedI HpEA €1 oR] any

er substance greater in grain size than the pore

size of the 1R PGSt COMFGh RGN | W1 1 Debé ade wat ebedand
thus, tends to invite so-called polarization of
cateent I adalosw oviflor fimdiwonowf sdhe ao £ akiee | byst , maddsator
the sane tine the nenbranes are clogged by such the
suspendiedy net text or t he substances or retiform
tissues in the nenbranes adsorb such substances. As a
resul t, the Untreated vatar viep oeiiigh bhet hevaehbPaAnes
when fllterlng raw water drops to only 20 a fraction
ofreke@antevi § et FRY d’r’a"i%f f1oke vERBRT t yITRRRG waterx,
filterin clean wat er t he fllterln% flow.velocity

or O RRETIAR (VR T T EHGREY CORET et ToRehrof Sewsue]
f |t b t
i) a%#ﬁéff%egnn”fswﬁgagczgsgﬁ b g o

d, 98y L he; FEMD
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primary side of filter menbrane, and further

t 05\ (H SO 9 Gnd e WOt Ban fUGFRE E Vs P st ARcoeghedtetf in

suspended matter out of the
grain size than the pore size of the membranes
contained in the raw water, and thus, tends to invite
so~called polarization of concentration or formation of
a cake layer, and at the same time the membranes are
clogged by such the suspended matter or the substances
or retiform tissues in the membranes adsorb such
substances. As a result, the filtering flow velocity
of the membranes when filtering raw water drops to only
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



system In this process, if the quantity of untreated
water in the chanber (held-up quantity) is large, 5
di scharging the whole quantity of suspended matter
peel ed of f by the physical washing out of the system
wi |l be acconpanied by a Iarge quantity of untreated
water, resulting in a drop it the ratio of the

filt - t it '
S AR AN oL U A PO e ol
; - [ f a
SoRAlely Jbreq/Sieeseu-bbe S ghensts fasmicoitl berche
eyt

24, Mol eni® tRecd ket f sthehgiinendyasgonsdt pebhyed
the pressure loss of the fluid (treated water) on the

treated watehe seiigmiodr t ieefd4+her qlénveodhy ane Lsrgenl |,
there is an increase in the pressure difference
5 bet i tdinaqint e atledl avadneansite afidstbpentdedanatter

wat er side of the filter nmenmbranes, nanely the

mores ek off f flzy ephe aphypsbsalireashing ok eEsthe sWatem
the filter nmenbranes in the aforenmentioned position 20
firiler ke grecamranirdthy ya olauee reatrbihkt of wAhReRkRed
filter menbranes el sewhere, are contam pated ra

Nl
attR et erf ST At el 3% 713 Ty PRr PP nBREL® Fhet {%bﬁtered
f ti b L di to.t
AR G LT ot Sy by FReo BEERF quitfrpareR ypter
t ted ' h h [ [
Lo A et g0 (e Sherner, o com T ong: .

t %&f@i%%%g £ e&';@gffi@%%em&ﬁg% inFeQr,f thitetiBgted

st ep _at _ _apar_t roma no_rrra teri n_g st ep
aty W £hy {14 esf Nghé smaRpEoneBdoaM Ehe 8l thehenlbtt ek

menbranes, the untreated water is

short and accordingly the pressure loss of the fluid
{(treated water) on the treated water side of the filter

15 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

20 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

25 liquid 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
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fed into a chanber and suspended matter is stuck to
the Ilower portions of the filter nenbranes
constituting the 5 nmenbrane nodul e by starting
filtering of untreated water in a state in which
filter menbranes constitutigg t he menbrane nodul e are
partly exposed, and a filtering step B including a

fiddfd N St 6P Blg WEGH. a@f b8 ch hei 1 COPPAET § 8Nt £8rmed

physi cal washi ng Step, suspended nmatter 10 is stuck to

t Re drpver: ratd onsyd r trhemb FAd &5, MERdr @ftefeated water is
constituting the nenbrane nodule by filtering

urddcalreth vadredmidet | dnd heudpédded neabtaness stuck to the
constituting the nenbrane nodule are partly exposed
wiltdwait gepediorgs of £ tind r Bl eelr waerbrameés thesthhwbang the
is perforned and, 15 after the filtering steps and the

p myailuzE nevasddule stepstartel nepbhl eer ing cef ounhpeated
concentrated suspended matter_is discharged out of ,

t M tsistiema Novate nia wakeh t hhi teb| PO FRPReF AeRBEaRRELNT
of 2 min effective length are used as the filtfr gO .
e AHERTAMRJRA T bR 2 XA RAF atY o BPSthe PREsduFeltering

I f, | ' b | N

R0 e ST abht o200 [ RCTndtn b ol tAGCCE the

t t wat | : I

TS Thouto gt orE FETTLa: 7 580 aPBEAGET mattex

undergq, éélﬁﬁ%ifﬁhéfeﬁgfgﬁﬁs Yhi che "BRDS L NALmE PEnes
f er Vvo

or mer Ilters a great ume of untreated water

t haiy Whatu e 4 5g fehd eh&fbBynd I hé@h18EHPr aNetet ngt BBt reated

regions, resulting in rapid progress of menbrane
CopftdE Natt O tide BNTksletpshieor@iéonconstittieinggthe

performance. By introducing the filtering steps A and

B reagerahiargnddule are partly exposed without feeding of
untreated water into the chamber 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 heollow 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



5

the invention, the filter nenbranes which otherw se
woul d be prevented fromcontributing to filtration by
5 the influence of the pressure |osses are enabled to
be effectively used, and it is thereby nade possible
to reduce contam nation spots in the |engthw se
direction of the filter nenmbranes. Further, the

Vé?ﬁﬁ'défgkfgraéfﬁhf h UL 09y B4 gﬁeﬁggrﬁgﬁcghysh al

ng step twce 10 or nore a ereby reducihg the

hellrd:wm%@rgg | Ye 0f1112@§1%§n@f@;9§ AeRRyaBOLccHh8Inheo

suspended netter peel ed f by the physical washing

| StH drevshistha) ogte PULLOF hdebBYSESMVhithi Stherwise

di scharged together with only a small quantity of

uniaielad sk et ereni dx@r £bym adkeh gl Aot pegstol istabteéon by

menbrane filtering operation at a high vyield. Here,

t hehereinof larende (e £rimg provsunt elopsehearst angbiad to be

which the filter menbranes constituting the nenbrane
ol «c talree parusgd expos ettt may beerelpy rivsrdedeeds2blengo

sane | evel as, or a |lower |evel or a_ higher |evel
mﬁﬂuq?uﬁoQﬁaW¥Rﬁ?&ﬁ@mﬁP?F$t%@|ﬁ@es%%%gt%ﬁfsﬁtdF§eCtlon

referable to control it to a not hi n
ptﬂatr MRt (BT HRET | ovf WEEESE, fhe Loher 1han
prefera where t he

| S o T 19 TR Hehor an R Lo GE T U PR g g op twice

o THLAIE, WY oLt} RAELIAF Ll AP HEARRLLy o

15
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F i e I FRH S ESe 10k a By 14wh&9”1§1§§1ts1\£‘é dngbg matesat ed

water on the liquid surface of the unireated water in

t s chadherr igy t4ee S8 i ¢4l 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 contrel 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 verticalldirection being represented by L and

the verticval length of the filter membranes not in
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which the filter nenbranes are partly exposed being
represented by L', to performfiltering in the state
in 5 which the filter nenbranes are partly exposed at
a menbrane filtering flom1rate F2 satisfying the

condition of F2 < F1 < 1 'y /L(L>L , L>0, 1L

> L' < relative to the ﬁenbrane filtering F1 at

t | t r i d £
ACTENERTY et VAT PR Eheq bl OF end L Gpid supface

fidg e&?@ mtféat@a Spfe Wl £T+RE ERSmbékeini 8nBagegde in
fromthe filtered liquid side to the untreated water

sivieldi tHe € 1est i b FeYEes Seré Ophhal yoéxpbkear bagngo
remove what has 15 accunul ated on the separation

merdy snsersted dse 1.5, usedpe Afothef Dbtdolngf iphyhecatate in
washing, the filtered water, clean water or the like
whiltclchashdeenl tsednabtimes physi gatt @sbkpgssteptcan

be stored in the chanmber in its whole quantity or in
parembxabe felisering bhew vRAtQOFZheatnsfrinadthat er.
Therefore, the operation can be acconplished at a
higHditien % han ot herwi se by repeating the

filtering operation and the physical washing step

tw ce or nDre bef ore executing the drain step at

whi ch the uan f e spend 25 ter,,
peel ed off b 5 {}-Js e )vv}af;hfiéi ’tggbe qot'fL <
di schar ged out of the system Incidentally, in order

to enhance the washing effect of the physical washing

Stfglaﬁ v St f@ﬁ@fﬁémﬁ&aﬁ@ Aflfle ap; QX1 F1 Z8E, tAECAORRAL

sodi um ypoc lorite or
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 1s to be
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5 ozone, to the backwash nediumto be used for
backwashi ng, and further it is effective to contain
ozone or some other oxidizer in air washing of

i ntroducing gas of air or the |ike as bubbles on the
untreated water side of the %ilter menbr anes. However,
10 as stated above, air masﬁlng under the conventiona

copdi tp cﬁjic%tﬂoéf alweys,proye sufficiently effective
of t

on accoun e constralnt 1n respect of the

durability ofndiddefalBppranesrdérftbt &hinaREEr BAE washing
washi ng net hod according to 15 the invention, by

cCHffiddth oA eplexettd Bdvashihe ssépf eit niwhpebfeheble
hol | ow fi ber nmenbranes constituting the nmenbrane

nocul seeddaraen wiral dyze messetd £ Hesediaht eypockelieritd to

as the physical washing step A) and a step executed

i roadree sttan echan hindlova sthemédd Wrowk ¢ i heruged nbabr anes
constituting the menbrane nodule are partly exposed

( Freadivwrdgigra r edned rBartloeasi € his pafEeeti vewashFagtatep
B), can provide the whole filter nenbranes, with (a) a

WERARTRY @ FEhe WERe e roskdirety Ja‘&c%hf)a‘f’]‘??}ﬁbngt At

i Si f bubbl , _(b). ' ffect by, t 25
\r/: Sltg‘%fcg'i{:]or?g fg‘%s_ec?é rf%%%r‘gﬁa:@‘gg &‘%S‘g? r%%’iﬁ?ﬂgs ePPetbe
Lﬁbrﬁixrcelal{deed av?att’)ee Jl .E\'./J.acller@néf oif.h : 9ll‘ljstg%%oméljak§ré(gls ngug% %\Srer,

es and (c) the effect 0 earance 0
LIS ) periasnant aesiuan shiegt bl ic
B R i UTiAE gUse shepossiate 0t
md elcdmale b Offhd heoddt £ £1n eI fEEse BECARSERE he
durability of filter membranes.
| A filter membrane 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 tc 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 (c) the effect of disappearance of bubbles

on the gas-liquid interface and a washing effect by



5 suspended matter once peeled off the nenbrane
surface by the gas washing does not stick to the
menbrane surface again, and (e) to peel off the
suspended matter fromthe filter nenbrane surface
nore efficiently as conpari wi th the conventi onal
air washing nethod 10 becau a sufficient |ength of
ti £ secure i n i ch fi a
o e et E R o og " G hEF TR By cPRe
r i, it e;te h
| D Tacera e e e b e ahener B ()
Und S S IR Gfipl S &1 oWBNDE aige NBYYE &mi Eh&NSBspended
|l owered by filtering or discharging at the physica
Warst g Sheadl &2l IR biehat £1 By r heegibtahdstbecxesti the
direction of the filter nenbranes, but in order to

5 praovsgEenddg iatviee efdrecd spedle@d whshthg sémbednabsueface
the whole filter nenbranes it is preferable to reduce
t ey |Bvelgas washiey ydoes todt oftichet i thermamhbanaes
in their vertical direction. Also, as alternative

neEtHORCY crgai sianrdt () | tqupeel sef f aklke ofushended matter

untreated water around the filter 25 nmenbranes f

t HF Tovighe paktt e ReRPIPPRr SPaFRCat PR eﬁﬁ%“i‘/\ﬁgﬁ%as
o STHRATA L L B e S DA Ehee HF | Varni e Shee ™ <
107 RS s B TG Lo Eo R PR S e R e,
R T e R e Rt
liggih suidaceid theatngreated YRist aeRNPd tACcontact
with bubbles.
The level of the liquid surface of the
15 untreated water when the untreated water in the
mermbrane 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

20 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 liquid
surface of the untreated water around the filter

25 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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5 filter menbranes by backwashing is nore preferable.
I ncidentally, (1) backwashing is nore effective when
performed always at the sanme tine as air washing, but
(2) air washing alone may as well be perfornmed ahead
of the introduction of bac shing O, (3) air
washi ng 10 al one may al so b perforned after t he

;:oncel el é‘gt?éd kﬁ?%ﬂ‘@éﬁ” f&r%{f&?fas\ﬁ%g hbSuat$8ated

roduce I'ng etting In

Unf 16t efr WU ST tn@ngli PeEf %@&L@fanéﬂasbjs nga 8elih@ns ame
time, or (1) through (4) nmay be conbined alternately.

1Mo g the shepsaodd Washepg blhie theéteethpeMbrapgising
the durations of the physical washing step A and the

phytse cld quies hsungf s¢epo B €liue | gt tet@lovetevashongd the
period may be at any ratio, but it is preferable to
bef Seter mémeramag ebpfbdck@ashing: 1s ROrfupthéerahhen
air washing is to be perforned while raising the

| iTpgidenkd b, 61 hdeackieasbsedces ororqaeéfeqE bAdWhRR
filter menbranes will last for only a short period,
dErforedralyanki aly Bret hane Fiee ﬁénﬁ%’én@é‘st‘hi‘lgugﬁut
t he dlrect contact and frICtIOHW%ﬁ? bet ween t

he
N et ie e dFeE Sanvebl Predshratmed ahead of
Mor.eover t he was |n%??ffect is eat

C&Hﬁ%;%&ﬁ@@?* FHRA WASHLDG ¢ ghlﬁé)ne%ﬁogashing
| LHE Ny Va o e, EPEOHTMAIPLOD PRI UALISACEBn0BE

reduc and accordingly 1s an a vantage In

smedlytin sty i sosppsld cagerpiie
ail fnasdl e 1hSc k@a Ne1iRGCRRPLE SheE P g in untreated water
and perform air washing at the same time, or (1)
through (4) may be combined alternately.
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 1s greater

as compared with the conventional air washing method,

the quantity of the gaseous washing medium used can be



5 ejecting a gaseous washing nediumin a bubble form
toward the untreated water side of the filter
menbranes while raising the |iquid surface of the
untreated water of the filter nmenbranes according to
the invention, if gas cont?bnlng at | east one of
oxi di zers including 10 chlorfine, chlorine dioxide,

hydrQaen p%ﬁ'aﬁé%@&pﬁ% g 875 14 SaMSEavaSthde in terms

gaseous washi ng” medi um or washing with gas
CQ¥ aifd Nl dbd BasE HNe Aeid@sers OxXigh@prori shasedlter
conbi nation, the washing effect can be further
em@m@uesTmldiwt@élmmwfam rmyéshe ng 15 can be
appropriately determ ned with due consideration given
to the rest @mbillety afr tiestiihdg ers ngo phessocemphanghed by
the tinme utilization rate of the filtering equipnent.

5 Thej amdtiorg s Jagedhe Washbrg meediemednta bebbPe fovd
according to the invention may include, though not
| itava tidie fort1emtemcea Rl yoiee | of sted Aslter membranes
polyethylene pol ypr opyl ene or pol ybutene; a fluoric

edlinl a5 el %&F%{?Qﬁr%ﬁq%ﬁ@o%TﬁQQ%%eOf the untreated water
I l.eth
p"’”é 4 ke | RTRAN S AT SHE YT cFe Bapoibigption, if

L s aft%’f%f AP Y BIET St {RRPE SR ERIng
10t Shialluor oshiud engs cilui ede, oOpALYOEE (ETERLde18nd ozone

orotri uor oet ene

fqaas’ ofd 'Jéé@r%t{}yé e@@%@&é‘%&@l@lﬁ@p@é&ﬂ@zﬁ $ECTFE) or
pol yvi nyl I dene fluoride (PVDF); a super-engineering
Plisd ik SHICKY a9i 19| yS4ll EOneaipohyedbelesst f one, of these
oxidizers is used in combination, the washing effect
can be further enhanced. The duration of air washing
15 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
20 used according to the invention may include, though not
limited to, for instance polyclefin such as
polyethylene, polypropylene or polybutene; a fluoric
resin such as a tetrafluoroethylene-
parfluorcalkylvinylether copolymer (PFA), a
25 tetrafluorocethylen-hexafluoropropylene copolymer (FEP),
a tetrafluorcethylene-~hexafluoropropylene-

parfluoroalkylvinylether copolymer (EPE), a

tetrafluorcethylene—-ethylene copolymer (ETFE),



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 pawerful oxidizer such as
10 ozone is to be used in c ination, a ceram c or

gggglyﬁfbefoémﬂ%!we LRADe OFTAf) orglgni c menbrane

uori ¢ resin such’ as a polyvinylidene fluoride

( RYBER r o BBl 8o e th PO Y Lt & B LOR et Byb BRe £ PTEETFE) or

menbrane, ethylene-tetrafl uoroethyl ene copol yner

( BB vy &Y 15 @r2de (PVDF); a super-—engineering
tetrafl uoroet hyl ene-parfl uoroal kyl vi nyl et her

copd snies S URFHA) a srepdl pael Lae pepabpetiedr Sulfofiet hese
filter nmenbranes, one ranging in pore size fromthe

5 ngnotfetHamt keoror{dNF)pdl yerheor tdehar cketdneétoat i on (M)
filmcan be preferably used. An NF of about 100 in 20
mup el Enweenhtselfidtf 2 occahlpost pechore FRhRuiose
gm in average pore size is particularly preferable.
Treetate e ey hreal halose: nePlvarsy beriShapRd, oT

N

AT R N
f ble.. T i
1o PELALE + Ty RIBEOE LA P28 LBCLAR: o7 some

ﬁ%ér% ojfan g{)??z?%’r? %ngrﬁgfaﬁ@ NBE aRg S, £QRRPE eleibrankabgea

ranes are fixed by adhesion, one

ore NSy Of red 18 SNEls HET HGLOPPRinaNdabhe seGbE0R8! (PVDF)
shape of the ends to be fixed by adhesi on may be not
Olfhents s, baltpolytetrafluorcethylene (PTFE) membrane,
ethylene-tetrafluoroethylene copolymer (ETFE) membrane
15 or a tetrafluoroethylene-parfluorocalkylvinylether
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 1060 in
20 molecular 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
25 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



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 05 the filter nmenbranes at
10 the bottomend is preferagle. The nmenbrane nodul e

Calln s | NS tALASE A &s Ek4RSEs8d PSE PENTL £4L ahuBber of

hori1 zont a direction relative to the ground surface,
buti 1 Rer PR CaheE A NSt kel i 9P 48nPaLbhFubBE! ¥r both of
preferable. Further, where a plurality of nenbrane
mMoshe esndd &d ihd Sofen Ardmdoele | Seébtosabeskhpaber, the

there is no particular limtation to the positions of
areradyyi g Hehef ivesd riay ea divesliibe smapube ancangnhy trbendi bhut
the positions of the tightest filling where the

5 hed b miuenryuitar i sreotangnkay, i Bepagdeadbl eva¥her the
systemof filtering may 20 be either total quantity
filikad Rptora crearanevipodul ¢ haning Thiae ngpaBéngs of the
applying the filtering pressure may be either syctio

f IR ILDrahytRRt &P FRAPY 1§ eF BhEeT SWHRFEURGHI BRF

fi d, either int

e SR 0 eyt 458 4a chiFRe 1RPFEP PO LER hhE gas
_ o ol essul .

1a8h o ponET SO SE, LRe CEPLERL fbnBPanes at

10 ;ilij,ﬁeerﬂcﬂgc&t?eé | 00 yhi ¢ r%@ié‘t ai i OO BBt e YhEHH18N8an

secure di scharging o sufficient quantity of
urd egiHich WRLET 1 € O Bhdt NG SLSPeREceulRE L 6F RULibnthe

system Regarding the invention, an exanple of node
direction relative to the ground surface, but
perpendicular installation is particularly preferable.
Further, where a plurality of membrane modules are to
15 be arranged in the same chamber, there is no particular
limitation to the positions of arranging the membrane
modules, but arranging them in the positions of the
tightest filling where the held-up quantity is
minimized is preferable. The system of filtering may
20 be either total quantity filtering or cross flow
filtering. The method of applying the filtering
pressure may be either suction filterihg or by water
head difference. Where hollow fiber membranes are
used, either internal pressure filtering or external
25 pressure filtering can be used.
As the present invention is configured as
described above, it makes possible stable membrane

filtering operation while maintaining a high yield and
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5 of carrying out the nethod of operating the nenbrane
separator will be described in detail belowwth
reference to the acconpanying drawings. Fig. 1A is a
schemati c diagram showing a state of operation in the
normal filtering step, by %g usi ng a nmenbrane nodul e
102 having a bundl e of nenbfanes conposed of a |arge

NWIRal Ofg {4 di£lq 1 [P OF Aes, 200 M Chaakeed ppt g | ed 1

a perpendic ITection 1 n a chanb 103, ose

bafit Rnds angatfd Xethn byi Rohe sé @S endedhght BAVEuL h8f the

openi ngs of the 15 nenbranes at the top end and a
skdydtetyuctured part for letting gas in and gas
inlet holes to let the gas onto the external surface
of the filtaegmmbiranesnhatintdet bot} oameaglample of mode
(hereinafter referred to as the "nenbrane nodule"), to
canft rad ratshiend iquiti delsairieicteodfof 20pemat bag etheenenbrane
above the top end face of the nenbrane nodule 102

i rerE aeby Wik khabeeerilosd dmddebail|petowHéth
untreated water at all the filter nepbranes 101, and
Figgfemenee £ &S FEOBRAYY BRY sHEA Hgd8- st ate of
operati on of Ihee{ilterin stegﬂto filter t

untreated 25 ¥t et? i 1 & sTHEThbt ‘Fh%gﬁlfltggowmg a

AL M- SO0BL LLATLAD Lnabore, PEPRERTEL UBCLS

R s ol L SRR 2 b S s e

eW%ﬂB#&h#g é{ﬁbo§§H¢59ﬂ£ f?g?@en&@@erféftfiiﬂgris

acconpl i shed by the whole fiTter nenbranes 101

constd daid N dheyWBADr A€ installed in a perpendicular
direction in a chamber 103, whose both ends are fixed
by adhesion and which have the openings of the
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
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
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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5 nodul e 102. As the nmethod of controlling the liquid
surface in the normal filtering step, either the
quantity of untreated water fed into the chanmber 103
may be controlled by the use of a liquid | evel gauge
or by a plug flowin mhichE? constant quantity of 10
untreated water is fed into“the chanber all the tine

a egf/ﬁ.;% O g (e UL 68f %Mﬁr% Qas‘ﬁg?é%eﬁnoﬁlﬁe(’f

t he mat the sane tine. e ot and, at the

fidde0ddd S32P s Wsterdnidatisdyaat s tspféhliergdei Bfathe
state in which 15 the filter nenbranes 101 are partly

exRegathid Mduld B 03] necLfétingi g sayomel pshéarbpdthe
in a state in which the feeding of untreated water

i Rip Idhef Chagbeferd®danss 1@hposast 1yuisisgenie dnembpane
the way of feeding untreated water into the chanber
10&dfld tr2 ng As 20 aveongd | shecobyrphtingfth@eliquid
filter menbranes 101 of the nenbrane nodule 102 while
t it faps disurheceontal uft Heat beg watep . | aither chfaber
103 gradual | y becones |ower or higher than the top
erfNaTHEE bfo§ HE esar ethevahppuf @d 1bpto othe chamber 103
preferable here to determne t

IR 158 o AT Y CHIRGIat ot A LEFELR of PERE ngeTge oF

i7Y e TRgi3Tepti H TR Fof POR G

1 ST 08 ki al $1S LA oREPLRDSSSI0T

SO A LA S e EEPEEL Ll b

LR e AL Siethatla L eTAtscna el aut oc
the system at the same time.

On the other hand, at the filtering step
where untreated water is filtered in a state in which
the filter membranes 101 are partly exposed in Fig. 1B,
since filtering may be performed in a state in which
the feeding of untreated water into the chamber 103 is
temporarily 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 or 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



5 partly exposed = 0.5 m and a nenbrane filtering
flow rate FI at the normal filtering step = 5.0 n8/hr
(the flowrate at which a single nmenbrane nodul e
gives 5.0 nB per hour of filtered water), a nenbrane
filtering flow rate F2 at Ege filtering step where
the filter 10 nmenbranes 1017are partly exposed w ||

ﬁﬁ%iﬁg§(W§ﬁ nd¥ fh éoﬁ%acthifﬁ én@réaﬁéa Qater with

3.75 m3/hr (a flowrate at which a single

m%@HﬁﬁEt'BE“HKEgly@§1d3sgﬁfﬂ§epﬁf beeruetréstéaredter in

water). This nmeans in this case so controlling the
metRy afteariibet YO NGt | tve rei@ @8 shatttofexheefliBtébing
nB/hr in the state in which the 15 filter nenbranes
1Citep elpar tsyaexphsechich the filteermegbsarpsi h0lhare
state in which the filter nenbranes 101 are partly

5 expostedy é¥pasedr=t 0. prieyewnd @omembeenenfeitenspenééew
matter having accunulated on filter menbranes, 101 not
i FaehtBetatv the mm@% e@l-‘;zbewa%rsaﬂe dr 9t Aghofh% hethe

filter nmenbranes it pr ef er abl chi eve

ey il ‘t’hlackbr%s?rn%e m?@aﬁ?*aeuaﬁ&lzanfal%ﬁa 5.0 m
Eﬁ%ﬁ&h&e@g'%ﬁ £ Ehende | JSedh he oo Ropbtefid ELTLRELAS 210w
exarpl e:of, 1 | o usl g L eq abpys &J@g?éap empgite. L0

whic e ope i ng I'Aventi on

101 %né%&ﬂ_l Bk el aPiElyUé‘hBSéé&dw!\@ieBel ks ESQ_}QMS:

a raw water feed pu t0 5 an i nrersi on chamber
i n which the nenbrane nDduIe is installed, and
filtered water obtained with a suction

F2 £ F1 x (L - L")/L
< 5.0 x ({2.0 - 0.5)/2.0)

< 3.75 m*/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

15 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

20 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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punp 12 is stocked in a filtered water tank 5, which
al so serves as a backwash tank. Wereas filtered water
inthe filtered water tank 5 is fed by a backwash punp
10 6 to the nenbrane nodul e to be backwashed at the
time of backwashing, it is_possible here to add
oxidizer in an oxidizer taﬁ 7 to the backwash water

on the way ?Ej[ _pii\?\jgt}go&g oﬂt%?%rg@f$%§hffgmu§i§l8rﬁﬁé

menbr ane no an oxi eed punp 8

VaHU Y i A O ASRu 1S 8 rwh IER the SE8PLaNEg MEHhEd

is acconplished by feeding air conpressed by a

CHIUESHIAg &k d acHdel pdriendedi yadepl istide Riwthgter or
menbr ane nodul e. The source of the conpressed air to

beiritaech thet evdtosr al ri svafdd rigy nayrime watdl ofieedi pshpad to
of the conpressor. 20 A nethod of operating a nenbrane
separiatrerrs rsuathambar al kol what clontibé memblarei ngdule is
step to obtain filtered water, a physical washing
stigps tal kadhpvand sisbegred wailteerohbalngd adttiiup asBat 4an
the nmenbrane surface and a drain steg to di scharge,
sEEhded Fat3tercier niyi figf bteemed aY@tet ntaRE ehaliBerh
out. of the system . Now according to the present

AR IRFE VST 4% © RUPENABE ot 10k per FBTHT Ehel F T EBPAnERCer
st.ep A and. the hysi cal, washi ng_ste i ncl udj

oo e A 2 € AR bt o S8y B pdf kdsn pump
re@‘%%'ﬂ}%tr{&nﬁfér‘ieerrhé‘&fée@ @egﬁ c%@&sl@géfséﬁakh? time
washi ng steps once or nore, to Ischarge the ol e

q%@“ﬂéd&ﬁﬁsﬂ&fﬁi‘ﬂ@lfg pEsd 181 e ChAPDEL 5 04l 0bx 188 zer in

system 5 Furt when the rate of concentration is
t an RO iChUsed d4n ik eACkD ac 1S 586 kbesh | @xebr (dhechbevdy of

Is;;;;ng 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
alr compressed by a compressor 9 to the untreated water
side of the membrane module. The source of the
compressed ailr 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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be raised) by repeating the filtering steps and the
physi cal washing steps a plurality of tines, it is
preferable to achieve the prescribed rate of 10
concentration by repeating the filtering steps and the
physi cal washi ng steps then% ast nunber of tines
possi bl e. Thus, as the cha r in which the nenbrane
mdud & i | 4 2l jn rERe BEPRERIRG. st
it |p_§5 g?e%rg% EE]I eg}t?%’ uigg%tcﬁ%g@%mer that wll 5 S-eP
MENIJHF & pe gmi@ﬂ-%wtéwpé NohbE BArhotd, Wabch
the nmenbrane "nodule is installed, nanely the quantity
ofd B H L € 0k haVa§1es 1 P efu kit 1 + PESHr angi Arwac ¢ ihethe
quantity of water remmining after the subtraction of
t khandammeswf dhechdadyovedfii ber nmenbranes constituting
the nmenbrane nodule 20 fromthe capacity of nenbrane
nmodul e- i nst aldxetheyay tyhen Neix¢ , rabhe ochvean¢entpitiopels to
described in further detail with reference to, ,
efodiangrd therewth a [ErdedrbHeed 19vahe (Fepbyhpkd is to
nmodul es used, each neasuring 6_ 25 inches in dianeter
af 59 ndribreared ehigd ithewefbltentee BHARFeANd5hNRp
i n_nmenbrane area, of polyvinylidene fluoride-nade,
TG 93 bta 00 T CHI08 14 | DA DhCY | PF of L0GEnbF hnbe
of 0. i n nom nal pore size. The top bott om
(ﬂﬁﬁ?é%éggﬁ?rﬁﬁﬁﬁéh1eé%miI%spﬁ%?%r$?§§dr%€g éghesion
Wi [ af. fag8 tn
ddhddit e Qv g BELOLROPLANGSe 8F 5 LDEr 108 5005 268 the

bei ng open an _ ranes”at

b ﬁm%ﬂ& 1 P S 6s 05Rd- 1 €8st NGuRBEFDSE tInds
I ch the menbrane nodul es were to be installed

Udgitb1 @, cared, Was tisedehamybr Cin t igi shapher mehblbfe
module is to be installed in the membrane separator, it
is preferable to use such a chamber that will minimize
the held-up quantity in the part in which the membrane

module is installed, namely the quantity of untreated

the quantity of water

water per unit membrane area |
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
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menbr ane nodul e-installed part woul d occupy an
installation floor space of 0.109 n2 and its effective
wat er depth would be 2.3 m and for stocking the 10
backwash waste water from physical washing, a buffer
chanmber of 0.25 n2 in bottom.area and 0.6 min
effective water depth was gkovided on the chanber.

The Nl AN d b hendeRIENSs RO ee kD3t Bl ! ed

part o menbr ane separ at or nanely t

qQUAHdd oD Wil eHEh VBRI SF PBFe tihémbBAREANEL aERA (3D
t he quantlty of water remaining after the subtraction

oferidier e Wi den hobd owvnd i el 1 senbilddeSmembranes at
constituting the nenbrane nodule fromthe capacity of
Mt dovet ot red | st @l beth@aridseds 1A86thé nRha®iBeByin
usi ng the nenbrane separator, continuous operation

wadh ipgr fiorerenkrdor aney grodhal es wird to e ﬂ@@t@béeﬁn
turbidity as untreated water. As the steps

opdrTtdIgh, @ aambeateas wated fredhheh sk, Cltlwéber of the
fllterlng steps and physj cal washi ng. steps according

ST JFEL | § oM Stehe- e dParth %?%%dm%?%uﬁﬁnﬁPned
d&r‘%ﬁ% o L0 koG TR el ot 07 GBI siic, S FReTLYe
AL Yy Gle 5P o, 15! S {ﬁ RF 6L pofstl e8gTey
1hﬁ%rane %ﬁ%}ﬁ%ﬁ%%’f@gﬁr @gﬁ @agﬁiﬁ Of tﬁﬁffer

tering operafion was start

t flﬁ{hn(b%ﬁlﬁbﬁ)o 24 If'i‘2 StAtR tbmV &y the Wnad e nﬁmgﬁﬂ'@é"tlve

were Inmersed, 5 filtering operation was performnmed for

a%ﬂeﬁﬁjéﬂﬁwt@@s e id e epn ) hé Nekskiséel y before the
physi cal washi ng
The held-up guantity in the membrane module-
installed part of this membrane separator, 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) was 1.36 L/m?.
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
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
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step was perforned, filtering operation was carried on
until the untreated water reached a half of the
menbrane | ength. The filtering operation was carried
10 out with a differential nenbrane pressure being
applied to the secondary side of the nenbrane as the
negati ve pressure side. Th menbr ane filtering flow

t I t
(R o L AL A e g e
3)whm=ﬁ‘pq:l'ilaz U oy (e 08 M Dok dregbia0e HPOLhE) m@hbrane

(Step 2). The total filtering process duration from

I(Siteﬁ-%;t@ t#H 00 { Pt ra3) 1 MR Sw 8D Ot a P8edl} NUKES. (Step 2)

nci ntaIIy, the quantity of untreated water to be
fad af {iSiep ) waschrate: egusl e toemtb heneenbe ae@eimmersed,
filtering flowrate. 20 After the conpletion of the
f iflitlerd micptagme rat en physi pat £ oasdéd nfost @powas26 minutes
performed. At the physical washing step, backwashing
arehdyas( Stesghi Hg wnediatel wdrefere rike pluysical washing
simul taneously. The flow rate of backwashi ng was set

t BUEP (M hrPgaf oEned p@lmwgm%p%a%%r@%ﬁ@r%h%d on

RS Ot Lo SoS0 LS SR e 12 BOOLE,
el STV AETEEPES 199 BATES (0 8301 e
DAL b S AL s

m@ﬁ)Qﬂ{ céﬂﬁar %&@ fr@ﬁg mé réﬂedé§cbﬁégﬁeg5€1ve
eeled o

suspen matter 5 at t e physical washi ng
Iﬁﬂasédré’%&’é Schm@%@raﬁéﬂ FY1 0PE0HhHOIE BOK PaPEBTat

conformng to JIS installed 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
(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 guantity of
untreated water to be fed at (Step 2) was made equal to
the membrane filtering flow rate. |

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
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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the bottom of the chanber, and by keeping the val ve
open for 15 seconds after a pressure type liquid |evel
sensor installed at the bottom of the chanber detected
10 that the water depth in the chanber came to 0 m
the concentrated waste ma;g was conpletely

di scharged out of the cha r. Qperation for about

Sev: Nt hs i it an
o e ging (I pRPEIa] (e SRI, L085 PRYE

7Q eRay, 1Kl CAtd Y <A te St@PIE PPGE At hONcYRSent rated
possi bl'e. [ Enbodi nent 21 The nenbrane nodul e used,

MeAsdd Nhtkd NGhashe | ch SRt @ s adglr 1 81 | puBpnbRaNEhe

| ength, was a bundle, 20 6.8 nR2 in nenbrane area, of
palnadimydtieenss fdimrhaegeraides dwspendéd esttypepeeled off
mcro-filtration filter nenbranes of 0.1 pmin

nam ndle pdnes sizle. wastelngps tew, bbt teas eddischatgedeby
menbr ane nodul e were fixed by adhesion, with the

hduloy fagssringe fiftaretping tpenfopning tacélbeingtapepd at
25 and the hollow fi ber nmenbranes at the bottom end

f dde BRGLRN Qlosie PAmbRE cRMbRY | FeqiRe the valve

b | be installed I ght
TS Qe (RAPTGF b CHF (RGP ERAbET DTPT i (G bFEe
RGBT AT Shatie R7UEb1oR HEPRrper detected
f ' | d
e R

PRYsH Sl Masdt ek s 13 R £ &F &Q@“@@ﬁpPét9194%i§8héﬁgéd out

bottomarea and 0.35 min effective water depth was
of the chamber.

Operation for about seven months under these
operating conditions gave an inter-membrane
differential pressure no more than 70 kPa, indicating
that stable operation 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 pum 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-



provi ded on the chanber. The hel d-up quantity in the
menbr ane nodul e- installed part of this nenbrane
separator, nanely the quantity of untreated water per
unit nmenbrane area (= 10 the quantity of water

remai ning after the subtracti,on of the volune of the
hol | ow fi ber nenbranes con ?ltutlng t he nmenbrane

ggi é%ffé%?éé?ﬁfﬁﬁ?ﬁé;@b&ﬁ n@ﬂbIQQﬁ%fpgﬂign'P§éékl§§ace

Y u5|ng t he nenbrane separat or

CQUE iNUPUSy S QRENAlY UF MRS iRRY fhltid QUpUMaHSITd ade 1.18
wat er of 10 degrees in average turbidity and 200 to
360, dagf eRsr | St odM@UIRE Usdd Kird ¥h asasbéreated wabdrat
As the steps of operation, a untreated water feeding
stieps ghhesiddl tersignst epsbahfle phylsamaér wash ng4 8t Bpsin
according to 20 the invention, and a drain step were

5 conititmed. ardRegendli g3t e Eetetbedtivensater depthteas
of operation, at the untreated water feeding step,
ttn;ovﬂﬁﬂﬂ|QW'theLﬁhﬁmkﬁ%d water to be fed into the
chanber was set to 2 nB/hr. At the fllterln ste
(Step 1) 25 Tierhe b g e 4t Vied Br CRe AERBALaNRaRPAGLe"

h I

¢ g %Jeep@zsarf Ph e PO e T RRE AhoF o Rer dneRe

s 1R e g L
P'&gke§tf¥h¥@§?ﬂ$r£9£Qthhé Eﬁﬁﬁkggtlon

operap¥on ma carried on unti he untreated water

r eaehad a,dalde oéftme WEIDERNE; bERhBmbFRgeEi | tering

operation was carried 5 out with a differentia
MEFHH AN (PF BS$ UF 16 BRSMIgr 20| hédule from the capacity of

10

membrane module-installed part) was 2.00 L/m°.
By using the membrane separator, continuous
15 operation was performed on industrial water of 10
degrees in average turbidity and 200 to 300 degrees in
maximum turbidity as untreated water. BAs the steps of
operation, a untreated water feeding step, the
filtering steps and physical washing steps according to
20 the invention, and a drain step were combined.
Regarding the set conditions for the steps of
operation, at the untreated water feeding step, the
gquantity of untreated water to be fed into the chamber
was set to 2 m’/hr. At the filtering step, (Step 1)
25 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



to the secondary side of the nenbrane as the negative
pressure side. The nenbrane filtering flow rates at
the respective filtering steps were 0.1 nB/ hr at (Step
1) and (Step 3), and 0.17 nB/hr at (Step 2). The total
10 filtering process duratiﬁg from (Step 1) through
(Step 3) was about 22.0 mnutes. After the conpletion

ofy ddie fdddering; &P YS+&al ndeshy 89-81 €Ra YRS
pear ar ngaé .élﬁ_tj)t %len_%p yastf%:gf Hi?\gsii ng st ep,y%a%kwas%i ngrlg
ang GASy AR SIH b Mhdd, 151 Bt &r IVeG EoS@F &t €6n Olhs carried on
simul'taneously. The flow rate of backwashi ng was set

t @ik i28 1 hinttrshid® d oae rodecloédd aikalsedff bhegas
washing, 1.2 NnB/hr. After the concentration in the
C heemieranvasl endidt easke 20i 1 teesng 9op&fainoyi ehd) chyried
repeating the 20 filtering step and the physica

5 wasiti ngl St ep &ikfaremsial eendrodme spepsserdi behaggaerplied
the concentrated waste water in the chanber was )
cdra itdre ctrcomdathes e of BhepuemoERR@haf gehehaegative
suspended matter peeled off at _{he physical washing
StRHESFUT St If s chehY R IRE | §1 DB HpRai ﬁgogoi\%?ﬁi Ah
conformng to JIS jnstalled at the bottomof the
e SERAE T Kbl oL 1es VR b e SR o Ayt (Step
seconds, aft.er ressur p 1.qul V. sen
[ taémded{%ﬁe ﬁBe)D’bo%r%éjom@biytﬁe/]hclﬂa%ﬁéﬁ ezc)t'ed e total

10t hﬂlééﬁ%?ﬁ@@@é had Paf 60 € efsfgﬂg%%otﬂrghgﬁp?Step

concentra ain was conpletely dis ed out”o

the chamistue Perathon,£9¢. about three nonths under
these 5 operating conditions gave an inter-nenbrane

After the completion of the filtering step,
the physical washing step was performed. At the
physical washing step, backwashing and gas washing with

15 air were carried out simultaneocusly. The flow rate of
backwashing was set to 0.28 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

20 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

25 opening 502 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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differential pressure no nore than 30 kPa, indicating
that stable operation was possible. [Conparative
Exanpl e 1] The nenbrane nodul e and t he nenbrane 10
separator used in Conparative Exanple 1 were the sane
as those used in Enbodi nent ,2. By using the nmenbrane
separator, continuous opera?'on was perfornmed on

[ r Sl r turbhdity
ot B JRpes PRE e h B El B LEDDCh) Vene
U Rl B i Ao & i n Afad NCordb BPSe Df QPSERLEOBd Sut of the
untreated water feeding step, the filtering steps and
Py r Washing steps, and a drain step were

conmbi ned. Regardi ng the set conditions for the steps

of operati @perdtide ftot resded wates heedhagusdep, these
the 20 quantity of untreated water to be fed into the

c et inpscoretitios ngdhe . at intherfinémlerang step, in
order to achieve the sanme |evel of concentration as

i i Rt tient edsurernagioperbitannd\akPper ioghedting
for about 120 minutes in a state in which the whol e

25-hadniiteatthe X ATRSR S8 BORTHRKRal |y, the

]:JI: ngeﬂ?i a!o %%@mﬁér%ﬁgbgﬁgwagzl iae_d to the

o essur e si die MK RG50S ST BIT NPT BRI Pat e a

ST Sy M5l e Shan gL o 108 cho same

2%? %%@%&%ﬁfé&@rﬁen@h 21 heByStLEQilﬁt_iJ Céhe WASHbPEne

p, backwashi ng and gas washi ng w

separator, continuous operation 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, 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, 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



air were carried out sinultaneously. The flow rate of
backwashi ng was set to 0.28 nB/hr and the flow rate of
air used for gas washing, 1.2 N8/ hr. After the
concentration in the chanber was 10 increased 20 tines
(95.0%in yield) by carrying out the filtering step
and t he physical washing st 8 once each, the drain
Stﬁ%&&ﬂ&i%@%é@& é?@“Eﬁé‘tﬁﬂ?&'rM&tSte 85 pnighe
carrier out e drain® step to
dipohar.ge the suspended matter peeled off at 15 the
physi cal washing step, it was discharged by fully
openi ng 50A pitenahastahd bet aéntbe biokt o périhg step,
chanber, and by keeping the valve open for five
sadendshysafdal va gt ass Weep ywes | pepfdrihestel Aensbe
installed at the bottom of the chanber detected that
5ttphm&maﬁl(kﬁnhﬁng)$tﬁplmba¢%w¢mmim@n@ndog@snwashéng with

concentrated drain was | etely di scharged out of
t el T regitrerca s opelr aﬂ TRreea?tyed %hefél%bé@rte of
two weeks under these operating conditions,

i Atk w%ﬁﬁ}%ﬁ@%m%r%tf?a% ﬁve@smraél%m%s@éw gpte of
kp""’ A S Ritsatt on 8¢ e | moss bl e,

[Enbodlnent nbodi ment. 3.. one nenpr ane,_modul e
the 33 sanééé %ﬁn? cxﬁ?%)enEFatl%%bﬁﬁlnﬁ%tham greusl

10:ﬁ;ﬁ?ﬁg§%§&“% qg%%Feg %%rqgktg %rg%anbe a@gr éeéut the
chlhcéﬂ%c? meén&ftﬂ@epl‘[@mgfewmyﬁﬁ éf‘éﬁ%l‘l@g each,

part woul d 5 occupy an installation floofr space of
0.1028 i rangt dg Sco discharge the concentrated waste
water in the chamber was carrier out. At the drain
step to discharge the suspended matter peeled off at
15 the physical washing step, 1t was diécharged 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
20 in the chamber came tc 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 B0 kPa, making

25 it impossible to give no more negative pressure, and
stable operation was made impossible.

[Embodiment 3]

In Embodiment 3, one membrane module of the
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effective water depth would be 2.72 m and for
stocking the backwash waste water from physica

washi ng, a buffer chanber of 0.126 nR2 in bottom area
and 0.46 min effective water depth was provi ded on
t he chanber. 10 The hel d-up.,quantity in the nmenbrane
nodul e- installed part of tﬁgs menbr ane separator,

ra el X .
& ééﬁ%:rleﬂ;l i} ic%r% £ 4n éﬂ%@é&;ﬂn&@{ ef P& WBLL., As the

n
menbr an e quantity waf er remai ni ng

aftiimddie SUHA e RintPeny ohsiiR1 85 §8e heb! g

fiber nmenbranes 15 constituting the nenbrane nodul e
fri%ﬂﬂﬂ&ﬂﬁ%ﬁ*igh@,f a NERRHSOE @l uh £ed NBh alvh €6h PBKE)

was 1.21 L/ By using the nmenbrane separator,
C@MHantientiSof iy alenbir avas medil bs -Ails oal tad paterwofls
degrees in average turbidity and 300 to 500 degrees

i pamgymEn 20stakbitdicy Bkowntspatedofial 028 Asmt and its
steps of operation, a untreated water feeding step,

t L Lefatires iwafk ot P Ehdvpdikal 2 wadnngasdepar stocking
according to_ the invention, and a drain step were

c A RAREXWARIRrA T 11t et LRI PRYDHE2E ¥ 2 FRENGL eps

of 5 operation, at t ung rreat ed water feedi sfep, .
o R AP Qi) S & Pneir oot b A5ts 1Tt 4 1 in
Eh :E?% méivlet Rgt%inﬁlhr. At _the, filt rihg stegr
(h§t C;L:)Oleeantetlﬁe T I}e%ﬁseop]@\%‘f]e?e? e%%h@&lea %aa of
4 e . . i
Started: (et GEERI qiadt Sy M DORC MRS IAS mogule

”%'Hgﬁlqgaﬁﬁaﬂb'ﬁ?ré@s mdhib £ £ d NEo9PEABLE OMURS1y the

perforne out 15 m'nutes and, (Step 3)

| iRt} Yo Hafiif 4 hed Phyed £ape Masii Ane@ S489 HBSa (=

performed, filtering operation was carried on
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 stepsraccording 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
guantity 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



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
negati ve 10 pressure side. EQe menbrane filtering flow
rates at the respecive filfering steps were 0.9 nB/hr

at) drjap, 1911008 APt SPe Bl i 80 dwds 83 §BLBA; aﬁhé§t@9t8b 2)

The tot al filtering process duration fronl(Step

t roughs s €pin Ihvels eheuihdie nméhﬁ]bﬁéneé5wé\f:éeﬁ.nli15@sed,
conpletion of the filtering step, the physica

wasii thegr 15 g popresa s onaedpe Afotihed PphysabaltwaShimhgutes
step, backwashing and gas washing with air were
cand ed{ Iep s? mineedbaseély GhEoféonheapbysical washing
backwashi ng was set to 2 nB/hr and the flow rate of

5 aigter wreddoiogeedmabhl bering NeBehat 1Rt easSt ﬁérrled on
concentration in the chanber was increased 20 tine
(98Y00h i Thy i wrEnedied SpRERT nEeeRRed 7| ]’t‘@?‘fn@ sFBﬁ and
the Rhysi ¢ washi ng ste i X tines, drain steg,

gajeerf%%hcon CPbe thdrabosbaphs PR ELied

G sl%rtﬁa‘flg%@ e @S%%rﬁ“t %ﬁlfl?@‘%@%?%ﬁe%%&%tbel%ﬂg applied
iones 5%@5%?%% ($Pae o 1B ASMUPRAE DY ChY, hggrive
10 Cllﬁtg%%'ur@rbdl@é/ kefarf?é rl'QeIﬂl}J‘ParY@l ffl@@?f‘n{;ofléé $5€0Rdg+e

after a pressure type liquid level sensor installed at

t khdotd B Of vd hei Tharhes sedpstedréhal ot/ vated (Step 1)

depth in the chanber cane to 0 m the concentrated

draaidy y@serd TPt el ysdlimthar gad @demf2)t he Thanberal
filtering process duration from {(Step 1) through (Step
3} was about 17 minutes.

15 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

20 wused 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

25 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



Operation for about eight nonths under these
operating conditions gave an inter-nenbrane
differential pressure no nore than 30 kPa, indicating
that stable operation was possible. 10 [Conparative
Exanpl e 2] The nmenbrane nnduéi used, neasuring 6
inches in diameter and 2 min nenbrane | ength, was a

bupdbgier50 10R hglggﬁgﬁﬁggt%kg%algk %_%ﬁ”ﬂagifgﬂgéconds

fl uori de-made r type mecr IlI'tration

fi breermanprasesrel t13e013 RMd N RRT RN 6 ¥tz led at
The top and bottom ends of the nenbrane nodul e were

fi xrd bytadhesifoRheWchhnble deeldcewd itherr MRYRARRS depth
the top end face being open and the hollow fiber

meirhr aheschtimbbe hatnieomceddnd, acte henigrdlresedl Asitrhevas
chanmber in which the nenbrane 20 nodul es were to be
5i nscabletelpr dgbchaagebamher off the thami@r.n bott om

area and 3.0 min effective water depth was used. The
hel d- up quanfPeyatihonhdoreAbodite ciId aonithst aindey these
part of this nmenbrane separator, nanely the 25
quaREFey1Be GRPAGLLEBSWIREE P8r ibfer HSHPraRe area (=

P8, BUEREILL " kel AT A B g SO BELN
Ltuti th dul e . th it f
CoPSLL! LRS- e BUOL G gl e 1 capeciLy of
1pUusi ng e mg@gﬂﬁgrgﬁggéaggégpgggbgnUOUS operati on

was perforne am wat er e rees_in aver age
turbidity angdn3d0RehBrafl@ Q@Qﬁ?@sub@dqaﬁb@%ﬁkﬁﬁg 6 inches

turbidity as untreated water. As the steps o
in diameter and 2 m in membrane length, was a bundle,

50 m’ in membrane area, of polyvinylidene fluoride-made
hollow fiber type micro-filtration filter membranes of

15 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

20 meodules 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

25 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
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operation, an untreated water feeding step, the
filtering steps and physical washing steps, and a plug
flow step of constantly discharging part of untreated
wat er were conbi ned. 10 Regarding the set conditions
for the steps of operation3 at the untreated water
feeding step, the quantity gf untreated water to be

[ Gfrddilhd B SIAIDG s YPR $Bad0) 2,08/ 16 0 ALsbe
Itering step

iTtering peration was performed for

about 15 m niif 6fsidy i AfdndSand WpLPatde, Weheinuous

menbranes were i nmmersed. The filtering operation was
Cygdret i Wid e fhfied b | @dm WERPdF aOE Pressrees in
being applied to the secondary side of the nenbrane
asvdmeagregairbied resaid e3¢0 dee The deende ainen fmax Emumg
flowrate at the filtering step was 20 1.83 nB/hr

Afttuerb dtchies o aaepluetti mra tofd twaet €1 | t ks nthetepepst g

physi cal washing step was perforned. At the physica
WeREHe 18- istrep  arbavkviesstii ed) walde Yakes@dsnd ngt et hthej r

were carried out sinultaneous|ly. The flow rate of 25
bddiieesting SteaPsand Py wrat washine FT90Fr afdof P1ug

air used for_gas washing, .4 NnB/hr. Part _of_untreated
I VR GHfs (AT SR L A JRF 9 bRkt (R UntFeaEed
con entration(; the, chanber to 37 about 5.9 tines
(g?%ﬁﬁwﬂﬁqﬁ(ﬁ. ?%ﬂion for about four nonths under

e o SN e AL LB BT Eceps of

| ngiesalingh that Sahle: AR | i YBSEPOSEhH! Srep, the
quantity of untreated water to be fed intec the chamber
was set to 2 m’/hr. At the filtering step, filtering
operation 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



[ Enbodi nent 4] The nmenbrane nodul e and the nenbrane
separator used in Enbodi nent 4 were the sane as those
used in Enbodi nent 1. By using the nenbrane separator,
10 continuous operation was performed on river water
of 5 to 10 degrees in averggp turbidity and 200 to
300 degrees in maximumturbidity as untreated water.

SQQ&&HEhHPﬁCPEHéEt?Bﬁ@slﬂd9§§189 the untreated water

e concentration resi dual chlorine about

0.5 15 nu/ LopéeathenStEPSaBbubPebati ABntasulhbeat edese
wat er feedlng step, the filtering steps and physica

weshe Ngt 1 84 epSnactosngatre@ hheinbeenheabraand a drain
step were conbined. Regarding the set conditions for
t heisfepsnoial 20repeuati ofi, nat mbhe thanedledPaat er
feeding step, the quantity of untreated water to be
5f etnditatihe thanbetabhasoperatoon3wbsnBoRsibAe.t he
filtering steE (Step 1) when the untreated water
reached a haf m@ﬁd%ﬁ@nﬁeﬁbrane length, filtering
operation was started; then (Step 2) 25 in a state in
whi ch the whble ﬁ%ﬂ%F%ﬁ%smﬁEPéelﬁﬁ€r§88 meWPFF@Plng

operatlon rforged for a ut es

(St oPiabSr L BBEouhefPod BERTLRY, Sarend® shgse

OerPE R ERPeaLbehellr o B7ChEhhg s RSB Rb iR Sepdiator,
10"5&@&@ 48800 - T0eo L1 LLST bDOZBPRER! bAnUEs CR8ELETor 5

t wt adl erentiral ne rane pressure bei n
apphi efl ad@ribe §§CQﬁgﬁé¥e3t9§b931t99aH§”§0@n@oa§Obhe

negative 5 pressure sid The nenbrane filtering flow
rad@gréds in maximum turbldlty as untreated water.
Sodium hypochlorite was added to the untreated water to
make the concentration of residual chlorine about 0.5
15 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
20 operation, at the untreated water feeding step, the
quantity of untreated water to be fed into the chamber
was set to 13.5 m3/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)
25 1in 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 operation was carried on



the respective filtering steps were 7.5 nB/hr (2.5
N8B/ hr per nenbrane nodule)at (Step 1) and (Step 3),
and 13.5 nB/hr (4.5 N8/ hr per nenbrane nodul e) at
(Step 2). The total filtering process duration from
(Step 1) 10 through (Step 3% was about 28 m nutes.
After the conpletion of the ﬁiltering step, the

Physd 8l HBSHOG 5168 W8S PEELOLAEY. o Ml BocPbE! Bl

ng P, washi ng and gas washing wth air

Wl Sl dd efk Ukt ST Nkl & aPepUStyn TB?eHa@%ﬁakssol‘:a%Eied
backwashi ng was set to 20.25 nB/%r 6. 75 N8B/ hr per

medhy ape: sl Ul £ £ areh £ el fhembrahe predbtirdsedihgrappsied
washi ng, 12 NnB/hr (4 N8/ hr per nmenbrane nodul e).

Afgertidessontdat ¥ asidd o0 the mdabbenewas thacnhegsedve
20 tinmes (95.0%in yield) by repeating the 20
5 f ipteersunge stipge andlhdemghlysanal fivbsdrnggsfepwt mates at
the drain step to discharge the concentrated waste
wdtler teppediel chafbbrenbrg careperwvene. 7AP mhehdr & nP
stepg to discharge the suspended matter peeled off at
t B0/ By Peda Mmefedisingg madp e it wakten schaied(HeR uf )y and
25 opening 50A piping installed at the bottom of the
e /B By X BBPTRG BRE DAMPE BFoRofLels s d s 2) -
after a pres e type liquid level, sensor in | ]l ed, at
© T TR of ] et TRE ot SRt RE: PR Tafer D
d j wge c e ek o he concentrat ed
10 vvaecgi%l??%‘at {agr]t€£ 33)con'p e%%‘?y d%éécrﬁlg?lg]cé%gbut of the
chamber. Cpe{ald on fOr aROULL POE JPNLRe UBHSELDRGCste
operating_coh@%t?ons d%ve an ?nter-nen%rane 5 S B
diffeersiiyd fda PSR £y 05t &9 WS €péPAPrmEdkPant the
physical washing step, backwashing and gas washing with
alr were carried out simultaneocusly. The flow rate of
15 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
20 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 off at the
physical washing step, it was discharged by fully
25 opening 502 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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i ndicating that stable operation was possible.

[ Conparative Exanple 3] The nenbrane nodul e and the
menbrane separator used in Conparative Exanple 4 were
the same 10 as those used in Enbodi nent 1. By using

t he menbr ane separator, contlnuous operati on was
perforned on river wat er o@ 5 to 10 degrees in

aver y_and
turrb y&%\gs) Un I%rcé% eedg(\g/z/a @Q 9&%%% E?OI‘I %‘e was
adgdad, 5 ”’é‘ka“aﬁ hamb

concen]% %%??éhgéi%gésﬁg éi‘?é lic“'(-r'rtemzi\bout 0. % Crr%/ LerAs
the steps ofowleg@ié@nfoﬁnay@ﬁr egh&dn¥at 8 unfeedtnese
step, the filtering steps and physical washing steps,

angbar A i d) Shred e es Coarbe ned. 1 Megardengrihe set
conditions for the steps of 20 operation, at the

urd it fefd iseh il erofeesih g of epe hbee ghant 50ykbé,
untreated water to be fed into the chanber was set to
13rslin@ithing Athathestableroperatepn vastpesagble.
operation was perfornmed for about 40 mnutes in a
state in whiGImeaeaiwhod cExanpiands were i mrersed. The

25 filterln%?operatlon was carried out with a
di f f er ent i al TheronPraFRLPrEdY} @ %%@nbh%p%PWQHaPS t he

SOOI, . O, IS IEIDLADS, 23,0 0F DO ng same

i riese (e d A0 sfifodineds O rou“r*? H8/ RenBElne

pef%onég?f; éé?F£$E%y5|%¢€§étyﬁﬁﬂgg§té%?ggggémas |ﬁéver
anfh@as yashing Nt&(?z@éé y\@rgv@ﬁﬁtﬁéeguf‘yidlty and 200

si mul taneously. The fTow rate of
to 300 degrees in maximum 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, 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



10

15

20

25

backwashi ng was set to 20.25 n8/hr (6.75 NnB/hr per
menbrane nodul e) and the flow rate of air used for gas
washi ng, 12 NnB/hr (4 NnB/hr per nmenbrane nodul e).
After the concentration in the chanber was 10

i ncreased 20 tines (95.096i2 yi el d) by carrying out
the filtering step and the Bhysical washi ng step once

each 5 R Aral. B @@egﬁggg%ﬁeﬁwsn@ﬁoaa@@n.t rat ed

waste water 1nt er was carrier out. At the

drain step A@ i sofarasnd her ssis pendede ”ﬂi@érpﬁﬁ' g€ep,
of f at 15 the physical washing step, it was discharged

byt Hell | g hay s 10REN| wids Pé B Ovd SISt F €emed . t het bohéom

of the <chanber, and by keeping the valve open for 15
segpndiscalafiaeth ingresspy eodypeadh guy daheévehs seasbing with
installed at the bottom of the chanber detected that

t el mateare degpptthi @0 dut tdhienchizambeoushye tBhe fijovheate of
concentrated waste water was copmpl etely di scharged
oltadfwatieieharberset Vien2 ®ped abi/dir webs arttt déro®efor
about one week under these operating conditions, the

i menhranampetil el fang e of Lo e53te e0SuR pasidgdshor gas

oPEITS s B Gp ot PEnP R RRRE PSR

Lot o0 00 ol L P s o

possible in t er " nenbranes are

Sﬁgﬁ%ﬁ%gééhrfUV€fﬁ§§ §hb§sinrﬁygidwﬂﬁgrcakégg?gggﬁﬁ’the

water, i nprounded "water, secondary tr

ISR A0S S Sl eskspiees onctheacr,

sefyy aldPh WLtHONESYIXhPPgOfthe 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 impossible.

[Industrial Applicability]
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val uabl es. [Brief Description of the Drawi ngs] Fig. 1A
is a schematic diagram show ng an 10 outline of a
normal filtering step. Fig. 1B is a schematic di agram
showing an outline of the filtering step in a state
in which the filter nenbragﬁs pare partly exposed.
Fig. 2 is a flow chart sho g an exanple of 15

treatment floy c#igfévﬁg% H@@é@i@ﬂenfﬁhQQOQé Bields

menbrane according to t ntron is incorporated.

[ Rerard mll%ﬁfmﬁgﬁd%ea§ 1iedrapy WBE@rwat 8aVWsuch as
water feed punp 20 5 Filtered water tank 6 Backwash

PURreh Qi zerl diankd X diZ@lind eedl §PimSBrounded
Conpressor 25 10 El ectromagnetic valve 11 |mmersion

Chaitear, 4 cdhkitiHne t oxs tppdwditdr R f t sewaegabr andustinlal
Menbrane nodul e 103 Chanber 5 FI Menbrane filtering

f ledif Inmetret ;atsenagralof itheriiie ot ephdpe Mehbtanemembranes
filtering flowrate in a state where filter nenbranes
arar panm yi ek gosegpparation or concentration of

valuables.

[Brief Description of the Drawings]

Fig. 1A is a schematic diagram showing an
outline of a normal filtering step.

Fig. 1B is a schematic diagram showing an
outline of the filtering step in a state in which the
filter membranes pare partly exposed.

Fig. 2 is a flow chart showing an example of
treatment flow into which a washing method of a

membrane according to the invention is incorporated.

[Description of Reference Signs]
1 Raw water

3 Raw water feed pump

5 Filtered water tank

6 Backwash pump

7 Oxidizer tank

8 Oxidizer feed pump

9 Compressor

10 Electromagnetic valve

11 Immersion chamber



L Effective length of filter nmenbranes 10 L' Length of
filter nmenbranes not in contact wwth untreated water
in a state where filter nenbranes are partly exposed
43 CLAIM5 1. A nethod of operating a nmenbrane
separator in which a nenbr?Ee nodul e conprising a
Iarge nunber of exposed hol’Fow fi ber nenbranes is

|6hz§hw§ntreated wat er chanber, said nethod
conprl SI ng ering step at which untreated water

i 5101 1 I#Er€d Byertb Vi a differential pressure between
a primary side (untreated water side) and a secondary

side (iNedethavaieduss de) of said hollow fiber
menbr anes; a physical washing step of gas washi ng by
ej1exrl i nghangaseous washi ng mediumonto the prinmary
side of said nenbrane nodul e and of back-pressured

5 weltler Mewastamg Hiyl f eethagf bobackiasat ngonmail ufiltening
the secondary side of the hollow fiber nmenbranes and
| eittdtng it pass to the untreated water side of the
hol | ow fi ber menbranes; and a drain step of

di B h Afegraven v st el v B9 | Rl h%a’éﬁah’be‘i‘ %E?t%f whege
systen1after epeating tw ce or [ e said filtering
stiep! it e iﬁ%§ $ Q%Eﬁ&ﬁgexg?%% 2. The method of
I d c 1,
Wﬁzrﬁﬁfegw? TR b Ep T i TRRP P udes &
f'llenﬂéﬁbéﬁE%%(Eii{5¥'ﬁ@hﬁ}§ﬁbégnot in contact with

untreated water in a state where filter membranes are

partly exposed



conprising a substep of feeding untreated water into

t he chanber and of starting filtering of the untreated
water in a state that the hollow fiber nenbranes
constituting said nenbrane nodule are partly exposed
44 and an ensui ng substep g% filtering the untreated
water in a state that a wholFe of said hollow fiber
menbranes constituting s&hglﬁ%nbrane nodul e are

i mrersed. 3. The nmethod of operating a nmenbrane

separator g5 fd@hdBht NofdRhM Ag0s Hem¥PEhEI Bepatdtor in
filtering step further includes a filtering step

(fiHiE 1D nSHSRar®d mEONDE | Sbfgr Bs 5tpSh ePapfel hlmbekNg £
untreated water, after the conpletion of said
phasgasdd washidwy Silepr mawmbhanésf eedingtabledairdan
water into the chanber until the hollow fiber
menreress & onst et uthagbsai dsakdbmeneod nodopeiateg:
partly exposed, and an ensuing substep of feeding _
unt reat ed waa efilteoindesiepndervahahfunteeahgd vager 1s
untreated water in a state that a whole of sajd

hdl i v Febery mekbinthes ¢bhterentiay BEPUSHERDPGRESED &
nodul e are j mrersed.

et ey

4, h t hod ti
SRR ai‘bﬁ‘tr%%t%ﬁl a‘i?“f‘r’én%ri %1%% %?555‘ al?%EO%dary

cOBat e o ieh Thibh by Betd diorhoy EFBRE® ot

the whol e hol low fiber nmenbranes constituting said
menbrane nodul e are i mrersed (physi cal washing step

o ooy R EEA? pOMENGCUtEd k0 postphent ity

Ml & A PAILd0@XPPSERIng YL Rl oMBSNtRE FEERaBY. 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.
2. The method of operating a membrane separator
as claimed in Claim 1, 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



5. The nethod of operating a nenbrane separator as
clainmed in any of Clains 1 through 4, wherein both
ends of said menbrane nodul e are conposed of a | arge
nunber of exposed hol |l ow fiber menbranes fixed by . 45
adhesion, with the hollom1figer menbranes at a top end
bei ng open and the hol | ow fi*Ber nenbranes at a bottom

ﬁgi cPeArp%r%L?isrﬁg s@ost':r gft Pf_gt&f:iﬁ)ge{o?é idﬁ]lg}:%%atied water

rane separator as clarnmed Irn an

throughs o cavhel el M R4 BL ot hgafdl h611H9 B1BErAnaREranes

the physical washing step are executed and the
fiddregd N step & addnsdbabysbdale ¥ashimgesten.are

repeated once or nore, waste water in the chanber is

dizschar ged omfie afethed sySt@prrating a membrane separator
as claimed in Claim 1 or 2, 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.
4. The method of operating a membrane separator
as claimed in any of Claims 1 through 3, wherein said
physical washing step is a combination of a step to be
executed in a state 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).
5. The method of operating a membrane separator
as claimed in any of Claims 1 through 4, wherein both
ends of said membrane module are composed of a large

number of exposed hollow fiber membranes fixed by
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adhesion, with the hollow fiber membranes at a top end
being open and the hollow fiber membranes at a bottom
end being closed.
6. The method ¢f operating a membrane separator
as claimed in any of Claims 1 through 5, 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.



