 #3Y&' (e3eHIEE889| =N>D6ETAE7 TREATMENT SYSTEM HAVI NG SPI RAL MEMBRANE
ELEMENT AND ’M WWERATI NG THE TREATMENT SYSTEM The pr “Hlmm
application Japanese Patent 5 Application No. ZOammmmm“ e
entire contents +wdiswhi ch are incorporated herein by reference. BAGKGEROUND
OF THE INVENTION 1. Field of the Invention The present invention relates to

a treatnent system 10 having at | east one spiral nenbrane el enent capabl e
of bei ng back-washed, and a nethod for operating the treatnent system 2.
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and so on. Coagul ation, _sedinentation and sand filtration is mainly
performed as pre-treat MR RABING hEE SRR BT S8 nbr ane separation
device. In the coagul ation, sedinentation and sand filtration, treated

wat er of stabl &hguaiLaserdamidtl 5@ S @pllisedPased k& redanes odassnd menbr ane
separation device because the quality of the treated water varies in

accor dandepdiitda ttilver oal 20§11 038 3 alhb mdther enfEdiret bosterbs mf, whiiehcapacity of
the reserve osnosi s nenbrane separation device is |imted. On the other
hand, 5a nerdorrgoes adephrretradm thec hre fpreerdtas. been recently devel oped to be
adapted to the pre-treatnent for the reserve osnosis nenbrane separation
device, so that the nenbBatEcReUs ' ' j

1. Field of the Invention
The present invention relates to a treatment system
having at least one spiral membrane element capable of being
10 back-washed, and a method for operating the treatment system.
2. Related Art
A reserve osmosis membrane (RO membrane) separation
device is used for desalting of seawater, production of
ultrapure water, and so on. Coagulation, sedimentation and
15 sand filtration is mainly performed as pre~treatment for the
reserve osmosis membrane separation device. In the
coagulation, sedimentation and sand filtration, treated water
of stable quality cannot be supplied to the reserve osmosis
membrane separation device because the quality of the treated
20 water varies in accordance with the quality of raw water. For
this reason, the capacity of the reserve osmosis membrane
separation device is limited. On the other hand, a membrane
separation technique has been recently developed to be adapted
to the pre-treatment for the reserve osmosis membrane

25 separation device, so that the membrane separation technique



has been applied to the quality of water which was hardly treated
her et of ore. When the nenbrane separation technique is adapted, as a
substitute for the coagul ation, sedinentation and sand 5 filtration, to the
pre-treatnent for the reserve osnosis nenbrane separation device, suspended
subst ances, colloidal substances or the |like contained in raw water are
deposited on a nenbrane surface of a separation nenbrane when the raw water
is filtrated. As a result, the perneating speed of water 10 through the

{i .y T f i 0 nd f [
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processes are requl In order t er the perneating sp

Physi cal washing.is atypical washing process. Physical washing is

cl assifi etur?%eoagfl'f%%% Washi ng and back washing. 1S Flushing washing is a
process of pourin ter onto the nmenbrane surface at,a high |inear speed
to thereby masﬁ”ﬁ%l%gﬁb§ﬁﬁﬁﬁé§edéﬁB§F?§&OBn%Fﬁ NAEREr hHed R Fede By shear
force generated in the nenbrane surface . Back washing is a process of
per f or ni iy SWRHI HG sy fourihg seaer atbiare Sasdiyiangafder 20%médsure to the
menbrane surface in a direction reverse to the direction used at the tine
of fibtrafildmatimn the tharpred matierd i sttdinedssirvie osmesrient s whi ch
cannot be renoved by the aforenentioned physical washing, chem cal washi ng
needs t o nEmipenfeorsegth aicera deeiiced efhispendedl s@b5stayses 0 ceVeradahont hs.
Chem cal washing is a process of 2 chemically renoving dirt fromthe
menbr ane subdtanecdy disithg dkeodsntheriecalisa addedator vasdi dgpowd ©sd as

chem cal washing liquid in the aforenenti oned back washi ng process.
on a membrane surface of a separation membrane when the raw
water is filtrated. As a result, the permeating speed of water
10 through the separation membrane is reduced. Therefore,
various kinds of washing processes are required in order to
recover the permeating speed of water.
Physical washing is a typical washing process. Physical
washing is classified into flushing washing and back washing.
15 Flushing washing is a process of pouring water onto the
membrane surface at a high linear speed to thereby wash out
substances deposited on the membrane surface by shear force
generated in the membrane surface. Back washing is a process
of performing washing by pouring water while applying back
20 pressure to the membrane surface in a direction reverse to the
direction used at the time of filtration.
When the membrane surface is stained with components
which cannot be removed by the aforementioned physical washing,

chemical washing needs to be performed once a period of several

25 days to several months. Chemical washing is a process of



In the various kinds of washing processes, however, there 5is a problemin
recovery rate (the rate of the anount of perneate to the anount of raw

wat er punped up). Incidentally, the perneate is obtained fromthe reserve
osnosi s nmenbrane separation device. In flushing washing, because the
washing water mainly 10 used is raw water, the recovery rate decreases as

t he anobunt of raw water used as washing water for flushing washing

i ncreases. The washing water used for back washing is filtrate obtained by

o ot r et A AR e 4o Thoinir e BenbraRe tErbel TR Binte in

load b AEIHONS \WAEOH AL ) REPANES O1° HOHE NELIRng o TEPEASas, "1 Htibnt al 1y,

t he amount, of water used for prsical washing i s generally in a 20 range of
from abodtl 1§ & utd IRF R LORE I fiGTt YEP &I PFHOESSHt-ai ned from t he
reverse osnosi s nenbrane separation device. Also in chem cal washing,
because the fi Ity Bie Vieg iggedk dxdshas masd it BFOCEhee s e HOVENE Iy dtleeXRecr eases
as the anmount of washing water used increases. 25 As described above, in

t he tbeatireapropdeani ngiecgveny ZRte tehbrezate s fdreathown frotflorinadies r ecovery
rate is | owered when the nenbrane surface is physically washed. In

addi ti on,td nthanyamnmtofoft hawafwartere plumgeed upgshi igcpdeneateéyg, thetration
needs to be interrupted at the tinme of washing. Hence, when 5 washing is

made freqgugmidate tite cmuintedff gl MBRl & QRirbicneGniosia Rleadeielem ned tine is
reduced. Adaptation of the back washing to a spiral nenbrane el enent has

been propesidatfiom &xdnRle, in Japanese Patent

In flushing washing, because the washing water mainly
10 used is raw water, the recovery rate decreases as the amount
of raw water used as washing water for flushing washing
increases.
The washing water used for back washing is filtrate
obtained by a membrane separation method. Because the
15 filtrate is used as pre-treated water for the reverse osmosis
membrane separationdevice in a post-process, the recoveryrate
decreases as the amount of the filtrate used as washing water
at the time of back washing increases. Incidentally, the
amount of water used for physical washing is generally in a
20 range of from about 5 % to about 10 % of the amount of permeate
obtained from the reverse osmosis membrane separation device.
Also in chemical washing, because the filtrate is used
as washing water, the recovery rate decreases as the amount
of washing water used increases.

25 As described above, in the treatment system using the



Publ i cati on No. HO06-98276B. \Wen back pressure at back 10 washing is
applied to a separation nenbrane used in the related-art spiral nenbrane
el enent, there is however fear that the separation nenbrane nay be broken
because the separation nenbrane has |-ow strength agai nst back pressure.
According to this official gazette, it was therefore said that the spira
15 nenbrane el enent had better be back-washed under a | ow back pressure of
0.1 kg/cn2 to 0.5 kg/cn2 (0.01 MPa to 0.05 MPa) . According to the

| nvent Or%eﬁ%éﬁag{é{ i@%ﬂg&aﬁtiihnvﬁétﬁ‘&&‘??ﬁ{%%?%%& l£.40 i%%Bw%g%EB&HIa ate flux

high for a en the spira ane el'ement was Shed under

t he back 20 pressure. result, it i mpassible_to ke. a stable
operati ont. A< Jreacrte o%l%s]i%ecel ﬁ\?eﬁgliygﬁcyé?ﬁtyowﬁtsgﬁflde gnt?ﬁi%%' stfét emin
whi ch the recovery rate %an be kegt gigh while the 25 flux and quality of
per meat e e ¥ép Qﬂtgﬁ Aharspapréoned vFashiRgiREPGEFeFSa ThhgratiRn and a
met hod for operating the treatnent system Sonme of the inventors have

al r eady m?ﬁfg%é'@ Restpteryretef at separtino® nvashang - havenge a Wark
pressure strength of 5 not smaller than 2 kgf/cn2, and a nmethod for

pr odu@i ngra el e gar AEiden frenieatéy i hhgapapese Phteermeatel-Qpenimgd JP
H10- 225626A. The i nventor further has conceived an idea of adapting the
separ at i am reenbreates dravineyl duicte d sbhawldymresssure strength 10 to
pre-treatnent for a reverse osnpbsis nenbrane separation device, and has
contrived the freldppeitign mfenthieobalok paghiide tthe acepirgur akmbradke a
treatnent systemthe nost suitable for keeping the perneate flux high for a

| ong ti mes adickrabtrai Nigeea gHPd Rl OVRITY dikalng 1aN)d in0 JRkaviede @afihiod for
operating the
Publication No. H06-28276B. When back pressure at back
10 washing is applied to a separation membrane used in the
related-art spiral membrane element, there is however fear that
the separation membrane may be broken because the separation
membrane has low strength against back pressure. According
to this official gazette, it was therefore said that the spiral
15 membrane element had better be back-washed under a low back
pressure of 0.1 kg/cm? to 0.5 kg/cm® (0.01 MPa to 0.05 MPa) .
According to the inventors’ experiments, it was however
impossible to keep the permeate flux high for a long time when
the spiral membrane element was back-washed under the back
20 pressure. As a result, it was impossible to make a stable
operation.
SUMMARY OF THE [NVENTION
An object of the invention is to provide a treatment

system in which the recovery rate can be kept high while the

25 flux and quality of permeate are kept high and stable



15 treatnment system A treatnment system according to the invention includes
a spiral nenbrane el enent including a porous hollow tube, and an

envel ope-li ke separation nenbrane wound on the outer circunferenti al
surface of the porous hollow tube, the spiral 20 nmenbrane el enent capabl e
of being back-washed under a back pressure higher than 0.05 MPa but not

hi gher than 0.3 MPa; a reverse osnobsis nenbrane separation device provi ded
on a downstream side of the spiral nenbrane el enent; and a washing |iquid

suppl y SRE@%‘cE&Q_\ég?ego?Patlgﬁh L flLaShH 432 PREL ROk Eosr%gie'}%actiﬁggr I gui d or
concentrated |'iquid obtai ne om the reverse osnosi s ne ane

separati%n % VE% at ge time of filtration by the spiral nenbrane el enent
is supplié& ehashY Pfquid to the spiral nmenbrane el enent at the tinme of

washi ng the spiral rane elenment. 5 1n the treatnment systemaccording to
the i nvent s on: Sanel ShaPe BupnERES jia Vo atatr SaHr APBF C8hEEALERTER | | qubd
obtai ned fromthe reverse osnbsis nenbrane separation device at the tine of
filtrati 64F BySERBTapieRI "ARAbRrARC Y EMeM Jack ipis B s inedwitiy ofi quid to
the spiral menmbrane el enent by 10 the washing liquid supply systemat the
ti me of Washisnglike §peral Kelbemhe atdremethqhdmr Ydincthehsase where
the spiral nenbrane elenent is washed, the recovery rate (the rate of the
anount ofeperatabedmemnuadet oinhéapapart Bateaw Ladgdr-OpeonnPed dpy is

i nproved. Hence, a high recovery rate can be 15 obtained while the flux and
qual ity dghopecseased |iquid are kept high and stable respectively for a

|l ong tinme. The washing may i ncl ude back washi ng, which is perfornmed by the

washi ng | i qui draUPPhyeSYSE €Mt thSr Gl A conaBeketihah Bded eStdappanly of the
perneated liquid or concentrated liquid
the separation membrane having such a back pressure strength
10 to pre-treatment for a reverse osmosis membrane separation
device, and has contrived the following invention to provide
the configuration of a treatment system the most suitable for
keeping the permeate flux high for a long time and obtaining
a high recovery rate and to provide a method for operating the
15 treatment system.
A treatment system according to the invention includes:
a spiral membrane element including a porous hollow tube, and
an envelope-like separation membrane wound on the outer
circumferential surface of the porous hollow tube, the spiral
20 membrane element capable of being back-washed under a back
pressure higher than 0.05 MPa but not higher than 0.3 MPa; a
reverse osmosis membrane separation device provided on a
downstream side of the spiral membrane element; and a washing

liquid supply system provided so that at least a part of

25 permeated liquid or concentrated liquid obtained from the



20 ejected fromthe reverse osnosis nenbrane separation device is supplied
to the spiral nenbrane el enent under a pressure higher than 0.05 MPa but

not higher than 0.3 MPa. In this case, at the tinme of back washing, at

| east a part of the perneated liquid-or concentrated |liquid ejected 25 from
the reverse osnosi s nenbrane separation device is supplied 6 to the

spi ral nmenbrane el enent under a pressure higher than 0 . 05 MPa but not

hi gher than 0 . 3 MPa by the washing liquid supply system Hence, since the

spiral SEnt %ﬁ%qﬂ% - .hed .essure hi gher

t han O. %ﬁ)ﬁ% not hi gher %a%gﬁl t%égﬂ\?/aes%é;% Pccralg{fé i%r;feback
washing igs,j.nproved.so that the .flux.and quality of, perneated, |iquid can be
kept hi ghfsjaln%pasttjaod} Y dde VA Y TP EN S ethe;/pé: 1-%631{9&3211111% %Yay i ncl ude
fl ushi ng washi ng,  which is 10 gerforned by the washi ng quuid,sueply system
in such & ligil cattol EBSt SR hat thPIPEHE Sredtled U i£46i BiBR OF
concentrated |iquid ejected fromthe reverse osnosis nenbrane separation
devi ce i WasilpiBlgd ddra cRE s piemdir arEmslemerdl.enent at the time of filtration
by the spiral nenbrane element. 15 In this case, flushing washing is
perfobmed in suchthenthpetmehttsyustémamticardiarad tof thkeipwentaord a4 quid or
concentrated liquid ejected fromthe reverse osnosis nenbrane separation
devi ce i sleapld ehntto dtheesmiaaiedrenineane cal ementeretrdtieel tliimmiaf filtration
by the spiral nenbrane elenment. 20 Hence, the spiral nenbrane el enent can

be washedbptiditad firdteehptévsr o ddndgiad nehbrihe washiragibhaudwh suipply
system nmay be provided so that at least a part of the perneated |liquid or

ggclcggt rafedHd qun@ ejregtied rktabnt B¢ LB¥EESEr 95 MMSHEr SBEDE BRSPS at i on

supplied as washing liquid to the spiral membrane element by

10 the washing liquid supply system at the time of washing the
spiral membrane element. Hence, even in the case where the
spiral membrane element is washed, the recovery rate (the rate
of the amount of permeated ligquid to the amount of raw liquid
pumped up) is improved. Hence, a high recovery rate can be

15 obtained while the flux and quality of permeated liquid are
kept high and stable respectively for a long time.

The washing may include back washing, which is performed
by the washing liquid supply system in such a manner that at
least a part of the permeated liquid or concentrated liquid

20 ejected from the reverse osmosis membrane separation device
is supplied to the spiral membrane element under a pressure
higher than 0.05 MPa but not higher than 0.3 MPa.

In this case, at the time of back washing, at least a

part of the permeated liquid or concentrated liquid ejected

25 from the reverse osmosis membrane separationdevice is supplied



25 is supplied, together with chemcals, to the spiral nenbrane 7
elenment. In this case, at |least a part of the perneated |iquid or
concentrated liquid ejected fromthe reverse osnosis nenbrane separation
device is supplied, together with 5 chem cals, to the spiral nmenbrane

el ement by the washing |iquid supply system Hence, the effect of washing
the spiral nenbrane elenent is inproved nore greatly. The concentrated
liquid or perneated liquid ejected fromthe reverse osnosis nmenbrane

separat i V| ; %0 I I £s i r.i .. 05 MPa but
not highgg)Sﬁﬁhgg}gg%ngﬁgggp a?igﬁég§g%%$%g ?fﬁuﬁ%%ggﬁﬁFb sys?%ﬁggupplies
at least a r f the con entrateg éi uid permeated.liquid ta the
pi ral miSRaRR Bt PadGer i ped iy Theliamiing ik It shomly (e
washing. 15 In this case, at the tine of washing, at |east a part of the
concentréﬂ@ﬂxquuid or perneated liquid ejected fromthe reverse osnosis
menbrane separation device is supplied to the spiral menbrane el ement under
t he residual pHessereshingkeitheharigadsnpphrpne aéemengheant han 0. 3 MrPa.
Hence, it is 20 unnecessary to provide any exclusive washing |iquid supply
devi cg f draokashishgd hedspia bk ckepbe asier @ hdrpéretr. thience, 0 hdfPla spaewtsavi ng
and cost saving can be attained. A plurality of spiral nenbrane el enents as
defi ned aighenrahabe OprRowirded the pasalinel edifeltone daekhewmshtihg $piral 25
menbrane el ements bei ng washed successively in such a manner 8 that while
one of tReypspiviedl sBErhE anrthelfenenisdi quatashed.f pbrmeated 1iquid can
be kept high and stable respectively for a long time.
The washing may include flushing washing, which is
10 performed by the washing liquid supply system in such a manner
that at least a part of the permeated liquid or concentrated
liquid ejected from the reverse osmosis membrane separation
device is supplied to the spiral membrane element at the time
of filtration by the spiral membrane element.
15 In this case, flushing washing is performed in such a
manner that at least a part of the permeated liquid or
concentrated liquid ejected from the reverse osmosis membrane
separation device is supplied to the spiral membrane element
at the time of filtration by the spiral membrane element.
20 Hence, the spiral membrane element can be washed without
interruption of filtration.
The washing liquid supply system may be provided so that
at least a part of the permeated liquid or concentrated liquid

ejected from the reverse osmosis membrane separation device

25 is supplied, together with chemicals, to the spiral membrane



| east one of the other spiral nenbrane elenents is operated for filtration;
and the washing liquid supply systemis provided so that at |east a part of
perneated liquid or 5 concentrated liquid obtained fromthe reverse osnosis
menbr ane separation device at the tine of filtration by the plurality of
spiral menbrane elenents is supplied as washing liquid to each spiral
menbrane el enent at the tinme of washing the spiral nenbrane elenent. 10 In
this case, while one of the spiral nenbrane elenments is washed, at | east
one of thg g&@g{ spiral menbrane el ements can be operated for filtration.
Hence, mas%lng can be performed while the spiral nenbrane el ements are

continuously operated for filtration. As a,15 _result, the recovery . rate is
i mproved even ifht %éﬁﬁ*hhé?é%fﬁﬁﬁéﬁiPéFtnﬁﬁbggﬁepﬁF@ﬁéﬁ?g g+gu shed.
Hence, the flux and quality of perneated |iquid can be kept high and stable
respect i V¥ yCORFCRETHIRA t 1 T 1k SR HeR ofr UperlR i TRV §§ BRSNS syst em
according to 20 the invention is a nethod adapted to a treatnment system

i ncl udi ngnenpRRe| SRy bken cdeweer | 1P Fiadr skoastiiost v itdnbr ane
separation device provided on a downstream si de of the spiral nmenbrane

el eneldt, chenspilal toetle apérelemandirdrevehgmanpdryotbehadhdwg Ubguidnd an
envel ope-1i ke separation nenbrane 25 wound on the outer circunferenti al

surface ofupky poyotsn holHeowe) thieuled feiche ofpivaah imgnhanepehradent capabl e
of bei ng back-washed under a back pressure higher than 0.05 MPa but not

hi gher t hadni®x8n &/Rel eridier med hiogb i aved U didve: theeBtep, of supplying at |east a
part of perneated liquid or concentrated liquid obtained fromb5 the reverse

osnbsi s menbr ang,sepataht ALV iRt ok e rinldB f 11 fhisaljet RycLbg spiral
menbr ane el enent, as washing |iquid,
the reverse osmosis membrane separation device may have a

10 residual pressure higher than 0.05 MPa but not higher than 0.3
MPa, so that the washing liquid supply system supplies at least
a part of the concentrated liquid or permeated liquid to the
spiral membrane element under the residual pressure at the time
of the washing.

15 In this case, at the time of washing, at least a part
of the concentrated liquid or permeated liquid ejected from
the reverse osmosis membrane separation device is supplied to
the spiral membrane element under the residual pressure higher
than 0.05 MPa but not higher than 0.3 MPa. Hence, it is

20 unnecessary to provide any exclusive washing liquid supply
device for washing the spiral membrane element. Hence, both
space saving and cost saving can be attained.

A plurality of spiral membrane elements as defined above

may be provided in parallel with one another, the spiral

25 membrane elements being washed successively in such a manner



to the spiral nenbrane elenent at the tinme of washing the spiral nenbrane
elenment. In the nethod of operating a treatnent systemaccording 10 to the
invention, at |least a part of pernmeated |iquid or concentrated liquid
obtained fromthe reverse osnosis nenbrane separation device at the tine of
filtration by the spiral nmenbrane elenent is supplied, as washing |iquid,
to the spiral nenbrane elenent at the tinme of washing the spiral nenbrane
15 el ement. Hence, the recovery rate (the rate of the anobunt of perneated

e H® ATONNGASY of Whe | GBS DUITRBA D) of S HREOYEd, MR L e case

where the spir rane I's washe recovery rate

can be obht ai ned whi | he flux and quality of perneated liquid are, kept

hi gh and 26°% %eeolf‘ees?%‘gcpfcbngsprag o r???’reﬁ%?%ﬁ erﬁf\}q%cl ude
back washi ng,_which is perforned in such_a manner that at |east a part of
t he per né‘!aﬁrecﬁvﬁntcﬁﬁtd'od}; GO R MPER 1N diLEVeLe SLBR 1Y SHEERB Aéver se
osnosi s nmenbrane separation device is supplied to the spiral nmenbrane 25
el enent @S dePrsesdied RitgHeasthan Perds ofPresieated Rignéd 6  than 0.3
MPa. In this case, at the time of back washing, at |east a part of the

per meat eddriaguitd adret bingiehd odtted neidgln ein shecteste fsoasnhe i senamkg@mnEs noSi S
menbr ane separation device is supplied 5 to the spiral nenbrane el enent
under a perswtedn gleericehah ©h@% iMRa dfuff indtrabighebyt tisen Wl aNRay Hence,
since the spiral nenbrane el enent can be back-washed under a back pressure
hi gher t kem s@ir@3 Neabbahenolemégherid bampQ.i2dVRe, wh BRimashi qgi @ftfeect at

back washing is 10 inproved so that the flux and quality of perneated
liquid candieskephlhatbadik shabkatrgeped tVRbYo f @asdihgNehéisPral
membrane element.

10 In this case, while one of the spiral membrane elements
is washed, at least one of the other spiral membrane elements
can be operated for filtration.

Hence, washing can be performedwhile the spiral membrane
elements are continuously operated for filtration. As a

15 result, the recovery rate is improved even in the case where
the spiral membrane elements are washed. Hence, the flux and
quality of permeated liquid can be kept high and stable
respectively for a long time.

A method of operating a treatment system according to

20 the invention is a method adapted to a treatment system
including a spiral membrane element, and a reverse oOSmosis
membrane separation device provided on a downstream side of
the spiral membrane element, the spiral membrane element having

a porous hollow tube, and an envelope-like separation membrane

25 wound on the outer circumferential surface of the porous hollow



The washing may include flushing washing, which is perforned in such a
manner that at |east a part of the perneated |liquid or concentrated |iquid
ej ected fromthe reverse osnosis 15 nenbrane separation device is supplied
to the spiral nenbrane elenent at the tinme of filtration by the spira
menbrane elenent. In this case, flushing washing is perforned in such a
manner that at |east a part of the perneated |liquid or 20 concentrated

l'i quid ejected fromthe reverse osnosi s nmenbrane separation device is

suppl ied { 5 %P%Qﬁt a A};ﬁlbtb?% %5&&%59 By the
spiral ng?anelﬁ$ %e nce, e splrg%E} rane e nt can Ee washed
W thout interru of f tr t.i on. I of, the neat ed
liquid orulc nceam) r? I%lL?I rej%gcafped (ff?ﬁ%at R@gr%% hsleq ngé
menbr ane ti deV| ma ge supp to %% er t.h ch caI , to the
oo ral ety S e e Re cod thrLee SR EEE S el Sl ViR RE beRREAr ed
liquid 5 or concentrated liquid ejected fromthe_reverse OSHDSIS nenbrane
separ at i oh Pd& @& Pesreas s Jekﬂu%%gét%c%ttrtﬁ%ﬁiﬁwé okt ingd §pphal
menbr ane el enent. Hence, the effect of washing the spiral nenbrane el ement
i's i mprovelde rﬁﬁ\@rgﬁeeaﬁmgbswmqrhtér@m@@nar@tt@@n deuilgeoa t pdrentdiedofi qui d
ejected fromthe reverse osnosi s nenbrane separation device may have a
resi dual fikssateomibghthetspinrdl @emiRanzuelanenhj ghewatshadmg0l3qivPd, so t hat
at least a part of the concentrated liquid or perneated liquid is supplied
to the sptseahengpbrahecabearete ldndriidat thwetinsiciiahshirgsiiespirbbe tine
of the washing. In this case, at the tinme of washing, at |east a part
membrane element.
In the method of operating a treatment system according
10 to the invention, at least a part of permeated liquid or
concentrated liquid obtained from the reverse osmosis membrane
separation device at the time of filtration by the spiral
membrane element is supplied, as washing liquid, to the spiral
membrane element at the time of washing the spiral membrane
15 element. Hence, the recovery rate (the rate of the amount of
permeated liquid to the amount of raw liquid pumped up) is
improved even in the case where the spiral membrane element
is washed. Hence, a high recovery rate can be obtained while
the flux and quality of permeated liquid are kept high and
20 stable respectively for a long time.
The washing may include back washing, which is performed
in such a manner that at least a part of the permeated liquid
or concentrated liquid ejected from the reverse osmosis

membrane separation device is supplied to the spiral membrane

25 element under a pressure higher than 0.05 MPa but not higher

10



of the concentrated liquid or perneated liquid ejected fromthe reverse
osnosi s nenbrane separation device is supplied to the spiral nenbrane

el enent under the residual pressure higher 20 than 0.05 MPa but not higher
than 0.3 MPa. Hence, it is unnecessary to provide any exclusive washing
l'iquid supply device for washing the spiral nenbrane elenent, so that both
space saving and cost saving can be attained. A plurality of spiral
nmenbrane el ements as defined above 25 may be provided in parallel with one
anot her, {Qg sg aM%% menbr ane el enents bei ng washed successively in
such a manner tha |Ie one of the spiral menbrane el enents is washed, at

| east one of th other i ral e el nt erate |Itration;
and at |east a %% EHEfF %& &ngaggngéﬁ Qgedag 3 9t obt ai ned
fromthe reverse OSﬁDSIS nenbrane separati on device at the tine of

filtrati dPehy Phethft meameadrest LGy ofeBPRSRBTEREREBNL §A1EdsEppFTed as
washing liquid to each spiral nenbrane element at the tine of washing the
spi ral nehberafded efaire 03O § iS MeMb redses eRhi 3 el yndevi celes sppphi edenbr ane
el enents is washed, at |east one of the other spiral nenbrane el enents can
be opérattd floe $pinakumamhramen@éﬁnwwghMngecaﬁ beepenfer hitghahi tlean he
spiral nmenbrane el enents are continuously operated for filtration. As a 15

result, the0dadPyebvyt radte hisghempridvead @veEMBEan. t he case where the spiral
menbrane el enents are washed. Hence, the flux and quality of perneated

liquid can be kegicd) oy Sl fas pestoneley et Qg tigre. 20 Fig. 1
is a typical configuration diagram showi ng an exanpl e of a nenbrane
separ at i Opla SNl £Ih&E GG B i@ plriesShirenPogh &R ih 20f 0t D8 MW 8k 06k
higher than 0.3 MPa, the washing effect at back washing is
10 improved so that the flux and quality of permeated liquid can
be kept high and stable respectively for a long time.

The washing may include flushing washing, which is
performed in such a manner that at least a part of the permeated
liquid or concentrated liquid ejected from the reverse osmosis

15 membrane separation device is supplied to the spiral membrane
element at the time of filtration by the spiral membrane
element.

In this case, flushing washing is performed in such a
manner that at least a part of the permeated liquid or

20 concentrated liquid ejected from the reverse osmosis membrane
separation device is supplied to the spiral membrane element
at the time of filtration by the spiral membrane element.
Hence, the spiral membrane element can be washed without
interruption of filtration.

25 At least a part of the permeated liquid or concentrated

11



Fig. 2Ais a typical sectional view show ng an exanple of a spiral nenbrane
el ement provided in a spiral nenbrane 25 nodule; and Fig. 2B is a partly
cut away perspective view of 13 the spiral nmenbrane elenment; Fig. 3 is a
typi cal sectional view showi ng a back washing operation in the spiral
menbrane nodule; Fig.4 is a typical configuration diagramshowng a 5

menbr ane separation system according to a second enbodi nent of the
invention; Fig. 5 is a typical configuration diagramshowi ng a nmenbrane

separ at | 07 ; 5ysheah BEE0s Uk i 0 2 KAV L LTI dB¥aRLkaBy 10 Fig.

! a
6 is a sectional view of a separation nmenbrane in the spira rane

el ement pr,Qvi in.th i r.an ule: Fig.7 LS i.ca
confi gur afj?“%ggﬁtéé g%% %‘géhr{‘é@%&%e%o‘pr%g?aq |e\I/nel<'gaxlasrfplt8;€ré$1§%f§aI]—'i g. 8is
a typical _co figura i on_di agram showi ng a second conparative exanpl e.

DETAI LED BE‘S‘%F{F‘ %1 BNCBR"FHE PREFERRED EMBODI MENTS A treatment system havi ng

a spiral nmenbrane el ement according to the invention and a nethod for
operating the 267t FRAE ngdtes\at et ai | 12 2 ife £ ithed Hsement edriligid
Enmbodi ment) Fig. 1 is a typical configuration diagramshow ng a menbrane
separ @ i oArs¢SnEANEERbL ﬁgqubdaeﬁe%@deﬁb@ni Hemtreverhe tamemison. 25 The
menbr ane separation system 100 shown in Fig. 1 has 14

membrane separation device is supplied, together with

chemicals, to the spiral membrane element. Hence, the effect
of washing the spiral membrane element is improved more
greatly.

10 The concentrated liquid or permeated liquid ejected from
the reverse osmosis membrane separation device may have a
residual pressure higher than 0.05 MPa but not higher than 0.3
MPa, so that at least a part of the concentrated liquid or
permeated liquid is supplied to the spiral membrane element

15 under the residual pressure at the time of the washing.

In this case, at the time of washing, at least a part
of the concentrated liquid or permeated liquid ejected from
the reverse osmosis membrane separation device is supplied to
the spiral membrane element under the residual pressure higher

20 than 0.05 MPa but not higher than 0.3 MPa. Hence, it is
unnecessary to provide any exclusive washing liquid supply
device for washing the spiral membrane element, so that both
space saving and cost saving can be attained.

A plurality of spiral membrane elements as defined above

25 may be provided in parallel with one another, the spiral

12



a spiral menbrane nodule 50 in a pre-stage, and a reverse osnosis nmenbrane
separation device 51 in a post-stage. A spiral nenbrane elenent 10 is
provided in the spiral nmenbrane nodul e 50. The spiral nmenbrane el enent 10
has a separation 5 nmenbrane which can be back-washed under a back pressure
hi gher than 0.05 MPa but not higher than 0.3 MPa. A precision filtration
menbrane or an ultrafiltration nmenbrane is used as the separation nenbrane.
At the tinme of filtration by the nmenbrane separation 10 system valves 110

and 119 of i.pe 17 va 1 ' ; valve 117 of a pipe 22
are opendtTRTHEE Sirnhe bETph dadhed 1PN SR 20 a et o

val ve 113 of a _pipe 2la and a valve 114 of a pipe 21b are closed. Further,
suppl y pdﬁﬁ?lWﬁgjéhﬁnfoﬁ%aggeaf?{Eﬁ¥ufemﬁ§qqﬁﬂQ&§WF§%ﬁy}Sawaﬁﬂﬁgti%% of dead
end filtration, the valve 117 of the pipe 22 is closed. Raw water 1 such as
river watE2ast Rt 9in Be &SR FoBP LAk EDR BRROAYRMEN BF pES PR YFS%N to the
supply punp 102 through the valve 119 of the pipe 17 and pressurized by the
suppl y pufgr 201 hfooe tigan t nd tafe passds i iveedh rdwvpiaimaated disidsl iced to t he
spiral menbrane nodul e 50. The spiral nenbrane nodul e 50 separates the raw
wat er 51 ienrcdnttatad 12qand adorderad drem 3 heyravers &odmalsiichment tae
described later. The filtrate 2 obtained by the spiral 25 nenbrane nodul e
50 i s suppdpechtasoprdedireatedtivat €iné mf £13 tratdser bei théapkudDHBithr ough
the pipe 18. On the other hand, the concentrate 5 obtained by the spiral

nmenbr ane ¢ & 80 mefbirdhky el 8hbh 880 Panipdio ddhe s @sehyagr 11 aakad ¥4 through
the pipe 22. Alternatively, the concentrate 5 may be di scharged
each spiral membrane element at the time of washing the spiral
membrane element.

10 In this case, while one of the spiral membrane elements
is washed, at least one of the other spiral membrane elements
can be operated for filtration.

Hence, washing can be performed while the spiral membrane
elements are continuously operated for filtration. As a

15 result, the recovery rate is improved even in the case where
the spiral membrane elements are washed. Hence, the flux and
quality of permeated liquid can be kept high and stable
respectively for a long time.

BRIEF DESCRIPTION QF THE DRAWINGS

20 Fig. 1 is a typical configuration diagram showing an
example of a membrane separation system according to a first
embodiment of the invention;

Fig. 2A is a typical sectional view showing an example

of a spiral membrane element provided in a spiral membrane

25 module; and Fig. 2B is a partly cutaway perspective view of

13



5 to the outside of the systemthrough a pipe 22a. Hence, at the tine of
dead end filtration, the raw water 1 fully becones the filtrate 2. The
filtrate (pre-treated water) 2 obtained by the spiral nenbrane nodul e 50
and stored in the reservoir tank 103-is given 10 to the supply punp 104
through a pipe 19 and pressurized by the supply punp 104, so that the
pressurized filtrate 2-is supplied to the reverse osnosis nenbrane
separation device 51. The reverse osnosis nenbrane separation device 51
separ at es e -ir t info perneate 3 and concentrate 4 . The
15 per ma&%@f%{fﬁ nﬁg%%eﬁr%@%ﬁ;’e osnosi s nenbrane separation device 51
is supplied to the qutside of the system.through a .pipe,20. The concentrate
4 obt a1 ned by UHE T Gves Set BRHGRT SSrIBT Ate SepaPAIBY SACKHSINTES

di scharged to the outside of the systemthrough pipes 21 and 21k when the
spi ral neRAEREI2D Woddte HULTal JHEIREGHRy Mol Kicasi on demands, a part of
the concentrate 9 may be returned back to the pipe 17 through the pipe 21.

| nci dental |y, dtiqdedstis parupigfal monfdramte @ e dens yisiwied teo t he pi pe
17 on the upstream side of the supply punp 102 through the pipes 20a and
21. 1A thiengears $4pdraZBHrhamstEn recessdnyg tto adpasongr eslsodEndet ween t he
pi pe 21 side 16 and the pipe 20 side through the valve 112. Fig. 2Ais a
typi cal setttlomainwerewiahow ng an exanpl e of the spiral nenbrane nodul e
used in the nenbrane separation systemdepicted in Fig. 1. Fig. 2Bis a
partly cutaway iigerspectd wepiice dordfienspitian EMy e sSlowieirt & N the

spi ral nmenbrane nodul e depicted in Fig. 2A. As shown in Fig. 2A the spiral

menbr ane jaeiht£h SR PRS2t 1BHES FHE BmVASEAd Y @SSHrter i RS babaRt méaeset) 30,
and a spiral nenbrane el enent 10 received in the pressure vessel 30. The

the invention;

10 Fig. 6 is a sectional view of a separation membrane in
the spiral membrane element provided in the spiral membrane
module;

Fig. 7 is a typical configuration diagram showing a first
comparative example; and

15 Fig. 8 is a typical configuration diagram showing a
second comparative example.

ET D RIPT E E
A treatment system having a spiral membrane element
according to the invention and a method for operating the

20 treatment system will be described below.

(First Embodiment)
Fig. 1 is a typical configuration diagram showing a
membrane separation system according to a first embodiment of
the invention.

25 The membrane separation system 100 shown in Fig. 1 has

14



10 pressure vessel 30 has a cylindrical casing 31, and a pair of end plates
32a and 32b. A raw water inlet 33 is fornmed in one end plate 32a whereas a
concentrate outlet 35 is formed in the other end plate 32b. A filtrate
outlet 34 is further provided in the.center portion of the other end plate
32b. The pipe 15 17 (Fig. 1) is connected to the raw water inlet 33. The
pipe 18 (Fig. 1) is connected to the filtrate outlet 34. The pipe 22 (Fig.
1) is connected to the concentrate outlet 35. Incidentally, the structure

of the pre r vq§§%| i tq. i m t _struct ur 0 in.Fig 2A

For exarrpal Zs%iareazlo Si eliéélflet ?n%dgrlgss?tt?recelnv%sge}% f]s;t\% %g aail%rd:w% %t‘)eegsienl et and a
concentrate outlet provided in a.cylindrical .casing may be used._ The

cyl i ndri GRS AETPE ANE 59058 T deYd Epittalt EnbPs 536R8Rent 210 i n the
condition that a packing 37 is_ 25 nounted, on_a nei ghbor of one end portion

of an outSHLIPA Me@Prangi et eheRhil S dsrRERVEFed nidd $her 8P Rk d%enent 10.
Opposite open ends of the cylindrical casing 31 are sealed with the end

pl ates 327WBRE Ftb r éBpesPivel ynerhranpenl epenbf 1 d Mt e wedrativh tube 15
in the spiral nenbrane element 10 is 5 fitted into the filtrate outlet 34
of thé ememgirgne ghbch/garehd kagk-36askepunder & haak heesopen eighaf the

wat er collection tube 15. The inside space of the pressure vessel 30 is
partiti ongchn rit.®% MHa $tut ingui dhigharbdéhall 0ad MPasecAndreefsidnchanmber 39
by the packing 37. In this manner, the spiral 10 nenbrane elenent 10 is

recei ved.fiin 4rhe ipresstbe avesselan301 t AsFshevat i n dmbr’he tikeusedrad
menbrane elenent 10 is formed as follows. In the condition that a filtrate

spacer 43 HBdaeRfra oM etiraneesin net is wapped in two separation
menbranes 42, the two separation nenbranes 42 are bonded onto

At the time of filtration by the membrane separation

10 system, valves 110 and 119 of a pipe 17, a valve 116 of a pipe
18 and a valve 117 of a pipe 22 are opened while a valve 115
of a pipe 21, a valve 112 of a pipe 20a, a valve 113 of a pipe
2la and a valve 114 of a pipe 21b are closed. Further, supply
pumps 102 and 104 are actuated.

15 Incidentally, at the time of dead end filtration, the
valve 117 of the pipe 22 is closed.

Raw water 1 such as river water stored in a reservoir
tank 101 through a pipe 0 is given to the supply pump 102 through
the valve 119 of the pipe 17 and pressurized by the supply pump

20 102, so that the pressurized raw water 1 is supplied to the
spiral membrane module 50.

The spiral membrane module 50 separates the raw water
1 into filtrate 2 and concentrate 5 by a method which will be

described later. The filtrate 2 obtained by the spiral

25 membrane module 50 is supplied as pre-treated water to a

15



15 opposite surfaces of the filtrate spacer 43 at three sides to thereby
form an envel ope-|i ke nenbrane (pouch-Ilike nmenbrane) 49. An open portion of
t he envel ope-1li ke nmenbrane 44 is attached to the water collection tube 15.
The envel ope-1i ke nenbrane 44 is spirally wound, together with a raw water
spacer 20 16 nmade of a synthetic resin net, on an outer circunferential
surface of the water collection tube 15. In this nmanner, the spiral
menbrane el enent 10 is forned. The outer circunferential surface of the

spiral menbrane el enent i,S C e i at hj.n Lal e
struct ur - OFERARH Z%arré]%p];&at Srbrr?q‘@ehmc)%rh\égnglf% vs’\lnrqel Eg ggggé?[}gg ?%%-g'r. 18

At the tinme of filtratjion by the rane separation.syste shewn in
Fig. 2A ?%ﬂ/%@ﬁ%ﬁnﬁ?@ﬁ%g%‘%HFUﬁﬁgFgﬁé%ﬁ@pépffa?Fpsmbf nFsﬁbggiﬁngg t he
first liquid chanmber 38 of the pressure vesse|l 30 through the raw water

i nl et 33.1ighienkhy s tigned pack EBr?%%rr%%%EY?%H1¥%ﬂiﬁgliﬁQF&Bg f “£fe spiral
menbr ane el enent 10 through one end portion of the spiral nmenbrane el enent
10. The rpipeead2r Alftleonativedivghthe ¢coneentrateidvmayapal Aépchpraedhe
collection pipe 15 along the raw water spacer 16 as shown in Fig. 2B, so

t hat Goncent thaé eoBt s sdej@btigt: faywrheard thugther pdive A7ef.acHesicde af t he,
spiral nmenbrane elenent 10 into the second |iquid chanber 39. Then, the
concent r atge & inge difsébad gal Fronrbhéocnpntieatrzat vatat| tf w33yt bethmesut si de
of the pressure vessel 30 through the pipe 22 (Fig. 1). Further, as shown

in Fig. 1pneBriatrpatt of the raw water 1 perneates through each separation
menbrane 42 on the basis of the pressure difference between the raw water

side and the fiffLalig shee éfﬁéi‘neré&@&ﬁﬁﬁtw)\dﬁé]@ham@dbww@tspﬁr&lfIovvs
along the raw water spacer 16, so that filtrate 2 flows into the water

col I ecti Oﬂeﬁﬂ?ﬁn&?no%ucl%%é@%d stored in the reservoir tank 103 is given
10 to the supply pump 104 through a pipe 19 and pressurized by
the supply pump 104, so that the pressurized filtrate 2 -is
supplied to the reverse osmosis membrane separation device 51.

The reverse osmosis membrane separation device 51 separates

the pre-treated water 2 into permeate 3 and concentrate 4, The

15 permeate 3 obtained by the reverse osmosis membrane separation
device 51 is supplied to the outside of the system through a
pipe 20. The concentrate 4 obtained by the reverse osmosis
membrane separation device 51 is discharged to the outside of

the system through pipes 21 and 21k when the spiral membrane

20 module 50 is operating. As occasion demands, a part of the
concentrate 4 may be returned back to the pipe 17 through the
pipe 21. Incidentally, at least a part of the permeate 3 may

be supplied to the pipe 17 on the upstream side of the supply
pump 102 through the pipes 20a and 21. In this case, it is

25 however necessary to adjust pressure between the pipe 21 side

16



20 filtrate spacer 43 and is discharged fromthe open end of the water
collection tube 15. The filtrate 2 is further taken out of the pressure
vessel 30 fromthe filtrate outlet 34 shown in Fig. 2A through the pipe 18
(Fig. 1). Incidentally, at the time of dead end filtration by the 25

menbr ane separation system 100, the concentrate 5 is not 19 di scharged to
the outside because the raw water 1 fully perneates through each separation
menbrane 42. That is, only the filtrate 2 is taken out of the pressure

vessel BO?fr ;Egﬁ%léﬁrat§82#£L8E 4tﬁ O@leg Eh?érZA t hrough the pipe 18

(Fig. 5 ¢ ar hed thé’raw wa 1 are renoved by the

re-treatment using.the spiral no e 50., Hence re-treated water
g after reanaFleg%%cHSégﬁﬂ?ﬁpg§n§§cgéogangF%H ?QPW+&SH%€§??gp STDSI S

menbr ane separation device 10 51. |ncidentall the internal.structure of
the revep&eths i rBeHPEAS CSBPAY e | TP U &R Eée'ﬂe TR 31 S&bRE 34d Ghe
internal structure of the spiral nenbrane nodul e 50 except difference in
separ at i systrembdapéctad theFigrelof Figtr2Bibh dyrakel yerbtawy separati on
15 system 100, suspended substances, colloidal substances or dissol ved
substfancps;r@@letaziirvedviewtdfethav\sw'areit erdrmaepdsintead a8 Tontsgiinadnt s on
menbr ane surfaces of the separation nenbranes 42 of the spiral nenbrane

el ement #@mibtahlee mpaocessept ctitt tat Fag.bgAthe spiral nmenbrane nodul e 50.
In this case, 20 sedinentation of contam nants on nenbrane surfaces in the

spiral nenbrangsmedyls HO ﬂ%e@pl )Y t3epBbied1wnbRbrane Wad@tild I®Maal ni ng
contam nants is nore renmarkable than that in the reverse osnosi s nenbrane

iﬁﬁf‘;}'ﬁ 'ngn?gsﬁéeggﬁ %é@ﬁﬂﬁf&%f@—@é@i&f&% e swrheri@, afnes samval  of

membrane element 10 received in the pressure vessel 30. The

10 pressure vessel 30 has a cylindrical casing 31, and a pair of
end plates 32a and 32b. A raw water inlet 33 is formed in one
end plate 32a whereas a concentrate outlet 35 is formed in the
other end plate 32b. A filtrate outlet 34 is further provided
in the center portion of the other end plate 32b. The pipe

15 17 (Fig. 1) is connected to the raw water inlet 33. The pipe
18 (Fig. 1) is connected to the filtrate outlet 34. The pipe
22 (Fig. 1) is connected to the concentrate outlet 35.
Incidentally, the structure of the pressure vessel is not
limited to the structure shown in Fig. 2A. For example, a

20 side-entry pressure vessel having a raw water inlet and a
concentrate outlet provided in a cylindrical casing may be
used.

The cylindrical casing 31 is filled with the spiral

membrane element 10 in the condition that a packing 37 is

25 mounted on a neighbor of one end portion of an outer

17



25 | oad inposed on the nenbrane surfaces in the spiral nenbrane 20 nmodul e
50 is larger than that in the reverse osnbsis nenbrane separation device
51. Therefore, in the nmenbrane separation system 100, after the filtrating
operation is carried out for a predet.ermined tine, the nmenbrane surfaces in
the spiral 5 nmenbrane el ement 10 are washed. As descri bed above, washing of
the nmenbrane surfaces is classified into physical washing and chem cal

washi ng. Back washi ng which is one physical washing nmethod will be

epar ot 1 0F Sy Sl Sor 0t £hi *ThETet et oPe AN Al s ref el el Morr ane

nmodul e 50, the,valve 123 of e pipe 21a and the valve 114 of the _pipe 21b
are opene(ap%ﬂget%@%%?@%?ftlgbefrﬁ S ﬁ%sbPﬁgalﬁFetsr?@ Vét€12 of
the pipe 20a, the valve 115 of the pipe 21, the valve 116 of 15 the pipe 18

and the vEP%eSRd P LRSI PO B FRIRREE VRt hePe PRENsEPEI §fpainp 102
is stopped and the supply punp 104 is actuated. Assume now that an anount
of pre-treéated GRtlactiagutipe thtin Fhsaskinas memer ape redlenatbidnésel enent
10 is stored in the reservoir tank 103. 20 As a result, the pre-treated

wat er 52 sfbreedi mtheheddlrgiate ank 120334t batthe, ertchepfdtie Babe 2AHrom t he
spiral nmenbrane elenent 10 is given to the supply punp 104 through the pipe
19 and presswdred by piteosuppd ythenrpodéd ergbotfhigie tiatepr esdeczednfiltrate
2 is supplied to the reverse osnosis 25 nenbrane separation device 51. In

the reverggb@sIBsi Thal ingdiRID IR S atHd Predeviree vebselhaofiilstrate 2 is
reverse
partitioned into a first liquid chamber 38 and a second liquid
chamber 39 by the packing 37. In this manner, the spiral
10 membrane element 10 is received in the pressure vessel 30.
As shown in Fig. 2B, the spiral membrane element 10 is
formed as follows. In the condition that a filtrate spacer
43 made of a synthetic resin net is wrapped in two separation
membranes 42, the two separation membranes 42 are bonded onto
15 opposite surfaces of the filtrate spacer 43 at three sides to
thereby form an envelope-like membrane (pouch-like membrane)
44. An open portion of the envelope-like membrane 44 is
attached to the water collection tube 15. The envelope-like
membrane 44 is spirally wound, together with a raw water spacer
20 16 made of a synthetic resin net, on an outer circumferential
surface of the water collection tube 15. In this manner, the
spiral membrane element 10 is formed. The outer
circumferential surface of the spiral membrane element 10 is

coated with a sheathing material. The structure of each

25 separation membrane 42 will be described later.
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osnosis-filtrated so as to be separated into perneate 3 and concentrate 4.
The perneate 3 obtained by the reverse osnbsis nenbrane separation device
51 is supplied to the outside of 5 the systemthrough the pipe 20 in the
same manner as in the filtrating operation. A part of the concentrate 4
obtai ned by the reverse osnobsis nenbrane separation device 51 is supplied
as washing liquid to the spiral nenbrane el enent 10 through the pipes 21
and 2la. A part of the concentrate 4 10 unnecessary for mashing of the

spiral menbrang el ggenl nk0 oles edneaRnaR0pL0 chlenbshde ghoblig (Sygtem

t hrough t he pipes iI'S occasi on, 6 concant has a
pressure her than Q.05 b not er than 0..3 MPa .because the
Boncent r UG LT o5 T LPer By SPre” SUUIA Y pangr L4 LE Bk Chefirthe
surfaces in the spiral rane enent 10.are ed with the concentrate
4, so théﬂntﬁéﬁboﬁdeﬁﬁr ANER b@s L Shadiond g@ﬁbﬁr ?ﬁeoﬁa§ﬁ|ng drain

6 is ejected fromthe raw water inlet 33 of the spiral nenbrane nodul e 50

t hrough PhsEsuLst viessegi pé thranght Reeprpwe mﬁerzgnfcieg 33.i sThe t53% cal
sectional view showi ng a back washing operation in the spiral nenbrane
nmodul & S5atas sHewhuibhér gupPlisd théhei ins ode bickh evaphirad refmhtenespi r al
menbr ane nodul e 50, the concentrate 4 supplied through the pipe 2la and a
part of tdienmnie 118 tihsdueidh iomteo ehhle pwattéon?2b fcdhleesiiana 1t meabianehr ough t he
filtrate outlet 34. The 22 concentrate 4 is |led out of the outer

ci rcunf eredrdniealt 0r.f aCtike of aw hea et ar feelkestiratighube i1H 4 cdidectiingi de of
the separation nenbranes 42 and perneates through the separation nenbranes

42 in a @areQtliedanwi N ahsech Dl ébeidh gl 08 sl ahethisy hBBrScer
filtration. On this occasion, contam nants deposited on the nmenbrane
surfaces 1f skhgnseRarAteiQn @%r}béénﬁaﬂ%cﬁ{@entrate 5 is ejected from
10 the other end surface side of the spiral membrane element 10
into the second liquid chamber 39,
Then, the concentrate 5 is discharged from the
concentrate outlet 35 to the outside of the pressure vessel
30 through the pipe 22 (Fig. 1). Further, as shown in Fig.
15 2B, a part of the raw water 1 permeates through each separation
membrane 42 on the basis of the pressure difference between
the raw water side and the filtrate side in the process in which
the raw water 1 flows along the raw water spacer 16, so that
filtrate 2 flows into the water collection tube 15 along the
20 filtrate spacer 43 and is discharged from the open end of the
water collection tube 15. The filtrate 2 is further taken out
of the pressure vessel 30 from the filtrate outlet 34 shown
in Fig. 2A through the pipe 18 (Fig. 1).
Incidentally, at the time of dead end filtration by the

25 membrane separation system 100, the concentrate 5 is not
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separated fromthe separati on nenbranes 42. Since the outer circunferential
surface of the spiral nenbrane elenent 10 is coated with a sheathing
material, the 10 concentrate 4 perneating through the separation menbranes
42 flows axially in the inside of the spiral nmenbrane el enment 10 al ong the
raw wat er spacer 16 and is di scharged as washing drain 6 from opposite end
portions of the spiral nenbrane elenment 10 into the first and second |iquid
chanbers 38 and 39. As 15 shown in Fig. 1, when the washing drain 6 is

di schar ged. i ir | 1.qui i draj is ejected
fromthe &a%nﬁv\%}féér]gi% e@g%Sél?%éf%% ou aglisdegato}?ét ae"y\gflgsytée}rgn]t h@oltzig\ﬁ a part of
the pipe 17 and _the. pipe 21b. On the ot her hand, when the washing.drain 6
o al sonar Bt 26t T B i SaEh TeRT I {PREE RS0 2 a1 T 4 SpaPtLbf ¢ he
washing drain 6 is returned fromthe _concentrate outlet_ 35 back to the
reservoi r ER@AK WR e Pobig - 2R piyseC b EheapTeRsurenEedFe batk THaEhFRG in this
enbodi ment, however, the washing drain 6 is not ejected fromthe

concent r af &l big tetows efud3depBevadin rfdig 282t hereughvidheripg é8 8Bidecause
the valve 117 of the pipe 22 23 is closed as described above .
Incidentally, at |least a part of the raw water taken out fromthe raw water
inlet 33 may be returned back to the reservoir tank 101. Here, the raw

wat er inlet 33 Gordeampiressis egorttheifdd timattéeb raut kateld4lsade peessade and
the concentrate outlet 35 side pressure are set so that a back pressure

hi gher thsp £hO5 Mrar beldth@it highes tia@nsh Ba VRgenisr 8P InRh 10 3de

separation menbranes 42. Hence, a required ampunt of the concentrate 4 can
be pouredyifc@, FIV-ttAddRSRatBat2 Gatednt 8a8Y 81 dePasichedodPaRinihies menbr ane

surfaces of the separation nenbranes 42 in the spiral nenbrane el enent 10
can be repwed, afifCtbvehy rRNGR osmosis membrane separation device
10 51. 1Incidentally, the internal structure of the reverse
osmosis membrane separation device 51 is the same as the
internal structure of the spiral membrane module 50 except
difference in separation membrane.
At the time of filtration by the membrane separation
15 system 100, suspended substances, colloidal substances or
dissolved substances contained in the raw water 1 are deposited
as contaminants on membrane surfaces of the separation
membranes 42 of the spiral membrane element 10 in the process
of filtration by the spiral membrane module 50. In this case,
20 sedimentation of contaminants on membrane surfaces in the
spiral membrane module 50 directly supplied with raw water 1
containing contaminants is more remarkable than that in the
reverse osmosis membrane separation device 51 supplied with

pre-treated water 2 after removal of contaminants because the

25 load imposed on the membrane surfaces in the spiral membrane

20



in the spiral nenbrane nodule 50, filtration can be perforned stably for a
long time without reduction in perneate flux and without deterioration in
filtrate quality. As described above, 15 in the nenbrane separation system
100, pre-treated water (filtrate) 2 stable in quantity and quality can be
obtained by the filtrating operation of the spiral nmenbrane nodule 50. In

t hese cases, flushing washing which will be described later is perforned
after back washing of the spiral menbrane 20 nodul e 50. After flushing

vashi ng. e (4157 2Li 19, 00STRL 00, LE SATI T QUL HBDGE. L yRLer 1 11 ous

axially in e insi e spiral 'nmenbrané el éme owar ot her
end portion of .t.he spiral nbrane dul e 50, . Cont am nants separated from
Lhe SeparsRHAH e FRTAL 43  ar o HESHERE Sy’ TPETORET 8Ra $H41 M P5 of t he
spiral menbrane nndulg 50 to th? ot her end portion, 24 t.hereof by the raw
wat er 1. Sitfd<Tortqni ahhes Hr% fdi §6ﬁ§ﬁ&8do%g@¥h%? I CRrERedceREiT ate 4

fromthe other_ end portion of the spiral nenbrane nodule 50 into _the second
liquid clamy@dedegidahikdmeutther med nanes swrdagessdin Ihet spdagh the 5
concentrate outlet 35. All or a part of the raw water taken out through the
conceht r ateenknaricete 13Zardy Ue arst waséddack to the reservoir tank 101

t hrough the pipe 22. Incidentally, at the tine of dead end filtration, the
concentrate 4 iAs descdibeliaalysde t oratshe nguo §i dee mEhblameesutbecesntsam nant s
separated fromthe separation nmenbranes 42 are prevented from bei ng

deposi t ed 1 dilve sepatat pans Meabreanstsi e AghichentieRcewashihhe sHdal
menbr ane nodul e 50, a stabler filtrating operation can be carried out for a

| ong ti NgyauHikRUhE BHUCE bal HRy PEE At HilndmabtHo Wiy haube 1de Slet 5d or at i on
in filtrate quality. In the nenbrane separation system 100, the concentrate
below with reference to Figs. 1 and 3.

10 In the membrane separation system 100, at the time of
back washing of the spiral membrane module 50, the valve 113
of the pipe 2la and the valve 114 of the pipe 21b are opened
while the valves 110 and 119 of the pipe 17, the valve 112 of
the pipe 20a, the valve 115 of the pipe 21, the valve 116 of

15 thepipe 18 and the valve 117 of the pipe 22 are closed. Further,
the supply pump 102 is stopped and the supply pump 104 is
actuated. Assume now that an amount of pre-treated water 2
sufficient to back-wash the spiral membrane element 10 is
stored in the reservoir tank 103,

20 As a result, the pre-treated water 2 stored in the
reservoir tank 103, that is, the filtrate 2 from the spiral
membrane element 10 is given to the supply pump 104 through
the pipe 19 and pressurized by the supply pump 104, so that

the pressurized filtrate 2 is supplied to the reverse osmosis

25 membrane separation device 51. In the reverse osmosis
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4 obtained fromthe reverse osnosis nmenbrane separation device 51 is used
as washi ng wat er because the nenbrane separation system 100 ai ns at
obtaining the perneate 3. If the nenbrane 20 separation system 100 ai ns at
obtaining the concentrate 4, the perneate 3 nmay be used as washing water in
the condition that the valve 112 of the pipe 20a is opened. Incidentally,
inthis case, the perneate 3 is led into the pipe 21 through the pipe 20a
and then supplied as washing water into the spiral nmenbrane 25 el enent 10

inthe s e f e t e T; j operation
is the ngﬁgém}ggé{'féé fﬁ}ga%gﬁieorgfd%\ggi&%’h in%%@vmﬁtﬁt¥%§e 020 nlr(;% nﬁ%eg% At the
time of back washing of the nenbrane separation system 100, the filtrating
oper at i oroBROThe Spt FAFEFRNH die & MEUSTE 86 LeS SP5BoBATBEE Ehd FRFt rati ng
operation of the reverse osnosis nmenprane se atjon device 51 is,

cont i nuedSOREeRRE2EE e o?hﬁﬁ?%ﬁnﬁg‘? %&é&g&’y e ZRYGFS 0P SPPeLEr eat ed
water sufficient to performthe filtrating operation continuously during

t he back H@BRTFaRe ntRRaFrt AR rd’ViGe tHe iseSePPdiled 4akthe 2vBsideadfance.
Next, flushing washing which is another physical washing nethod will be
descriShedthgt siyseérerdmeeughh Higpire &fd i3 the tshaet napnet &bushi bgewashi ng
of the nmenbrane separation system 100 shown in Fig. 1, the opening/closing
15 condi tfohtodtihe vpdvesiand Bheaadt odt thg condehtoatef 4tbietsippdy punps
to constitute the nenbrane separation system 100 are the sane as those at

the tinme o fhétraréose exsrpsid hadmiheny adeadaidi @f ddieiqu L 1lils and the
valve 16 of the pipe 18 are closed. That is, the valve 110 of the pipe 17,

the val ves@p1isd of s ke 124uandt & henyalpserall hetbrbhe BLBReR2 ape opened
while the valve 119 of the pipe 17, the valve 116 of the pipe
through the pipes 21 and 2la. A part of the concentrate 4
10 unnecessary for washing of the spiral membrane element 10 is
discharged to the outside of the system through the pipes 21
and 21k. On this occasion, the concentrate 4 has a pressure
higher than 0.05 MPa but not higher than 0.3 MPa because the
concentrate 4 is pressurized by the supply pump 104.
15 The membrane surfaces in the spiral membrane element 10
are washed with the concentrate 4, so that the concentrate 4
changes to washing drain 6. The washing drain 6 is ejected
from the raw water inlet 33 of the spiral membrane module 50
through a part of the pipe 17 and the pipe 21Db.
20 Fig. 3 is a typical sectional view showing a back washing
operation in the spiral membrane module 50.
As shown in Fig. 3, at the time of back washing of the
spiral membrane module 50, the concentrate 4 supplied through

the pipe 2la and a part of the pipe 18 is led into the water

25 collection tube 15 through the filtrate outlet 34. The
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18, the valve |12 of the pipe 20a, the valve 113 of the pipe 2l1la and the
val ve 114 of the pipe 21b are closed. Further, the supply punps 102 and 109
are actuated. 25 In this case, concentrate 4 obtained by the reverse 26
osnosi s nenbrane separation device 51 in the process of filtration by the
menbrane separation system 100 is not discharged to the outside of the
system but supplied as flushing washing water 7 to the pipe 17 on the
upstream side of the supply 5 punp 102 through the pipe 21. The flushing

vashi ng aLeld L JVED 19, Liie sunply . 102 Lheouancifie RiPEd7 and | ed

into the Taw wa inle fessure Vesse e SUppry punp

102. In th de of hi ter 7
s fed i ot EZv'v%fSep%Faﬁeﬁ%ﬁiﬁj\éﬁ%i%iée&m hasgﬁferoaﬁ“%ﬂﬁn%was ciBhent 10

in the sane manner as the flow of raw water 1 at the time of filtration.
Here, th@FHIEHIST Aashicngeraeate? £heR8IPnthReSERRT Yl O MeTRPLEIPRAT at i on
menbranes at a high linear speed. Dirt on the nmenbrane surfaces of the
separ at i % righiyr gigedtd onagk¥gragafobyhendaretsipnr eeedenerthedt bee ween
each separation nenbrane and the flushing washing water 7 on the basis of
t he hbgh-dfi ngdrtrsgeiedh f | Or bhishecthasbinngconthinngamas edefgos Heedeon t he
flushi ng washing water 7 used for washing is discharged as washing drain 8
to the ouilsd deendfrdrhee systaemd hrfougle tdepaoocent mand raumdsetd22@r36 and t he
pi pes 22 and 22a. At the tinme of flushing washing of the nenbrane

separ at i (epsitedn Hm e reepecidive nidryralndyg 4pper ati ons of the spiral
menbr ane nodul e 50 and the reverse osnosi s nenbrane separation device 51
are continued. 225 dd Ralel putehept ¢alint@eBhRga0f stibeaFBNOE afge sqpaFrat i on 27

membrane element 10 is coated with a sheathing material, the

10 concentrate 4 permeating through the separation membranes 42

flows axially in the inside of the spiral membrane element 10

along the raw water spacer 16 and is discharged as washing drain

6 from opposite end portions of the spiral membrane element

10 into the first and second liquid chambers 38 and 39. As

15 shown in Fig. 1, when the washing drain 6 is discharged into

the first liquid chamber 38, the washing drain 6 is ejected

from the raw water inlet 33 to the outside of the system through

a part of the pipe 17 and the pipe 21b.

On the other hand, when the washing drain 6 is discharged

20 into the second liquid chamber 39, all or a part of the washing

drain 6 is returned from the concentrate outlet 35 back to the

reservoir tank 101 through the pipe 22. At the time of back

washing in this embodiment, however, the washing drain 6 is

not ejected from the concentrate outlet 35 but ejected from

25 the raw water inlet 33 because the valve 117 of the pipe 22
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system 100 according to this enbodinent will be described. Chem cal washing
is performed once a period of several days to several nonths when
conponents of dirt on the nmenbrane surfaces in the spiral nenbrane el enent
10 cannot be renoved 5 sufficiently by physical washing. Chem cal washing
is a washing nethod using chemcals for chemcally renoving dirt fromthe
menbrane surfaces. In the nenbrane separation system 100 according to this
enbodi ment, chem cal washing of the nenbrane separation system 10 100 is

erforned; &4 n. i er it i1t atiio hi n
P d; & o OcP%@d%B%ﬁ:%leBQaH@GQ. ﬁﬁ:lcﬂﬁnﬂcdl y: tﬁ'g r@rggggaggﬁ&ws i ng

except the Wi ng point. I'n chemcal washing o Separation
system 100, t%%e@a%bﬁtégdﬁgﬁ%r? de f“r%%c%{lyf‘éﬁ wa Ly @%ﬁ%"ta%% %89%3' ned
fromthe Teversé osnosi's AENDrane separation devi ce are used” 15 as
washi ng water . {ﬁ&g the shi ng water for m cal washing is produced by
suppl y of FprEtaidr %lédt%hﬁ? At T FYom ttt‘f"en]?)ﬁtrb; ‘de of the systemthrough a
predeterm ned pi pe. The concentrate_ 4 or_ permeate 3 containing such
chenicals is | ey ChEnFRAIWaREShi Ry hateFlARIRF T SDHi Ak %ﬁ’b?%l% nodul e
20 50, so that the nenbrane surfaces are washed with the chenical washing
wat er 5 Atouthket i e DFdprvcRRIUIGh Td tHe arsardiratss g atat3d siide i s
necessary to pay attention to adjustnent of the hydrogen ion concentration.
This i s heresser preers petasporhaf asbbtknpye25upedurghiar tthenhgdpbgePea i on
concentration reaching saturated 28 solubility when, for exanple, dirt
cont ai ni rgutc amporieindlse s udir@so chlMBam < adponaide e thas leghaawsay dyecause t he
solubility of calciumcarbonate decreases as the hydrogen ion concentration
membranes 42. Hence, a required amount of the concentrate 4
can be poured in a short time so that contaminants deposited
10 on the membrane surfaces of the separation membranes 42 in the
spiral membrane element 10 can be removed effectively. Hence,
in the spiral membrane module 50, filtration can be performed
stably for a long time without reduction in permeate flux and
without deterioration in filtrate quality. As described above,
15 in the membrane separation system 100, pre-treated water
(filtrate) 2 stable in quantity and quality can be obtained
by the filtrating operation of the spiral membrane module 50.
In these cases, flushing washing which will be described
later is performed after back washing of the spiral membrane
20 module 50. After flushing washing, the filtrating operation
is carried out. Hence, raw water 1 flows axially in the inside
of the spiral membrane element 10 toward the other end portion
of the spiral membrane module 50. Contaminants separated from

the separation membranes 42 are washed away fromone end portion

25 of the spiral membrane module 50 to the other end portion
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of the washing water increases. In such a case, the hydrogen 5 ion
concentration is adjusted so that precipitation of salt can be avoided. As
descri bed above, in the nenbrane separation system according to this

enbodi nent, washing water used for various kinds of washing is the
concentrate 4 or perneate 3 obtained 10 fromthe reverse osnosis

menbr ane. separation device 51. That is, in the nenbrane separation system

| 00 according to this enbodi ment, the recovery rate (the rate of the anount

of per ”eaéheefb[éf’b %h%”?gwtwé’ée%ai"’. W@fﬁ%r %EHHEEEQn‘E%)aké &f@ér?é’reg%&)ecause
all of raw Wwater "can be passed Throug t I8 reverse "I5° 0snosi & Henbr ane
separatiqn device 5 reover, because_the concentrate 4 obtained fromthe
reverse gfscfﬁ)%x‘éerm‘é’ﬁ%}qaﬁlges%%?%fﬁ%?‘nt%élvifEBmStih?soi}éee'ﬂ gy PARSHPRPT t he
residualtg{essure which is genergted in the concentrate 4 by the supply
punp 104 HiSneps Facdt BEREE2RRIMAARCR 20 iRt hitdreserrad 61651 AP HRe Mot

hi gher than 0.3 MPa is used so that washing water can be led into the
spiral metbradite GRddN €180 .0 THdiee Phas S auiesEeds &% tha opabvitde any punp
exclusively for washing liquid supply. That is, it is unnecessary to
prepabe arpnagider tfeoouddeti 3§ .t hal purep.a pardddift tbe, rav 24t dectoalesn possi bl e
to operate an efficient and econom cal 29 menbr ane perneation system In
t hi s enbaditrehiroughpphy empsn eyt beutrler dédnayn ddeepiupasd2Backnth 21a
respectively as occasion demands. (Second Enbodinent) 5 Fig. 4 is a typical

confi gur alieOfr elieagbam SHOM YL &hrRiyhatBe SENRSE @t . ONTEYSHEATALTY[ g to a

second enbodi nent of the invention. The nenbrane separation system 200

accordi NnHO #iMeS of dead end filtration, the concentrate 4 is not
discharged to the outside.

10 Hence, - the contaminants separated from the separation
membranes 42 are prevented from being deposited on the
separation membranes 42 again. Hence, in the spiral membrane
module 50, a stabler filtrating operation can be carried out
for a long time without reduction in permeate flux and without

15 deterioration in filtrate quality.

In the membrane separation system 100, the concentrate
4 obtained from the reverse osmosis membrane separation device
51 1s used as washing water because the membrane separation
system 100 aims at obtaining the permeate 3. If the membrane

20 separation system 100 aims at obtaining the concentrate 4, the
permeate 3 may be used as washing water in the condition that
the valve 112 of the pipe 20a is opened. Incidentally, in this
case, the permeate 3 is led into the pipe 21 through the pipe

20a and then supplied as washing water into the spiral membrane

25 element 10 in the same course as that of the concentrate 4.
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enbodi nent has a structure different fromthat of the nenbrane 10
separation system 100 according to the first enbodi nent in the follow ng
point. In the nenbrane separation system 200 according to this enbodi nent,
three spiral nmenbrane nodul es 50a, 50b and 50c are provided in parallel

wi th one another. The structure of each 15 of the spiral nenbrane nodul es
50a, 50b and 50c is the sane as that of the spiral nenbrane nodul e 50. At
the tinme of filtration by the nenbrane separation system 200 according to

thi s enbodj f oy s ; c f a pi.pe. 17 .val ve 116a
of a pi pe%gg\?asahlv\ﬁ? éégﬁéég%bﬂ%?’gs gpa}jngeea%%ge 11”'égvtgt Ir\1/eeo?1 cc%wasgﬁpﬁe 18c, a
val ve 117a.g£ gige 28a, a valve 117b of a pipe 28b and a valve 117c of a
pi pe 28c Yt ogg edORRFREr9EPves 113a, 113b and 113c of a pipe 2la, a val ve
114a of a pipe 29a, a valve 114b of a pipe 29h and a val ve 114c of a pipe
29c are cl osed.ArHe 25 demingrekodr oy Ak e Meabdemer serrvas1igRd t he
operating 30 state of the supply punps are the sane as in the first

enmbodi mensystepi Heht afhy, fittrafeing mrafatdead odndhfe spigeilomenbhsneal ve
117a of the pipe 28a, the valve 117b of the pipe 28b and 5 the valve 117c
of theé pipedBe &r ks sitopped ALt the fiilmyradfinfg dpenstdon by theraesbsane
separation system 200, each of the three spiral nenbrane nodul es 50a, 50b
and 50c opemasts mémbhensagepapanbson adetiee s riad gertimanel .nodul ens0
operates at the time of filtration in the first 10 enbodi nent. Raw water 1

such as rtyge yatRICISWAERINGDN RoweSEF Vi ahatkt 104 griv-augh ta dPvREe® 1S
given to a supply punp 102 through the pipe 17 and pressurized by the
supply pugpr$92ies® tdaberform the filtrating operation continuously
during the back washing must be stored in the reservoir tank
10 103 in advance.
Next, flushing washing which is another physical washing
method will be described with reference to Figs. 1 and 3.
At the time of flushing washing of the membrane
separation system 100 shown in Fig. 1, the opening/closing
15 condition of the valves and the actuating condition of the
supply pumps to constitute the membrane separation system 100
are the same as those at the time of filtration except that
the valve 119 of the pipe 17 and the valve 16 of the pipe 18
are closed. That is, the valve 110 of the pipe 17, the valve
20 115 of the pipe 21 and the valve 117 of the pipe 22 are opened
while the valve 119 of the pipe 17, the valve 116 of the pipe
18, the valve 112 of the pipe 20a, the valve 113 of the pipe
2la and the valve 114 of the pipe 21lb are closed. Further,

the supply pumps 102 and 104 are actuated.

25 In this case, concentrate 4 obtained by the reverse
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the pressurized raw water 1 is supplied to the spiral nenbrane 15 nodul es
50a, 50b and 50c. At the tine of filtration, each of the spiral nenbrane
nodul es 50a, 50b and 50c separates the raw water 1 into filtrate 2 and
concentrate 5 in the sane manner as t-he spiral nenbrane nodule 50 in the
first enbodinment. The filtrate 2 obtained 20 by the spiral nenbrane nodul es
50a, 50b and 50c is supplied as pre-treated water to a reservoir tank 103

t hrough the pipes 18a, 18b and 18c. On the other hand, the concentrate 5

bt ai ned ' I 504, ¢ 50 ' d back
Lo the rcdory Tl ol TPl RN Farial shath Jaie padd g " ™
Al 't ti th trate 5 be disch to 31 .th t si de of
he" syet ot LHPBUIGN dopi e 2G0T 1A’ Gt (TOUERs TP il dtine.
- d d i h [ k 103.is f h d
o Concum e S HRPHERLES §1 Cht Ry SEAMS s SHADLAESAbrar. SEpa at | on

system 100 according 5 to the first enbodinent. At the tine of dead end
filtrati oveByLnhEasprratondibPine Inbanitéxe BDatrean ke s0dheaswppiYt he raw
water 1 forns filtrate 2 by the spiral nmenbrane nodul es 50a, 50b and 50c.
Next , ShagkummsHithghiduglbet e guirebed.. | Bhehélpehbbngneasbisgpaabeioh system
200, the spiral nenbrane nodul es 50a, 50b and 50c are back-washed

successi vied yividmattd Shavsupe vheusp 14k tarboghe tiredplipe50a asdbhek- washed,
t he spiral nmenbrane nodul es 50b and 50c are continuously operated for

filtrati othtSitid atahy watleirl eéntlBe SBi ¢l tHe e e aidse 20801 Bybaigk- washed,
15 the spiral nenbrane nodul es 50a and 50c are continuously operated for

filtrati %ppﬁrgipbﬂlbl yozwhi 1 thiei 89i salo MeERr gRes sRedlve Q0 88, bagk- washed,
t he spiral nmenbrane nodul es 50a and 50b are continuously operated for
filtrati OMlushing washing water 7 is led into the separation membranes
10 of the spiral membrane element 10 in the same manner as the
flow of raw water 1 at the time of filtration. Here, the
flushing washing water 7 flows in the inside of the separation
membranes at a high linear speed. Dirt on the membrane
surfaces of the separation membranes is washed away by shear
15 force generated between each separation membrane and the
flushing washing water 7 on the basis of the high-linear-speed
flux of the flushing washing water 7. Hence, the flushing
washing water 7 used for washing is discharged as washing drain
8 to the outside of the system through the concentrate outlet
20 35 and the pipes 22 and 22a.
At the time of flushing washing of the membrane
separation system 100, the respective filtrating operations
of the spiral membrane module 50 and the reverse osmosis

membrane separation device 51 are continued.

25 Finally, chemical washing of the membrane separation
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When, for exanple, the spiral menbrane nodule 50a is to 20 be back-washed
at the tinme of filtration by the spiral nenbrane nodul es 50b and 50c, the
val ve 113a of the pipe 2l1la and the valve 114a of the pipe 29a are opened
whil e the valve 110a of the pipe 17, -the valve 116a of the pipe 18a and the
val ve 117a of the pipe 28a are closed. As a result, in the nenbrane 25
separation system 200, the spiral nenbrane nodul e 50a is 32 back-washed
while filtration is perforned by the spiral nenbrane nodul es 50b and 50c

and the r i naratl on . dewl 1. : spiral
menbr ane %I% es%%égﬁ%%é% %gp%a%%c\%&snﬂeg‘d! ﬁ'ﬁ]flhé) egg&rée}%r#l% as the
spiral 5 nmenbrane nndq%e 59$. Next f%ushig mashiE% mhichfis anot per
physi cal washin Tt Hod RN e 1aeReF T HRESY M h& ﬁﬁ?§n8 s%%a?%?lon
system 200, the spiral _.nenbrane nodul es 50a, 50b and 50c¢. are

f1 ushi ng-YREHe® SERET EAMMBULS WhERATOTRONER T Pdt FORCIRP £he BeREARS
menbrane nodul es 50a, 50b and_50c and the reverse osnpsis nmenbrane

separ at i oFUEEYFR 181 the spArRAURMBIARAE FINAH I washPhgbeArengeed ne of
fl ushi ng washi ng, the operating condition of the valves and supply punps is
the sanme swfhici¢rtly ey ahusidal twaghioww by Chisaicpilr akshendr Aseanodul es
50a, 50b and 50c except that the valve 119 of the pipe 17, the valve 11l6a
of the pipesiBag mdichad|usinkl Giheofi ceie fopech8hiandliyheenalvegldbet of the
pi pe 18c are closed. Finally, chem cal washing in the nmenbrane separation
20 systenfz2éf tdceariehbmhi® s Raceydpodi nent will be described. Cheni cal
washi ng of the nenbrane separation system 200 is perfornmed in the sane
operating mannern aset REmbagKe WAHH NG iDL eRktehel 6 0ld Wy mpiBt this

embodiment, chemical washing of the membrane separation system
10 100 is performed in the same operating manner as the filtration
and back washing except the following point.
In chemical washing of the membrane separation system
100, chemicals added to the concentrate 4 or permeate 3 obtained
from the reverse osmosis membrane separation device 51 are used
15 as washing water. Here, thewashingwater for chemical washing
is produced by supply of predetermined chemicals from the
outside of the system through a predetermined pipe.
The concentrate 4 or permeate 3 containing such chemicals
is led as chemical washingwater into the spiral membrane module
20 50, so that the membrane surfaces are washed with the chemical
washing water.
At the time of production of the chemical washing water,
it is necessary to pay attention to adjustment of the hydrogen
ion concentration. This is because precipitation of salt may

25 occur in the hydrogen ion concentration reaching saturated
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In the nmenbrane separation system 200, each of the spiral 25 nenbrane
nodul es 50a, 50b and 50c is chemcally washed in the 33 sane nmanner as at
the tinme of chem cal washing of the spiral nenbrane nodule 50 in the
menbrane separation system 100 in the first enbodinment. That is, chem cal
washing is perforned in the same manner as the back washi ng except that
chemcals 5 added to the concentrate 4 or perneate 3 obtained fromthe
reverse osnosi s nmenbrane separation device 51 are used as washi ng wat er

Here, m%ﬂ%l‘éﬁ%éty ‘é\lf'l?ﬁ, We%%hp%s héiid"%t 'é?mt ra%il %??cgﬁ{}taﬁ}fggjc% sgfch

4!
pr edet er m ne al's’ fromfhe out si e systemthroug

predeterm ned.pi.pe. .10 The cancentrat.e 4 or_ pernea 3. contajnin uch
cheni cal §5 Saﬂgag sc%gl%?rril%%? J\/ﬁa‘é"ﬁf’hsd\/\%‘f’ﬂ bl qaouseea%ﬁeo?oflir#%ljsjphz%tsmanbr ane
nodul es 503, .,50b and 50¢, so that each of the spiral nenbrane nodul es 50a,
50b and 50c G3™ashBANAAS 3356t 28bVR PYOT AHFE HBRHTLREISEFH AN on

system 15 200 according to the invention, the three spiral nenbrane nodul es
50a, 50bodndhsovashEngeaiHer dncEessievel yInHekde 2 GasAI ngh¢ S ysrdasTired
wi thout interruption of filtration. Mreover, all of raw water is filtrated
by t he rdver sengembsied lppnbsand] sepadasdobhaevprec Hii tagbonll &S sadft washi ng.
Hence, 20 the recovery rate is inproved. Since the concentrate 4 obtained
from t he qegvéresseavasiesi.s nmenbrane separation device 51 is used for washing,
the residual pressure which is generated in the concentrate 4 by the supply
punp 104 al wayssaetedatredeadndbvhieshihsthé ghatbtied Sepdda iR Biits tm not
hi gher than 0.3 MPa is used so that washing liquid can be 34
according to this embodiment, washing water used for various
kinds of washing is the concentrate 4 or permeate 3 obtained
10 from the reverse osmosis membrane separation device 51. That
is, in the membrane separation system 100 according to this
embodiment, the recovery rate {(the rate of the amount of
permeate 3 to the amount of raw water 1 pumped up) is improved
because all of raw water can be passed through the reverse
15 osmosis membrane separation device 51.
Moreover, because the concentrate 4 obtained from the
reverse osmosis membrane separation device 51 is used for
washing, the residual pressure which is generated in the
concentrate 4 by the supply pump 104 always actuated and which
20 is higher than 0.05 MPa but not higher than 0.3 MPa is used
so that washing water can be led into the spiral membrane module
50. Hence, it is unnecessary to provide any pump exclusively
for washing liquid supply. That is, it is unnecessary to

prepare any space for setting the pump. In addition, it

25 becomes possible to operate an efficient and economical
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led into the spiral nenbrane nodul es 50a, 50b and 50c. Hence, it is
unnecessary to provide any punp exclusively for washing liquid. That is, it
i S unnecessary to provide any space for setting the punp. In addition, it
beconmes possible to operate 5 an effi.cient and econom cal nenbrane
perneation system (Third Enbodinent) Fig. 5 is a typical configuration

di agram showi ng a nenbrane separation system according to a third

enbodi ment of the invention. 10 The nenbrane separation system 300

accordin structure different fromthat of the
Riths RO Inl Lon g

menbr ane separati cording to the second enbodlnent in the
foll ow ng poin I.n.the ran tion ste 300 acc |ng to this 15
enbodi nment , ngtet:ﬁ‘elssﬁt“gggb@ep ’t%‘gp rpétllm %Rﬁﬂ(ﬂt 38atP®0p and
50c are meshed W t h concentrate 4 stored in a reserv0|r tank 105.

Ther ef or P18 i $¢2 2204 of L 3 UHIRA el THEY PTG 4¢mARdR: reservoir tank
105 is provided in the reverse osnosis nenbrane separation device 51.

Furt her, aﬂ%&ﬁ%ﬂ#ﬁﬁmhpdkmmﬁvpplylng the concentrate 4, as washi ng water,
stored in the reservoir tank 105 into the spiral nenbrane nodul es 50a, 50b
and 56c or the Pige 47 4 2 commientledcans ithe ateiger iagtamksH@E.ndgTlke pi pe 29
is equivalent to the pipe 21 (Fig. 4) in the second enbodi nent. A supply
punp 106 memi2banps osepskach i iort hey giigue a24osdinkat ot Beswashdngmpad thens
supplied. 35 At the tinme of filtration by the nmenbrane separation system
300 shownf ntik dinwentiteh sane operation as the operation in the second
enbodi nent is carried out except the follow ng point. Incidentally,

filtration is peid afdmskde adpdha DS RiyAed BBy anedRAU £ PA%isO0b and

50c and the reverse osnbsi s
embodiment has a structure different from that of the membrane

10 separation system 100 according to the first embodiment in the
following point.

In the membrane separation system 200 according to this
embodiment, three spiral membrane modules 50a, 50b and 50c are
provided in parallel with one another. The structure of each

15 of the spiral membrane modules 50a, 50b and 50c is the same
as that of the spiral membrane module 50.

At the time of filtration by the membrane separation
system 200 according to this embodiment, valves 110a, 110b,
110c and 119 of a pipe 17, a valve 116a of a pipe 18a, a valve

20 116b of a pipe 18b, a valve 1lé6c of a pipe 18c¢c, a valve 117a
of a pipe 28a, a valve 117b of a pipe 28b and a valve 117c of
a pipe 28c are opened while valves 113a, 113b and 113c of a
pipe 2la, a valve 114a of a pipe 29a, a valve 114b of a pipe
290 and a valve 11l4c of a pipe 29c are closed. The

25 opening/closing state of the other valves and the operating

30



menbr ane separation device 51. At the tinme of filtration by the nenbrane
separation system 300, a valve 115 of the pipe 24 is closed while the
supply punp 106 provided in the punp 106 stops. 10 Filtration is perforned
by the spiral nenbrane nodul es 50a, 50b and 50c and the reverse osnosis
menbr ane separation device 51. The operation for filtration is the sane as
in the second enbodi nent. The concentrate 4 separated by the reverse
osnosi s 15 menbrane separation device 51 is stored in the reservoir tank

105 thro i | !ﬁﬁ, e 0 ntrate I d shi ng wat er
w th whic Jﬁg%ﬁg ra%ﬁqgﬁgf ceg&ﬁ%lghg%gp%ﬁgF ﬁénﬁiaxg%nn Eﬁgg 50a, 50b
and 50c a%gF) shed. Therefore, at the tinme of filtration, the concentrate 4

is alwayseE orad 20 Incidentally, at the time of filtration, the
concentrate 4 stored in . the reservoir tan 05 may . be supplied tq the pipe
17 in the condiiFTHE: Whe aEb@ %i@eo?%t%%a%i%%dzﬁl%gﬁgkkﬁﬁxiﬁbﬁ le the
supply punp 106 is actuated. Next, the operation of the nenbrane separation

syst em 257830 Al 7ehef thhfe PAPhABR, Weshiviad Vi LI 7B Bddier PBBE. 285 ak 36
menbr ane separation system 300, the spiral nenbrane nodul es 50a, 50b and
50c abe Bduk-wedsteed Isiec ods diheelpyi pien 28ige agame Lleseder as in the second

enbodi nent. The operation of each of the spiral nenbrane nodul es 50a, 5 50b
and 50c in thi &terdheditievwet oifs fileéragdenabyt bae nkmbaaheotepheagsponal

menbr ane nodul es 50a, 50b and 50c in the second enbodi nent. When the spiral
menbr ane sypidne 2503 éscihackenathatte sbervalvanddbee abduhespipg, B and t he

val ve 110a of the pipe 17 10 are closed while the valve 113a of the pipe 24
and the wWd/&0c operates in the same manner as the spiral membrane
module 50 operates at the time of filtration in the first
10 embodiment.

Raw water 1 such as river water stored in a reservoir
tank 101 through a pipe 0 is given to a supply pump 102 through
the pipe 17 and pressurized by the supply pump 102, so that
the pressurized raw water 1 is supplied to the spiral membrane

15 modules 50a, 50b and 50c.

At the time of filtration, each of the spiral membrane
modules 50a, 50b and 50c separates the rawwater 1 into filtrate
2 and concentrate 5 in the same manner as the spiral membrane
module 50 in the first embodiment. The filtrate 2 obtained

20 by the spiral membrane modules 50a, 50b and 50c is supplied
as pre-treated water to a reservoir tank 103 through the pipes
18a, 18b and 18c. On the other hand, the concentrate 5 obtained
by the spiral membrane modules 50a, 50b and 50c is returned

back to the reservoir tank 101 through the pipes 28a, 28b and

25 28c. Alternatively, the concentrate 5 may be discharged to
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114 of the pipe 29a are opened. Further, the supply punp 106 in the pipe 24
is actuated. The opening/closing condition of the other valves and the
actuating condition of the other punps are the sane as those at the tine of
filtration by the spiral 15 nenbrane -nodul es 50a, 50b and 50c.

Incidentally, in this case, the supply punp 106 pressurizes washi ng water
for back washing so that a back pressure higher than 0.05 MPa but not

hi gher than 0. 3 MPa is applied to each nenbrane surface in the spiral

menbr ane u 0 hi 1 tiQn en te. : in the
reservoirgggﬁﬁﬁfggﬁ?§%$Ehga%y%%%ﬁﬁggkﬁl e? #gﬁ%qﬁﬂg°s§$§h 12%%%?%%% nodul e
50a through the valve, 11 of the pipe, 24 by . .the supply, pu 106. . The

vmahi g OREPEFF BN Y HiTL S EBp e SRR A P L AREO A0 o T TB5F FLP Limbr ane
nmodul e 50a is the 25 sane as that in _the spiral menbrane el enment 10 in the
first 37 taBhbdtl fenfuUl FRft RAPATHES GRTRI CHRABR AR ROHAKSPSOBSARE 50c are
back-washed successively in the same manner as the spiral nenbrane nodul e
50a i s badk-SwaBh&E@mesa s AntHee ReRbrane suprativnsypsenn beccerding
concentrate 4 obtained fromthe reverse osnpbsi s nenbrane separation device
51 i s Susetoatheathi vy embedimechuse t he nenbrane separation system 300 ains
at obtaining the perneate 3. |If the nenbrane separation system 300 ai ns at
obt ai ni ng the chodérttate of, dehe el pit teat PoBd byayhbespised asmbashéng. wat er
in the condition that the valve 112 of the pipe 20k is opened so that the

perneat e dotis165 @®Y BObtd1R) HEseryDi ot 8k Apwakeel demyald ¥i1tRathe case,
the perneate 3 is supplied to the spiral nenbrane nodul es 50a, 50b and 50c

to be back-pashed, sphF SV aRerbCardé PRodh &y e, 1o1supRdh yseeinp 106. The
washi ng operation based on use of the
Next, back washing will be described. In the membrane
10 separation system 200, the spiral membrane modules 50a, 50b
and 50c are back-washed successively. That is, while the
spiral membrane module 50a is back-washed, the spiral membrane
modules 50b and 50c are continuously operated for filtration.
Similarly, while the spiral membrane module 50b is back-washed,
15 the spiral membrane modules 50a and 50c are continuously
operated for filtration. Similarly, while the spiral membrane
module 50c is back-washed, the spiral membrane modules 50a and
50b are continuously operated for filtration.
When, for example, the spiral membrane module 50a is to
20 Dbe back-washed at the time of filtration by the spiral membrane
modules 50b and 50c¢, the valve 113a of the pipe 21la and the
valve 114a of the pipe 29a are opened while the valve 110a of
the pipe 17, the valve 116a of the pipe 18a and the valve 117a

of the pipe 28a are closed. As a result, in the membrane

25 separation system 200, the spiral membrane module 50a is
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perneate 3 in the spiral nenbrane nodul es 50a, 50b and 50c is the sanme as

t he washi ng operation based on use of the concentrate 4. |If the nenbrane
separation system 300 ai ns at obtaining 20 the concentrate 4 as descri bed
above, the concentrate 9 is supplied-to the outside of the systemthrough

t he pipes 23 and 21k. At the tine of flushing washing, the valve 115 of the
pi pe 24 is opened, the valve 119 of the pipe 17 is closed, and 25 the
supply punp 106 of the pipe 24 is actuated. The operating 38 condi tion of

t he ot hern..val.) S d: : a poe.af fil.tration by the
spiral néﬁ%?%ﬁgﬁﬁ%%ﬁW@éngé?ﬁg%%%éﬁﬁngﬁcieﬁﬁo%ﬂﬁgh?ﬁgt&ﬁsﬁkﬁéﬁgthe t hree
spi ral nmenbrane nodul es 5.can b shed .i.ndi vi dual | y when any .of the valves
THon 110ERkrPE BEth Senaitiie R O, et R St ROsr t PR i 1 o
menbr ane nodul es 50a, 50b and 50c_are washed sjnul taneously. Fl ushing

washi ng iSPRATAE IERHERVHERt T s HPFP? BACS FRMT R hAETIT 31eeNe@R A8 Whbodi ment
in the nmethod of supplying washing 10 water. The concentrate 4 obtai ned
from t he sl &X0se C@é’n%@i bagknpyprghedstpafhei srnelddee512g sha grddaln t he
reservoir tank 105 and then supplied as flushing washing water 7 to the

pi pe 37 memhmrsuppldplipup®al06 of the pipe 24 at the tinme of flushing

washi ng. The flushing washing water 7 supplied thus is led 15 into each of
t he spiral menbexts findsihasy Baahibgbwiaich S6@rytHerephyppby lpughib@? in the
pi pe 17. The flushing washing operation is the sane as the flushi ng washi ng
oper at i omeathddh&igpi pal deeabivee. ellemeit RénbRahdesdpdsd t B edigmRim .

Finally, chem cal washing in the nenbrane separation 20 system 300
accordi ngdm tiHes spihadi Mo ranle MBRudesCsioReds50b and 50c are
flushing-washed simultaneously. That is, filtration by the
10 spiral membrane modules 50a, 50b and 50c and the reverse osmosis
membrane separation device 51 is continued during flushing
washing.
At the time of flushing washing, the operating condition
of the valves and supply pumps is the same as at the time of
15 filtration by the spiral membrane modules 50a, 50b and 50c
except that the valve 119 of the pipe 17, the valve 116a of
the pipe 18a, the valve 116b of the pipe 18b and the valve ll6c
of the pipe 18c are closed.
Finally, chemical washing in the membrane separation
20 system 200 according to this embodiment will be described.
Chemical washing of the membrane separation system 200
is performed in the same operating manner as the back washing
except the following point.

In the membrane separation system 200, each of the spiral

25 membrane modules 50a, 50b and 50c is chemically washed in the
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At the tinme of chem cal washing in the nenbrane separation system 300, the
sane chem cal washing operation as in the second enbodi nent is perforned
except that the concentrate 4 stored in the reservoir tank 105 is used as
25 washing water. 39 As described above, in the nenbrane separation
system 300 according to this enbodi nent, the three spiral nenbrane nodul es
50a, 50b and 50c are washed successively. Hence, washing is perforned

Wi thout interruption of filtration. In 5 addition, all of raw water is

filtrateds etxﬁ%ﬁ@f’%fss%tO%H%SﬁmQE&fPV&%?&PPR?éérﬁfhogd%‘f ¢GeSlpf ggardl ess
of the washing, so that the recovery rate i1s I nproved. The reRbr ane
separationlﬁgsten1%§91 C to_the third enbodi.nent h rality of

di_n s_a u
spiral nme raﬁ%“%ﬁ%neﬁﬁiﬁﬂtwf}ehfbmFW§I§8Fe€F€8r§ ﬁpglsﬁéﬁﬁpaﬁgbef%nent is
washed, the other_spjral mnenbrane el.ements can_be aperated for filtration.
ence. 1110 diironr SBHORSTRERT of [HAF eanf)SFGEaA HRRbY e, PEBEPRERS: he
perneate can be always produced. Fig. 6 is a sectional view of a separation
nmenbr ane ih W (958 PrraeIndAbtaddat e maRhing eACedoRhatncegicalst he
separation nmenbrane 42 of the spiral nenbrane el enent 10 has a porous

rei nf &r ciaddeteed {hporeerceeetert @l agrmeate ahdkt parekalan nBrbr ane
body 42b having a substantially separating function and integrally 20

adheri ng teverseardstesbd ndred pore usepa alf ot i dey sdedil 42e ddwd ey neabl e
menbr ane body 42b is nade of one nenber selected fromthe group consisting
of . pol ywiawh igleneafdrior iHde o, PUBEhingonatkirndoaf chehysdlf vashbagedsresin; a
m xture of two or nore kinds of polysul fone-based resin; and a copol yner or
25 i xt urgredu@ed Ysus heney RESEHe d €sé el @ healiyy@ls SH6M td% outside
of the system through a predetermined pipe.
10 The concentrate 4 or permeate 3 containing such chemicals
is led as chemical washing water into each of the spiral
membrane modules 50a, 50b and 50¢, so that each of the spiral
membrane modules 50a, 50b and 50c is washed.
As described above, in the membrane separation system
15 200 according to the invention, the three spiral membrane
modules 50a, 50b and 50c are washed successively. Hence,
washing is performed without interruption of filtration.
Moreover, all of raw water is filtrated by the reverse osmosis
membrane separation device 51 regardless of washing. Hence,
20 the recovery rate is improved.
Since the concentrate 4 obtained from the reverse osmosis
membrane separation device 51 is used for washing, the residual
pressure which is generated in the concentrate 4 by the supply

pump 104 always actuated and which is higher than 0.05 MPa but

25 not higher than 0.3 MPa is used so that washing liquid can be
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40 pol yi mi de or fluorine-containing polyimde resin. The porous
reinforcing sheet 42a is made of a sheet of woven fabric, a sheet of
unwoven fabric, a nesh net, a foamed sintered sheet or the |like, using
pol yester, polypropyl ene, 5 polyethyl-ene, polyam de or the like as a raw
material. Particularly, a sheet of unwoven fabric is preferably used in
ternms of filmformability and cost. The porous reinforcing sheet 42a and
the permeabl e nmenbrane body 42b are bonded to each other in an anchoring

0 4 i,ch h
Filled wit !Y%'&SO FRR ke AR RS uher P b PR et e

menbr ane body 4 The back pressure strength of the %ratlo menbrane 42
backed with %%BDBSFSGEE‘F& ’fﬁ’ HEMG SRBELP %’%C%%ﬁaé’ ?5 WS LRAI ue
hi gher than 0,2 MPa, that is, a value ranging fromabout 0.4 MPa to about

0.5 MPa. 1¥&tent ANaE 1§, mefhbd YRReCRITH NG BEOYACe prEsspreesieengt h

W Il be described later. In order to obtain a back pressure strength of not
| oner thatettngpie punge oM addhbépnofl ubhRevRASTRITS P ks toherporbas 20
reinforcing sheet 42a, it is preferable that the sheet of unwoven fabric
has a5t hiakressi ofent wmmqw@nimlmmeamr@ajmmqawforo.ss/sg/emm to 0.8
g/cnB. If the thickness is smaller than 0.08 mmor the density is |ower
than 0.5 g/Tinf;d tBwbsiiffdrdi)ent strength of the reinforcing sheet cannot be
obtained 25 so that it is difficult to keep the back pressure strength of

41  the separ atigpn Frenprangpizaat @mlgmanlomptdl%@ahﬁrshfoM&gO a2 MPa. On
the other hand, if the thickness is larger than 0.15

membrane separation system according to a third embodiment of

the invention.

10 The membrane separation system 300 according to this
embodiment has a structure different from that of the membrane
separation system 200 according to the second embodiment in
the following point.

In the membrane separation system 300 according to this

15 embodiment, membrane surfaces in the spiral membrane modules
50a, 50b and 50c are washed with concentrate 4 stored in a
reservoir tank 105. Therefore, a pipe 23 for supplying the
concentrate 4 to the reservoir tank 105 is provided in the
reverse osmosis membrane separation device 51. Further, a

20 pipe 24 for supplying the concentrate 4, as washing water,
stored in the reservoir tank 105 into the spiral membrane
modules 50a, 50b and 50c or the pipe 17 is connected to the
reservoir tank 105. The pipe 24 is equivalent to the pipe 21

(Fig. 4) in the second embodiment. A supply pump 106 is

25 provided in the pipe 24 so that the washing water is supplied.
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mm or the density is higher than O . 8 g/cnB, peeling occurs easily in the
i nterface between the perneabl e nenbrane body 42b and 5 the unwoven fabric
because the filtration resistance of the porous reinforcing sheet 42a
beconmes high or the anchoring effect -into the unwoven fabric (porous
reinforcing sheet 42a) becones |ow. Next, a nethod of producing the
separation nenbrane 42 10 will be described. First, a solvent, a

non-sol vent and a swelling agent are added into a polysulfone based resin

and heat ed and i 230l gl B! ¢ 1R2LYT S %@etﬁ%s% 230 LApLhgkaBy prepare

a honogeneous In}fornlng solution. Here e po ase resinis
ol coul ars e O SR abrEidn faat b e ?%?%%@’é?ﬁg( SS?%@% e Bl a o1
A omat | o T IohEy SFF R0y CHPTSHAERG 1 ISR Gr BURCRE Sbi ’5%1 : B gan ¢
group contai ni ng_such hydrocarbon groups bonded by a bjval ent organic bond
group. 5 P¥ié¥ter abngideRepélys GééHrBEéOBf150P9§§P¥Eﬁ€ B¥sedlrERens
represented by the follomnng structural formulae C2 to G4. (CG2) io CH3
(G 3)515 pinal pembpape modulesi30a, 59b qnd 2§c@nd the reverse osmosis
membrane separation device 51.
At the time of filtration by the membrane separation
system 300, avalve 115 of the pipe 24 is closed while the supply
pump 106 provided in the pump 106 stops.
10 Filtration is performed by the spiral membrane modules
50a, 50b and 50c and the reverse osmosis membrane separation
device 51. The operation for filtration is the same as in the
second embodiment.
The concentrate 4 separated by the reverse osmosis
15 membrane separation device 51 is stored in the reservoir tank
105 through the pipe 23. The stored concentrate 4 is used as
washing water with which the membrane surfaces in the spiral
membrane modules 50a, 50b and 50c are washed. Therefore, at
the time of filtration, the concentrate 4 is always stored.
20 Incidentally, at the time of filtration, the concentrate 4
stored in the reservoir tank 105 may be supplied to the pipe
17 in the condition that the valve 115 of the pipe 24 is opened
while the supply pump 106 is actuated.

Next, the operation of the membrane separation system

25 300 at the time of back washing will be described. In the

36



2511 -\ '/ 1i \/ 0 43 Exanpl es of the material preferably used as the
sol vent for polysul fone are N-nethyl-2-pyrolidone, dinethylformam de,

di met hyl acetoam de, dinethyl sulfoxide, etc. Exanples of the materi al
preferably used as the non-solvent are: aliphatic 5 polyval ent al cohol such
as ethyl ene glycol, diethylene glycol, propylene glycol, polyethylene
glycol, and glycerol; lower aliphatic alcohol such as nethanol, ethanol,
and i sopropyl alcohol; and | ower aliphatic ketone such as nethyl ethyl

ketone. 10 The non-sol vent cont ent t he,. m xture.sol vent _cont ing the
sol vent AR D LT et DT 0% Char Py ERinPelaEFPe RESbhtar ned
m xture solvent i s honogeneous. Generally, the non-solvent content is

sel ect ed YR beOprengd ?Qﬁ@ereo]?a‘fﬂﬁo‘?ﬁ@’%d 59%@?5%6@5 Bpthe rmsangpeer
preferably in a range 15 of from20 % by weight to 45 o by wei ght. Exanpl es
of the sv$|imgthgjeshcer@enerdigear] erating or controlling the formation of
a porous structure are: netal salt such as lithiumchloride, sodium
chloride, and IThehpperaitipate eachatfetheoipillad heghr ant ecdudre scbdgpound or
its netal salt such 20 as pol yethyl ene glycol, polyvinyl alcohol, polyvinyl
pyr ol bdongQb ardi polcy aar yhas eemlsodlifearindm dee Jiee saeltdhatg ofgeathcent ent of
the m xture solvent is not particularly limted if the filmformng

sol ution tise hesDgeNagssr &senanddd as t9tR,SVBIY idi amntircaHeedonsel ect ed
to be in a 25 range of from1l o by weight to 50 o by weight. 94
embodiment.
When the spiral membrane module 50a is back-washed, the
valve 116a of the pipe 18a and the valve 110a of the pipe 17

10 are closed while the valve 113a 9of the pipe 24 and the valve
114 of the pipe 2%9a are opened. Further, the supply pump 106
in the pipe 24 is actuated. The opening/closing condition of
the other valves and the actuating condition of the other pumps
are the same as those at the time of filtration by the spiral

15 membrane modules 50a, 50b and 50c. Incidentally, in this case,
the supply pump 106 pressurizes washing water for back washing
so that a back pressure higher than 0.05 MPa but not higher
than 0.3 MPa is applied to each membrane surface in the spiral
membrane module 50a.

20 In this condition, the concentrate 4 stored in the
reservoir tank 105 is led as washing water into the spiral
membrane module 50a through the valve 113a of the pipe 24 by
the supply pump 106. The washing operation in the spiral

membrane element 10 of the spiral membrane module 50a is the

25 same as that in the spiral membrane element 10 in the first
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General ly, the concentration of polysulfone in the filmformng solution is
preferably selected to be in a range of from 10 o by weight to 30 % by
weight. If the concentration of polysulfone is higher than 30 % by wei ght,
the water 5 perneability of the obtai-ned porous separation nenbrane is of
no practical use. If the concentration of polysulfone is |ower than 10 % by
wei ght, the nechanical strength of the obtained porous separation nenbrane
is so poor that a sufficient back pressure strength cannot be obtained. 10
Then, a1gﬁ¥8dfhéﬁUnEd fromthe filmform ng solution on an unwoven fabric
support. at is, a continuous filmformng apparatus is used so that the
filmformng sq ution is.appli.ed.on a.surface of a ort eet _of unwoven
g %l PR §®%p eg@

fabric or the I5¥&EARK &hEPAIFl0fETORERE WG SorPs G0CesYFVEFS. 15 As

an application nmethod, the filmfarmng solution is applied on the unwoven
fabric sHAFOTIVARPETS & USICSS YaiF ‘o atertiSuSREs TR IS & Sc ddtcesPdFad rol |
coater. \Wen, for exanple, a roll coater is used, the separation nmenbrane
42 can baemRE FPIHY e IFh&drdkswashidde the filmfornming solution is
stored 20 between two rolls, the filmformng solution is applied on the
unwoveén fabri c Isuppermnembhdanatsadrr abmmm tsystent BE0i nshdecaicdrisrarewmoven
fabric is sufficiently inpregnated with the filmform ng solution. Then,

t he unwovenbtabned Stppohe desvgrassedmbhieugntar drosvskepairditti pnatewispher e so
that a small amount 25 of water in the atnosphere is absorbed to a surface

of a liquwdi4buseld lam apphiag watéhebvoseyenthabiémbioné heswinaciasse
m cr ophase separation in the surface layer of the liquid film Then, the

unwoven fakytidm SVPPaihsi St ioWRII$AGd Aha dﬁ@fﬁé’é{fé’!ﬁg Wat ehe itdikbSeh d hat the
whole liquid filmis phase-separated and solidified.
separation system 300 aims at obtaining the concentrate 4, the
10 permeate 3 may be used as washing water in the condition that
the valve 112 of the pipe 20k is opened so that the permeate
3 is stored in the reservoir tank 105. Incidentally, in the
case, the permeate 3 is supplied to the spiral membrane modules
50a, 50b and 50c¢ to be back-washed, through the pipe 24 by the
15 supply pump 106. The washing operation based on use of the
permeate 3 in the spiral membrane modules 50a, 50b and 50c is
the same as the washing operation based on use of the
concentrate 4.
If the membrane separation system 300 aims at obtaining
20 the concentrate 4 as described above, the concentrate 4 is
supplied to the outside of the system through the pipes 23 and
21k.
At the time of flushing washing, the wvalve 115 of the

pipe 24 is opened, the valve 119 of the pipe 17 is closed, and

25 the supply pump 106 of the pipe 24 is actuated. The operating
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5 Then, the solvent is washed away in a water washing tank. In this manner,
the separation nenbrane 42 is fornmed. Wen the separati on nenbrane 42
formed as described above is used in each spiral nmenbrane elenent 10 in the
menbrane separation systenms 100, 200-and 300 according to the first, 10
second and third enbodi nents, the back pressure strength of the separation
menbrane 42 is so high that the separati on nenbrane 42 can be prevented
from bei ng broken even in the case where the spiral nenbrane elenent 10 is

(Bxampl o LG SRR SRR ihbos b CeliPs Pardy s 2o hctbran

(Exanpl e e rane sgpa n-system ccording to

the first_enbodi shown.in Fig. 1 s used to b ubj ecte 0 a

conti nuou%l%toglr E%gﬁléa PR Rt Fgﬁ %%Js{a\.‘l\fiﬁ“ﬁ @@p@‘&&ﬂ?@ﬁt G gp%t #dspiral
menbrane el enent provided in each of the spiral nenbrane nodule and the
reverse o¥ifosis nenbrane separation device used in Exanple 1 was shown in
Table 1 as follows. 46 Tabl e 1 Reverse Osnosi sTarget Devi ceRaw

Wat er Menbr ane JepdratsihdmSepashingn the three spiral membrane modules

Devi ceDevi ceShapeSpi ral Spi ral Pol yvi nyl i dene Fully

ar omabi cMarerheamelshed dedivsdhphkgdpodyan el dimet srlvE601lrAd; abkder : 200
mSi zeLengt h: 1016 mrLength: 1016 mmivenbrane Area ~30 nR28 nR2 The

cont i nuousndvatlere- passhé iditpreal 7 ois tcdstsesas pesime nesl ithathe hkosh oang
condition and procedure for the purpose of neasuring the recovery rate of

per meat e derfflr drfvnitRhiAlesl 50aTheob Hoddd areavabhedt siRuDEahédbsay] on was
as shown in Table 2 as follows. Perneation speed of spiral nenbrane

el ement 2 nB/ nP/wiaydacly WasHiRg LRt enval 2RnBhaMEREBaskaVRsE] BEt t £ AERO
secondsCont i nuous operating tinel80 daysFl ushing washing ti me30 seconds At
the time @Ha@@ﬁhﬂ%@§@&8§deh%%dqﬁgﬁ%nﬁ{@B@ﬁ%ﬁﬁ%ﬁmxfsupplyingwashing
10 water. The concentrate 4 obtained from the reverse osmosis
membrane separation device 51 is stored in the reservoir tank
105 and then supplied as flushing washing water 7 to the pipe
17 by the supply pump 106 of the pipe 24 at the time of flushing
washing. The flushing washing water 7 supplied thus is led
15 into each of the spiral membrane modules 50a, 50b and 50c by
the supply pump 102 in the pipe 17. The flushing washing
operation is the same as the flushing washing operation of the
spiral membrane element 10 in the first embodiment.
Finally, chemical washing in the membrane separation
20 system 300 according to this embodiment will be described.
At the time of chemical washing in the membrane
separation system 300, the same chemical washing operation as
in the second embodiment is performed except that the

concentrate 4 stored in the reservoir tank 105 is used as

25 washing water.

39



supplied to each nenbrane surface in the spiral nenbrane 10 el enent 10 at a
flowrate of 60 L/mn. At the tinme of flushing washing, the raw water 1 was
supplied to each nmenbrane surface in the spiral nenbrane el enent 10 at a
flowrate of 90 L/mn. As a result of- the continuous water-pass filtration
test based on the aforenmentioned condition, the recovery rate of 15
pernmeate 3 to raw water 1 was 60 % (Exanple 2) 47 In Exanple 2, the
menbrane separation system 200 according to the second enbodi nent shown in

Fig. 4 was use%st %e%%rsi%%jdegbggetoi Eﬂgtﬁ‘%ﬁ%ﬁ?g\ﬁ%%ﬁ%ﬁ?%” rtae;rli}]on t est.

The specification of the spiral fenbrané e %ach of the

spiral ane nmodul es and.the reverse osposi s, nenbrane separati on device
used in%céjof(ﬁ&g t%f?etgéﬁee Ogﬁgﬁﬁt?nggﬁbf}%rﬂei‘ﬁpﬁ% QB Al o
continuous water-pass filtration test was perforned in _the follow ng

condi t i ofRQsht &5t o{O@duﬁ@bf GG RO @S0 d& sbre ) G UrEESSAivied -hellpBedrery rate
of perneate 3 to raw water 1. The condition at the tinme of filtration was
t he sane wesisingvisi ReTapreed witlExahpirs errunt iLrawgl é12Lrhbhener It he
plurality of spiral nmenbrane nodul es provided in the nenbrane separation
syst en 2GQldigriomashéd Suceesaterlis f13tAatehebyitie vbvbask vasddisy, the
concentrate 4 was supplied to each nenbrane surface in the spiral nenbrane
el ement Menddrand lsawarattd oof de@ikensn. rAyattieesbnef ofhé | wisdt hvgg wasshi ng, the
raw water 1 was supplied to each nenbrane surface in the spiral nenbrane

el ement ¥hat thd lrawdwalg afatR0 ild Minprod@dAs a result of the continuous
wat er-pass filtration test based on the aforenentioned condition, the
recovery rate afhdREmBAde 3eh8rh@Woned Bt ch ¥88 Q0¥ ding to the third
embodiment has a plurality of spiral membrane elements. While
10 the selected spiral membrane element is washed, the other
spiral membrane elements can be operated for filtration.
Hence, filtration can be performed stably for a long time, so
that the permeate can be always produced.
Fig. 6 is a sectional view of a separation membrane in
15 the spiral membrane element 10.
As shown in Fig. 6, the separation membrane 42 of the
spiral membrane element 10 has a porous reinforcing sheet
(porous sheet material) 42a, and a permeable membrane body 42b
having a substantially separating function and integrally
20 adhering to a surface of the porous reinforcing sheet 42a.
The permeable membrane body 42b is made of one member
selected from the group consisting of: polyvinylidene fluoride
(PVDF) ; one kind of polysulfone-based resin; a mixture of two

or more kinds of polysulfone-based resin; and a copolymer or

25 mixture of polysulfone-based resin and a polymer such as
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(Exampl e 3) In Exanple 3, the nenbrane separation system 300 25 according
to the third enbodi nent shown in Fig. 5 was used to 48 be subjected to a
continuous water-pass filtration test. The specification of the spiral
menbrane el enment provided in each of -the spiral menbrane nodul es and the
reverse osnosi s nenbrane separation device used in Exanple 3 was the sane
as shown in 5 Table 1 in Exanple 1. The continuous water-pass filtration
test was perforned in the follow ng condition and procedure for the purpose

of neasurjn .H Legove FALE pg{g?gée %oin I 1 . The condition
at the tih%ggﬁ EPthatl%%omasgtﬁénsane a8 8 ¢ Ph|§¥&%@%§%le 2 in Exanple 1.
In Exanple 3, h ver, the pluralit o& spiral menbrane dul es pravided in
t he menbrane seﬁﬁ?aﬁ??ﬁP%ﬂ%ﬁ' C§6ﬁJ&kF eﬁ&sﬂga %ﬁé@@@%i F??hﬁﬁttﬂg time of
back washi ng, the concentéate 4 _was géggli d to each nenbrane surface in
the spir aFoRehbt &kl 45 S FEREMRt O 1O FY ITGRT& e 20780 19 R TARMEHe tine
of flushing washing, the raw water 1 was supplied to each nenbrane surface
in the sppiatereabranet dendmt lidkeat vgindowolyester, 9polynrapyAsna, r esul t
of the continuous water-pass filtration test based on the aforenentioned
condi t3 onpot ethetener ypo ayamidfie 20r peheehi ke 3a$ oa rmaw waseerlalvas 60 0.
(Comparative Exanple 1) In Conparative Exanple 1 for conparison with
Exanpl e lpaatirenhrabe, sepheeati of wysiwsn Sabwic hshbge fdrawby used ta be
subjected to a continuous water-pass filtration test. 25 Fig. 7 is a
typi cal ceatihgupat f@Indf aghasi Show agatbes¥9
The porous reinforcing sheet 42a and the permeable
membrane body 42b are bonded to each other in an anchoring state
10 in which each of pores in the porous reinforcing sheet 42a is
filled with a part of the resin component constituting the
permeable membrane body 42b.
The back pressure strength of the separation membrane
42 backed with the porous reinforcing sheet 42a is improved
15 to a value higher than 0.2 MPa, that is, a value ranging from
about 0.4 MPa to about 0.5 MPa. Incidentally, a method for
defining the back pressure strength will be described later.
In order to obtain a back pressure strength of not lower
than 0.2 MPa in use of a sheet of unwoven fabric as the porous
20 reinforcing sheet 42a, it is preferable that the sheet of
unwoven fabric has a thickness of 0.08 mm to 0.15 mm and a
density of 0.5 g/cm’ to 0.8 g/cm’. If the thickness is smaller
than 0.08 mm or the density is lower than 0.5 g/cm’, the

sufficient strengthof the reinforcing sheet cannot be obtained

25 so that it is difficult to keep the back pressure strength of
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menbrane separation systemused in Conparative Exanple 1. The nenbrane
separation system 500 shown in Fig. 7 has a structure different fromthat
of the menbrane separation system 100 shown in Fig. 1 in the follow ng
point. 5 In the nenbrane separation system 500, each nenbrane surface in
the spiral menbrane nodule 50 is washed with pre-treated water 2 filtrated
by the spiral nenbrane nodule 50. Therefore, a pipe 19 for supplying the
pre-treated water 2 to the reverse osnosi s nmenbr ane separation devi ce 51
and a 10 e 25h _for_su Pre. treate ter a
rerbr ane THGFE228 tare HaRaY at8 47 oo i P 1 Shedrrt, bk 164

Furt her, a sup unp 107 .is prQV| ed in the pipe 25b. Further pi pe 20
for suppffitng Bﬁet Bt Nends fhet %ttg}]tﬁmtﬁspst He i9§9@ﬁ1 Ehan - dibe 26 for

di scharging the concentrate 15 4 to the outside of the systemor to a
reservoi At @REDEOIeRT A6 IE e, Bhehd Bcyiie RRYOLEIS OFERBERRS idapar at i on
device 51 . At the tine of filtration by the nenbrane separation system 500
shown i niF ghe7insevihoe baBvetntite pigrme2dy ¢ seobosoe hadytheb suphbly punp
107 provided in the pipe 25b stops. 20 Raw water 1 is separated into
conceht r afhe Dnand epr €abraeat bdcaatser tRebyilheaspon ate sesbaane abdilee 50. The
pre-treated water 2 is stored in the reservoir tank 103. Then, the

pre-treatedou eleid folreried isheldte 42es ekevomest ankhlo? ithel edchatr-anghe
reverse osnosi s nenbrane separation device 51 25 through the pipe 19 by the

supply pwirckd4intherd emivoR@inedabPic Vd@iud rlee@d Fotc@nlynShe Y 4 £ OSNDSI S
menbr ane separation device 51 is separated into perneate 3 and concentrate

4. Here, dhemRarnepte 3 is supplied to the outside of the systemthrough
t he pi pe 20 whereas the concentrate 4 is discharged to the

Next, a method of producing the separation membrane 42
10 will be described. First, a solvent, a non-solvent and a
swelling agent are added into a polysulfone-based resin and
heated and dissolved in the polysulfone-based resin to thereby
prepare a homogeneous film-forming solution. Here, the
polysulfone-based resin is not particularly limited if it has
15 at least one (-SO,~) portion in a molecular structure as
represented by the following structural formula C-1.

(C-1)

20 — H —
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5 outside of the systemthrough the pipe 26. Wen the spiral nmenbrane

el enment 10 in the spiral nenbrane nodule 50 is back washed, the valve 113
of the pipe 25b and the valve |14 of the pipe 21b are opened while the

val ve 116 of the pipe 18 and the valve 110 of the pipe .17 are closed. 10
Further, the supply punp 107 in the pipe 25b is actuated and the supply
punp 102 in the pipe 17 is stopped. The opening/cl osing condition of the

ot her valves and the actuating condition of the other punps are the sane as
at the tine of filtration by the spiral nenbrane el enent 10. 15

I ncidental ly, iinthe sbhsectwashifogmudiee-1 orR Back baasiond psoprbisuri zed by
the supply punp 107. Hence, a back pressure higher than 0.05 MPa but not

hi gher t hahi Oy3l MPari 51 appd t &d hiydreaarboendr ame osus frdom liemtt begspical
menbrane el enment 10 as a subject of washing. 20 In this condition, the
pre-tr eat@tbw@icemn t2 istioreguth Hherdesarigr ociarkbdfdeli oy @db asateshi ng
water into the spiral nenbrane elenent 10 of the spiral nenbrane nodul e 50

through thegydd ¥ eddd ggo%.e pi pe 25b by the supply punp 107, so that back
washing is perforned. 25 en flushing washing is performed, the raw water

151 5 st Ore?hiaé%e{%{%a{kﬁ%ﬁ&,avﬁi]éré K Y IchdI$Ad @5 Jdistyg ashy ng wat er

7. That is, shing water 7 stored’inthe reservoir tank 101

is led i i r X ﬁBB!% in the

pi pe 17, rgsegsiﬂgtls%%%el%@m@ﬂ&nﬂg) |l§lo|§£lrr%r§rr§§'.‘é n rr%oar a%#as(% anple 1,
t he nenbrfne ggpggation system 500 shown in Fig. 7 was used to be subjected
to a contf ntdU ter-pass filtration test. The specification of the spiral

menbr ane equEQE)provided in each of the spiral nenbrane nodul e

10 CH, - ®
-oX ) eX )oK
L g
(C-3)
15

Oz@@/@o

@
20
(C-4)
O
OO
— O S O
25 I
O
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10 and the reverse osnosis nenbrane. separation device used in Conparative
Exanple 1 was the sanme as shown in Table 1 in Exanple 1. The conti nuous

wat er-pass filtration test was perforned in the follow ng condition and
procedure for the purpose of 15 neasuring the recovery rate of perneate 3
to raw water 1 . The condition at the tine of filtration was the sanme as
shown in Table 2 in Exanple 1. At the tine of back washing, the concentrate
4 was supplied to each nmenbrane surface in the spiral nmenbrane 20 el enent

&gt or 1 &LSWSL%%% Bt oofadie mefhseind ﬁ%?s%ébﬁkﬁf%‘{%ﬁ?ﬁ“‘s?@%eﬁrﬁ A
0L

vt or -pas# ppfya ?fﬂﬁé“@%@%g%h%ﬂ‘?w%%%bﬁe ﬁrréa"q?r{aéﬁ“%t‘fﬁe

recovery rate of 25 perneate 3 to_raw water was 54 % (Comparative

Exanpl e SNt ioohparae ppedex siped hy f%ﬁ‘lf:‘%?ﬁ%?n §66 - va’F\aIERJa%bPésthe and 3, a
menbr ane separation systen1shown in Fig. 8 was used to be subjected to a

cont i nuouta gt ierl grahlvatised tasstthes nping sod viesita argpi edlipberfiicgur at i on
di agram showi ng t he nmenbrane separation systemused in Conparative Exanple
2. The madbnarel eggpat avhoh ssydt @mneddy lehevnl yeo Fi gie8hdsna gltyart,ur e

different fromthat of the nenbrane separation system 200 shown in Fig. 4

in the fgdowlghgaintcoll,0 dol vidteh wirmer arlgycogpaald gn yegsboem 40Wereach
menbrane surface in the spiral nenbrane nodul es 50a, 50b and 50c i s washed

wi th pre-dirieatad gvateiond If isudhated rdyt Hah® 15 Plefdland@ b hage ikedubey150a, 50b
and 50c. Therefore, a pipe 19 for supplying the pre-treated water 2 to the
reverse Q3MHSL; and lower aliphatic ketone such as methyl ethyl
ketone.
10 The non-solvent content of the mixture solvent
containing the solvent and the non-solvent is not particularly
limited if the obtained mixture solvent is homogeneous.
Generally, the non-solvent content is selected to be in a range
of from 5 % by weight to 50 % by weight, preferably in a range
15 of from 20 % by weight to 45 % by weight.
Examples of the swelling agent used for accelerating or
controlling the formation of a porous structure are: metal salt
such as lithiumchloride, sodiumchloride, and lithiumnitrate;
a water-soluble high-molecular compound or its metal salt such
20 as polyethylene glycol, polyvinyl alcohol, polyvinyl
pyrolidone, and polyacrylate; and formamide. The swelling
agent content of the mixture solvent is not particularly
limited if the film-forming solution is homogeneous.

Generally, the swelling agent content is selected to be in a

25 range of from 1 % by weight to 50 % by weight.
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15 nmenbrane separation device 51 and a pipe 25a for supplying the
pre-treated water 2 to the spiral nenbrane nodul es 50a, 50b and 50c are
separately provided in a reservoir tank 103. Further, a supply punp 107 is
provided in the pipe 25a. Further, a-pipe 20 for supplying the perneate 3
to the outside of the 20 system and a pipe 26 for discharging the
concentrate 4 to the outside of the systemor to a reservoir tank 101 are
provided in the reverse osnpbsis nmenbrane separation device 51. At the tine

of filtration qgnbr e rati i.n. Bhg. 8, valves
113a, 113b andq%ﬁggﬁ% VhéigéC%?%%n%%gﬁgf%ygﬁﬁg%g%%ﬁgq%w% é&b&#& punmp | 07
provided in the 53 pipe.25a stops..Raw water 1 is separated into

concent raﬁllgi%_ " pte Stoﬁé%%& wat efze#]tﬁhéeéﬁﬁt&fi ﬁ%ﬁ%? aie@nbW¥®es 50a,
50b and 50¢. The pre-treated water 2 is stored in the reservoir tank 5 103.
Then, théJ% &ty %gt%éyv%?%ghtzté’t oPeti Pivnwe heht esdrfv6hf tamkendratsoted into
the reverse osnbsi s nenbrane separation device 51 through the pipe 19 by

t he supplSE pray SO orh el e ahegattdrmiet®erd Py eglightto tihe matarse osnosi s

menbrane separation device 51 is separated into perneate 3 and 10

conceht r atermeabiHertey offheheettesditre B pogosapptpams t ton heerdutasiedésodf t he
system t hrough the pipe 20 whereas the concentrate 4 is discharged to the
out si de afo phecsysteémdenr olighltheopcprt26tibn ofheo hpsbl Aore Sepbdwwét on
system 900, the spiral 15 nenbrane nodul es 50a, 50b and 50c are back-washed

successi an i1 gtheysasEgiBNNeie afe dHanDaIplse rangWhes £t bee seh £ &l negnbr ane
el ement 10 in the spiral nenbrane nodul e 50a is back washed, the valve 113a
of the pina-Aba aphddiaomaherpiifsa of idedihendaacerepenedr\ide the
pressure strength cannot be obtained.
10 Then, a film is formed from the film~-forming solution
on an unwoven fabric support. That is, a continuous film-
forming apparatus is used so that the film-forming solution
is applied on a surface of a support sheet of unwoven fabric
or the like while the support sheet is fed out successively.
15 As an application method, the film-forming solution is applied
on the unwoven fabric support by use of a gap coater such as
a knife coater or a roll coater. When, for example, a roll
coater is used, the separation membrane 42 can be formed as
follows. That is, while the film~forming solution is stored
20 Dbetween two rolls, the film-forming solution is applied on the
unwoven fabric support and, at the same time, the inside of
the unwoven fabric is sufficiently impregnated with the
film-forming solution. Then, the unwoven fabric support is

passed through a low humidity atmosphere so that a small amount

25 of water in the atmosphere is absorbed to a surface of a liquid

45



20 val ve 116a of the pipe 18a and the valve 110a of the pipe 17 are cl osed.
Further, the supply punp 107 in the pipe 25a is actuated. The
openi ng/ cl osi ng condition of the other valves and the actuating condition
of the other punps are the same as at 25 the tine of filtration by the

spi ral menbrane nodul es 50a, 50b 54 and 50c. Incidentally, in the case,
washi ng water for back washing is pressurized by the supply punp 107.
Hence, a back pressure higher than 0.05 MPa but not higher than 0.3 MPa is

appl i ed t 1?@%§P'I§€Hr@x‘l‘%h%“ﬁ£@8€ehrfatb@% {?brta}le){@ﬁgp § e S) AR ha15 d0 as a

subj ect In this condition e pre ate mater stored in
t he reserv0|r nk 3.1ls Ie hin i nt e nbr ane
el enent 150ep%rat e s%gr%ﬁhe e cr?ex\%g%logf g% ‘F%l‘grfﬁqﬁ" ﬁ'éea of the

pi pe 25a t he 107 so that ,10 bac erforned

L thor - B SHPAGEALRRRE S 5 SRR et Grnis MO HEEBEIE I ¢ he
spiral nenbrane nodul es 50b and 50c . is perfornmed in the sane manner as back
washi ng of° that dheruhoherbiing ol b APhes s epee admdr and FedbrdAd efedul e

50a. When flushing washing is perforned, the raw water 1 15 stored in the
r eser $oi rThegnk tbelspévaeédlegvaramuawgy\/mm wp et eespingntéhkshiig
washi ng, the three spiral nenbrane el enents can be washed individually in
t he conditthion marateranythef sdpanadlives mei@aan®l @2 dsd £oiBedi.n t he -pipe 17 is
cl osed. Assune 20 now that the spiral nenbrane nodul es 50a, 50b and 50c are
washed si nul t andrust ye sEpa ragwonaienbdarsd 02 ddrinted he deeseriveidrabank 101 is
| ed as flushing washing water 7 into the spiral nenbrane nodul es 50a, 50b
and 50c hys tdesupplaadiinp ik iMerdienR R ekéntsQ ot Rt the membrane
separation systems 100, 200 and 300 according to the first,
10 second and third embodiments, the back pressure strength of
the separation membrane 42 is so high that the separation
membrane 42 can be prevented from being broken even in the case
where the spiral membrane element 10 is back-washed under a
back pressure of 0.05 MPa to 0.3 MPa.
15 Examples
(Example 1)
In Example 1, the membrane separation system 100
according to the first embodiment shown in Fig. 1 was used to
be subjected to a continuous water-pass filtration test. The
20 specification of the spiral membrane element provided in each
of the spiral membrane module and the reverse osmosis membrane

separation device used in Example 1 was shown in Table 1 as

follows.
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25 flushing washing is perfornmed. 55 I n Conparative Exanple 2, the

menbr ane separation system 400 shown in Fig. 8 was used to be subjected to
a continuous water-pass filtration test. The specification of the spiral
menbrane el enent provided in each of -the spiral nenbrane 5 nodul es and the
reverse osnosi s nenbrane separation device used in Conparative Exanple 2
was the sanme as shown in Table 1 in Exanple 1. The continuous water-pass
filtration test was perforned in the follow ng condition and procedure for
t he purpoigl 9% io measuring the recovery rate of perneate 3 to raw water 1
. The con at the tine of filtration was the sane as shown in Table 2
in Exanpl e 1. In Conparative|Exanple 2, however, [t hpepkugal bEMo9i sspi|r al
menbr ane| modpk s provi ded inlthe n%%r@ﬁ%eléepar af MeRL KBRS A0, WeE S | Washed
successi vely. 15 At the tine|ofeBaERtWaBhPeHICEhe concenjgate 4 was
suppl i edrto—eachyenbrane—suftface—+-thesprra—enbraneeterent—10—at a

fl ow rat ge—of 60@2%@?} A—t-hRe—tHre—of .r',ushing A 1 was
suppl i ed| to each nmenbrane suffage iy ithia isRineal iy A0 at a
flow rate of oMateRlRl 20 As|a resuljt,fiddhe continuotsofat &rkpdss
filtratipn test based on the|aforenentioned condition, Pepheanédevery nate of
perneatel 3 to raw.wat er 1 was P4 ade teBval2gdt imom) || DiBmatpre 240 mehi ¢h t he
concentragte obtained by the P5 Lengtbe D8hbOsis ngnbLangtsepadati mm devi ce
was used| as Masbtage Sbreawat €r, the pecavery rate¢ was | npgoyeéd conpaled

w th Conparati Ve , i ,
The continuous water-pass filtration test was performed

=

in the following condition and procedure for the purpose of
measuring the recovery rate of permeate 3 to raw water 1. The
5 condition at the time of filtration was as shown in Table 2

as follows.

Table 2
Permeation speed of spiral 3
membranz elementp 2 m'/m’/day
Back washing interval 20 minutes
Back washing time 20 seconds
Continuous operating time 180 days
Flushing washing time 30 seconds

At the time of back washing, the concentrate 4 was
supplied to each membrane surface in the spiral membrane
10 element 10 at a flow rate of 60 L/min. At the time of flushing
washing, the raw water 1 was supplied to each membrane surface
in the spiral membrane element 10 at a flow rate of 90 L/min.
As a result of the continuous water-pass filtration test
based on the aforementioned condition, the recovery rate of

15 permeate 3 to raw water 1 was 60 %.

(Example 2)
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Exanple 1 in which pre-treated water was used as washing water. In Exanples
2 and 3 in which the concentrate obtai ned by the reverse osnosis nenbrane
separation device was used as washing 5 water, the recovery rate was

i mproved conpared with Conparative Exanple 2 in which pre-treated water was
used as washing water. 57 WHAT IS CLAIMED IS: 1. A treatnent system
conprising: a spiral nenbrane el enent including a porous hollow tube, and
an envel ope-1li ke separati on nmenbrane wound on an outer 5 circunferenti al

surface of sai qnp%rx%g%l@olzl OWE%SQEmb%%EQ gghgggtgggbg.?ggeﬁ}:ﬁ%nt capabl e of

bei ng back-washed Undér a HYac ressure higher t a but not higher
than 0.3 I\/Pa;r(?anre\éersczk 0SNosi S rrﬁ%rbrane ’%e ration devi cgvé)lrovi ded on a
downst r edfi S de 't Sai esﬁingP e Pghzgeg etéRfY HAd 419 a asﬁ"li‘ﬁsge iquid
supply system provi ded so that at. least a part of pernmeated |iquid or
concent réﬁoeg’el ° jﬁ‘gﬁtdai%ﬁeé FPBH%‘&?HS%@%EEP%%%D%}@%W%% aration
device at the tinme of filtration by said spiral nenbrane elenment is
suppl i ed TA¢ ®REKiIdG CAtdendof otR%isk s r AempEabrafteBrBieptoBidethet i ne of
15 washing said spiral nenbrane elenent. 2. A treatnent system according to
d ai np Z, eatedr oifn tdai dpuaeli ngmbhehadesdbiek awrdhig, ravwrecte icsmerifor ned by
said washing liquid supply systemso that at |east a part of said 20
per neat edhenibquingd Grepacrdcdotr deedlckigeed i) écdamgb Ifer @nwaai the evaisa0SNDSI S
menbrane separation device is supplied to said spiral nenbrane el enent
under a phessuriey Mayiey 1t han FxafipidPa .but not higher than 0.3 MPa. 25 3. A
treatnent systemaccording to Caim1l, wherein said 58

The continuous water-pass filtration test was performed

in the following condition and procedure for the purpose of

10 measuring the recovery rate of permeate 3 to raw water 1. The
condition at the time of filtration was the same as shown in
Table 2 in Example 1. In Example 2, however, the plurality
of spiral membrane modules provided in the membrane separation
system 200 were washed successively.

15 At the time of back washing, the concentrate 4 was
supplied to each membrane surface in the spiral membrane
element 10 at a flow rate of 60 L/min. At the time of flushing
washing, the raw water 1 was supplied to each membrane surface
in the spiral membrane element 10 at a flow rate of 90 L/min.

20 As a result of the continuous water-pass filtration test
based on the aforementioned condition, the recovery rate of
permeate 3 to raw water 1 was 60 §%.

(Example 3)

In Example 3, the membrane separation system 300

25 according to the third embodiment shown in Fig. 5 was used to
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washi ng i ncludes flushing washing, which is performed by said washing
liquid supply systemso that at |l east a part of said perneated |iquid or
concentrated liquid ejected fromsaid reverse osnpsis nenbrane separation
device is supplied to said 5 spiral nenbrane elenent at the tinme of
filtration by said spiral nenbrane elenent. 4. A treatnent system according
to daim1l, wherein said washing liquid supply systemis provided so that
at least a 10 part of said perneated liquid or concentrated liquid ejected
from said, reverse osmmsis nmenbrane separation device [ s S | i ed,.,together
wi th chenPEat ©ITGEEAIP Sof TAT HLNES HAs G G 15785 18T FEaT Mot Soyst em
according to Claim1, wherein said concentrated liquid or rmeated |iquid
ej ected fFBﬁF%éFHaFéQEr%g B Ea PRt S qbﬁrag%?g Hag25 Y esi dual
pressure hi gher than_0.05 MPa but not hkgher than 0.3 MPa, so that said
washi ng | PEUTRE SBpBRY RefhsTparies aqnd Fhagieveisd @SOS bf Negigane
concentrated liquid or perneated liquid to said spiral nenbrane el enent
under sai depesptiiah gevssaresed irhd&xeimpd o wasdthasime.a$.showr dat ment
system according to Claim1, wherein: 25 a plurality of spiral nenbrane

el emrert s &sbdefilned ErabPle C.aim 1l are provided in parallel with one

anot her, said spiral nenbrane el enents bei ng washed successively so that

whi | e one of saTHesqurtainuBrdwanerepesent sl tsatbshedstatad gastroomedof the
ot her spiral nenbrane elenents is operated for filtration; 5 and said

washing | iguitHesEBRl YwEH Gt €6hd St PERVAKIE 8- ddiate atord aasd éﬁjr@ﬁfste off _
pernmeated |iquid or concentrated |liquid obtained fromsaid reverse osnpsi s

rsre_rrbr ane ﬁ%@éh@&hgnt}@@\ﬁ&%v@rf PQtEid@g%frﬂthtef atEOn-aRYwhPErPl Ur atid y of
piral nmenbrane 10 elenents i s supplied as washing liquid to each spiral
menbr ane condition at the time of filtration was the same as shown in
10 Table 2 in Example 1. In Example 3, however, the plurality
of spiral membrane modules provided in the membrane separation
system 300 were washed successively.
At the time of back washing, the concentrate 4 was
supplied to each membrane surface in the spiral membrane
15 element 10 at a flow rate of 60 L/min. At the time of flushing
washing, the raw water 1 was supplied to each membrane surface
in the spiral membrane element 10 at a flow rate of 90 L/min.
As a result of the continuous water-pass filtration test
based on the aforementioned condition, the recovery rate of
20 permeate 3 to raw water 1 was 60 %.
(Comparative Example 1)
In Comparative Example 1 for comparison with Example 1,
a membrane separation system shown in Fig. 7 was used to be

subjected to a continuous water-pass filtration test.

25 Fig. 7 is a typical configuration diagram showing the
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elenment at the tinme of washing said spiral nenbrane elenent. 7. A method of
operating a treatnent systemincluding a spiral nenbrane elenent, and a
reverse osnosi s nmenbrane 15 separation device provided on a downstream si de
of said spiral nenbrane el enent, said spiral nenbrane el enent having a
porous holl ow tube, and an envel ope-1|i ke separati on nenbrane wound on an
outer circunferential surface of said porous hollow tube, said spira
menbrane el enment capabl e of bei ng back-washed under 20 a back pressure

hi gher t?“?f?“;&sag% e Ul 301 st uts*é%l”fi%- 20 %rag?c:v% E&%quecqrfp” si ng

the step plyi'rng at least a part of perneate iqui I concentrated

| i qui d obt ai ned.,fr id.r OS] ne separation Vi ce at the
tinme of fi |traﬁh§n%§§£§§gﬁ %Sé%g‘rzg nnﬁ?%%ﬁre%ecfié?ﬁé’r‘fﬂ lgs%ﬁéh?%gaﬁ i qui d,
to said spiral 60 ane elenment .at the time of washing said spira
nenbraneaeF§H%$ﬁ.u§?rgggﬁﬁqﬁﬁ§ Bpodhati #F LhEr ﬁpes§§g@ﬁP§&88rding to
5 Caim7, wherein said washing includes back washing, which is perforned

so that &Y9testl ) R o sl pdr idatdd Erddoying Beddéntrated | quid
ejected fromsaid reverse osnosis nenbrane separation device is supplied to

sai d Spiral medr &he aeawrancurgperatprassyséeni A8y ehgh BedbrhPa but not
hi gher than 0.3 10 MPa. 9. A nethod of operating a treatnent system
accor di ngurt aCleaiim thensgrigian geind reashimogiuleclb@des fhsskdngiwashi ng, which
is perfornmed so that at |l east a part of said perneated liquid 15 or
concent r gtred-tiiegitiedl @jateired fhomraded bevelsespsrmsisendrianeEdEar at i on
device is supplied to said spiral nenbrane elenent at the tine of
filtrati @o.byThard fspel ad pipy@1antoe! Altying the pre-treated water

2 to the reverse osmosis membrane separation device 51 and a

10 pipe 25b for supplying the pre-treated water 2 to the spiral
membrane module 50 are separately provided in a reservoir tank
103. Further, a supply pump 107 is provided in the pipe 25b.
Further, a pipe 20 for supplying the permeate 3 to the outside
of the system and a pipe 26 for discharging the concentrate

15 4 to the outside of the system or to a reservoir tank 101 are
provided in the reverse osmosis membrane separation device 51.

At the time of filtration by the membrane separation
system 500 shown in Fig. 7, a valve 113 of the pipe 25b is closed
and the supply pump 107 provided in the pipe 25b stops.

20 Raw water 1 is separated into concentrate 5 and pre-
treated water 2 by the spiral membrane module 50. The
pre-treated water 2 is stored in the reservoir tank 103. Then,
the pre-treated water 2 stored in the reservoir tank 103 is

led into the reverse osmosis membrane separation device 51

25 through the pipe 19 by the supply pump 104. The pre-treated
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20 10. A nethod of operating a treatnent system according to Claim?7,
wherein at least a part of said perneated liquid or concentrated |iquid

ej ected fromsaid reverse osnosis nenbrane separation device is supplied,
together with chemcals, to said spiral nenbrane el enent. 25 61 11. A
met hod of operating a treatnent system according to Claim?7, wherein said
concentrated liquid or perneated liquid ejected fromsaid reverse osnosi s
menbrane separation device has a residual pressure higher than 0.05 MPa but

not hi gher a . le ri_of i ntrated
l'i qui dgorw%g?%rg‘a?ee% lﬂtc%iu%gfrg%gﬁ%gﬁse@ of @%“8?‘%%%%?1’%&‘ roghéggﬁgﬁent

under saigl resi dual ressure at thetimegf sai d washi ng. A t hod of
opor it | oo 13 CRERATS, LHER DS € 6.3 F99ncoRerat Tabe b s fers MBRb: ane
el enents as defined jn Claim7 are provided in parallel with one another,

sai d spi rRETHRABP afiel Bl BRI LD NG hRaSNES L6lGc Ods §neePySE6™ KRECWANI e one
of said spiral menbrane elenents is washed, at |east one of the other

spiral nebbe aptPel 2fewRereas ophs LARCEWErdie t4 ats oht sk zgrd ato | Hwst a part
of perneated liquid or concentrated |liquid obtained fromsaid reverse
osnpsiSs newbsake sépbhatspsterevilveowdh ttiee thime o6filtration by the
plurality of spiral nmenbrane elenents is supplied as washing liquid to each
spiral 20 nmenbriginen etlesresyhied ] tremidnaree of L emsssdti rigd Siai detspi sad radenbr ane

el ement. 62 . A A5.A5. A5y. An. A5. Al.A . Aly. Ay. Al . AFf. A5. A5. Al y. AF. AHy. A

l'y. AH. A3! &b Pan &mdWa A5 0A3.sAbY c AN As AEN, ADh AlvdBrAIN. A of AbeAbYpéS. AH. A
| . AH A3>. AH Al . A A5. Al'y. AF-. AHy. AF. A[f. A3. Aly. A

y. AH. AFY. 26 . APBhARAFAY14 If the pHE bVBf fre opened while the valve

K{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca

1 ca] ca] c"g] gajCahea) £ad cal aahchatheidle"Y 18I € he pipe.17 are closed.

10 Further, the supply pump 107 in the pipe 25b is actuated and
the supply pump 102 in the pipe 17 is stopped.

The opening/closing condition of the other valves and
the actuating condition of the other pumps are the same as at
the time of filtration by the spiral membrane element 10.

15 Incidentally, in the case, washing water for back washing is
pressurized by the supply pump 107. Hence, a back pressure
higher than 0.05 MPa but not higher than 0.3 MPa is applied
to each membrane surface in the spiral membrane element 10 as
a subject of washing.

20 In this condition, the pre-treated water 2 stored in the
reservoir tank 103 is led as washing water into the spiral
membrane element 10 of the spiral membrane module 50 through
the valve 113 of the pipe 25b by the supply pump 107, so that
back washing is performed.

25 When flushing washing is performed, the raw water 1
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pre-treated water 2 to the spiral membrane modules 50a, 50b
and 50c are separately provided in a reservoir tank 103.
Further, a supplypump 107 is provided in the pipe 25a. Further,
a pipe 20 for supplying the permeate 3 to the outside of the
20 system and a pipe 26 for discharging the concentrate 4 to the
outside of the system or to a reservoir tank 101 are provided
in the reverse osmosis membrane separation device 51,
At the time of filtration by the membrane separation
system 400 shown in Fig. 8, valves 113a, 113b and 113c of the

25 pipe 25a are closed and the supply pump 107 provided in the
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a spiral membrane element including a porous hollow tube,
and an envelope-like separation membrane wound on an outer
5 circumferential surface of said porous hollow tube, said spiral
membrane element capable of being back-washed under a back
pressure higher than 0.05 MPa but not higher than 0.3 MPa;
a reverse osmosis membrane separation device provided
on a downstream side of said spiral membrane element; and
10 a washing liquid supply system provided so that at least
a part of permeated liquid or concentrated liquid obtained from
sald reverse osmosis membrane separation device at the time
of filtration by said spiral membrane element is supplied as
washing liquid to said spiral membrane element at the time of

15 washing said spiral membrane element.

2. A treatment system according to Claim 1, wherein said
washing includes back washing, which is performed by said
washing liquid supply system so that at least a part of said
20 permeated liquid or concentrated liquid ejected from said
reverse osmosis membrane separation device is supplied to said
spiral membrane element under a pressure higher than 0.05 MPa

but not higher than 0.3 MPa.

25 3. A treatment system according to Claim 1, wherein said

58



"109%& ()-Q "10%& ()-(Q "10%& ()-'f"Q "10%& ()-Q "10%& ()-7spO.C F 10%t& () -
FO Lf109%& ()-ZQ "109%& ()-'f"Q "10% ()-Q "10% ()-Q "10%& ()-s(4}]=.CF
1Q 1 10%& ()- Q! 10%& ()- Q ! 10%& ()- F10%& ()-& F'10%& ()- F

1094&' () - 45KVW t uxX@ F

11 Q1 10%+& ()- Q! 10%+& ()-1Q | 10%& ()-Q ! 10%& ()-! upX=C F

1Q 1 10%& ()-!1 Q1 10%& ()-Q ! 10%& ()-! Q! 10%& ()-Q 1 10%<& ()-(j |[:=C F F
3910%& ()- FOy 10%& ()-! F. 10%& ()- FF, @10%& ()- F*Y10%& ()- F F(

0%t& ()-F s 10#10#10#! 1094& () - FLO10%& () -
FF3710%¢&WE}BRE§4 i’bg/%&% é{%ﬁ%lﬁ@ % élﬁﬁo%@&l(s) peﬁgz’i’ﬁﬁﬁégﬁ‘ééa(ld

F' 10%9$s & 10% Fz 109%9% Fs  109%69$s& ().-MB|.[: bW F F
Fs' | 10%;%%1(1? lrkgvl%o%@éi& i%sﬁelté@%g@ég%&f??s F@&Pfﬁo/ $&id - F3
109%69$s& ()- Ff 109%9%$s& ()-T|[:bUs F F Fs-y 10%69$s& ()- F + 10%9$s& ()-!
Fs) 10% 9B8ENMEpLeds lm@@@sa%&cepcep@@%%%éauesi epggkedobuessald

Imy|[:bU4 F F F3: @10%9%s& ()- F810%9%s& ()-! F 610%9$s& () -

F 31 109%698s&etFe FIodD9FebLane- sy arHDwoge®i Cp- 1§ wuptiEdI0vMaid) - F
10%#& ()- F 10%#& ()- F 10%t& ()-10s9%$s10s9%$s10s9%s

FI >10% 9$s&1 ¢ plOusnlhr andle Fefie AY LL@HMOSMENE)o I £ EEt t8%46h By Fa F@sPAYHE () -F F&
1094& ()- F3 F109%& ()- F 10%t& ()-/nAl[:vU4 F F F 10%& ()-F
FY%@#10%RetprBnE#21e0#R () - F F  s! 10%& ()- Fl 10%& ()- Ff

1098& ()-32Zr|[:vU4 F F FF 310%& ()-F F1 10%& ()-F FF/ 10%& ()-F F-

109%48& ()- F +f10%& ()- F)z 10%t& ()- UXYZ[ | obU4 F

Fsf 10% &$° & () - 10#10#10#F F, >109%t& ()-F FFF: @10%& ()- F, 8z10%& ()- F6

10%#& () -4, 9 al ErBYnEnE E§s’é@nf§§c§tc@n Ft@%l%n&l()w'ﬁe'fgl%o%a% & ()-F
F100 &3 & ()- Fz 1006 &3 & ( & ()-

10% &5 g %%Shgx%o ) %‘Qﬁlf gyﬁé@@lﬁmﬁm@d& '}%& gt&%t&&@astF%
1006 o & PHEE 5}19a@<§‘§oe8hr(8aﬁacfﬁiqﬁlﬁocﬁc‘?@oﬁ%é%trﬂe@]ﬂ‘@u% &b oS #

10%

from said reverse osmosis membrane separation device is
supplied, together with chemicals, to said spiral membrane

element.

15 5. A treatment system according to Claim 1, wherein said
concentrated liquid or permeated liquid ejected from said
reverse osmosis membrane separation device has a residual
pressure higher than 0.05 MPa but not higher than 0.3 MPa, so
that said washing liquid supply system supplies at least a part

20 of said concentrated liquid or permeated liquid to said spiral
membrane element under said residual pressure at the time of

said washing.

0. A treatment system according to Claim 1, wherein:

25 a plurality of spiral membrane elements as defined in
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performed so that at least a part of said permeated liquid or
concentrated liquid ejected from said reverse osmosis membrane
separation device is supplied to said spiral membrane element

under a pressure higher than 0.05 MPa but not higher than 0.3

10 MPa.

9. A method of operating a treatment system according to
Claim 7, wherein said washing includes flushing washing, which
is performed so that at least a part of said permeated liquid
15 or concentrated liquid ejected from said reverse osmosis
membrane separation device is supplied to said spiral membrane
element at the time of filtration by said spiral membrane

element.

20 10. A method of operating a treatment system according to
Claim 7, wherein at least a part of said permeated liquid or
concentrated liquidejected from said reverse osmosis membrane
separation device is supplied, together with chemicals, to said
spiral membrane element.
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11, A method of operating a treatment system according to
Claim 7, wherein said concentrated liquid or permeated liquid
ejected from said reverse osmosis membrane separation device
has a residual pressure higher than 0.05 MPa but not higher
than 0.3 MPa, so that at least apart of said concentrated liquid
or permeated liquid is supplied to said spiral membrane element

under said residual pressure at the time of said washing.

12. A method of operating a treatment system, wherein:

a plurality of spiral membrane elements as defined in
Claim 7 are provided in parallel with one another, said spiral
membrane elements being washed successively so that while one
of said spiral membrane elements is washed, at least one of
the other spiral membrane elements is operated for filtration;
and

at least a part of permeated liquid or concentrated
liquid obtained from said reverse osmosis membrane separation
device at the time of filtration by the plurality of spiral
membrane elements is supplied as washing liquid to each spiral
membrane element at the time of washing said spiral membrane

element.
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